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Ultrasound for the past two or more decades has been the optimal and recom-
mended modality for the evaluation of thyroid and parathyroid gland dis-
eases. Basic textbooks of ultrasound relating to thyroid and parathyroid have 
been developed. The authors of this new textbook Advanced Thyroid and 
Parathyroid Ultrasound have compiled a large imaging atlas and resource to 
delineate all of the findings to date that have been associated with various 
features of benign and malignant nodules and disorders of the thyroid and 
parathyroid glands.

The important concepts are both the imaging and the advanced compo-
nents. Over and above basic ultrasonography of the thyroid and parathyroid, 
this textbook utilizes a large amount of imagery so the latest references and 
characteristics related to benign and malignant characteristics can be detailed 
for nodular thyroid disease.

This represents an important step forward as a very useful textbook for 
those who are active in fields of endocrine neck ultrasound including endocri-
nologists, radiologists, surgeons, other clinicians, and also for teaching resi-
dents and fellows. This book serves as a practical guide and reference source 
for understanding the rationale of how all thyroid nodules are assessed rela-
tive to the risk of their imaged findings. It is rich with cine clips and practical 
illustrations of parathyroid disease findings, needle aspiration.

It promises to be a stand-alone, new book highly desirable for acquisition 
and utilization. Since it is based on primarily imagery, it represents an impor-
tant addition to the endocrine neck literature and practical elements of endo-
crine patient care. The three highly experienced and respected editors are 
authorities, practitioners, and teachers of ultrasound with endocrine surgery, 
endocrinology, and radiology backgrounds. They represent the multidisci-
plinary spirit and content of this textbook, and this editorial collaboration 
emphasizes the broad applicability of this text to all clinical fields using ultra-
sound for endocrine diseases of the neck.

Daniel S. Duick, M.D., M.A.C.E.

Foreword
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Ultrasound is the single most essential companion to the medical care of 
patients with thyroid and parathyroid disease. Ultrasound is both the imaging 
modality of choice and the means of guiding interventions, literally for biop-
sies or ablations and figuratively for clinical and surgical decisions. This 
ultrasound book is a state-of-the-art atlas of contemporary knowledge and 
performance of neck ultrasound for endocrine disorders. It continues a tradi-
tion of excellence that Springer has established in the field of ultrasound edu-
cation. It also establishes a new style of ultrasound education that, like the 
images themselves, is rich in real-time, dynamic content.

The inspiration for this ultrasound textbook came from the numerous 
invaluable teaching sessions that the authors and editors have engaged in via 
our professional societies over the years. Each author was specifically drawn 
from experts who as clinicians use ultrasound daily. Authors from all medical 
specialties relevant to thyroid and parathyroid ultrasound were purposefully 
represented. Comprehensive topics and all innovations that are currently in 
use were included so that the textbook can serve as an in-depth resource to 
novice and advanced sonographers. We wished to recreate the energy and 
eureka moments of appreciating ultrasound images that often occurred dur-
ing didactic conferences. There, as those who have attended these confer-
ences know, the interactions were case-based, practical, and infused with 
pearls from clinical experience. Often actual patient volunteers would give of 
their time and privacy to be ultrasound models. To them we are especially 
grateful and because of them ultrasound exists.

As editors we have learned tremendously from each other over the years. 
Converging on the topic of ultrasound has enhanced the way we bring diag-
nostic and therapeutic care to our patients and been a joyful dimension of our 
professional careers. We wished to pass this forward in a way that stimulates 
colleagues, residents, fellows, and students and all who encounter ultrasound 
to continue to learn new skills, refine interpretations, and innovate better 
ultrasound applications. A guiding philosophy is that the responsibility of 
working with ultrasound extends beyond the care of the patient to ongoing 
motivation and education of those who provide that care.

Preface

Internet Access to Video Clip: The owner of this text will be able to access these video 
clips through Springer with the following Internet link: http:// link.springer.com/
book/10.1007/978-3-319-44100-9.
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A unique and pioneering component is that the book is associated with a 
video library of ultrasound cine clips and case-based discussions. This allows 
the best aspect of ultrasound—the real-time viewing—to exist as an effective 
learning venue. A video icon in the chapters marks that additional material 
can be viewed in the online version of the book. The commentary 
 accompanying the various themes hopes to enhance the understanding of 
ultrasound details and the fact that these details matter. As a visual discipline, 
ultrasound is inherently subject to interobserver variability and the truth of 
the proverbial expression, “the eyes cannot see what the mind does not 
know.” We hope that the readers benefit from hearing the rationale behind the 
technical and medical parameters of ultrasound and broaden their knowledge 
and application of this technology.

The book is intended for all who care about patients with thyroid and 
parathyroid conditions, of all specialties. Communication, collegiality, and a 
multidisciplinary engagement have been the hallmark of our experience 
with ultrasound at its best. Although a novice sonographer will be able to 
understand all of the topics, they are presented from a vantage point of com-
plex and nuanced decision-making encountered in real clinical scenarios. 
The sections are organized according to a logical structure covering benign 
and malignant thyroid conditions, parathyroid disease, and ultrasound tech-
nology, ultrasound- guided interventions, educational opportunities, and 
innovations. The style of the chapters is intended to communicate practical, 
actionable information with rich illustration. We also highlight how different 
specialists uniquely apply ultrasound in given clinical scenarios. 
Significantly, the book’s publication was timed to coincide with all the most 
current guidelines for management of thyroid nodules, thyroid cancer, and 
hyperparathyroidism, both national and international. Therefore, a novel 
contribution is the emphasis on pattern recognition and risk stratification as 
the advised approach to and the new lexicon of ultrasound interpretation.

As surgeons, endocrinologists, and radiologists we appreciate the role 
ultrasound has played in our fields and the invaluable way in which it 
improves patient encounters. We are grateful to countless mentors, col-
leagues, and patients who enabled the creation of this book and dedicate it to 
those who will continue to advance ultrasound in modern medicine.

Phoenix, AZ, USA Mira Milas, M.D. 
Philadelphia, PA, USA Susan J. Mandel, M.D., M.P.H. 
Philadelphia, PA, USA Jill E. Langer, M.D.

Preface
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1.1  Introduction

The modern use of bedside ultrasonography has 
changed the practice of medical care. Ultrasonog-
raphy’s relative ease of use, low cost, and bed-
side availability have made it invaluable in 
many clinical settings including those in which 
patients with thyroid and parathyroid disease are 
evaluated.

This chapter provides an overview of com-
prehensive and point-of-care applications of 
ultrasound (US) in the medical and surgical 
evaluation of patients with thyroid or parathy-
roid pathology. We also address potential pit-
falls in the use of point-of-care neck ultrasound: 
the interobserver variability, the limited sensi-
tivity of ultrasound to detect various patholo-
gies, and the need to employ other imaging 
methods when appropriate.

1.1.1  History of Sonography

The modern ultrasound arises from the concept of 
echolocation and the pulse echo principle. In the 
late eighteenth century, experimental biologist 
Lazzaro Spallanzani, demonstrated that bats use 
sound waves for hunting and navigation [1]. In the 
ensuing centuries, scientists continued to study 
the concept of sound and echolocation and even-
tually began utilizing knowledge of sound waves 
and principles of physics to measure distance 
underwater, known as Sound Navigation and 
Ranging or SONAR. As this technology became 
more refined during World War II, the medical 
profession attempted to employ ultrasound as a 
therapeutic treatment for various ailments, such as 
arthritis [2]. The first physician credited with pro-
ducing clinical ultrasound images for diagnostic 
purposes was Karl Dussik, an Austrian neurolo-
gist at the University of Vienna who used ultrasound 
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to image and measure the intracranial ventricles 
[2]. Around the same time, George Ludwig, a 
researcher at the Naval Medical Research Institute, 
began experimenting with A-mode ultrasound to 
detect gallstones in animal models [1]. In the 
1960s and 1970s, researchers began using ultra-
sound to evaluate the thyroid gland. An early thy-
roid ultrasound apparatus is seen pictured in 
Fig. 1.1 [3]. Due to a lack of widespread ultra-
sound availability and expertise, thyroid ultraso-
nography was not routinely used in clinical 
practice for the next two decades [4]. By the early 
2000s, more affordable equipment made the 
acquisition and use of ultrasound feasible for clini-
cians. Figure 1.2 shows the dramatic progress in 

ultrasound technology with regard to quality of 
imaging and design of ultra-compact sonographic 
machines over the past 15 years.

Today, ultrasound machines are found in 
almost every emergency room and are used for 
the rapid assessment of trauma patients and the 
bedside evaluation of a plethora of medical con-
ditions. Ultrasonography has also been incorpo-
rated into medical care facilities at a distance 
from tertiary referral centers. Ultrasound probes 
remotely operated by technicians via robotics can 
be used to obtain diagnostic images in rural medi-
cal clinics or remote locations, such as the South 
Pole [5]. Even the International Space Station has 
an ultrasound machine in its Human Research 

Fig. 1.1 A historical image 
circa 1967 of the beginning of 
thyroid ultrasound. Fujimoto 
Y, Oka A, Omoto R, Hirose 
M. Ultrasound scanning of the 
thyroid gland as a new 
diagnostic approach. 
Ultrasonics. 1967;5(3): 
177–80. With permission

Fig. 1.2 Improvements in ultrasound image quality are evi-
dent when comparing a right thyroid nodule image from 
2005 (a) to one obtained in 2015 (b). A handheld ultrasound 

is capable of detecting major thyroid abnormalities though 
models currently available still await high-frequency trans-
ducers to provide fine imaging details (c). Author’s image
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Facility, the Advanced Diagnostic Ultrasound in 
Microgravity (ADUM). The ADUM ultrasound 
is a commercial ultrasound that has been modi-
fied to allow astronaut crew members to perform 
their own ultrasound exams, guided by ground 
medical personnel [6, 7] (Fig. 1.3). The utility 
and scope of ultrasound are expanding, and pro-
viders in all fields of medicine, working in a vari-
ety of settings, are incorporating its use into their 
practice.

1.1.2  What Is Point-of-Care 
Ultrasound?

Point-of-care ultrasound, also called bedside, 
provider-performed, or focused ultrasound, can 
be defined as the utilization of sonography to 

answer a specific clinical question at the time of 
patient presentation and examination [8]. In a 
2011 New England Journal of Medicine review 
article, Moore defined point-of-care ultrasonog-
raphy as the use of “real-time dynamic images 
(rather than images recorded by a sonographer 
and interpreted later), which allow findings to be 
directly correlated with the patient’s presenting 
signs and symptoms” [9]. The paradigm shift 
created by point-of-care ultrasound is that the cli-
nician devel ops a clinical question and then per-
forms and interprets the imaging test in real time, 
as opposed to the traditional practice of sending 
the patient for a sonogram and waiting for the 
results.

Point-of-care ultrasound was first utilized for 
trauma evaluation in Europe in the 1970s and 
became common in US trauma care by the mid- 
1980s. The first standardized point-of-care use of 
ultrasound was the Focused Assessment with 
Sonography for Trauma (FAST) exam. The FAST 
exam, adopted in the 1990s, includes a basic 
series of four views for the evaluation of free 
abdominal fluid and has replaced diagnostic peri-
toneal lavage for the evaluation of blunt abdomi-
nal trauma. FAST has now been expanded to 
include the evaluation for pneumothorax and fluid 
or blood in the thorax post trauma [10].

Today, point-of-care clinician-performed ultra-
sound is the standard of care in surgery, obstetrics 
and gynecology, emergency medicine, ophthal-
mology, as well as internal medicine and most of 
its subspecialties (cardiology, gastroenterology, 
endocrinology, and intensive care). The term com-
prehensive ultrasound, in a very traditional sense, 
refers to an ultrasound that is conducted in a radi-
ology department, where the main goal is to com-
municate information to clinicians who themselves 
may not view or interpret the images and require a 
thorough description in order to make clinical 
decisions. Com prehensive ultrasound may also 
refer to the provision of diagnostic, interventional, 
and therapeutic ultrasonography for patient care, 
whether this occurs in a radiology department or a 
clinical office setting. Descriptions of point-of-
care and comprehensive ultrasound contain com-
plementary and overlapping concepts.

Fig. 1.3 (a, b) Human Research Facility Ultrasound on 
the International Space Station 2 [6, 7]

1 Thyroid and Parathyroid Ultrasound…
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1.2  Point-of-Care Ultrasound 
of the Thyroid 
and Parathyroid Glands

In the late 1960s, researchers began experimenting 
with sonography to estimate the weight of the thy-
roid gland and to identify solid and cystic lesions. 
In 1970, the Journal of Clinical Endocrinology 
and Metabolism published its first paper describ-
ing thyroid ultrasound. Patients were scanned 
using two-dimensional B-mode and, if a lesion 
was detected, one-dimensional A-mode, to differ-
entiate cystic from solid lesions. The images, 
which were transferred to film, were basic and of 
poor quality when compared to today’s standards 
(Fig. 1.4) [11]. Despite these shortcomings, early 
thyroid ultrasonography was recognized for its 
utility to detect and measure lesions as well as to 
distinguish between solid and cystic thyroid 
lesions. Furthermore, even in those early days of 
thyroid ultrasonography, investigators hypothe-
sized that ultrasound may have the potential to dis-
tinguish between benign and malignant thyroid 
lesions [11].

1.3  Why Perform Point-of-Care 
Neck Ultrasound

The point-of-care neck ultrasound can be used to 
evaluate suspected anatomical or functional thy-
roid and parathyroid disease (Table 1.1). Along 
with a history and physical exam, the point-of- 

care neck ultrasound can be used by the provider 
to assess the thyroid and generate a differential 
diagnosis and plan of care. Whether a patient 
presents complaining of a neck mass or the pro-
vider palpates a lesion on neck exam, the bedside 
ultrasound can be utilized to identify the presence 
of intrathyroidal lesions, extrathyroidal lesions, 
or diffuse enlargement of the thyroid. In cases in 
which the patient presents with signs or symp-
toms of hyperthyroidism, a bedside ultrasound 
can discover a solitary nodule, leading to suspi-
cion for a hyperfunctioning “hot” nodule, or rec-
ognize a diffusely enlarged and vascular gland, 
characteristic of Graves’ disease.

1.3.1  Nodules

Thyroid nodules are highly prevalent in the gen-
eral population, and their incidence increases 
with age [12]. The superficial location of the thy-
roid gland permits the palpation and recognition 
of larger lesions, and the frequent use of imaging 
in medicine leads to the discovery of incidental 
small lesions. No matter the method of discovery 
of a thyroid nodule, bedside ultrasound can be 
used to evaluate and characterize the lesion. 
Ultrasound is used to assess a nodule’s risk of 
malignancy based on US characteristics, and to 
guide further decision-making and management 
by facilitating and guiding fine-needle aspiration 
(FNA) [13]. Ultrasound also facilitates the evalu-
ation of cervical lymph nodes in the context of 

Fig. 1.4 Early ultrasound image of normal thyroid. 
(a) Ultrasonic tomogram (B-scan) at low sensitivity. 
(b) Schematic representation: RL, right thyroid lobe; 
LL, left thyroid lobe; T, anterior wall of the trachea; 

VB, vertebral body; V, vascular sheath; S, skin and 
transducer artifact; and M, sternomastoid muscle. 
From J Clin Endocrinol Metab. 1971; (32): 709. With 
permission

M. Yehuda et al.
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thyroid or other neck masses and guides the need 
for FNA.

1.3.2  Parathyroid

Hyperparathyroidism can be due to a single ade-
noma, multiglandular disease, or, in rare cases, 
parathyroid cysts or carcinoma [14, 15]. The inci-
dence of primary hyperparathyroidism is much 
higher in women than in men, and the prevalence 
increases with age [14]. The parathyroid glands 
can be imaged with a variety of modalities; CT, 
MRI, ultrasound, and scintigraphy. The various 
imaging modalities for the parathyroid glands 
provide complementary information for the diag-
nosis of parathyroid disease and for surgical 
preparation and planning [16]. Ultrasound’s ben-
efits are that it easily locates and defines anatomi-

cal features of superficial, enlarged, parathyroid 
glands as well as coexistent thyroid abnormali-
ties. While it can be a useful tool, the practitioner 
must be aware of its limitations and pitfalls and 
be ready to utilize additional diagnostic testing to 
ensure the correct diagnosis and treatment. The 
ultrasound imaging characteristics of abnormal 
parathyroid glands are addressed in detail in Chap. 
24 of this book.

1.4  Expanding the Traditional 
Use of Thyroid 
and Parathyroid Ultrasound: 
Perils and Pitfalls

Originally, in the domain of radiologists, ultra-
sound is now used by practitioners in almost all 
specialties. In the 1970s, trauma physicians became 
the first to employ non-radiologist- performed 
ultrasonography, and its application has expanded 
since then. Ultrasound is now utilized by a wide 
range of providers, from medical students to phy-
sician assistants, nurse practitioners, residents, 
fellows, and practicing clinicians.

Performing and interpreting ultrasound is a 
learned skill. As this imaging modality has moved 
to the bedside, a debate has ensued regarding who 
should be performing and interpreting point-of-
care ultrasound, how these tests should be docu-
mented and billed, as well as how the accuracy 
and quality of the test can be assured [17, 18].

In point-of-care ultrasonography, the operator is 
both obtaining and interpreting images; thus, ade-
quate operator training and experience are essential 
to its performance. In a prospective 2010 study by 
Kim et al., ultrasound diagnostic performance of 
radiology residents was compared to that of radiol-
ogy faculty. Diagnostic performance was statisti-
cally significantly greater among faculty compared 
to junior and senior residents (p = 0.007 and 
p = 0.003, respectively) [19]. In another prospective 
study demonstrating the importance of sonographer 
experience, 52 post-thyroidectomy patients with 
high-risk thyroid cancer had ultrasounds performed 
by two different providers with different levels of 
experience. Neck ultrasounds performed by the less 
experienced provider found six proven cases of 
recurrent disease. In the same group of patients, an 

Table 1.1 Indications and information from point-of- 
care ultrasound

• Clarification of clinical exam findings

•  Accurate diagnosis of thyroid and parathyroid 
disease

• Differentiation of cystic vs. solid masses

• Measurement of lesions

•  Thyroid nodule ultrasonographic feature 
characterization and pattern recognition

• Malignancy risk assessment of thyroid nodules

•  Lymph node screening with initial thyroid nodule 
detection

• Lymph node mapping with thyroid cancer

• Localization of abnormal parathyroid glands

•  Visual guidance for interventions (biopsy, cyst 
drainage, alcohol ablation)

• Improvement of biopsy accuracy

• Monitoring of response to therapy

• Identification of recurrent/persistent cancer

•  Evaluation of cervical lymphadenopathy or 
metastases

• Optimization of surgical incision placement

•  Optimization of surgical planning based on details of 
findings (signs of local invasion, substernal goiter 
extension, tracheal deviation)

• Laryngeal ultrasound for vocal cord mobility

• Identification of coexisting pathology

• Intraoperative evaluation

• Education

•  Communication of findings to multidisciplinary 
providers

1 Thyroid and Parathyroid Ultrasound…
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expert sonographer found 16 proven cases of recur-
rence, demonstrating that identification of disease 
recurrence is operator dependent [20]. Other studies 
have compared ultrasound interpretation between 
practitioners in different specialties. A retrospective 
analysis of surgeon- vs. radiologist- performed bed-
side ultrasounds at the University of Wisconsin 
found that when surgeons performed the preopera-
tive ultrasound, they documented lymph node sta-
tus more frequently (69 % vs. 20 %, p < 0.01) 
compared to radiologists. In postsurgical follow-up, 
the patients scanned by the surgeons exhibited less 
neck RAI uptake at the time of ablation and had 
lower recurrence rates (12 % vs. 0 %, p = 0.01) sug-
gesting that surgeon- performed sonography allows 
for better preoperative planning and more extensive 
surgical resection when indicated [21]. This study 
which examined provider-specific point-of-care 
imaging vs. comprehensive ultrasonography 
reflects the importance of problem-focused use of 
ultrasound. Since the operative plan is dependent on 
preoperative radiologic evaluation, the surgeon is 
focused on gaining anatomic information that will 
guide surgery and minimize unexpected findings in 
the operating room. Radiologists face inherent limi-
tations when presented with interpreting an ultra-
sound study ordered simply as a “thyroid ultrasound.” 
Images saved by a sonographer following a routine 
thyroid protocol may not capture anatomic areas 
important to the surgeon such as the tracheoesopha-
geal groove, the recurrent laryngeal nerve, and lat-
eral neck lymph nodes. In conclusion, the diagnostic 
performance of ultrasound may be dependent on 
both operator experience, as well as the goals and 
role, of the sonographer.

1.5  Radiologic Studies 
Complementing Thyroid/
Parathyroid US

While this textbook is devoted to ultrasound 
imaging, other radiologic modalities may be 
needed to complement, clarify, and expand upon 
the findings of ultrasound. These imaging meth-
ods include computed tomography scanning 
(CT), four-dimen sional computed tomography 
(4DCT), magnetic resonance imaging (MRI), 
positron emission tomography (PET), nuclear 

medicine applications of radioiodine scanning, 
and Tc99m- sestamibi scanning. These additional 
imaging modalities can be of assistance in: (1) 
Evaluating the mediastinum including cases of 
goiter with substernal extension, (2) Evaluating 
retropharyngeal cervical metastases or invasion 
of thyroid cancer into surrounding anatomical 
structures such as the trachea or esophagus, (3) 
Discovering distant metastases, (4) Determining 
the etiology of and quantifying hyperthyroidism 
(5) Further characterizing and localizing abnor-
mal parathyroid glands.

Innovations in radiology techniques have 
expanded the options for patient evaluation and 
treatment. A case in point is parathyroid imaging. 
As minimally invasive parathyroidectomy gained 
popularity over the traditional bilateral neck 
exploration, preoperative identification of autono-
mously functioning parathyroid glands became 
crucial. While ultrasound is a sensitive modality 
to identify superficial parathyroid adenomas, it 
has limitations in identifying supernumerary, sub-
sternal, or ectopic parathyroids. Therefore, ultra-
sonography and scintigraphy are often utilized as 
complementary imaging modalities. A 2005 meta-
analysis by Ruda et al. [22] found that for the 
detection of single parathyroid adenomas, Tc99m-
sestamibi was superior to ultrasound with a sensi-
tivity of 88.4 % vs. 78.5 %. The sensitivity of both 
imaging modalities in this study decreased dra-
matically when multiglandular disease (MGD) or 
double adenomas (DA) were present (sestamibi 
44.46 % vs. 34.86 % for ultrasound and 29.95 % 
vs. 16.20 %, respectively). Contemporary practice 
calls for combining neck ultrasound imaging with 
either 4DCT or Tc99m- sestamibi prior to para-
thyroid surgery in all cases [23]. It is important to 
recognize the limitations of technology, interob-
server variability, and local expertise when select-
ing how to combine these imaging modalities.

1.6  The Rationale 
for a Multidisciplinary 
Ultrasound Textbook

In January 2016, guidelines for the management 
of thyroid nodules and thyroid cancer were pub-
lished by the American Thyroid Association [13], 

M. Yehuda et al.
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and it is anticipated that the American Association 
of Endocrine Surgeons will publish guidelines 
for the management of primary hyperparathy-
roidism later in 2016. This textbook has been 
compiled shortly following these updated guide-
lines. The spirit and content of the new ultra-
sound-related recommendations of these 
guidelines are illustrated in this textbook. The 
emphasis is on practical implementation and 
improved interpretation of ultrasound, as well as 
illustration of specific features using cine-clips 
and high-resolution ultrasound images. The 
authors of this texbook, purposefully represent 
the key specialists utilizing thyroid and parathy-
roid ultrasound—endocrinologists, surgeons, and 
radiologists and increasingly pathologists, inter-
nists, and emergency medicine physicians.

The ultrasound themes are covered in a com-
prehensive manner: logistics, technology, sono-
graphic features of disease, US features of thyroid, 
parathyroid and lymph node structures, pattern 
recognition, interventional ultrasound, educa-
tional resources, and novel applications. While 
incorporating advanced concepts and cutting edge 
information, the themes underscore the basics of 
ultrasound: who performs and interprets it, how it 
can be optimized and performed most effectively, 
why and when to use ultrasound and FNA, where 
in the clinical setting can point-of- care ultrasound 
be implemented, and what future opportunities 
exist for ultrasound. With the accompanying, 
web-accessible illustration supplement of cine-
clips and images, readers will hopefully find the 
textbook to be a valuable resource as they incor-
porate ultrasound into routine clinical care and 
professional practice.

1.7  Summary

Sonography has evolved and proven to be a valu-
able imaging modality in a variety of clinical set-
tings. Specifically, ultrasound of the neck is a 
useful imaging modality for thyroid and parathy-
roid disease that can be performed at the time of 
a patient encounter, in order to answer a specific 
clinical question or direct further care. Point-of- 

care ultrasound can be performed by the primary 
care practitioner, emergency room physician, 
endo crinologist or surgeon, to evaluate sus-
pected neck disease, characterize the thyroid 
parenchyma or lesions, and evaluate parathyroid 
disease. Periop eratively, the surgeon can make 
use of ultrasound to direct surgery for thyroid 
malignancy or parathyroid disease. The main 
challenges in the utilization of bedside ultra-
sound include variable operator skill and inter-
pretation of images, as well as standardization of 
reporting. It is also essential that providers rec-
ognize the limitations of point-of-care ultra-
sound and be knowledgeable regarding which 
complementary radiologic imaging modalities to 
employ when necessary, in-order to accurately 
and definitively diagnose thyroid and parathy-
roid conditions.
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2.1  Introduction

The diagnosis, the management, and the surveil-
lance of thyroid and parathyroid pathology rely 
heavily on the information provided by high- 
resolution ultrasound (US) imaging of the neck. 
Ultrasonography is an established, safe, and accu-
rate way of detection and characterization of thy-
roid nodules and cervical lymph nodes and 
localization of enlarged parathyroid glands in the 
workup and preparation for surgery [1]. The 
examination is being performed more and more 
commonly in an office setting by non-radiology 
physicians (e.g., endocrinologists, general practi-
tioners, pathologists, and surgeons).

The report describing the findings of an US 
examination must be comprehensive and convey 
relevant information. The description of what 
was seen during the ultrasonographic evaluation 
must communicate the location and the level of 

clinical concern to the treating clinician. This 
actionable data must be accurate and consistent 
from patient to patient and from exam to exam. 
The challenge arises not only because the inter-
pretation of US imaging findings is subjective but 
because the techniques for performing the exami-
nation are often varied among practitioners. The 
heterogeneity of the US reports that are gener-
ated often affects the clinical utility of a particu-
lar study, as well as the potential necessity to 
repeat that study, adding unnecessary costs to an 
already overburdened healthcare system. The 
need to subject a patient to a repeat examination 
in order to gain critical information is not uncom-
mon. The clinicians should be cognizant of the 
variability of ultrasound reporting and be aware 
of how this heterogeneity influences their partic-
ular practice. Centers with a wide referral base 
and a larger number of US report sources will 
experience more variability than practices that 
rely on one source for their imaging needs.

Unfortunately, while a number of recommen-
dations on what constitutes a complete US report 
have been published, no universal system is cur-
rently in use. In this chapter, we explore the fea-
tures thought to be salient in the description of the 
thyroid and parathyroid pathology by professional 
organizations and by groups of experts focusing 
on this issue. In addition, we will describe a thy-
roid patient database that may help to track the 
comprehensiveness of the reports and the role it 
may play in the path toward standardization.
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2.2  Recommendations 
for Thyroid Ultrasound 
Reporting

The evaluation of the thyroid gland may be per-
formed for a variety of reasons. However, no mat-
ter what the indication, it is important to examine 
and report on all of the clinically significant areas 
of the neck. For patients with thyroid nodules, for 
whom thyroid cancer is one of the differential 
diagnoses, the evaluation of the gland alone is not 
sufficient. Papillary thyroid carcinoma has a high 
propensity to metastasize to the regional lymph 
nodes in the central and lateral cervical compart-
ments [2]. These anatomic regions must be evalu-
ated during the initial and surveillance ultrasound 
studies.

Tables 2.1, 2.2, and 2.3 highlight the recom-
mendations on thyroid ultrasound reporting from 
a multidisciplinary group of experts [3] (Table 2.1), 
the American Thyroid Association (ATA) [4] 
(Table 2.2), and the American Association of 
Clinical Endocrinologists (AACE) [5] (Table 2.3).

All three groups recommend measuring the 
thyroid lobes in all three dimensions.

In addition, at least two of the three guidelines 
recommend including the description of the gland 
parenchyma (heterogeneous vs. homogeneous), 
the general thyroid echogenicity, the vascularity 
patterns, and the measurement of the isthmus.

In the description of the thyroid nodules, there 
is agreement that the following features should be 
reported: size of each nodule in three dimensions, 
the number of nodules in each lobe, the internal 
architecture, the echogenicity, the presence of 
calcifications, vascularity patterns, whether the 
nodule is taller or wide, and the location in the 
thyroid lobe in the cranial-caudal and in the ante-
rior/posterior orientation. In addition, there were 
two other features included in two of the three 
guidelines: suspicion for extrathyroidal extension 
and the contour of the nodule.

The need for evaluation of the lymphatic com-
partments was highlighted in all three recommen-
dations. However, the degree of detail of the 
description of the lymph nodes varied. Clinical 

Table 2.1 Multidisciplinary consensus report [3]

Thyroid gland/general Thyroid nodule Lymph nodes

Thyroid parenchyma 
(homogeneous or 
heterogeneous)

Number of nodules in each lobe Purpose of lymph node evaluation

Size in three dimensions Clinical significance of each nodule Size in three dimensions

Size of the isthmus Size in three dimensions Location

Echogenicity Location in the gland (both in the 
superior/inferior and in the anterior/
posterior orientation)

Internal architecture

Vascularity Whether the nodule is taller than 
wider

Presence of hilum

Calcification patterns not 
associated with nodules

Contour Shape

Pyramidal lobe Suspicion for extrathyroidal 
extension

Calcifications

Mediastinal extension Internal architecture Vascularity

Tracheal deviation Echogenicity Suspicion of invasion of nearby 
structures/extranodal extension

Thyroglossal duct cyst Non-suspicious  
echogenic foci

Overall impression (suspicion of 
metastasis)

Calcifications

Vascularity

I. Likhterov and M.L. Urken
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Table 2.2 ATA recommendations [4]

Thyroid gland/general Thyroid nodule Lymph nodes

Thyroid parenchyma 
(homogeneous or 
heterogeneous)

Number of nodules in each lobe Purpose of lymph node evaluation

Size in three dimensions Clinical significance of each nodule Size in three dimensions

Size of the isthmus Size in three dimensions Location

Echogenicity Location in the gland (both in the 
superior/inferior and in the anterior/
posterior orientation)

Internal architecture

Vascularity Whether the nodule is taller than 
wider

Presence of hilum

Calcification patterns not 
associated with nodules

Contour Shape

Pyramidal lobe Suspicion for extrathyroidal 
extension/margins

Calcifications

Mediastinal extension Internal architecture Vascularity

Tracheal deviation Echogenicity Suspicion of invasion of nearby 
structures/extranodal extension

Thyroglossal duct cyst Non-suspicious  
echogenic foci

Overall impression (suspicion of 
metastasis)

Calcifications

Vascularity

Table 2.3 AACE recommendations [5]

Thyroid gland Thyroid nodule Lymph nodes

Thyroid parenchyma 
(homogeneous or 
heterogeneous)

Number of nodules in each lobe Purpose of lymph node evaluation

Size in three dimensions Clinical significance of each nodule Size in three dimensions

Size of the isthmus Size in three dimensions Location

Echogenicity Location in the gland (both in the 
superior/inferior and in the anterior/
posterior orientation)

Internal architecture

Vascularity Whether the nodule is taller than 
wider

Presence of hilum

Calcification patterns not 
associated with nodules

Contour Shape

Pyramidal lobe Suspicion for extrathyroidal 
extension

Calcifications

Mediastinal extension Internal architecture Vascularity

Tracheal deviation Echogenicity Suspicion of invasion of nearby 
structures/extranodal extension

Thyroglossal duct cyst Non-suspicious  
echogenic foci

Overall impression (suspicion of 
metastasis)

Calcifications

Vascularity

Presence of peripheral halo

2 Key Components of a Comprehensive Thyroid and Parathyroid Ultrasound Report
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suspicion for metastatic disease in the lymph node 
is mentioned consistently. The high-risk features, 
such as size, internal architecture, the absence of a 
hilum, shape, calcifications, and vascular patterns 
of a lymph node, were not mentioned in the ATA 
or the AACE recommendations.

Attempts to combine the ultrasound features of 
each thyroid nodule and assign a measure of risk 
for malignancy have been made. The Thyroid 
Imaging Reporting and Data System (TIRADS) is 
modeled on the BI-RADS for breast imaging. A 
TIRADS category is assigned to each nodule based 
on how many of the following suspicious US fea-
tures are identified: solidity, hypo- echogenicity or 
marked hypo-echogenicity, microlobulated or 
irregular margins, microcalcifications, and taller-
than-wide shape [6]. The TIRADS classification 
incorporates some of the thyroid nodule features 
described in the recommendations above; how-
ever, it is not a comprehensive ultrasound reporting 
system since it does not incorporate the imaging 
characteristics of the thyroid gland itself, nor does 
it address the risk of lymphatic metastasis. This 
system has not been widely adopted in the United 
States. A committee representing the American 
College of Radiology (ACR) has published a list of 
recommended terminology and lexicon in an 
attempt to standardize the diagnostic approach to 
thyroid nodules and to develop the use of TIRADS 
in the United States [7].

One feature that is not mentioned in the above 
recommendations is real-time strain elastogra-
phy. This measure of tissue stiffness has been 
evaluated as a tool in differentiating malignant 
from benign thyroid nodules [8]. Classification of 
nodule elastography includes the Rago [9] and 
the Asteria criteria [10]. Addition of elastography 
to the gray-scale US features appears to increase 
the negative predictive value of the exam [11, 
12]. Technology needed to evaluate compression 
properties of a thyroid nodule is not routinely 
available; however, when elastography data is 
generated, it should be incorporated in the ultra-
sound report [13].

One of the most critical ultrasonographic find-
ings in management of thyroid nodules is the 
change in size as tracked over time. A nodule that 
remains stable over a number of years can be mon-

itored with repeat imaging. On the other hand, a 
significant change in any of the three dimensions 
must warrant a biopsy and possibly surgical exci-
sion. Given the inconsistencies inherent to ultraso-
nographic measurements, a certain margin of error 
must be accounted for in the clinical decision-
making [14, 15]. One of the largest observational 
trials tracking differentiated thyroid cancers with 
repeat surveillance ultrasounds used a 3 mm 
increase in size as an indication of clinically sig-
nificant growth [16]. The ATA guidelines define 
growth as a 20 % increase in the nodule diameter 
or a 50 % increase in the nodule volume [4]. The 
change in the size measurements of the nodule and 
changes in the dimensions of the lymph nodes 
should be reported and tracked. The rate at which 
these changes are occurring can be as valuable as 
the absolute size measurement.

Appearance of any new adverse ultrasono-
graphic features, not noted on previous ultra-
sounds, must be included in the report. Development 
of microcalcifications, changes in the vascular pat-
terns of a nodule, suspicion for invasion, disap-
pearance of a lymph node hilum, and other interval 
changes may be indications to a change in the biol-
ogy of the disease. Repeat biopsy may be war-
ranted. Whenever possible, the repeat ultrasounds 
should be performed by the same practitioner to 
reduce the inter-rater variability.

Clinicians following patients with thyroid dis-
ease must employ a reliable system for recogniz-
ing changes on surveillance US exams. Tracking 
the size and the features of thyroid nodules and 
lymph nodes over time in a clear, easily review-
able format is imperative to initiating a timely 
intervention in cases of sudden change. The 
Thyroid Care Collaborative (TCC) is an example 
of a robust and user-friendly database that helps to 
facilitate these goals [17]. The three- dimensional 
location of each nodule and lymph node is tracked 
through schematic representation. The measure-
ments of the size in three dimensions are reported 
for each nodule in a table format, which facilitates 
recognition of a potentially clinically significant 
change. Reporting change in this manner is espe-
cially helpful when following patients with multi-
nodular disease and/or multiple lymph nodes. The 
program can further alert the clinician of any 
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significant changes and make suggestions regard-
ing additional workup by cross-referencing the 
ATA guidelines and its reported stratification of 
risk based on ultrasound features.

In addition, the TCC promotes consistency in 
ultrasound data recording by prompting clini-
cians to fill in the predetermined categories. A 
library of representative ultrasound images high-
lighting each of the key features in a user-friendly 
fashion is provided to assist less experienced cli-
nicians to identify the appropriate diagnostic fea-
tures. If a particular feature is not available in the 
ultrasound report, the clinician’s awareness is 
raised. Additional steps can then be taken to 
obtain the missing data point, if considered sig-
nificant. It is our hope that a standardized and 
complete data entry framework, such as the one 
available in the TCC, can be employed by all 
ultrasonographers in the future.

2.2.1  Recommendations 
for Ultrasound Reporting 
of Parathyroid Pathology

Ultrasound evaluation of the central neck is often 
the first step in the localization of parathyroid ade-
noma candidates in patients with hyperparathy-
roidism. The hypoechoic appearance of the enlarged 
gland(s) is a distinguishing feature of parathyroid 
adenomas. Localization of the candidate for an 
adenoma in the superior vs. inferior and intraglan-
dular vs. extraglandular location should be reported. 
The degree of localization provided by the US of 
the central neck facilitates performing a directed, 
minimally invasive parathyroidectomy. Suspected 
ectopic location (e.g., carotid sheath) identified on 
an US can be invaluable at the time of surgery. In 
addition, US findings may suggest presence of 
coexisting thyroid pathology that warrants further 
diagnostic workup.
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3.1  Introduction

As endocrinologist-performed neck ultrasound is 
now mainstream, formal certification and prac-
tice accreditation have become necessary as an 
affirmation of both quality and consistency to 
benefit patients and to satisfy insurance carrier 
requirements. Certification of endocrinologists 
and other specialty physicians, attesting their 
ability in thyroid/parathyroid ultrasound, is avail-
able through the American Association of Clinical 
Endocrinologist’s Endocrine Certification in Neck 
Ultrasound (ECNU) program. Practice accredita-
tion is available through the American Institute 
of Ultrasound in Medicine (AIUM).

3.2  Background

At present, community- and university-based hos-
pital radiology departments commonly produce 
thyroid ultrasound reports that have variable qual-
ity. It is not uncommon for the target audience of 
these reports, the clinician, to be informed of mul-
tiple thyroid nodules without provision of key 
descriptive details. For examples, reports can be 
too brief, use the unhelpful term “indeterminate,” 
or erroneously caution about “microcalcifica-
tions,” a very significant finding commonly asso-
ciated with papillary thyroid carcinoma and often 
incorrectly applied to almost invariably benign 
colloid nodules or cysts. Furthermore, a careful 
cervical lymph node evaluation, essential for a 
comprehensive evaluation of the nodular thyroid 
gland, is rarely performed or documented.

Real-time ultrasound in the hands of the endo-
crinologist produces a study highly influenced 
not only by the clinician’s deep understanding of 
thyroid physiology and pathology but also by 
their awareness of the patient-specific context in 
which the study is being performed. The clinician 
is able to correlate sonographic features with lab-
oratory findings, physical examination, and the 
patient’s unique medical history. This allows for 
a detailed and clinically relevant ultrasound study 
and report. The same philosophy applies to other 
specialists who care for patients with thyroid and 
parathyroid diseases.
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In parallel with the widespread increase of 
radiographic imaging modalities, the incidence 
of thyroid nodules has increased, a large propor-
tion of which are identified incidentally. The inci-
dence of thyroid cancer is also increasing. 
Consequently, the ability to distinguish charac-
teristics of both benign and malignant nodules 
has become increasingly recognized and has been 
the subject of a vast number of research studies, 
review articles, and lectures.

The American Thyroid Association (ATA) 
guidelines for the management of thyroid nodules 
and thyroid cancer have mirrored the developing 
medical literature on thyroid ultrasound, with 
increasing emphasis on the sonographic charac-
teristics of thyroid nodules and their relevance to 
clinical thyroidology. The first version of these 
guidelines, published in 2006, mentions ultra-
sound characteristics of thyroid nodules a total of 
five times [1]. The 2009 ATA guidelines make 14 
different references to the ultrasound characteris-
tics of thyroid nodules [2], and a review newly 
released 2015 ATA guidelines mentions ultra-
sound characteristics of thyroid nodules and thy-
roid cancer an incredible 100 times [3]. As 
previously mentioned, thyroid ultrasound reports 
from radiology departments commonly lack these 
vital sonographic descriptions, limiting their 
value in clinical practice. Among many possible 
explanations, it may be either that these salient 
characteristics are not considered important or 
that an understanding of their relevance is not 
well appreciated by the interpreting radiologist.

Inherent to the understanding of thyroid ultra-
sound imaging is a background in anatomy, phys-
iology, pathology, and the physics of sonography. 
Ultrasound/sonographic pattern recognition is a 
vital skill which can be developed with proper 
training and strict adherence to a consistent, sys-
tematic approach.

In an effort to better educate the forthcoming 
generation of endocrinologists in thyroid ultraso-
nography, the American Association of Clinical 
Endocrinologists (AACE), with the forethought 
and diligent efforts of H. Jack Baskin, MD, and 
Daniel S. Duick, MD, developed an extensive thy-
roid sonography training program as part of the 
Endocrine University® Program, held annually at 

Mayo Clinic—Rochester, Minnesota. Since its 
inception in 2002, Endocrine University® has 
trained more than 3000 endocrine fellows in per-
formance of thyroid, neck, and parathyroid ultra-
sound [4]. Surgeons, furthermore, have access to 
continuing medical education (CME) via the 
American College of Surgeons (ACS). Since 
2002, the ACS Thyroid and Parathyroid Ultrasound 
Course has granted verification of ultrasound 
knowledge and skill at Level 2 designation (only 
higher category is Level 3 of “proctor ready”) by 
the Accreditation Council for Continuing Medical 
Education (ACCME). The ACS course has both 
written exam and hands-on practical ultrasound 
skills testing components. Nearly 1000 surgeons 
have availed themselves of this educational oppor-
tunity that, while not an independent certification 
mechanism, affords a level of CME that is impor-
tant to become an informed practitioner of thyroid 
and parathyroid ultrasound in patient care and rel-
evant toward obtaining certification (https://www.
facs.org/education/accreditation/verification/
ultrasound/exported#thyroid).

As the practice of medicine has evolved, third- 
party payers, the federal government, and other 
licensing agencies have increased regulations and 
qualifications necessary for imaging procedures 
by non-radiologist clinicians. For this reason, the 
preemptive development of a certification pro-
gram became necessary. To accomplish such a 
certification for office-based endocrinologists, a 
comprehensive program had to be developed to 
meet the compliance standards of the National 
Commission for Certifying Agencies (NCCA) [4].

Through the efforts of H. Jack Baskin, MD, 
Daniel S. Duick, MD, Donald Jones (CEO of 
American Association of Clinical Endocrinologists 
(AACE)), Carmine Valente (CEO of American 
Institute of Ultrasound in Medicine (AIUM)), and 
Lenny Greenbaum, MD (former president of 
AIUM), a mutual agreement was reached in the 
development and acceptance of the Endocrine 
Certification in Neck Ultrasound (ECNU) pro-
gram based on 18 nationally recognized compli-
ance standards [4].

The American Association of Clinical Endo-
crinologists (AACE) education arm, the American 
College of Endocrinology, instituted the ECNU 

P.R. Hungerford and J.W. Sistrunk

https://www.facs.org/education/accreditation/verification/ultrasound/exported#thyroid
https://www.facs.org/education/accreditation/verification/ultrasound/exported#thyroid
https://www.facs.org/education/accreditation/verification/ultrasound/exported#thyroid


19

program in 2008. Since its inception, more than 
400 physicians have been certified in thyroid/
parathyroid/neck ultrasonography. At present, 
ECNU is the only certification route available to 
endocrinologists. In recognition of the reality that 
other clinicians also perform thyroid and para-
thyroid ultrasound, certification via ECNU is 
available to eligible specialties including surgery 
and pathology.

3.3  Endocrine Certification 
in Neck Ultrasound (ECNU) 
Credential

Endocrine Certification in Neck Ultrasound 
(ECNU) was developed primarily in response to 
an increasing number of insurance carriers man-
dating either physician certification and/or prac-
tice accreditation as a condition of reimbursement 
[5]. To satisfy these conditions, ECNU certifica-
tion is recognized by the American Institute of 
Ultrasound in Medicine (AIUM), one of the pre-
eminent accreditation bodies for ultrasound prac-
tices. AIUM recognizes individuals who achieve 
the ECNU credential as sufficiently trained in 
neck ultrasonography. AIUM allows those with 
the ECNU credential to be directors of ultrasound 
laboratories and apply for AIUM practice accred-
itation [5]. This will be discussed further in the 
AIUM section of this chapter.

The ECNU certification is an objective assess-
ment, ensuring that a physician has the prerequi-
site knowledge to practice competently in the field 
of thyroid, neck, and parathyroid sonography [5].

The ECNU Certification Committee is com-
prised of ECNU-certified practicing endocrinolo-
gists and exists to assure that the process for 
ECNU certification and the significance of this 
credential remain relevant to the practicing endo-
crinologist. The ECNU certification process has 
different routes available to endocrinologists, 
endocrinology fellows/trainees, or endocrine sur-
geons in training, cytopathologists, endocrine 
surgeons, otolaryngologists/head and neck sur-
geons, and radiologists [5].

As a prerequisite to beginning the ECNU certi-
fication process, attestation of performing at least 

100 ultrasound studies is required (70 diagnostic 
ultrasound examinations and 30 ultrasound- guided 
FNA procedures (UGFNA)). For fellows—in 
training—at least 50 ultrasound studies (35 diag-
nostic ultrasounds and 15 UGFNA) are required 
at the time of initial application, with the attesta-
tion that the remaining 50 ultrasound studies will 
be carried out within the next 12 months after the 
written comprehensive certification exam (CCE) 
or before completing fellowship training. Addi-
tionally, 15 h of CME credit is required from one 
or more basic thyroid ultrasound courses within 
the prior 3 years [5].

The ECNU certification is composed of two 
primary components, the comprehensive certifica-
tion exam (CCE) and the Validation of Competency 
Process (VCP).

The ECNU comprehensive certification exam 
(CCE) is a 100-question exam, administered over a 
2 h period in proctored testing centers. The exami-
nation is designed to assess a candidate’s knowl-
edge of relevant anatomy, physiology, pathology, 
and ultrasound physics.

The comprehensive certification exam (CCE), 
broken down by content, includes the following 
topics:

• Principles of ultrasound imaging 15 %
• Neck anatomy 15 %
• Thyroid pathology 34 %
• Parathyroid pathology 10 %
• Lymph node pathology 10 %
• Ultrasound-guided fine needle aspiration 

(USGFNA) 16 %

The ECNU Certification Committee has relied 
upon practicing physician sonographers for exam 
question content and illustrative cases [5].

Following notification of a passing score on 
the comprehensive certification exam (CCE), the 
candidate is then eligible for the Validation of 
Competency Process (VCP), which involves sub-
mission of ultrasound reports generated by the 
candidate from patients from his/her medical 
practice. This component of the certification pro-
cess is designed to ensure quality and compe-
tence in performance of neck ultrasound and 
proof of the candidate’s ability to generate a high 
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quality, meaningful report. Cases and images for 
VCP submission must be collected within a 2-year 
window, beginning from 1 year prior to and end-
ing 1 year following successful completion of the 
CCE [5].

A total of 15 cases are required for the Validation 
of Competency Process (VCP). The first five diag-
nostic thyroid nodule cases are due within 3 months 
of passing the CCE to ensure that the candidate is 
following the proper reporting components as out-
lined in the Candidate Handbook and to provide 
verification that the candidate is actively pursuing 
certification, a prerequisite for reimbursement by 
some insurance companies. These five nodule 
reports must also include submission of 13 stan-
dard images adhering to the 2013 AIUM practice 
guideline for the performance of a thyroid and 
parathyroid ultrasound examination. The remain-
ing ten cases are due within 1 year of passing the 
CCE [6]. The second portion of the Validation of 
Competency Process (VCP) includes the follow-
ing items [5]:

• Two parathyroid adenoma cases
• Two malignant lymph node cases
• One case of Hashimoto’s thyroiditis
• Five ultrasound-guided biopsy cases

The ECNU Validation of Competency Process 
(VCP) has received some scrutiny for the require-
ment of the two lymph node and two parathyroid 
cases. Although this may be challenging to some 
candidates, it is determined that any physician 
performing an adequate number of neck ultra-
sound studies should not have difficulty identi-
fying two malignant nodes and two parathyroid 
glands during the 2 year window of case collec-
tion. Remember, the ECNU credential signifies 
competency and quality. Not all seeking ECNU 
certification will achieve it.

A complete review of the requirements for the 
VCP cases is found in the ECNU handbook. As 
most endocrinology fellows have had little or no 
experience with writing ultrasound reports, the 
AACE ECNU Reference CD, available compli-
mentary upon request from the ECNU Certification 
Coordinator, includes a full presentation on author-
ing ultrasound reports, a PowerPoint® framework 
for case submission and the official ECNU thyroid 

schematic cartoon. Examples of ECNU case sub-
missions are also included and recommended for 
review [7].

Upon submission, the Validation of Competency 
Process (VCP) cases are reviewed by the physician 
sonologists of the ECNU Certification Committee 
for quality and consistency based on the require-
ments in the ECNU handbook. This process is 
designed to be a constructive, individualized anal-
ysis of the candidate’s work. It is the hope of the 
ECNU Certification Committee that the candidate 
will benefit from the review and take heed of the 
advice of the reviewers. At times, VCP submis-
sions may require revision to achieve a passing 
score. Upon successful completion of the VCP, the 
candidate is awarded the VCP designation, certifi-
cate, and lapel pin, and their name is added to a 
registry of ECNU-certified physicians.

Consistent with all present aspects of medi-
cine, ECNU certification requires recertification 
at 10 year intervals. As the first cycle of ECNU- 
certified physicians will not require recertifica-
tion until 2018, this process may potentially be 
revised, with the intent to assure relevancy to the 
practicing physician. At present, ECNU recertifi-
cation requires these steps [5]:

 1. Performing a minimum of 70 diagnostic ultra-
sound examinations and 30 USGFNA proce-
dures annually

 2. Written attestation of the total number of all 
diagnostic ultrasounds and UGFNA during 
the preceding year

 3. Documentation of a minimum of 15 h of 
approved CME during each 3 year cycle, with 
at least 50 h of approved CME during the 
10 year cycle

 4. Pass the recertification exam

3.4  American Institute 
of Ultrasound in Medicine 
(AIUM) Practice 
Accreditation

Whereas ECNU certifies an individual physi-
cian’s ability and performance, American Institute 
of Ultrasound in Medicine (AIUM) Practice 
Accreditation is a demonstration of the global 
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competency/consistency in all aspects of ultra-
sound practice operation including:

• Personnel education, training, and experience
• Document storage and record keeping
• Policies and procedures safeguarding patients, 

ultrasound personnel, and equipment
• Instrumentation
• Quality assurance
• Case studies

This is a voluntary accreditation process that 
allows a practice to demonstrate meeting or exceed-
ing national standards in both the performance and 
interpretation of ultrasound studies. AIUM Practice 
accreditation cycle is 3 years. Like the ECNU 
Validation of Competency Process (VCP), the 
AIUM accreditation includes peer review of cases 
and insight into a different dynamic of review from 
the accreditation standpoint [8].

Following completion of the ECNU certifica-
tion process, certificants are advised to take 
advantage of the “fast track” to AIUM practice 
accreditation. First and foremost, the ECNU cre-
dential is accepted by the AIUM as having ade-
quate training in thyroid/parathyroid ultrasound. 
First time applicants for AIUM accreditation 
have the advantage of a discounted accreditation 
fee and are not required to submit case studies as 
long as the AIUM practice accreditation applica-
tion is made within 12 months of achieving 
ECNU certification [8].

Alternatively, a physician may seek practice 
accreditation if the physician(s) in the practice 
has completed the required training specified in 
the training guidelines for physicians who evalu-
ate and interpret diagnostic thyroid/parathyroid 
ultrasound examinations. Depending on physi-
cian background, this training guideline determines 
the number of cases as well as the number of CME 
credits needed to apply for accreditation [8].

The AIUM “Standards and Guidelines for 
Accreditation of Ultrasound Practices” specifi-
cally outlines accreditation, ultrasound practice 
personnel, the role of physician director of ultra-
sound, reaccreditation, and yearly volume require-
ments. This document also reviews requirements 
for final reports, preliminary reports, and most 

importantly policies and procedures safeguarding 
patients, ultrasound personnel, and equipment. 
Additionally standards are set forth including the 
need for policies and procedures regarding patient 
identification, precautions for invasive proce-
dures, incident reporting, patient confidentiality, 
the ALARA principle (“as low as reasonably 
achievable” with regard to radiation exposure), 
quality assurance, document storage, and record 
keeping [9]. The quality assurance specifically 
addresses on-going monitoring of ultrasound per-
sonnel performance. As an example of on-going 
documentation of quality assurance activities, the 
physician who performs the ultrasound examina-
tion and generates a report for a patient who ulti-
mately undergoes surgery should periodically 
correlate the surgical pathology findings with the 
sonographic findings. A simple form may suffice 
for this exercise (see Fig. 3.1).

Ultrasound equipment maintenance is an impor-
tant component of AIUM practice accreditation. 
All ultrasound machines must be in good operating 
condition, with documentation of calibration and 
servicing at least once a year [9]. Additionally, the 
AIUM has very specific guidelines addressing 
cleaning of probes between patients and proper 
high-level disinfection. A background and knowl-
edge of these guidelines is imperative to all who 
perform ultrasound studies [10].

Specific guidelines do exist for performance 
of thyroid and parathyroid ultrasound examina-
tions, as outlined by practice parameters from the 
American College of Radiology, the American 
Institute of Ultrasound in Medicine, the Society 
of Pediatric Radiology (SPR), and the Society of 
Radiologists in Ultrasound (SRU) [11]. An inher-
ent understanding of these practice parameters is 
critical to obtaining and maintaining practice 
accreditation.

Little has been written about authoring thy-
roid/parathyroid ultrasound reports [12, 13]. 
Minimal training other than experience is avail-
able to practicing clinicians. Many clinicians will 
quickly master probe positioning and even FNA 
biopsy. However, when moving from patient to 
paper, many clinicians will demonstrate signifi-
cant difficulty with consistency and quality. 
Hence, the Validation of Competency Process 
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(VCP) portion of the ECNU process requires 
proof of proficiency in reporting the ultrasound 
procedure. The AIUM practice guideline for doc-
umentation of an ultrasound exam explicitly sets 
forth the necessary components of a comprehen-

sive ultrasound report. Both normal and abnor-
mal findings should be documented. A clear 
description of the findings must be presented in 
an organized fashion for adequate documentation 
as well as communication with the referring 

Fig. 3.1 Sample form correlating the surgical pathology findings with the sonographic findings
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physician or surgeon, if needed. Variations from 
normal should be clearly designated. Pertinent 
pathology should be described effectively. A suc-
cinct impression including applicable recom-
mendations is also vital. In the event of nonroutine 
results, a system should be in place to communi-
cate these results to the referring physician [12]. 
Reports of the ultrasound-guided procedure 
should include a description of the target lesion, 
needle gauge, the number of passes made and 
complications from the procedure [12].

3.5  Conclusion

In conclusion, the Endocrine Certification in 
Neck Ultrasound (ECNU) program provides a 
certification pathway for clinicians who special-
ize in the management of thyroid and parathyroid 
disease to become recognized experts in thyroid 
and parathyroid sonography. Additionally, the 
ECNU-certified physician may receive accredita-
tion of his/her practice by AIUM and become the 
laboratory director for that clinic or facility. With 
these credentials, physicians and their practices 
become recognized for excellence in thyroid and 
parathyroid sonography.

Acknowledgments We greatly acknowledge the review 
of this chapter for content by Nickie Mizell, ECNU 
Certification Coordinator and by Therese Cooper BS, 
RDMS, AIUM Director of Accreditation.

References

 1. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee 
SL, Mandell SJ, et al. Management guidelines for 
patients with thyroid nodules and differentiated thy-
roid cancer. Thyroid. 2006;16(2):109–42.

 2. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee 
SL, Mandell SJ, et al. Revised American Thyroid 
Association management guidelines for patients with 
thyroid nodules and differentiated thyroid cancer. 
Thyroid. 2009;19(11):1167–214.

 3. Haugen BR, Bible KC, Doherty G, Mandel SJ, 
Nikiforov YE, Pacini F, Randolph G, Sawka A, 
Schlumberger M, Schuff KG, Sherman SI, Sosa JA, 
Steward D, Tuttle RM, Wartofsky L. 2015 American 

Thyroid Association management guidelines for adult 
patients with thyroid nodules and differentiated thy-
roid cancer. Thyroid. 2016;26:1.

 4. Baskin HJ, Duick DS. Vignette: thyroidology, ultraso-
nography, ECNU and AACE. American Association 
of Clinical Endocrinologists First Messenger. Vol. 23, 
No. 4. July/August 2014:3.

 5. aace.com [Internet]. Jacksonville: 2015 Endocrine 
Certification in Neck Ultrasound Candidate Handbook 
and Application. [Version 2015.] Available from 
https://www.aace.com/files/ecnu_program_candi-
date_handbook.pdf.

 6. American Institute of Ultrasound in Medicine 
[Internet]. Laurel, MD: 2013 AIUM Practice Guideline 
For the performance of a Thyroid and Parathyroid 
Ultrasound Examination. Available from: https://
www.aium.org/resources/guidelines/thyroid.pdf

 7. Sistrunk JW. Endocrine Certification in Neck 
Ultrasound (ECNU) Reference CD [CD-ROM]. 
Jacksonville: American Association of Clinical 
Endocrinologists; 2015.

 8. American Institute of Ultrasound in Medicine 
[Internet]. Laurel, MD: Training Guidelines for 
Physicians Who Evaluate and Interpret Diagnostic 
Thyroid/Parathyroid Ultrasound Examinations. 
Approved 04/10/2013. Available from: http://www.
aium.org/officialStatements/52.

 9. American Institute of Ultrasound in Medicine 
[Internet]. Laurel, MD: Standards and Guidelines for 
Accreditation of Ultrasound Practices. [Approved 
11/02/2014.] Available from: http://www.aium.org/
officialStatements/26.

 10. American Institute of Ultrasound in Medicine 
[Internet]. Laurel, MD: Guidelines for Cleaning and 
Preparing External- and Internal-use Ultrasound Probes 
Between Patients. [Approved 04/02/2014.] Available 
from: http://www.aium.org/officialStatements/57.

 11. American College of Radiology, American Institute 
of Ultrasound in Medicine, Society of Pediatric 
Radiology (SPR) and the Society of Radiologists in 
Ultrasound (SRU). [Internet]. Reston, VA: Practice 
Parameter for the Performance of a Thyroid and 
Parathyroid Examination. [Amended 2014 (Resolution 
39).] Available from: http://www.acr.org/~/media/740
5C05D0E3B451788A8DF885BAAC41E.pdf.

 12. American Institute of Ultrasound in Medicine (AIUM). 
AIUM practice guideline for documentation of an ultra-
sound examination. J Ultrasound Med. 2014;33:2219–
24. doi:10.7863/ultra.33.12.2219. Available from 
http://www.aium.org/resources/guidelines/documena-
tion.pdf.

 13. Su HK, Dos Reis LL, Lupo MA, Milas M, Orloff LA, 
Langer JE, Brett EM, Kazam E, Lee SL, Minkowitz 
G, Alpert EH, Dewey EH, Urken ML. Striving toward 
standardization of reporting of ultrasound features of 
thyroid nodules and lymph nodes: a multidisciplinary 
consensus statement. Thyroid. 2014;24(9):1341–9.

3 Pathways to Thyroid and Parathyroid Ultrasound Certification

https://www.aace.com/files/ecnu_program_candidate_handbook.pdf
https://www.aace.com/files/ecnu_program_candidate_handbook.pdf
https://www.aium.org/resources/guidelines/thyroid.pdf
https://www.aium.org/resources/guidelines/thyroid.pdf
http://www.aium.org/officialStatements/52
http://www.aium.org/officialStatements/52
http://www.aium.org/officialStatements/26
http://www.aium.org/officialStatements/26
http://www.aium.org/officialStatements/57
http://www.acr.org/~/media/7405C05D0E3B451788A8DF885BAAC41E.pdf
http://www.acr.org/~/media/7405C05D0E3B451788A8DF885BAAC41E.pdf
http://dx.doi.org/10.7863/ultra.33.12.2219
http://www.aium.org/resources/guidelines/documenation.pdf
http://www.aium.org/resources/guidelines/documenation.pdf


Part II

Ultrasound Technology



27© Springer International Publishing Switzerland 2017 
M. Milas et al. (eds.), Advanced Thyroid and Parathyroid Ultrasound, 
DOI 10.1007/978-3-319-44100-9_4

Selection and Setup of Ultrasound 
in Point-of-Care Medical Practice

R. Mack Harrell and Allan Golding

4.1  Introduction

The concept of in-office neck ultrasound for the 
care of thyroid and parathyroid patients was born 
in the 1980s when endocrinology pioneers on 
opposite sides of the United States, Dr. Jack 
Baskin in Orlando, Florida, and Dr. Dan Duick in 
Phoenix, Arizona (and a handful of others), began 
performing routine neck ultrasound evaluations 
on patients in their endocrine clinics. Over the 
past 35 years, the art of in-office neck ultrasonog-
raphy has evolved dramatically to become an 
important cornerstone of care for patients with 
neck nodules, thyroid cancer, and hyperparathy-
roidism. Along the way, other specialties involved 
in thyroid and parathyroid care have joined the 
ultrasound revolution, including endocrine sur-
geons, otolaryngologists, and pathologists. To 
support and validate this paradigm change in care 
delivery, the American Association of Clinical 

Endocrinologists (AACE) began offering neck 
ultrasound certification testing in 2008 and 
named this program Endocrine Certification in 
Neck Ultrasonography (ECNU). To date, over 
400 physicians across the world have completed 
ECNU certification and of those, more than 100 
have had their office ultrasound labs certified by 
the American Institute of Ultrasound in Medicine 
(AIUM). The purpose of this chapter is to sum-
marize the insights gained from 35 years of out-
patient ultrasound suite design with particular 
emphasis on the space and technologic needs 
of endocrinologists, endocrine surgeons, and 
otolaryngologists.

We come to this chapter with several inherent 
biases, which derive from our clinical experience:

 1. Endocrine ultrasound is best implemented by a 
trained and certified physician holding the US 
transducer and recording carefully selected 
images in real time.

 2. Endocrine ultrasound requires a unique envi-
ronment to maximize patient-physician com-
munication. Such an environment should 
facilitate careful clinical history taking by the 
physician prior to and during the ultrasound 
evaluation, thereby, dramatically improving 
the utility and relevance of the US procedure.

 3. The endocrine ultrasound experience presents 
an unparalleled educational opportunity for the 
patient and his/her family, and the  environment 
for this experience must maximize comfort and 
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image visibility for patients, families, and the 
imaging physician.

 4. Crisp image resolution is essential to the three 
points listed above, and to that end, every cer-
tified neck ultrasound physician should keep 
up with current imaging techniques and make 
sure that their office equipment includes 
appropriate transducers, adequate micropro-
cessing capability, up-to-date image optimiz-
ing algorithms and software, and carefully 
placed flat panels of sufficient size to facilitate 
patient and family viewing.

 5. Despite adherence to all of the above, physicians 
have accomplished nothing if we do not concisely 
record the salient points of the patient encounter 
and the key findings of the US procedure in the 
medical record along with a plan for further care. 
Additionally, it is the imager’s responsibility to 
disseminate that documentation to other physi-
cians involved in the patient’s care.

Embarking to develop the thyroid/parathyroid 
imaging space is an exciting and demanding under-
taking. Imaging expands the depth of our involve-
ment with endocrinology patients and demands a 
complete rethinking of practice scope and flow. For 
some endocrinologists who deliver diabetes care 
for a majority of their practice volume, becoming 
an endocrine ultrasonographer may not be practical 
or affordable. Imaging and biopsy visits require 
dedicated time and cannot be accomplished in 
10–15 min slots. A practice flow set up for diabetes 
care or postoperative care with physician extenders 
and limited physician face time will not work well 
for parathyroid and thyroid cancer care. Significant 
soul-searching, financial analysis, and genuine 
dedication to the art and science of endocrine imag-
ing are absolutely necessary before embarking on 
an office neck ultrasound pathway. However, if all 
the necessary elements are integrated into the office 
environment, the personal and professional rewards 
of on-site office imaging can be substantial.

4.2  Space

In the modern era, clinical exam room space has 
become increasingly constricted and dominated 
by the need for advanced electronic medical record 

(EMR) technology. Deployment constraints for 
electronic interfaces have decreased physician-
patient eye contact and eroded the intimacy of the 
clinical encounter. Given these limitations, ultra-
sound physicians should attempt to find space for 
their ultrasound procedure rooms that maximizes 
patient comfort and intimacy while minimizing 
congestion. For our purposes, an optimal proce-
dure room is set up to enclose an ultrasound con-
sole, an exam table, two chairs, an EMR console 
on a suspension arm, one or two sinks and counter-
tops (remember that on-site cytologic adequacy 
testing requires a clean and a dirty sink by CLIA 
regulations—Clinical Laboratory Improvement 
Amendments), staining station, microscope, cam-
era and laptop (for recording of on-site photomi-
crograms), two floating Mayo tables for biopsy 
accessories, and two flat panel televisions for 
patient education and physician sight-line optimi-
zation. This particular version of a full service thy-
roid/parathyroid procedure room requires an 
allotment of 150–200 square feet of exam room 
space, a space commitment that many physicians 
may find difficult to make (Fig. 4.1). The setup can 
be adapted to smaller space sizes—the goal of 
accomplishing the exam and procedure can be met 
but obviously limitations exist related to comfort-
able movement around the room space. In such 
cases, many creative solutions can be applied to 
enhance the overall patient experience, such as by 
using another room for patient discussion and 
consultation.

Without on-site cytologic assessment, the sec-
ond sink and countertop are not needed, thus 
eliminating 30–50 square feet of unnecessary 
countertop and bringing the total square footage 
down to 100–150 square feet (Fig. 4.2).

4.3  Ultrasound Equipment

Although sterilizable touchscreen, portable iPad- 
like US devices have gained some traction in the 
surgical community for intraoperative use, most 
endocrinologic ultrasonographers prefer tradi-
tional console devices for a single office or a por-
table laptop device with convenient plug and play 
platforms for multiple office use. Several issues 
must be considered prior to purchase:
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Fig. 4.1 Layout for 15 × 12 ft left-handed ultrasound pro-
cedure suite including on-site cytologic adequacy assess-
ment. Note that clean and dirty sinks are required for 

CLIA licensing along with microscope and digital pho-
tography recording on the second laptop to the right

Fig. 4.2 Layout for 14 × 12 ft right-handed ultrasound 
procedure suite without on-site cytology assessment. 
Only a single sink is required and the wall flat panel is 
mounted at the head of the exam table rather than cross- 

table based on physician preference. The small flat panel 
with the ultrasound console is used for family display and 
education. The flat panel on the ceiling is for patient 
education

 1. Does my allocated space accommodate the 
footprint of my ultrasound of choice?

 2. Are the ergonomics of my device and device 
location customizable for my specific needs 
(i.e., customizable for handedness, with mul-
tifunction foot pedals for taking biopsy images 
when my hands are otherwise occupied)?

 3. Do I have the correct transducers for thyroid, 
lymph node (LN), and parathyroid imaging 
and thyroid, parathyroid, and lymph node 
fine-needle aspiration (FNA)? For example, a 
flat 3–4 cm linear transducer packed with 
piano key-arrayed piezoelectric elements may 
suffice, but matrix array probes provide more 
piezoelectric elements per square millimeter 

of transducer face and often yield the sharpest 
central neck imaging. Lymph node (LN) 
imaging and biopsy may be best accomplished 
with more compact and maneuverable hockey 
stick transducers with fewer piezoelectric 
elements.

 4. Do I have the advanced technology that I need 
built into my device (e.g., color and/or power 
Doppler, video clip capture, virtual convex 
imaging) for structures that are larger than 
your transducer, strain vs. shear wave elastog-
raphy for assessment of tissue stiffness, con-
ventional linear array vs. matrix array 
transducer (discussed above), beam steering 
for difficult parallel technique FNAs, needle 
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guidance software, crossbeam image enhance-
ment, and easily controllable and customiz-
able imaging protocols with on/off switches 
for different imaging needs.

 5. Will my ultrasound device power the wall- 
mounted flat panels I need for ergonomic 
cross-table viewing and the ceiling flat panel 
my patient needs for education? If not, can I 
purchase a compatible image splitter with a 
signal booster to power both flat panels?

 6. Can my ceiling monitor bracket be mounted 
into concrete or steel for maximum patient 
safety? Do ceiling lights or air-conditioning 
vents interfere with ceiling flat panel place-
ment? Are there enough electrical outlets on the 
room walls and in the ceiling to minimize power 
cord length?

 7. Is there reporting software built into my 
machine that facilitates the incorporation of my 
measurements into detailed ultrasound reports 
along with automatically calculating nodule 
and LN volume for long-term follow-up?

 8. Does the US machine technology allow for 
simple, on screen, side-by-side comparison of 
old images and measurements with new ones?

Obviously, machine and room choice are the 
focal points for most entry-level ultrasonogra-
phers, but there is much more to an endocrine 
imaging practice than putting an ultrasound 
machine in an appropriate workspace. This theme 
in the literature does not receive enough attention; 
an editorial article published in 2011 by Nagarkatti 
et al. remains a relevant and practical resource to 
review for additional details (“Overcoming obsta-
cles to setting up office- based ultrasound for eval-
uation of thyroid and parathyroid diseases”) [1].

4.4  Outfitting the Room

Room setup is essential to physician and patient 
satisfaction. The exam pedestal table and ultra-
sound device must be situated to accommodate 
the physician’s handedness and to allow the 
patient and physician to have ergonomic single 
visual field viewing of ultrasound images for 
teaching and needle guidance purposes. We have 
found that placement of a 36–42″ flat panel TV 
on a tilting ceiling mount affords the best image 

viewing for patients. Optimization of the physi-
cian viewing experience is accomplished by a 
second wall-mounted 36–42″ flat panel TV on a 
flexible metallic arm so that the patient’s neck, 
the biopsy needle, and the ultrasound image are 
all easily included in a single narrow visual field 
(see Fig. 4.3). Mounting of the flat panels should 
be handled by experienced video technicians, and 
the ceiling mount must be bolted into the con-
crete above any false ceiling materials and 
plugged into a ceiling outlet. For crisp video on 
two external monitors, many ultrasound devices 
require image splitters with signal amplification. 
Your video technician should be able to handle 
this installation and perform the necessary image 
optimization for your flat panel TVs.

Image storage can be handled in several ways. 
Internal storage on the ultrasound machine is opti-
mal because it enables easy comparison of US 
images from one year to the next. Because US 
devices have limited storage capability and hard 
drive function deteriorates as more data accumu-
lates, a second backup plan is required. Many physi-
cians use external hard drives or DVDs for this 
purpose, but the optimal backup alternative is the 
connection to your local hospital’s picture archiving 
and communication system (PACS), if such connec-
tivity can be arranged. PACS storage is reliable, 
practical, and economical, and it allows other physi-
cians affiliated with your  hospital direct access to the 
images of patients they send to you for care. 
Hospitals will frequently install your cabling and 
PACS wall sockets, while handling maintenance 
costs for you as a practice enhancement, but the 
terms of such arrangements are negotiated on a case-
by-case basis. Finally, cloud-based sharing software 
is emerging that can be loaded onto newer ultra-
sound machines. This software allows immediate 
sharing of patient images on multiple devices (com-
puters, iPads, smartphones) by enrolled physicians. 
Cloud sharing reimbursement usually involves a 
fixed cost per patient imaging encounter.

4.5  Interventional 
Endocrinology

The sub-subspecialty of procedural endocrinol-
ogy has evolved over the past 35 years from thy-
roid imaging and thyroid biopsy in the 1980s and 
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1990s to parathyroid and lymph node imaging 
and biopsy in the early 2000s and, more recently, 
has encompassed more invasive modalities of 
ethanol injection, radiofrequency, and laser abla-
tion of targets such as cystic thyroid nodules, col-
loid nodules, and malignant lymph nodes. In 
addition, some physicians have found that on-site 
Diff-Quik staining and adequacy assessment of 
FNA smears before sending them for expert cyto-
pathologic interpretation improves FNA tech-
nique and makes “non-diagnostic” samples less 
likely, while other physicians find the moderate 
complexity CLIA license required for adequacy 
reimbursement too onerous to justify the time 
and equipment investment. Incorporation of any 
or all of these new interventions requires careful 
space planning and an in-depth knowledge of 
CLIA regulations.

4.6  FNA and On-Site Adequacy

Fine-needle aspiration biopsy (FNA) of neck 
masses, thyroid nodules, parathyroid glands, and 
abnormal lymph nodes (LN) requires adherence 

to established protocols and careful attention to 
details. Most physicians prefer to set up their own 
biopsy trays with disposable supplies rather than 
using expensive sterilized trays created for hospi-
tal use. We prefer using a wheeled stainless steel 
Mayo table to hold transducer preparation materi-
als: gel and transducer covers on the nursing side 
of the patient and a second Mayo table on the phy-
sician side of the patient, holding 25–27 gauge 
needles, 10 ml syringes, the biopsy apparatus of 
choice (e.g., Tao Aspirator®,  aluminum needle 
aspirator gun, three-way stopcock with tubing, 
and suction syringe), clean glass slides, CytoLyt, 
molecular marker preservatives, and sealable 
95 % ethanol immersion slide holders (Fig. 4.4). 
This setup allows an assistant to stand comfort-
ably on the side of the procedure pedestal oppo-
site the biopsying physician while preparing and 
holding the transducer and creating suction, if 
necessary (Fig. 4.5). We use Diff- Quik® rapid 
staining techniques (to stain our own adequacy 
slide(s)), and we wash aspiration material into 
ThinPrep® CytoLyt Solution (Hologic, Inc., 
Marlborough, Massachusetts) and molecular 
marker preservative after each pass. This standard 

Fig. 4.3 Proper flat panel 
placement. Note that the 
sidewall flat panel should be 
placed so as to allow the 
transducer, the patient, and the 
ultrasound image to all 
comfortably occupy the same 
visual field
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Fig. 4.4 FNA procedure tray 
layout on a Mayo table. Top 
left proceeding clockwise—(1) 
four slides for smearing and 
Diff-Quik on-site microscopic 
review, (2) three 10 ml 
syringes, (3) Tao Aspirator®, 
(4) Spray and Stretch® cold 
spray for local anesthesia, (5) 
two non-latex gloves, (6) flat 
panel controller, (7) roomer 
light rheostatic controller, (8) 
four 25 gauge 1.5 in. 
aspiration needles, (9) RNA 
preservative for molecular 
studies, (10) CytoLyt® for 
liquid-based preservation of 
aspirate cells, and (11) 
isopropyl alcohol- soaked 4 × 4 
sponges

Fig. 4.5 Typical FNA 
procedural ergonomics for a 
left-handed biopsying 
physician and his assistant. 
Note that the assistant is 
gloved and holding an US 
probe covered with a non-latex 
probe cover the physician 
performs a parallel technique 
FNA using the Tao push-
button aspirator. All 
participants are able to 
visualize the needle passing 
into the nodule on the wall- or 
ceiling-mounted flat panel 
TVs. The procedure table is set 
at a height that does not 
require awkward bending on 
the part of the physician or the 
assistant

operating procedure allows us to assess adequacy, 
collect dried stained material for cellular architec-
ture evaluation, collect molecular markers, and 
send wet-preserved cells for wet technology 
(CytoLyt with cytospin) Papanicolaou-stained 
nuclear morphology assessment on each needle 
pass (Fig. 4.4).

No aspiration biopsy material is wasted, as 
we perform adequacy assessment of our Diff-
Quik®  stained material at the bedside, capture 
and save a photomicrograph of pertinent cells 

on the Diff- Quik® slide (Fig. 4.6), and then 
send the slide, CytoLyt® container, and molec-
ular markers container to our preferred cytopa-
thologist. In the midst of an FNA procedure, 
we typically have three to five people in our 
procedure room including the patient, a family 
member, a cytology technician, a nurse to pre-
pare and hold the transducer, and the biopsying 
physician, a situation which requires every bit of 
the 150–200 square feet allocated for procedure 
suite construction (see Fig. 4.1). Elimination of 
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on-site assessment speeds up the biopsy process 
and diminishes space requirements as mentioned 
earlier (Fig. 4.2). In light of mandatory moderate 
CLIA license regulations, personnel require-
ments, and extra space and equipment needs, 
many capable imaging endocrinologists and sur-
geons choose to perform FNA without on-site 
adequacy analysis in their procedure suites.

4.7  FNA for Needle Wash

Modern endocrine imaging often requires FNA 
for needle wash analysis of parathyroid candi-
date lesions (measurement of parathyroid hor-
mone, PTH) and lateral LN’s (measurement of 
thyroglobulin and calcitonin). Reference labs 
like Esoterix and Quest have tissue-validated 
assays for these proteins and specific require-
ments for wash volumes and handling. Some 
physicians centrifuge the wash specimens to 
remove red blood cells and others do not, 
depending on their reference lab specifications 
(Fig. 4.6). Remember that while your accredited 
office lab may have CLIA-approved assays for 
serum PTH, thyroglobulin, and calcitonin, these 
assays need special validation for tissue wash 
specimens before accepting their results as final. 
Saline is not serum, and matrix effects may 
detract from the credibility of unvalidated office 
lab needle wash results. The key point is to find 

out your reference lab’s specific requirements 
for these specimens and adhere to these rules 
assiduously.

4.8  Thyroid Nodule and Lymph 
Node Ablation

Percutaneous ethanol injection (PEI) can be an 
effective technique to ablate recurrent, symptom-
atic thyroid cysts, hyperfunctioning thyroid nod-
ules, and locally recurrent metastatic lymph nodes.

For simple ablation PEI procedures, we use 
1.5″ 25 gauge needles connected to 20 ml 
syringes via 33″ (3.9 mL) IV extension tubing, 
5 ml vials of 98 % sterile medical grade ethanol, 
and a nurse assistant. Ethanol is drawn into the 
syringe, and the IV tubing is “primed” to elimi-
nate air from the tubing. After careful isopropyl 
alcohol prep and 1 % lidocaine anesthesia, the 
procedure needle is then placed in the target 
lesion (with a prior FNA to establish benignity) 
under ultrasound guidance by the physician. 
When the needle tip is confirmed to be properly 
positioned in the nodule or lymph node, the nurse 
assistant is asked to inject small volumes of etha-
nol with the syringe.

For combination procedures in which a thyroid 
cyst is first aspirated to create space and then 
injected with 98 % medical grade ethanol, we use 
a 22 or 25 gauge needle connected to a 20 ml 

Fig. 4.6 Layout for on-site staining station, microscopic 
adequacy review, and laptop computer capture of ade-
quacy documentation images. On-site adequacy testing 
requires a moderate complexity CLIA license (left wall), 
a clean and dirty sink (clean sink on opposite wall), 
Diff- Quik staining materials (indigo, red, and sea blue 

staining containers), sharps disposal container, ergonomi-
cally mounted microscope with digital camera atop, and a 
laptop computer for image storage. Centrifuge to the far 
right is for FNA needle wash PTH, thyroglobulin, and cal-
citonin specimens (some labs prefer separation of RBCs 
from supernatant prior to transport)
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syringe via an IV extension set with two injection 
ports. Ethanol is drawn into a second syringe and 
set aside. After an isopropyl alcohol prep and the 
introduction of subcutaneous 1 % lidocaine local 
anesthesia, the therapy needle is then placed in the 
cyst by the physician under ultrasound guidance. 
When proper placement of the needle tip is con-
firmed, the nurse assistant is asked to pull back on 
the syringe and the cyst is drained to near comple-
tion. Without changing the position of the needle, 
the nurse assistant then injects a predetermined 
volume of ethanol through the second injection 
port on the IV extension tubing (Fig. 4.7).

Radiofrequency and laser ablation techniques are 
rarely used in the United States due to device unavail-
ability, high cost, and lack of definitive Food and 
Drug Administration (FDA) approval for thyroid and 
lymph node use. Discussion of these techniques is 
beyond the intended scope of this chapter.

4.9  Summary

In closing, the decision to become an office US 
imager and proceduralist is not a simple one for 
endocrinologists, endocrine surgeons, and otolaryn-
gologists. The training necessary for competence is 
extensive. ECNU certification and American 

Institute of Ultrasound Medicine (AIUM) US suite 
accreditation are likely to be required for reimburse-
ment by most payers in the very near future. 
Certification and accreditation requirements 
demand a lifelong educational commitment to 
imaging study. Additionally, the financial outlay for 
proper construction and outfitting of an ultrasound 
interventional suite is not trivial, and the service 
contracts for equipment maintenance are expensive. 
Finally, endocrinologists may find that ultrasound 
practice alters the traditional workflow in their 
offices to such a degree that a majority commitment 
to diabetes care may no longer be practical or 
possible.

These caveats aside, ultrasound procedural 
practice can be a highly rewarding way to 
enhance the care that you provide for your thy-
roid and parathyroid patients. With the high prev-
alence of both thyroid and parathyroid disease in 
the United States, there is a significant need for 
physicians with ultrasound imaging and proce-
dural skills. It is our hope that this chapter gives 
practitioners in endocrinology, otolaryngology, 
and endocrine surgery a realistic appreciation of 
the training, equipment, space, and personal ded-
ication required for entry into the new patient- 
centered practice of office-based endocrine 
ultrasound medicine.

Fig. 4.7 Ethanol injection tray 
layout on a Mayo table. Top 
left proceeding clockwise—(1) 
test tube holder, (2) 1 % 
lidocaine for injection, (3) 
dehydrated ethanol (98 %) for 
injection, (3) two non-latex 
gloves, (4) IV extension tubing 
with two injection ports 
connected to a 20 ml syringe, 
(5) 6 cm3 syringe with 
25 gauge needle, and (6) 
isopropyl alcohol-saturated 
prep pads
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5

5.1  Principles of Sound Waves

Sound waves are a form of transmission of energy 
and, unlike light, require a medium for transmis-
sion. As sound energy moves through a medium, 
molecules are compressed in a wave-like fashion. 
The alternating compression and rarefaction of 
the molecules can be expressed mathematically 
as a sine wave (Fig. 5.1). The wavelength is 
defined as the physical length between two suc-
cessive peaks of the sine wave. Sound frequency 
is measured in Hertz, where 1 Hertz equals 1 
cycle per second. The audible sound spectrum 
extends from approximately 20 Hz at the lower 
end to 20 kHz at the upper end. Sound waves 
above the audible range are called ultrasound.

The velocity of sound is equal to the frequency 
times the wavelength (v = fλ) (Fig. 5.2). Unlike 
light waves, the velocity of sound wave propaga-
tion is a property of the medium. Air, which is 
relatively low in density, has a relatively low 
sound velocity. Water and the various organs and 
soft tissues of the body, which are comprised pri-
marily of water, have higher sound velocities. 

Very dense solids such as the bone have a much 
higher sound velocity. Ultrasound machines for 
medical imaging are calibrated for the velocity of 
sound waves in soft tissue. Sound waves that 
enter air (as in the trachea) or bone will not gen-
erate an interpretable echo because of the large 
difference in the timing of the echo (Table 5.1).

Sound power is the amount of energy striking 
a point over a unit of time and is measured in 
Watts. Sound intensity is the measure of the 
amount of energy being transmitted through a 
given area and is expressed in Watts per meter 
squared. The threshold of human hearing is 
approximately 1 × 10−12 W/m2 and is defined as 0 
decibel (dB). The decibel scale is logarithmic 
(dB = 10log(x)). Therefore, a doubling of sound 
intensity equals a dB change of approximately 3 
(10log(2)). Sound intensity is related to pressure 
amplitude by the equation:

 
I

p

pc
=

2

2  

where p = pressure amplitude, ρ (rho) = density of the 
medium, and c = sound velocity. Therefore, doubling 
the pressure amplitude will quadruple the intensity.

Sound intensity decreases with distance from 
the source according to the inverse square law. 
As the distance from the source increases, the 
sound intensity decreases by the distance squared. 
Therefore, doubling the distance will decrease 
the sound intensity by a factor of 4 (Fig. 5.3).
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In medical ultrasound, sound power is a fun-
damental property of the sound wave transmitted 
from the ultrasound probe. Increasing sound 
power is similar to turning up the volume on a 
stereo and can be adjusted on the ultrasound unit. 
While imaging ultrasound operates well within 
the safe limits of power output, caution must still 
be used to avoid unnecessary energy delivery. 
Thermal injury due to heat transfer has not been 
reported with diagnostic ultrasound, though it 
remains a theoretical possibility [1). In practical 
application in neck ultrasound, sound power is 
rarely altered. If deep structures cannot be well 
imaged, increasing the gain or decreasing the fre-
quency of the probe output will usually improve 
the image [see below).

The propagation of sound is highly influenced 
by certain characteristics of the medium or medi-

ums through which it travels. Acoustical imped-
ance is one of these and equals density times 
propagation speed (Z = ρv, where Z = impedance, 
ρ (rho) = density, and v = propagation speed.). 
Differences in acoustical impedance account for 
refraction and reflection at the interface between 
two media (see below). Another property of the 
medium that influences sound propagation is its 
viscosity which affects sound attenuation (a 
decrease in sound energy). Attenuation is depen-
dent on the viscosity of the medium and the fre-
quency squared of the sound wave and is 
described mathematically in Stokes’ law of sound 
attenuation:

 
a

hw
r

=
2

3

2

3V  

λ=wavelength
v=fλ

Rarefaction

CompressionFig. 5.1 As sound energy moves through a 
medium, it causes compression and 
rarefaction of the molecules comprising the 
medium as depicted by the line drawing. This 
is expressed mathematically as a sine wave

v = fλ

Wavelength-frequency relationshipFig. 5.2 Velocity (V, or often noted as 
c) = frequency (in cycles/
second) × wavelength (λ, distance/cycle). For 
a given velocity (determined by the medium), 
a higher frequency is accompanied by a 
shorter wavelength. The top sine wave 
represents sound with a longer wavelength 
and lower frequency as compared with the 
bottom sine wave which depicts a higher 
frequency wave with shorter wavelength
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where η (eta) is the dynamic viscosity coefficient 
of the fluid, ω (omega) is the sound’s frequency, 
ρ (rho) is the fluid density, and V is the speed of 
sound in the medium [3]. Stokes’ law is an over-
simplification in the case of medical ultrasound, 
but more complete description is beyond the 
scope of this text. Notice that the attenuation of 
sound (α) increases exponentially as frequency 
increases. This fact has important implications 
in understanding the limitations of high-fre-
quency ultrasound probes for assessing struc-
tures deep within the body. Attenuation values 
[α (alpha)] have been determined empirically for 
a number of tissues and are typically expressed 
in dB/cm [4].

The effect of frequency in choice of medical 
ultrasound probes can be seen with a simple 
example. Calculation of attenuation over a given 
distance can be done by this simple equation:

 
Attenuation dB dB cm( ) = ( )´ ( )a / d cm

 

Using Stokes’ law we can see that doubling the 
frequency (ω (omega)) will increase α (alpha) by 
a factor of 4. In the above equation let’s compare 
the effects of doubling a probe frequency, from 5 
to 10 MHz. If attenuation equals α for a 5 MHz 
probe, then attenuation for the 10 MHz probe 
will equal 4α (alpha). In other words, for any 
given distance from the probe, attenuation will be 
four times greater when probe frequency is 
doubled.

In summary we see that as distance increases 
away from a sound source, sound intensity 
decreases by the inverse square law. In addition 
attenuation causes exponential loss of sound 
energy, with losses occurring more rapidly for 
higher frequencies. So the sound-striking objects 
that are relatively distant from the source is of 
much lower intensity than that striking objects 
close to the source. Therefore, echoes coming 

Table 5.1 Velocity of sound in common materials in m/s

Air 340

Water 1500

Fata 1470

Livera 1540

Musclea 1500–1600

Bonea 1900–3700

The velocity in air or water is approximate and varies 
according to temperature and other factors
aValues approximated from [4]

Distance

1 2 4

S
o

u
n

d
 In

te
n

si
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1 W/m2 1/22 W/m2

=1/4 W/m2 1/42 W/m2

=1/16 W/m2 

Fig. 5.3 The inverse square law. Sound intensity 
decreases exponentially as distance increases from the 
sound source. Sound intensity (y axis) decreases exponen-

tially with distance from the source (x axis). As distance 
increases by a factor of 2 sound intensity decreases by a 
factor of 4
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from those distant sources are correspondingly 
weaker.

Echoes are the result of reflected sound energy 
returning to the probe and must be detected to 
provide imaging details of an object. Transmission 
of the sound waves is also necessary to penetrate 
into tissues that lie deeper in the body. As noted 
above, differences in acoustical impedance 
between media accounts for interfaces that both 
reflect and refract the sound waves according to 
Snell’s law (Fig. 5.4). When sound travels through 
soft tissues with relatively similar acoustic impen-
dences, such as subcutaneous fat and muscle, 
some echoes are reflected back to the probe but 
much of the sound is transmitted deeper into the 
body, allowing imaging of the deeper tissues until 
eventually the sound beam is diminished to the 
point that echoes are inaudible to the probe. If 
sound travels through acoustically dissimilar tis-
sues, such as air and subcutaneous fat, nearly all 
of the beam would be reflected back at the inter-
face and very little would be transmitted. For this 
reason, acoustic coupling gel, a substance with 
acoustic properties similar to water, is applied to 
the skin surface when performing medical ultra-
sound. High-intensity echoes (from intense reflec-
tion) which appear bright white on the imaging 
screen are termed “echogenic,” whereas those 
which are poorly reflective appear darker. 
Reflectors can generally be described as a diffuse 
(reflecting echoes in many different directions, 

such as a bicycle reflector) or specular (reflecting 
echoes primarily in a single direction, such as a 
mirror) [2]. Most tissues are diffuse reflectors.

5.2  How Medical Ultrasound 
Devices Work

Ultrasound for use in medical imaging was inves-
tigated beginning in the 1940s. During the 1950s 
and 1960s, a number of advances were made 
allowing the first medical imaging. In 1972 gray-
scale imaging was developed and during the 
1970s ultrasound imaging became widely avail-
able in medical centers. As ultrasound technol-
ogy and computing power has improved, 
ultrasound units have become smaller, faster, and 
cheaper allowing dispersal into hospitals and 
clinics worldwide [5].

Medical ultrasound devices work by taking 
advantage of the piezoelectric effect. When cer-
tain crystals are placed into an electromagnetic 
field, the molecular dipoles align and change the 
physical shape of the crystal allowing conversion 
of the electromagnetic field into mechanical 
energy. This process also works in reverse, 
whereby the mechanical energy caused by sound 
striking the piezoelectric crystal will create an 
electrical current (Fig. 5.5). Quartz is a naturally 
occurring piezoelectric crystal, but most used in 
medical ultrasound devices are synthetic, ceramic 
compounds such as lead zirconate titanate.

Current ultrasound equipment consists of a 
piezoelectric element which is divided into strip 
sections, each narrower than a piece of hair and 
each attached to electrodes. The piezoelectric 
elements are housed within a handheld device 
called a probe. The probe both emits sound and 
captures the reflected sound waves, converting 
the reflected sound into an electric current that is 
analyzed by a computer to create the image. The 
term “transducer” refers to the ability of the 
device to convert one form of energy into another 
and technically refers to the piezoelectric ele-
ment but is commonly used to refer the entire 
probe. Ultrasound probes are constructed in a 
variety of sizes and shapes to suit the anatomical 
purpose to which they are designed. Each probe 

Reflection and Refraction

Snell’s law

Incident
beam

Reflected
beam

Transmitted
beam

Medium 1

Medium 2

Fig. 5.4 Snell’s law. As a sound wave strikes the inter-
face between tissues with different acoustical impedance, 
some sound waves are refracted and others are reflected. 
At a critical angle all of the waves will be reflected
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has an outer acoustic lens that helps to focus the 
emitted sound into a defined slice to improve 
imaging resolution. For head and neck ultrasound 
a linear array transducer is most commonly used. 
When ultrasound is used for imaging, the piezo-
electric element spends the vast majority of its 
time listening for echoes rather than transmitting 
sound energy. Modern phased array transducers 
are composed of numerous independent elements 
that are grouped into sectors. These sectors are 
arranged so that they fire independently in phases 
(Fig. 5.6). Phasing of the multiple sectors allows 
for focusing and steering of the beam. Since each 
sector generates a sound wave, the addition and 
subtraction of wave energies as they converge 
results in the overall wave front. By electroni-

cally controlling the timing of sector firing, the 
beam can be steered and focused [6]. Electronic 
control of these phased arrays allows the engi-
neer to design transducers that give better overall 
image quality. (For readers interested in the tech-
nical and mathematical aspects of medical ultra-
sound devices, see [7].)

After sending out a sound pulse, the trans-
ducer lists for the resultant echo. Based on the 
time it takes for the echo to return, the computer 
will place that echo on the screen at its calculated 
distance from the probe. The louder the echo, the 
brighter the dot on the screen. Hence, bright 
white structures are called “echogenic,” while 
structures that do not generate echoes appear 
black and are called “anechoic.” Based on the 
results of thousands of pulses and echoes, the 
computer is able to generate a two-dimensional 
screen image. “M” mode imaging (M = motion) 
is a one-dimensional image captured over time. It 
is used for detecting movement abnormalities, 
most commonly in cardiac applications. “B” 
mode (B = brightness) is the familiar 2D gray-
scale image used in head and neck ultrasound.

As described earlier, echoes returning from 
distant structures will have markedly diminished 
strength compared to echoes from structures 
closer to the probe because of the inverse square 
law as well as the exponential decrease in sound 
energy due to attenuation. To correct for this, the 
computer calculates the time required for the 
echo to return and uses that to correctly adjust the 
brightness of the object in the image; the process 
is called time gain compensation.

Resolution is used informally to describe the 
clarity of the image. A more formal definition is 
the ability of the imaging apparatus to display two 
separate points without merging them. As it per-
tains to medical ultrasound, there are two types of 
resolution: axial or longitudinal resolution and 
lateral resolution. Axial resolution distinguishes 
objects parallel or in line with the sound beam. 
Lateral resolution distinguishes objects perpen-
dicular to the beam. Axial resolution is dependent 
on pulse duration which refers to the length of 
time that the transducer generates sound. High-
frequency sound waves require a shorter pulse 
duration (e.g., a 5 MHz probe generates 5 cycles 

A B

Fig. 5.5 The piezoelectric effect. When a piezoelectric 
crystal is placed in an electromagnetic field, the molecular 
dipoles align causing a physical change in the shape of the 
crystal. An alternating electric current will cause distor-
tions in the shape of the crystal, thereby converting elec-
trical energy into mechanical energy and vice versa. From 
R. Sofferman and A. Ahuja, Ultrasound of the Thyroid 
and Parathyroid Glands. Springer 2012
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in 1 μs, whereas a 10 MHz probe generates 10 
cycles in the same length of time). If the differ-
ence in time between echoes returning from two 
different objects arranged in parallel is greater 
than the pulse duration, the objects will then be 
resolved as separate structures (Fig. 5.7). As the 
time difference between the returning echoes 
approaches the pulse duration, the objects will 
become blurred together. Lateral resolution is 
highly dependent on beam width. High- frequency 

probes have a narrower beam width and afford 
higher resolution. Objects are best seen when 
imaged in the near field between the probe and the 
optimal focal zone, called the Fresnel zone. The 
area more distant to the focal zone where the 
beams diverge is called the Fraunhofer zone. 
Ultrasound beams can be focused at different 
depths, and the position of optimal focus can be 
controlled and optimized to bring the desired 
structure into better view (Fig. 5.8). Modern 

Active sectors

Phasing

Transducer

Fig. 5.6 Graphical depiction of an array transducer. A 
transducer is made up of numerous small, independently 
controlled crystals. Firing of each crystal can be con-

trolled electronically in “phases” which allow for control 
of beam shape

Fig. 5.7 The effect of frequency on resolution. Higher 
sound frequencies require shorter pulse duration than lon-
ger frequencies. As pulse duration shortens, echoes from 
closely spaced objects along the beam axis become detect-
able. This results in better axial resolution. Lower fre-

quencies with longer pulse duration result in merging of 
the two echoes. From R. Sofferman and A. Ahuja, 
Ultrasound of the Thyroid and Parathyroid Glands. 
Springer 2012
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Fig. 5.8 Narrow beam width results in better lateral reso-
lution. Side-by-side objects within the focal zone where 
the beam width is narrowest are seen as separate objects 
on the monitor, whereas objects which had a similar dis-

tance apart outside of the focal zone are blurred together. 
From R. Sofferman and A. Ahuja, Ultrasound of the 
Thyroid and Parathyroid Glands. Springer 2012

machines typically employ more than one focal 
point or a range of focal points.

A summary of the previous paragraphs brings 
us to an obvious quandary. Higher resolution 
ultrasound waves produce better axial resolution 
but lower penetration due to the effects of attenu-
ation. Lower frequency waves have lower attenu-
ation and therefore better penetration of tissue, 
but inherently lower resolution. In medical ultra-
sound, higher frequencies are chosen for superfi-
cial structures such as the structures of the neck, 
breast, and superficial soft tissues. Lower fre-
quencies are chosen for deep structures such as 
abdominal ultrasound. Typical frequencies for 
neck ultrasound are in the range of 7.5–18 MHz. 
Abdominal ultrasound may use frequencies as 
low as 3.5–5 MHz.

5.3  Physics of Common Artifacts

Artifacts are commonly seen in ultrasound imag-
ing and are a consequence of the physical proper-
ties of sound waves. Some artifacts may be 
helpful in determining the type of medium 

through which the sound has traveled and, rather 
than be a hindrance, may provide important diag-
nostic information.

Enhancement occurs deep to an area of low 
sound reflection. If sound travels through a region 
of low reflection, more sound energy is transmit-
ted deep to it and with less than expected attenua-
tion for the distance traveled. Enhancement is 
seen as an area of unusual brightness and occurs 
deep to liquid-filled structures such as cysts or 
large blood vessels but can also occur when sound 
travels through a relatively homogenous solid 
structure, such as cartilage (Fig. 5.9).

Shadowing is due to a densely reflective 
object that reflects essentially all of the sound 
energy so that no sound is transmitted to the tis-
sues that lie deep to the structure. The image 
appears black deep to the highly reflecting object. 
Common sources of shadowing are dense calcifi-
cations, bones, kidney or gall bladder stones, or 
at an air interface (Fig. 5.10).

Reverberation is a common artifact caused by 
sound waves bouncing back and forth between 
two parallel highly reflective layers. The probe 
will detect a prolonged travel time of the  returning 

5 Principles of Ultrasound and Applied Ultrasound Physics Relevant for Advanced Sonographers



44

echo and assume a longer traveling distance. It is 
seen as a laddering series of echoes. This can be 
seen within the lumen of blood vessels or cysts 
(Fig. 5.11). It can also be seen in association with 
a smooth dense reflector such as a needle.

As was mentioned earlier, when sound strikes 
an object or medium of different acoustic proper-
ties, part of the beam is reflected and part is trans-
mitted into the object or medium. Sound is 
reflected back at the same angle with which the 
sound strikes an object (Fig. 5.4). As sound energy 
moves into a medium of different impedance, the 
transmitted sound wave bends (is refracted) 
depending on the angle of incidence. Sounds 
waves encountering a cystic wall or a curved sur-
face at a tangential angle are highly refracted, 
leading to loss of energy and the formation of a 
shadow, called an edge artifact. Edge effect can 
interfere with imaging of objects posterior to the 
edge of blood vessels in particular (Fig. 5.12).

While not an artifact in the strict sense of the 
word, reflection can occasionally cause difficulty. 
A specular reflector such as a needle, if angled so 
that sound energy is reflected away from the 
probe, can disappear from view (Fig. 5.13). Some 
specialized needles are commercially available 
that are designed to diffusely reflect sound and 
improve visibility.

Comet tail artifact is a special case of rever-
beration artifact. It is caused by reverberation 
occurring between the front and back of a small 
bright reflector. It is commonly seen in the thy-

Fig. 5.9 Enhancement seen deep to a hypoechoic thyroid 
nodule with a cystic component. The area deep to the 
lesion appears brighter white (arrow) compared to adja-
cent tissue because of more intense echoes. This is 
because of the unimpeded sound energy being delivered 
to the tissue

Fig. 5.10 Panel (a) shows a calcification (marked by cali-
pers) within the thyroid. Note the shadowing extending 
deep to the calcification. Panel (b) shows a densely calci-
fied capsule of a thyroid nodule. AP dimension of the nod-

ule may not be measurable because of insufficient sound 
energy reaching beyond the calcification. The shadowing 
also inhibits visualization of the internal composition of 
the nodule
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roid due to echogenic foci within colloid. With 
each reverberation some sound energy is released 
back up to the probe as an echo. The time delay 
due to the reverberations causes a diminishing 
triangular cone-shaped echo that looks like a 
comet’s tail (Fig. 5.14).

Ring down artifact is a unique artifact caused 
by resonance. It occurs when fluid is trapped by 
tetrahedron of air bubbles. This entrapment 
allows for resonance to develop. The artifact is 
seen as a bright long and uninterrupted echo, 
appearing as a long streak of similar sized short 

Fig. 5.11 (a, b) Reverberation artifact seen within the lumen of a carotid artery. Note the ladder pattern due to resonant 
reverberations (Arrow)

Fig. 5.12 Edge effect seen as two dark streaks extending 
posteriorly from the edge of the carotid artery (white 
arrow). This is due to the reflection of sound waves 
according to Snell’s law. In the same figure, one can notice 
the ultrasound beam being focused in its intensity poste-

rior to the carotid artery, appearing as an inverted cone 
(black arrow on magnified image), due to refraction of the 
sound waves, similar to a lens. Enhancement is also 
noticeable

5 Principles of Ultrasound and Applied Ultrasound Physics Relevant for Advanced Sonographers
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Fig. 5.13 Reflection due to a 
specular reflector such as a 
needle can cause most of the 
sound energy to be reflected 
away from the probe when the 
needle is at a steep angle with 
respect to the transducer. If 
that occurs, even a densely 
reflective object may not be 
visible

Fig. 5.14 Comet tail artifact. Note the diminishing tail of 
echoes extending posteriorly from the object. This is best 
seen in the enlarged view (inset, arrow). It is a special case 

of reverberation artifact and typically indicates a benign 
lesion

L.T. Kim
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lines extending posteriorly from the area of reso-
nance, usually longer than the comet tail artifact. 
This artifact is relatively rare in the thyroid and 
parathyroid. It may occasionally be seen in the 
pharynx or esophagus where bubbles of air and 
fluid are mixed.
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Principles of Color and Power 
Doppler in Neck Ultrasound 
Imaging

Nicholas J. Hangiandreou and Nicole L. Strissel

6.1  Introduction

Doppler ultrasound, especially color Doppler 
imaging, is used extensively in the evaluation of 
thyroid and parathyroid anatomy and pathology. 
In this chapter, the principles of the Doppler 
effect will be discussed and an overview of spec-
tral Doppler methods will be briefly described. 
Color Doppler imaging will then be discussed in 
detail, including acquisition methods, character-
istics of the images, and artifacts and pitfalls 
commonly seen when scanning the neck. Power 
Doppler mode and its relationship to color 
Doppler will also be described. More detailed 
explanation of color Doppler physics and tech-
nology are available in references [1] and [2], 
while reference [3] provides more in-depth dis-
cussion of artifacts and image optimization 
techniques.

6.2  The Doppler Effect

The Doppler effect describes the situation in 
which a source of waves and a receiver are mov-
ing relative to one another. Figure 6.1 shows a 
particular example where a source of sound 
waves is moving relative to several different 
receivers. Although the frequency of the sound 
emitted by the source is constant, the motion of 
the sound source will affect the frequency 
detected by the receivers. The received frequency 
depends on the position of the receiver with 
respect to the source and the direction of motion 
of the source. The receivers “R1,” “R2,” “R3,” 
and “R4” will each detect different frequencies. 
In this example, the motion of the source, “S,” is 
directly toward receiver R1 at a velocity “v,” 
effectively squeezing the wave fronts closer 
together as shown, causing R1 to detect a higher 
frequency than the transmitted frequency. Motion 
of the source is directly away from receiver R2, 
causing wave fronts to be stretched out, resulting 
in a lower detected frequency by R2. R3, which 
lies at an angle less than 180° with respect to the 
source, will also detect a lower frequency than 
that transmitted but not as low as detected by R2. 
In the special case where the receiver is at right 
angles (90°) to the direction of motion (R4), no 
frequency shift results and the transmitted and 
received frequencies are equal.

The difference between the detected and 
transmitted frequencies is called the Doppler 
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shift and is directly proportional to the velocity of 
the source as described by the Doppler equation:
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(Because of the pulse-echo nature of medical 
ultrasound, the Doppler equation programmed in 
ultrasound scanners includes a factor of “2” not 
reflected in the equation above, indicating that 
the Doppler shifts detected clinically are twice as 
large as those predicted by the above equation.) If 
the source frequency, Doppler angle, and speed 
of sound propagation in the medium are known, 
the source velocity can be computed from the 
measured Doppler shift. The Doppler angle is 
defined as the angle between the line connecting 
the source and receiver and the velocity vector 
(arrow showing the direction of motion). 
Receivers R1 and R2 have Doppler angles of 0° 
and 180°, respectively. They will have the great-
est possible Doppler shifts but opposite signs, 
one positive and one negative. The R1 Doppler 
shift will be positive (since received fre-
quency > transmitted frequency) corresponding 
to velocity toward the receiver, and the R2 and 
R3 Doppler shifts will be negative. R4 has a 
Doppler angle of 90° and a Doppler shift of zero 

as though no source motion is occurring. 
Although the Doppler effect can involve the 
motion of any biologic tissue or fluid, for exam-
ple, a ureteral jet entering the urinary bladder, the 
vast majority of clinical radiology applications 
involve the detection and measurement of vascu-
lar flow.

6.3  Duplex/Spectral Doppler 
Mode

Initial use of the Doppler effect in medical ultra-
sound was aimed toward rapidly measuring the 
spectrum of all blood velocities present in a small 
measurement region or “sample volume.” This 
mode is referred to as spectral, duplex, or pulsed 
wave Doppler. It produces a real-time graphical 
scroll of velocity spectra versus time, with ~100 
spectra measured each second. A sample mea-
surement of blood velocity in the superior thyroid 
artery is shown in Fig. 6.2. The horizontal axis of 
the graph is “time” in units of seconds, and the 
vertical axis is “velocity” in units of centimeters 
per second (cm/s). The sample volume is defined 
by the short yellow lines in the two-dimensional 
(2D) color Doppler image above the spectral 
graph and is positioned by the sonographer at the 
desired measurement location in the 2D image. 
The ultrasound pulse direction (solid white line 
through the sample volume) and the blood flow 
direction indicator (dashed blue line traversing 

Fig. 6.1 This diagram illustrates the 
basic idea behind the Doppler effect 
which describes the situation in which 
a source of waves (“S”) and a 
receiver (“R1,” “R2,” “R3,” or “R4”) 
are moving relative to one another at 
a velocity of “v” (red arrow). The 
frequency transmitted by the source 
and the frequency detected by the 
receivers are generally all different, 
depending on the direction of motion 
and positions of the source and 
receiver
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the sample volume) are both also adjusted by the 
sonographer and define the Doppler angle, dis-
played as 14° in this image (red arrow).

Each spectrum is acquired from ~100 pulse- 
echo cycles over a period of ~10 milliseconds 
(ms), with all pulses aimed through the sample 
volume along the indicated pulse direction. The 
detected echoes are typically processed using a 
fast Fourier transform (FFT) algorithm to com-
pute all components of the velocity spectrum. The 
entire cross section of the small artery in Fig. 6.2 
is contained in the sample volume, resulting in a 
range of velocities between a peak value that 
depends on the heart cycle phase down to values 
near zero which are typically present near the ves-
sel walls. Undesired low-velocity signals caused 
by slow, soft tissue motion can be removed from 
the spectrum using the wall filter control. This fil-
ter is helpful in eliminating nonvascular artifacts, 
for example, caused by slow, soft tissue motion 
around a vessel. However, signals from very slow 
blood flow can also be removed if the wall filter 
setting is too high. The brightness of the spectral 

display can be adjusted using the Doppler gain 
control. The sensitivity of the velocity axis of the 
spectral graph can be adjusted using the Doppler 
scale control (which also adjusts the pulse repeti-
tion frequency, PRF). The peak systolic value 
from the first full waveform cycle is estimated to 
be ~20 cm/s (horizontal dashed white line). 
Duplex Doppler is sometimes used in thyroid 
imaging to demonstrate arterial waveforms, 
although specific velocity measurements are not 
typically of interest. When the most accurate 
velocity measurements are needed, Doppler 
angles as far as possible from 90° are desirable, 
since they result in the largest measured Doppler 
shift signals and the smallest errors in calculated 
velocities. Doppler angles at or close to 90° will 
produce very small Doppler shifts and large errors 
in calculated velocity due to intrinsic spectral 
broadening effects. The disadvantage of angles 
near 90° for Doppler can be confusing for the 
sonographer, as it runs contrary to best practice 
for grayscale imaging, where incidence angles of 
90° often result in the sharpest images. Figure 6.3 

Fig. 6.2 This figure shows an example of a duplex 
Doppler image, with a spectrum obtained from the supe-
rior thyroid artery. The red arrow indicates the Doppler 

angle, here 14°. The dashed white line shows the esti-
mated peak systolic velocity of ~20 cm/s
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shows the Doppler spectral mirror artifact that can 
occur for Doppler angles near 90°. The spectrum 
is noisy and demonstrates low velocities repli-
cated on either side of the zero-velocity baseline, 
as compared with the correctly acquired image in 
Fig. 6.2. Figure 6.4 illustrates the aliasing artifact 
which occurs when the highest measured velocity 
components exceed the upper bounds of the spec-
tral graph (dashed yellow line) and wrap around 
to appear on the bottom of the graph (solid yellow 
line). This artifact can be distinguished from true 
flow away from the probe by noting that it is only 
an isolated peak that is displayed below the base-
line and that this portion of the waveform would 
“fit” perfectly on the portion of the waveform 
above the baseline. This artifact may be corrected 
by adjusting the velocity scale to be less sensitive 
(which acts to increase the PRF) or shifting the 
velocity baseline down to fully accommodate the 
spectra in the upper part of the graph or both as 
shown in Fig. 6.2.

6.4  Overview of the Color 
Doppler Image

Figure 6.5 shows an example of a color Doppler 
image of a typical, normal right thyroid lobe. 
This is a thin slice, tomographic image typically 
obtained with a wide bandwidth, high-frequency 
linear array probe (in this case a 6–15 megaHertz 
[MHz] linear probe). Color Doppler images of 
the neck are typically obtained at ~5–15 frames 
per second (fps). Pixels inside the color box (yel-
low) are either rendered in color where flowing 
blood is detected or in grayscale for static soft 
tissues. Velocity is color-coded according to the 

color bar shown at the left side of the image (red 
arrow). The color scale control (which adjusts the 
PRF) determines the velocity measurement sen-
sitivity, and the specific velocity values that cor-
respond to the top and bottom of the color bar are 
10 cm/s and −10 cm/s, respectively, in this exam-
ple (red arrow). Pixel color indicates estimated 
mean blood velocity and direction of flow, with 
the upper portion of the color bar representing 
flow toward the probe (usually reds and yellows) 
and the bottom half representing flow away from 
the probe (usually blue). The color scale may be 
inverted by the user in some cases, but the upper 
part of the color bar will always represent flow 
toward the probe. Zero velocity is indicated by 
the black region in the center of the color scale. 
Shown at the ends of the color bar are maximum 
mean velocity values corresponding for each 
flow direction. It is important to recognize that 
these values are accurate only for flow directions 
directly toward or away from the probe, with a 
Doppler angle of 0 (or 180) degrees. As flow 
direction and thus Doppler angle are not speci-
fied by the user in color Doppler mode and veloc-
ity directions will typically vary across the image 
plane, color-coded mean velocity values in these 
images are not usually considered to be highly 
accurate. If accurate measurements of velocity 
are needed, duplex Doppler mode should be 
used. Pixels outside of the color box are all shown 
in grayscale regardless of the presence of flowing 
blood. Color and duplex Doppler modes are com-
plementary: The color Doppler image shows less 
accurate velocity information from multiple loca-
tions across a large spatial region, while the 
duplex Doppler mode measures accurate velocity 
information in a single small spatial location.

Fig. 6.3 The Doppler spectrum shown here illustrates the Doppler spectral mirror artifact
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Fig. 6.4 The Doppler spectrum shown in this image illus-
trates the aliasing artifact. The dashed yellow line indi-
cates the part of the velocity spectrum cut off due to the 

aliasing artifact, and the solid yellow line shows the actual 
location of these high-velocity signals in the wrong loca-
tion in the spectral display

Fig. 6.5 This figure shows an example of a color Doppler image of the right lobe of a normal thyroid gland. The red 
arrow indicates the color scale value and the color bar

6 Principles of Color and Power Doppler in Neck Ultrasound Imaging
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6.5  Color Doppler Image 
Acquisition

Figure 6.6 illustrates some key aspects of the color 
Doppler image acquisition process. Since these 
images are composites of grayscale anatomical 
information and color-coded mean velocity infor-
mation, two different sets of ultrasound pulses are 
used. “Grayscale pulses” are aimed parallel to the 
edges of the image (black arrow). These pulses use 
the highest available transmit frequency that can 
penetrate to the specified image depth. An entire set 
of grayscale pulses is used to span the entire field of 
view and acquire the 2D grayscale image. “Velocity 
pulses” are directed parallel to the edges of the color 
box specified by the sonographer (yellow arrow). 
The color box can be steered to obtain Doppler 
angles that better demonstrate flow, in which case 
the grayscale and velocity pulses will not be parallel 
to one another. The velocity pulses will typically 
have transmit frequencies that are significantly lower 
than those used for the grayscale pulses, in order to 
minimize the effects of attenuation on the very weak 
echoes reflected from blood. Transmit frequencies 
for both sets of pulses may be adjusted.

As shown in Fig. 6.6, the color box can be 
visualized as an array of Doppler sample vol-
umes. A set of ~10 pulses are directed down each 
column of sample volumes (“color line”) to deter-
mine the mean velocity in each one, as compared 
with the ~100 pulses used for each spectrum in 
duplex mode as discussed earlier. This limited 
pulse-echo data set is not sufficient to determine 
all velocity components (e.g., peak velocity), but 
autocorrelation algorithms can be used to deter-
mine velocity mean, direction, variance, and 
power. However, the limited number of velocity 
pulses per color line allows higher color Doppler 
frames rates to be obtained. The density of veloc-
ity pulses across the color box is also reduced as 
compared with the grayscale pulses to promote 
higher color Doppler frame rates. However, this 
also results in limited color spatial (lateral) reso-
lution. Sets of velocity pulses are used to interro-
gate all of the color lines across the full color box, 
thus estimating mean velocity at all locations 
within the color box. Depending on the color 
Doppler frame rate and the heart rate of the 
patient, ~3–15 frames may be obtained during 
each heart cycle, so pulsatile blood flow changes 

Fig. 6.6 Color Doppler image showing the color box as comprised of an array of Doppler sample volumes (yellow grid, 
not drawn to scale). Also shown are grayscale (black arrow) and velocity (yellow arrow) pulse directions
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may be observed in a sequence of color Doppler 
images.

After acquisition of all grayscale and velocity 
echoes for an image, the scanner must analyze all 
locations inside the color box to determine if 
flowing blood is present. If so, color-coded veloc-
ity information is displayed. Otherwise soft tissue 
is assumed to be present and grayscale informa-
tion is shown. This blood-tissue discrimination 
algorithm considers multiple variables that may 
include mean velocity, velocity variance, spectral 
power, and echo amplitude. Different aspects of 
the blood-tissue discrimination process are often 
integrated with controls that may be adjusted by 
the system user to reduce artifacts and optimize 
image appearance, e.g., wall filter, color gain, and 
color write priority.

6.6  Color Doppler Limitations 
and Artifacts

There are several limitations of color Doppler that 
can negatively impact the use of this mode when 
scanning the thyroid. One limitation that has 
already been alluded to involves low frame rates. 
Color Doppler frame rate is most strongly affected 
by the color box width and depth. Figure 6.7 
shows two image examples with different color 
box sizes. The smaller color box in Fig. 6.7a 
results in a frame rate of 10 fps, while the larger 
color box in Fig. 6.7b reduces this to 7 fps. The 
aliasing artifact, described earlier for duplex 

Doppler, can also occur in color Doppler mode as 
shown in Fig. 6.8. Aliasing appears as colored 
regions that include a mix of colors from both 
sides of the color bar, as seen in the vessel indi-
cated by the red arrow (as well as other vessels) in 
Fig. 6.8a. Reducing the color scale sensitivity can 
reduce the incidence of aliasing resulting in ves-
sels with consistent color appearance, as indicated 
by the red arrow in Fig. 6.8b. Color dropout refers 
to situations where color in a vessel should be 
demonstrated but is absent. This can be caused by 
several factors. If the Doppler angle for some ves-
sels is near 90°, detected Doppler frequency shifts 
will be small and will correspond to low velocities 
in both directions, as shown in Fig. 6.3 for duplex 
Doppler mode. The average of these velocity sig-
nals will be very near zero, suggesting the absence 
of blood flow, so color may not be present at this 
vessel location. Improperly adjusted scan con-
trols, such as color gain (analogous to the spectral 
Doppler gain discussed earlier), color scale (color 
mapping sensitivity), and wall filter (which 
removes low-velocity components from the color 
display as described earlier for duplex Doppler) 
can cause this lack of color signal. Color dropout 
examples caused by poor control settings are 
shown in Fig. 6.9. Figure 6.9a represents a prop-
erly acquired image, while Figs. 6.9b–d demon-
strate reduced flow due to a high color scale value, 
a low color gain setting, and a high wall filter 
value, respectively. Slow flow and small vessels 
are especially prone to color dropout. Blooming 
artifact, also referred to as color bleed, describes 

Fig. 6.7 These two figures show the influence of color box size and depth on color Doppler frame rate. The images in 
(a) and (b) have frame rates of 10 and 7 frames per second, respectively
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Fig. 6.8 Color Doppler aliasing is shown in (a). Panel (b) shows this artifact corrected by increasing the color scale. 
The red arrows in both panels indicate the same vascular structure shown in each of the images

Fig. 6.9 Color dropout is shown in (b), (c), and (d), 
caused by improper adjustment of the image controls. 
Panel (a) shows a properly acquired image for compari-

son. In (b) the color scale has been set too high (to a value 
of 25 cm/s). In (c) the color gain value is too low, while in 
(d) the wall filter value is too high

the situation in which color from a vessel extends 
outside of the vascular space to the vessel wall 
and other soft tissues. This artifact is typically 
caused by improperly adjusted scan controls, 
including color gain, color write priority (which 
preferentially colors pixels with low, blood-like 
echo amplitudes), and wall filter. An example of 

color bleed caused by an incorrectly elevated 
color gain setting is shown in Fig. 6.10b, as com-
pared to the correctly acquired image in Fig. 6.10a. 
Finally, flash artifact is commonly seen as one or 
more large regions of color appearing over soft 
tissues or hypoechoic shadowed image regions. 
This artifact is caused by gross motion of the 
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Fig. 6.10 Color blooming (or bleed) artifact caused by poor adjustment of the color gain control is shown in (b), as 
compared with the properly acquired image in (a)

patient or probe or by tissue vibration (e.g., caused 
by the patient speaking). Examples of flash arti-
fact are shown in Fig. 6.11. Figure 6.11a shows a 
properly acquired image, and Fig. 6.11b–d shows 
examples of flash artifact caused by a patient 
cough, the patient swallowing, and the patient 
talking, respectively. Modern scanners may pro-
vide a specific “flash filter” control to reduce the 
incidence of this artifact.

6.7  Power Mode Doppler 
Imaging

Power (or energy) mode Doppler imaging is a 
variation of color Doppler that is sometimes 
used, especially when increased sensitivity to 
the presence of slow flow is needed. Figure 6.12a 
shows an example of a power Doppler image 
along with the corresponding color Doppler 
image in Fig. 6.12b. The power Doppler image 
does not color-code mean velocity information 
as in color Doppler mode but rather codes the 
power of the Doppler spectrum. Spectral power 
is computed by the autocorrelation algorithm 
(used also to compute mean velocity for color 
Doppler mode). The power value is associated 
with the amount of moving blood that is present 
at each location in the image and does not 
include any information about mean velocity or 
flow direction. This can be seen by comparing 
the color pixels in the color and power mode 

images in Fig. 6.12. The color bar shown in the 
power mode image also reflects this difference 
and demonstrates only an orange- yellow color 
scheme. Since flow direction is not shown in 
power mode images, the aliasing artifact will 
also not be demonstrated. The noise properties 
of the power signal promote improved visual-
ization of slow velocity signals, and sensitivity 
is further improved by increasing the number of 
pulse-echo cycles per image and increasing the 
level of frame averaging. The latter changes 
also tend to reduce the power Doppler frame 
rate, as compared with color Doppler, and make 
power mode more prone to flash artifact. The 
increased sensitivity to slow flow allows power 
mode Doppler to more reliably demonstrate 
vessels even when the Doppler angle is near 
90°. The power mode image in Fig. 6.12 does 
demonstrate greater vascularity as compared 
with the corresponding color mode image, but, 
as with all of the image comparisons in this 
chapter, it is important to recognize that there 
will be some  variability in the depiction of vas-
culature due to breathing motion and heart cycle 
phase variability. Although initially introduced 
to improve overall sensitivity to slow flow, the 
observed advantages of power Doppler as com-
pared with color Doppler on modern ultrasound 
imaging systems will generally vary between 
commercial products. Hybrid modes such as 
directional power Doppler are also available on 
some scanners.
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Fig. 6.11 Flash artifact is shown in (b), (c), and (d), caused by patient coughing, swallowing, and talking, respectively. 
Panel (a) shows an image without artifact for comparison

Fig. 6.12 An example of a power (or energy) mode Doppler image is shown in (a), compared with the corresponding 
color Doppler image shown in (b)
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3D Ultrasound

Dina Elaraj

7.1  Introduction

Ultrasound is the most widely used imaging 
modality in the evaluation of thyroid and parathy-
roid disease. The most commonly used technique 
involves the use of a high frequency transducer 
and the capture of two-dimensional (2D) gray-
scale images. These images can provide informa-
tion regarding thyroid gland size and appearance; 
presence, size, and appearance of thyroid nodules; 
and presence, size, and location of abnormal para-
thyroid glands. In addition, 2D ultrasound is the 
preferred imaging modality to evaluate the cervi-
cal lymph nodes in a patient with thyroid cancer 
and can give information regarding lymph node 
size, shape, appearance, and location.

The imaging characteristics of thyroid nodules 
and cervical lymph nodes on 2D ultrasound are 
used to increase or decrease the clinical suspicion 
of malignancy. Ultrasound characteristics of thy-
roid nodules that are associated with malignancy 
include hypoechogenicity, microcalcifications, 
and irregular margins [1]. Ultrasound characteris-
tics of malignant cervical lymph nodes include 
enlarged size, round shape, microcalcifications, 

cystic change, loss of hilar architecture, and 
increased peripheral flow [2–5]. Although some 
of these features have very high positive predic-
tive value in detecting malignancy, they are not 
100 % specific, and many thyroid cancers and 
metastatic nodes may lack these features, lower-
ing their sensitivity. Furthermore, the assessment 
of vascularity using 2D ultrasound has been sub-
ject to high interobservor variability, which is 
likely a reflection of the inhomogeneous vascular 
pattern of thyroid nodules and lymph nodes, as 
well as that the choice of the plane for evaluation 
is operator dependent. Because of these limita-
tions, adjuncts and alternatives to 2D ultrasound 
have been developed and studied.

An alternative to gray scale 2D ultrasound is 
three-dimensional (3D) ultrasound, with or without 
the addition of intraveneous contrast agents [6, 7, 
21]. These techniques have been used for the assess-
ment of thyroid cancer margins and vascular flow 
patterns in both thyroid nodules and cervical lymph 
nodes. 3D ultrasound has also proven to be more 
accurate than 2D ultrasound in the determination of 
overall thyroid gland volume and nodule volume.

7.2  Technical Aspects of Three- 
Dimensional (3D) Ultrasound

The application of 3D imaging in the neck is 
largely related to evaluation of the thyroid gland, 
with very limited literature regarding 3D ultra-
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sound for the evaluation of parathyroid disease 
[8]. The most extensive application of 3D ultra-
sound technology has been in the field of obstet-
rics and gynecological imaging [9] For example, 
the 3D view of the fetus allows the best evalua-
tion of fetal anatomy and provides information 
not available on the 2D views. Other applications 
include breast imaging [10], brachytherapy seed 
implantation for patients with prostate cancer 
[11], estimation of urinary bladder volumes [12], 
and echocardiography [13].

Images displayed in three dimensions are 
either reformatted from 2D images produced by a 
conventional ultrasound transducer with a one- 
dimensional (1D) array (Fig. 7.1) or generated 
directly in real time by an ultrasound transducer 
with a 2D array (Fig. 7.2). Conventional 1D 
transducers are more commonly used than 2D 
arrays because they are less expensive and require 
less specialized technology. They do, however, 
require rapid or gated scanning techniques in 
order to avoid motion artifact [14]. Two scanning 
methods exist: automated capture and freehand 
capture [14, 15]. Automated capture involves 
attaching the transducer to a mechanical scan-

ning device which then moves the transducer. 2D 
images are acquired at predefined intervals. 
Disadvantages of this approach include device 
bulkiness and higher cost because it is a motor 
controlled system and will also have maintenance 
costs. Freehand capture involves movement of 
the transducer by the ultrasonographer. The 
transducer has an attachment that provides infor-
mation regarding orientation and angulation 
which allows for 3D image reconstruction after 
data acquisition. In contrast to data acquisition 
using transducers with 1D arrays, transducers 
with 2D arrays allow the transducer to remain 
stationary and the scanning to be done electroni-
cally by sweeping an ultrasound beam composed 
of volumes shaped like pyramids or cones over 
the anatomic structure of interest (Fig. 7.2) [14, 
15]. The returned echoes are processed to pro-
duce 3D images in real time.

Once the data acquisition has been completed, 
images can then be displayed in either B-mode 
(gray scale) or Doppler using a variety of display 
techniques. The most common display  techniques 
are (1) multiplanar reformatting, (2) volume ren-
dering, and (3) surface rendering [14, 15]. 
Multiplanar reformatting is the most common 
display technique and displays planar cross- 
sectional images that resemble conventional 2D 
ultrasound images but are extracted from the 3D 

Fig. 7.1 Multiple two-dimensional (2D) ultrasound 
images produced by sweeping a conventional one- 
dimensional (1D) ultrasound transducer over an anatomic 
structure of interest. The 2D images can be reformatted to 
display images in three dimensions (3D)

Fig. 7.2 Ultrasound transducer with a two-dimensional 
(2D) array remains stationary while electronically sweep-
ing the ultrasound beam over an anatomic structure of 
interest. The three-dimensional (3D) images are generated 
in real time
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image (Fig. 7.3). The 2D planes are shown with 
3D cues. The orthogonal plane view displays 
three perpendicular planes simultaneously, and 
the cube view shows the 3D image as a polyhe-
dron which represents the boundaries of the 
reconstructed volume [14]. Each plane can be 
manipulated relative to any of the other planes. 
The polyhedron in the cube-view display tech-
nique can be rotated in any direction. The volume 
rendering display technique shows the entire 3D 
image projected onto a 2D plane. The surface 
rendering display technique only displays an 
image of the surfaces of structures. Some of these 
display techniques can also be combined.

3D ultrasound has advantages and disadvan-
tages compared with 2D ultrasound (Table 7.1) 
[15]. Advantages of 3D ultrasound include that it 
stores all data continuously, it allows for a more 
rapid examination/faster data acquisition because 
it is not necessary for the ultrasonographer to 
select single images to save, and data can be 
manipulated to display images in any plane or 
produce 3D reconstructions, which allows for the 
assessment of exact spatial relationships. 3D 
ultrasound with Doppler can also allow for a 
more accurate assessment of the vascularity of a 
structure, as it can evaluate the vessels during a 
360° rotation of the volume rather than rely on 
the ultrasonographer’s choice of the plane for the 

evaluation of vascularity. The main disadvantage 
of 3D ultrasound compared with 2D ultrasound is 
that 3D ultrasound may have inferior image qual-
ity because of the lower resolution of the extracted 
planes from volume data [16]. In addition, 3D 
ultrasound images require large data sets and 
computational requirements to process and dis-
play the data and may be subject to motion and 
reconstruction artifacts.

Applications of 3D ultrasound technology in 
the evaluation of thyroid disease can broadly be 
divided into three categories: risk assessment of 
thyroid nodules for malignancy, preoperative 
assessment of extrathyroidal extension of thyroid 
cancers, and thyroid volume calculations for 
radioactive iodine administration.

7.3  Risk Assessment of Thyroid 
Nodules for Malignancy

Thyroid nodules are common in the general pop-
ulation, especially in women. The risk of malig-
nancy in a thyroid nodule is 7–15 %, and the most 
accurate and cost-effective way to distinguish 
between a benign and a malignant thyroid nodule 
is fine-needle aspiration (FNA) biopsy [1]. 
Nodules are selected for FNA biopsy based on 
their size and appearance on 2D ultrasound. The 

Fig. 7.3 Multiplanar reconstruction 3D images of the 
thyroid in the coronal plane are show anteriorly at the 
level of the isthmus and thyroid cartilage (arrows) in (a) 

and more posteriorly in (b). Several small cystic nodules 
are noted (arrows) in (b)
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American Thyroid Association (ATA) recom-
mends FNA biopsy of nodules ≥1 cm with inter-
mediate or high suspicion for malignancy based 
on sonographic pattern (hypoechoic, irregular 
margins, microcalcifications, evidence of extra-
thyroidal extension, taller-than-wide shape) and 
of nodules ≥1.5 cm with low suspicion for malig-
nancy based on sonographic pattern (isoechoic, 
hyperechoic, partially cystic with eccentric solid 

areas) [1]. Nodules ≥2 cm that are spongiform or 
partially cystic without any suspicious features 
may be biopsied or observed [1].

While most thyroid nodules are benign, 2–25 % 
of FNA biopsy results are in an indeterminate cat-
egory (atypia/follicular lesion of undetermined 
significance, follicular neoplasm/suspicious for 
follicular neoplasm, suspicious for malignancy) 
[1]. Although most nodules that have indetermi-
nate cytology will ultimately prove to be benign 
[17, 18], many patients are referred for surgery for 
definitive diagnosis. Therefore, any technique that 
can either diminish the concern for malignancy 
and avoid FNA biopsy, or be applied after an 
indeterminate cytology result may help to reduce 
the need for thyroidectomy for definitive diagno-
sis of a benign thyroid nodule.

3D ultrasound may be able to refine the selec-
tion of thyroid nodules for FNA biopsy by more 
clearly demonstrating nodule characteristics such 
as overall shape, margins, and vascular patterns 
compared with static 2D imaging (Fig. 7.4). In a 
study of 71 nodules, 16 of which were malignant, 
evaluated with 3D ultrasound with power 
Doppler, Slapa and colleagues found the follow-
ing features associated with malignancy: ill-
defined border in multiplanar reformation mode, 
lobulated shape of the nodule in the c-plane (the 
plane parallel to the ultrasound probe), and the 
density of central vascularization within the low-
est or highest ranges [19]. The combination of 
these three features was demonstrated to have a 
sensitivity of 100 % and a specificity of 60–69 % 
for the assessment of malignancy, and the appli-
cation of these criteria for selection of nodules to 
undergo FNA biopsy would have decreased the 
number of biopsies from 71 to 38 without miss-
ing a malignant nodule [19]. Similarly, Li and 
colleagues found that irregular shape of a thyroid 
nodule on 3D ultrasound had high sensitivity 
(91 %) and specificity (88 %) in identifying 
malignant thyroid nodules in a study of 103 nod-
ules, 53 of which were malignant [20]. In three 
cases (one benign and two malignant), the shape 
of the thyroid nodule was deemed to be regular 
on 2D but irregular on 3D ultrasound [20].

The evaluation of thyroid nodule vascularity 
by 3D ultrasound may also be useful in the evalu-

Table 7.1 Comparisons between two-dimensional (2D) 
and three-dimensional (3D) ultrasound

2D ultrasound 3D ultrasound

Superior image quality Inferior image quality 
because of the lower 
resolution of the 
extracted planes from 
volume data

Images not subject to 
motion artifact

Images may be subject 
to motion and 
reconstruction artifact

Smaller data set Larger data set

Stores only images that the 
ultrasonographer selects

Stores all data 
continuously

Slower data acquisition Faster data acquisition

Some views impossible to 
achieve because of 
restrictions related to patient 
anatomy or position

Data can be 
manipulated to display 
images in any viewing 
plane

Comparisons of structures 
over time dependent on 
images selected to be saved

Permits comparisons of 
full data sets over time 
which may lead to 
more accurate 
follow-up

There is interobserver 
variability in the evaluation 
of thyroid echogenicity, 
borders, and volume

There is better 
interobserver 
reproducibility in the 
evaluation of thyroid 
echogenicity, borders, 
and volume

Thyroid volume calculations 
are operator dependent: the 
ultrasonographer must find 
the perfect angle and 
location of the transducer to 
measure three perpendicular 
axes

Thyroid volume 
calculations are not 
operator dependent

Thyroid volume calculations 
are an estimate based on a 
regular geometric shape 
(i.e., each thyroid lobe is 
assumed to be an ellipsoid)

Thyroid volume 
calculations are more 
exact (sum of 
cross-sectional areas of 
each 2D image 
multiplied by the 
interslice distance)

D. Elaraj



63

ation of a thyroid nodule for malignancy within 
certain subtypes of nodules. Molinari and col-
leagues studied 20 nodules with features of 
malignancy on 2D ultrasound (hypoechogenicity, 
microcalcification, irregular margins), 15 of 
which were follicular neoplasms and 10 of which 
were malignant [21]. 3D ultrasound with an IV 
contrast agent demonstrated that the malignant 
nodules had statistically higher vascular density, 
number of vascular trees, number of branching 
nodes, and vascular tortuosity than benign nod-
ules [21]. While the assessment of vascular den-
sity of thyroid nodules would probably not 
change the indication for FNA biopsy, it may 
increase or decrease the risk of malignancy in a 
follicular neoplasm, and thus has the potential to 
influence the choice of operation (diagnostic thy-
roid lobectomy vs total thyroidectomy).

7.4  Preoperative Assessment 
of Extrathyroidal Extension 
of Thyroid Cancers

The most common type of thyroid cancer is pap-
illary thyroid cancer (PTC), comprising approxi-
mately 85 % of cases of differentiated thyroid 
cancer [1]. The treatment of PTCs by the major-
ity of surgeons in the United States is total or 
near-total thyroidectomy with appropriate lymph 
node dissection [22]. However, large studies have 
not shown a difference in outcomes between total 
or near-total thyroidectomy and thyroid lobec-

tomy for PTCs <1.0 cm, and thus thyroid lobec-
tomy is an acceptable treatment for PTCs <1.0 cm 
without extrathyroidal extension [23, 24]. 
Previous studies have shown that extrathyroidal 
extension is an independent risk factor for cancer 
recurrence [25] and upstages the T stage from T1 
to T3. Therefore, the preoperative identification 
of extrathyroidal extension may change the extent 
of thyroidectomy for PTCs <1.0 cm.

Both 2D and 3D thyroid ultrasound have been 
studied in the preoperative staging of a patient 
with PTC. Multiple criteria have been evaluated 
to define extrathyroidal extension on 2D ultra-
sound including the degree of nodule contact 
with the adjacent thyroid capsule and disruption 
of the adjacent capsule [26]. In a study of 221 
PTCs ≤1.0 cm, Kwak and colleagues determined 
that more than 25 % contact with the adjacent 
capsule had the highest accuracy in predicting the 
extrathyroidal extension of the cancer using 2D 
ultrasound [26]. One limitation of this study is 
that the degree of contact was measured by visual 
analysis of the radiologist, which can be subjec-
tive. Gweon and colleagues studied 79 PTCs with 
a mean size of 0.98 cm (range 0.5–3.6 cm) by 2D 
ultrasound, with 3D ultrasound performed if the 
PTC was seen to abutting the thyroid capsule 
[16]. Using the definition of extrathyroidal exten-
sion as more than 25 % of the perimeter of the 
lesion in contact with the thyroid capsule, this 
study found that 3D ultrasound had higher sensi-
tivity than 2D ultrasound for the detection of 
extrathyroidal extension but similar accuracy 

Fig. 7.4 Sagittal surface-rendered 
reconstructed 3D image shows a lobulated 
border along the superior border of the 
nodule (arrow)
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[16]. There was moderate interobserver agree-
ment among three radiologists for 3D ultrasound 
versus only fair-to-moderate interobserver agree-
ment for 2D ultrasound [16]. Thus, 3D ultrasound 
may have an advantage over 2D ultrasound in the 
preoperative evaluation of extrathyroidal exten-
sion of PTC, and may therefore influence the sur-
geon to perform total thyroidectomy for PTCs 
<1.0 cm if extrathyroidal extension is seen on the 
preoperative ultrasound.

7.5  Thyroid Volume Calculations

One treatment option for patients with hyperthy-
roidism (Graves’ disease or one or multiple toxic 
nodules) is radioactive iodine. Dosage protocols 
are based on measurements of thyroid volume 
and radioactive iodine uptake; therefore, the 
accuracy of the measurement of thyroid volume 
is important. Multiple methods exist to estimate 
thyroid volume including ultrasound, scintigra-
phy, and cross-sectional imaging modalities such 
as magnetic resonance imaging (MRI) and com-
puted tomography (CT).

2D ultrasound is the most frequently used 
modality to estimate thyroid volume and is based 
on assuming each thyroid lobe to be an ellipsoid. 
The ultrasonographer measures the largest diame-
ter of three perpendicular axes of each lobe, and 
the volume of each lobe is calculated using the 
standard formula for the volume of an ellipsoid: 
volume = (π/6) × length × width × depth. This 
method, however, may result in errors in volume 
calculations of up to 30 % [27, 28] which is thought 
to be related to irregular contours of the gland not 
being able to be approximated by a regular geo-
metric shape. Therefore, 3D ultrasound techniques 
have been studied to measure thyroid volume.

Studies comparing 2D and 3D ultrasound 
measurement of thyroid gland and thyroid nodule 
volume have shown that 3D ultrasound results in 
more accurate volume calculations compared to 
2D ultrasound. In a study of 18 thyroid-shaped 
phantoms evaluated by 2D ultrasound, 3D ultra-

sound, CT, and MRI, Freesmeyer and colleagues 
found that 3D ultrasound was superior to 2D 
ultrasound and essentially equivalent to CT and 
MRI for thyroid volumetry [29]. Similarly, in a 
prospective study of 27 patients who had thyroid 
volume calculated by 2D ultrasound, 3D ultra-
sound, and submersion after thyroidectomy (vol-
ume of water displaced by the surgical specimen), 
Malago and colleagues found that the median dif-
ference in volume was underestimated by 29 % 
by 2D ultrasound and by only 6 % by 3D ultra-
sound [28]. In addition to advantages related to 
accuracy of thyroid volume calculations, 3D 
ultrasound has been demonstrated to have lower 
interobserver and intraobserver variability in the 
evaluation of thyroid volume compared to 2D 
ultrasound [30, 31]. Therefore, the use of 3D 
ultrasound for thyroid volumetry may result in 
more accurate dosing of radioactive iodine for 
patients with hyperthyroidism.

7.6  Summary

In summary, 3D ultrasound has been studied in 
the evaluation of various thyroid conditions in 
order to overcome limitations of conventional 2D 
ultrasound related to the 2D display, user depen-
dency, and interobserver variability. 3D ultra-
sound may be able to refine the selection of 
thyroid nodules for FNA biopsy beyond criteria 
currently in use based on 2D ultrasound charac-
teristics. Furthermore, 3D ultrasound may have 
an advantage over 2D ultrasound in the preopera-
tive evaluation of extrathyroidal extension of 
papillary thyroid cancer and may, therefore, 
influence the extent of thyroidectomy. Lastly, 3D 
ultrasound may be able to more accurately quan-
tify thyroid volume, therefore allowing for more 
accurate radioactive iodine dosing for patients 
with hyperthyroidism. Limitations to 3D ultra-
sound are related to the technique used to acquire 
images, motion and reconstruction artifact, image 
quality, and computational requirements needed 
to process large data sets quickly.
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8.1  Introduction

Thyroid nodules have been reported in up to 
50 % of the population, and they are most com-
mon in women >65 years of age [1–3, 8]. 
Ultrasound is widely used as the primary imag-
ing modality in the diagnosis and evaluation of 
thyroid nodules. There are several ultrasound 
features that correlate with malignancy, includ-
ing the presence of microcalcifications, marked 
hypoechogenicity, “taller-than-wide” shape, 
irregular margins, and intranodular vasculariza-
tion at Doppler [3–5, 9]. These features, although 

helpful in selecting nodules for biopsy, are not 
able to  reliably detect or exclude malignancy 
with a high degree of confidence [6–10]. As a 
result, fine-needle aspiration biopsy (FNAB) is 
the next step to determine if a thyroid nodule is 
benign or malignant. However, even FNAB has 
inherent limitations and up to 15–30 % of FNAB 
samples are not conclusive (indeterminate) and 
cannot be clearly diagnosed as benign or malig-
nant [3, 11]. These indeterminate nodules are 
often subjected to repeat biopsy with molecular 
testing or referred for diagnostic lobectomy. 
Molecular testing on biopsy samples, although 
an important advance in the workup of thyroid 
nodules, also has limitations with regard to esti-
mating malignancy risk and can also be quite 
expensive [12, 13]. Thyroidectomy for patients 
with indeterminate nodules, although often 
required due to nodule size or local compressive 
symptoms, perhaps could be avoided in selected 
circumstances if the malignancy risk could be 
more accurately assessed.

Elastography is a novel ultrasound-based 
technique that has been shown to have consider-
able success in identifying malignant thyroid 
nodules [14]. There are two kinds of elastogra-
phy currently in use for thyroid nodules in clini-
cal practice: strain elastography and shear wave 
elastography. The objective of this chapter is to 
review the application of elastography in thyroid 
nodules and discuss its potential utility and 
limitations.
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8.2  Strain Elastography

Strain elastography is a technique that assesses 
the elastic nature of tissues by analyzing the tis-
sue strain and deformation in response to com-
pression [15, 16]. It requires either an external 
mechanical force, such as palpation with the 
ultrasound probe, or an internal endogenous 
force such as cardiovascular movements from 
nearby vessels, resulting in an axial displacement 
of the tissue. Tissue deformation from the applied 
or endogenous stress is measured and visualized 
before and after tissue compression. The mea-
sured tissue stiffness for the region of interest 
(ROI) is assessed relative value to the surround-
ing tissues and is displayed using a color scale 
[17–19]. The elastographic image can then be 
visualized on the screen side by side with a con-
ventional B-mode image. A limitation of this 
technique is that it provides a relatively qualita-
tive elastography measurement and can be user 
dependent with regard to the amount of compres-
sion applied.

8.3  Shear Wave Elastography

In an attempt to overcome the limitations of 
strain elastography, shear wave elastography was 
developed as a quantitative assessment of tissue 
elasticity. It is based on the velocity of shear 
wave propagation through tissues, as generated 
by an acoustic pulse from an ultrasound probe. 
Because shear wave elastography is dependent 
on the radiation force from the ultrasound probe 
and not external compression by an ultrasonogra-
pher, this technique is generally thought of as less 
operator dependent and more reproducible  
[20, 21]. There are two available methods for 
shear wave thyroid elastography: the supersonic 
shear wave and the acoustic radiation force 
impulse (ARFI) [22]. The supersonic shear wave 
 technique uses focused ultrasonic beams that 
propagate through the ROI, and ARFI uses short-
duration acoustic pulses to excite the tissues 
within the ROI [14]. The ARFI technique of 
shear wave elastography has been studied in thy-
roid nodules and confirmed as a valid technique 
in estimating malignancy [23–29].

8.4  The Application 
of Elastography for Thyroid 
Nodules

Both strain and shear wave elastographies have 
been studied with regard to their characterization 
of thyroid nodules. Overall the results have been 
encouraging but not uniformly positive when 
analyzing the ability of these techniques to esti-
mate the risk of malignancy. With regard to strain 
elastography, a 2010 meta-analysis, which inclu-
ded eight studies and 639 nodules, noted a mean 
sensitivity and specificity of 92 % and 90 %, 
respectively [30]. Another meta-analysis pub-
lished in 2013 included 24 studies and 3531 thy-
roid nodules in 2624 patients and compared the 
performance of strain elastography to conven-
tional ultrasound features in predicting malig-
nancy [31]. They noted a better performance 
from strain elastography and concluded that the 
newer technique increased the accuracy of con-
ventional ultrasound. Other studies, however, 
have been less encouraging. For example, Moon 
et al. 2012 did not note an improvement in detection 
of malignancy with the addition of strain elastogra-
phy over conventional ultrasound alone [32].

To assess the overall performance of shear 
wave elastography for diagnosis of benign and 
malignant thyroid nodules, several meta-analyses 
were conducted. Lin et al. included 15 studies 
and 1867 thyroid nodules and reported the pooled 
sensitivity and specificity of SWE as 84.3 and 
88.4 % [33]. In Zhang et al., a total of 698 thyroid 
nodules in 469 patients were studied and the sen-
sitivity and specificity were 84 and 90 % [34].

Additional studies have specifically examined 
the diagnostic value of elastography in thyroid 
nodules with indeterminate FNAB results, which 
is the group of thyroid nodule patients for whom 
this technique could be most useful. Rago et al. 
studied a total of 142 nodules with real-time 
strain elastography and reported a sensitivity and 
specificity of 96.8 % and 91.8 %, respectively, for 
the exclusion of malignancy in nodules that dem-
onstrated a highly elastography (lowest degree of 
stiffness) score [35]. A study by Garino et al. 
included 108 patients, all with indeterminate thy-
roid nodules, and noted a 76 % sensitivity and 88 % 
specificity for the detection of malignancy [36]. 
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In a study by Samir et al., 35 patients with 
 indeterminate biopsy results (including “atypia 
of unknown significance” (AUS), “follicular 
lesion of undetermined significance” (FLUS), 
“follicular nodule or suspicion for follicular neo-
plasm” (SFN), or “Hurthle cell neoplasm or sus-
picion for Hurthle cell neoplasm” (SHN)) were 
studied with shear wave elastography, and nod-
ules with higher median SWE tissue Young mod-
ulus estimates were found to be associated with 
malignancy. The area under the ROC curve was 
0.81 for differentiating malignant nodules from 
benign ones, and the sensitivity and specificity 
were 82 % and 88 %, respectively, with a cutoff 
value of 22.3 kPa [14]. Other studies have had 
more varied results; Lippolis et al. reported a 
very low specificity of 6 % in indeterminate nod-
ules subjected to elastography [37]. In conclu-
sion, elastography did provide useful information 
in the diagnosis of indeterminate thyroid nodules, 
but elastography alone cannot be used to defini-
tively exclude malignancy in thyroid nodules.

8.5  Limitations of Elastography 
in the Evaluation of Thyroid 
Nodules

8.5.1  Operator Dependence

As described above, a key limitation of elastogra-
phy, in particular the strain method, is examiner 
dependence. Elastography studies must be per-
formed by experienced operators who are trained 
in the specific techniques and understand the 
equipment and scoring systems. For this reason, 
elastography may not be widely available. 
Although shear wave elastography is a more 
operator-independent and reproducible method, 
the external pressure applied on the neck of the 
patient may affect the elasticity values. Due to 
the nonlinear elastic effect, the stiffness of tissues 
rises with the increase in the pressure applied 
[38]. For more precise stiffness values, a force- 
controlled device should be used. See Fig. 8.1 for 
a demonstration of variable elastography mea-
surements in the same tissue with different 
applied force.

8.5.2  Thyroid Inflammation

Inflammation and fibrosis are very common in 
the thyroid gland and often coexist with thyroid 
nodules. The influence of concomitant thyroid-
itis on the elasticity of thyroid nodules is still a 
matter of debate. According to some authors, 
Hashimoto’s thyroiditis, or chronic autoimmune 
thyroiditis, does not significantly affect the 
coexisting nodules’ stiffness [39–41]. However, 
acute or subacute thyroiditis may cause more 
significant changes in elasticity of the thyroid 
parenchyma in general and therefore may influ-
ence the elasticity measurement of coexistent 
thyroid  nodules [42]. Therefore, postponing the 
evaluation of the nodule stiffness until complete 
recovery from acute or subacute thyroiditis is 
recommended [43]. Figure 8.2 represents a shear 
wave elastogram of a patient who was diagnosed 
with a benign follicular adenoma (oncocytic 
type) in the setting of chronic lymphocytic 
(Hashimoto’s) thyroiditis. As seen in the image, 
the SWE value of 28.55 kPa would qualify  
this subject as a malignant nodule based on the 
cutoff value of 22.3 kPa proposed by Samir  
et al. [14].

8.5.3  Cyst Fluid and Calcifications

The fluid within a thyroid nodule may affect the 
elasticity measurements. Interestingly, the stiff-
ness of benign nodules with a cystic component 
was higher than solid ones [40, 44]. This finding 
may be related to the pressure exerted by the 
 liquid contained in the cystic compartment [44]. 
The presence of both micro- and macrocalcifica-
tions may influence the stiffness of thyroid nod-
ules. In particular, macrocalcifications around or 
within a nodule may lead to a significant increase 
in elasticity (Fig. 8.3). In nodules with both types 
of calcifications, the influence might be more 
pronounced [40]. Due to the possibility of a false- 
positive result, thyroid nodules with coarse calci-
fications may not be suitable for elastographic 
examination [45].

It may be possible to perform the quantitative 
measurements by placing the ROI on the target 
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Fig. 8.1 (a, b) SWE values of 9.6 and 12.6 kPa in a normal thyroid using 3 N and 5 N of force, respectively

M. Dhyani et al.



Fig. 8.2 A 50-year-old female with a right thyroid nodule 
that was suspicious for a Hurthle cell neoplasm on 
FNA. The elastogram shows a SWE value of 28.55 kPa. 

The patient underwent a total thyroidectomy, and the nod-
ule was a benign follicular adenoma (oncocytic type) in the 
setting of chronic lymphocytic (Hashimoto’s) thyroiditis

Fig. 8.3 A 85-year-old female with a left thyroid nodule 
measuring 2.6 cm, FLUS on FNA. The final pathology 
after surgery was a benign Hurthle cell adenoma with 

extensive calcification. As seen in the elastogram, the cal-
cification causes significant elasticity increase
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nodule with the calcified or cystic areas avoided; 
however, this may not be feasible when the solid 
area is less than the sampling size of ROI.

8.6  Conclusions

In conclusion, elastography is a relatively nonin-
vasive test that could increase the specificity of 
conventional ultrasound in the differentiation 
between malignant and benign thyroid nodules. 
Furthermore, the combination of this technique 
and conventional ultrasound may be a valuable 
tool in the identification of nodules that require 
FNAB and in nodules with indeterminate or non-
diagnostic cytology. However, the general limita-
tions described above should be acknowledged. 
It may be that the best and most appropriate 
application of elastography in the diagnosis of 
thyroid nodules will be as a complement to con-
ventional ultrasound and FNAB with genetic 
testing [46].
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An excellent working knowledge of cross- 
sectional head and neck anatomy will facilitate 
head and neck ultrasound performance (Fig. 9.1).

Knowing the relevant anatomic structures and 
their relationships to each other will make learn-
ing and performing thyroid and parathyroid 
ultrasound more straightforward and enjoyable. 
Being able to expertly and confidently conduct 
and interpret the ultrasound exam will also set 
your patients’ minds at ease.

Exams should follow a standard and sequen-
tial approach. Proper patient positioning will lift 
the thyroid up above the clavicles and allow the 
ultrasonographer to obtain a more complete 
exam. This is achieved by placing a shoulder roll 
under the patient in the supine position, which 
achieves moderate neck extension. The best 
place to begin the exam is in the midline directly 

over the trachea, as it is the easiest landmark to 
identify by physical exam. A high-frequency 
probe is preferred for head and neck ultrasound, 
as it provides excellent image resolution of the 
structures of interest, which are usually no more 
than 5–6 cm deep. When saving images, the lat-
erality and orientation of each image should be 
clearly labeled.

The trachea has a characteristic appearance 
caused by the echogenic cartilage rings that sur-
round the anterior and lateral aspects of this other-
wise hollow tube (Fig. 9.2, Video 9.1). Placing the 
probe transversely directly over the trachea, one 
will quickly see the very bright hyperechoic 
stripes corresponding to the tracheal cartilage 
rings. Moving the probe in a caudal direction 
from the thyroid cartilage, one first encounters the 
cricoid cartilage, then followed by a number of 
cartilage rings. The patient’s body habitus and 
neck length will determine how many rings can 
be seen, but it is usually not more than a couple 
before the manubrium is encountered. The lumen 
of the trachea itself appears nearly black, as it is a 
hollow structure, which does not reflect any of the 
ultrasound waves passing through it. There are 
internal echoes present in the lumen that occur as 
an artifact related to the cartilage rings. The most 
superficial structures encountered are the skin and 
subcutaneous tissue (Fig. 9.3). The dermis is the 
most superficial layer. It is 1–2 mm in thickness 
and has a similar echogenicity to the thyroid 
gland. Just deep to it is a layer of subcutaneous 
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fat, its width variable according to the patient’s 
body habitus. The echogenicity of this fatty layer 
is brighter than the dermis and is starkly con-
trasted with the muscle layers that lie beneath it. 
To either side of the midline, just below the sub-
cutaneous fat, lie the strap muscles, specifically 

the sternohyoid more superficially and medial and 
the sternothyroid, deeper and more lateral. In the 
transverse view, each of them is the shape of a 
convex lens. They are quite hypoechoic relative to 
the overlying fat and underlying thyroid, and each 
is enveloped by a fine white line. The deeper ster-

Fig. 9.1 Transverse anatomy of the neck through the thyroid

Fig. 9.2 Trachea in cross section

P.J. Mazzaglia and L. Muraveika
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nothyroid extends from the sternum up to the thy-
roid cartilage, and the more superficial sternohyoid 
is essentially seen the entire length of the neck, as 
it inserts upon the hyoid bone.

Immediately posterior to the strap muscles sits 
the thyroid gland (Fig. 9.4). Its two lobes straddle 
the trachea, connected by the narrow isthmus. 
The normal thyroid gland is homogeneous in 
echotexture. It appears hyperechoic as compared 
to the overlying strap muscles. Each lobe sits 
snuggly between the trachea medially and the 
carotid artery laterally. The two lobes normally 

appear as mirror images of each other and usually 
are quite similar in size. Because the esophagus 
normally resides slightly to the left of the mid-
line, it is frequently seen as an additional struc-
ture posterior to the left thyroid lobe (Fig. 9.5).

The contours of the thyroid are usually very 
smooth and quite discrete. Each lobe is bordered 
by the trachea medially, strap muscles anteriorly, 
and the carotid artery laterally. Posteriorly, there 
is the fat and lymphatic tissue that fills the central 
compartment between the spine and the thyroid. 
Because that tissue does not lie within any 

Fig. 9.3 Axial image of superficial 
structures. S = skin, PM = subcutaneous 
fat, SH = sternohyoid muscle, 
ST = sternothyroid muscle, 
SCM = sternocleidomastoid muscle, 
I = isthmus of the thyroid, LL = left lobe 
of the thyroid, CA = common carotid 
artery, JV = internal jugular vein

Fig. 9.4 Axial view through the thyroid and adjacent structures

9 Normal Thyroid Appearance and Anatomic Landmarks in Neck Ultrasound
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defined structure, the posterior border of the thy-
roid is often less well defined. The fatty tissue 
behind the thyroid usually appears heterogeneous 
and can be darker or brighter than the overlying 
thyroid parenchyma.

Thyroid size varies from patient to patient, but 
in general, in adults, the width (W) or transverse 
diameter and depth (D) or anterior-posterior 
diameter are quite similar, generally between 1.5 
and 2.5 cm. The height or length (L) of the thy-
roid lobe is typically 4–5 cm. The thickness 
(anterior-posterior diameter) of the isthmus is 
usually less than 5 mm. In most patients the nor-
mal lobes are quite similar in size; however, 
rarely there will be a rather undeveloped lobe 
unilaterally. The measurement of the thyroid 
lobes and focal lesions should be performed in a 
standard fashion, and the order should be speci-
fied, so that comparisons of nodules and sizes of 
lobes can be made. For example, these authors 
report the dimensions as W × D × L, whereas 
many ultrasound labs will report dimensions as 
D × W × L. Many sonographers will obtain the 
width and depth of the thyroid on a transverse 
view (Fig. 9.6). The length (superior to inferior) 
is always obtained from the sagittal view 
(Fig. 9.7), and when the lobe demonstrates an 

irregular shape, many sonologists will also obtain 
the depth measurement on the sagittal view, plac-
ing the cursors at the widest portion of the lobe.

If the volume of a thyroid lobe needs to be 
calculated, this can easily be done using the for-
mula: width × depth × length × 0.479.

Cervical lymph nodes are easily seen during 
neck sonography. The normal lateral compart-
ment nodes are typically easily seen, especially 
the larger normal submandibular (level II) nodes 
(Fig. 9.8), but it is relatively uncommon to see 
the normal, much smaller lymph nodes in the 
central compartment. Minimally enlarged and 
reactive central compartment nodes are however 
commonly seen in patients with Hashimoto’s 
thyroiditis. Normal parathyroid glands are also 
not typically seen as they are small and echo-
genic, blending in with the fibrofatty connective 
tissue. The submandibular gland itself is homo-
geneous and shares an echotexture usually identi-
cal to that of the thyroid. It is located just beneath 
the jaw and above the carotid bifurcation.

The most prominent vessels in the neck are 
the carotid artery and the internal jugular vein, 
and they lie just lateral to the thyroid lobe 
(Fig. 9.9). They are just posterior to the lateral 
aspect of the strap muscles and the medial aspect 

Fig. 9.5 Structures found posterior to 
the thyroid
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of the much larger sternocleidomastoid. In the 
axial view, the carotid is medial, usually abutting 
the thyroid, and is circular in cross section. 
Lateral to it lies the jugular vein, which is usually 
larger, more oval, and completely compressible 
with the ultrasound probe. Within the artery, 
there may be luminal calcifications in patients 

with atherosclerotic disease, and these tend to be 
most prominent at the carotid bifurcation. They 
appear as bright white plaques along the inner 
arterial wall. If observed carefully, a valve can 
often be seen within the jugular vein just before it 
joins the subclavian. The paper-thin valve leaflets 
will appear fluttering within the lumen.

Fig. 9.6 Measurement of width and 
depth of the right lobe on the 
transverse view

Fig. 9.7 Measurement of length of 
the right lobe in sagittal view

9 Normal Thyroid Appearance and Anatomic Landmarks in Neck Ultrasound
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The posterior structures in the neck are less 
well defined and not readily discerned from each 
other. Beginning medially, the spine is the most 
posterior structure visible (Fig. 9.9). It is directly 
behind the trachea and can be seen extending 
bilaterally behind the thyroid lobes. It appears as 
a very hyperechoic white linear or curvilinear 
structure due to the near-complete reflection of 

the ultrasound waves as they strike the bone 
interface. Usually there is a layer of hypoechoic 
tissue between the spine and the posterior aspect 
of the thyroid, consisting of fat and lymphatics in 
the paratracheal space (Fig. 9.5). Normally, the 
esophagus can be clearly seen sitting in the 
groove between the trachea and the spine on the 
left. It appears as a slightly irregular concentric 

Fig. 9.8 Normal submandibular 
gland and lymph node

Fig. 9.9 Vasculature- 
transverse view
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circle or oval in the transverse view. The two 
rings visible correspond to the outer serosa and 
the inner mucosa (Fig. 9.5). Many times the 
esophagus is in direct contact with the posterior 
aspect of the thyroid, and it should not be mis-
taken for a hypoechoic thyroid nodule. It is some-
what mobile, and its location can sometimes be 
shifted to the right of the midline. Its identity can 
be confirmed by observing the mucosal layer 
while having the patient swallow. When the wave 
of peristalsis passes, the mucosa will undulate 
and shimmer slightly.

Newer sonographers may find examining the 
neck in the transverse orientation easier to grasp 
than in the sagittal orientation (Videos 9.1 and 
9.2). The best way to examine a structure in the 
sagittal view is to place the probe in a transverse 
orientation directly over the structure and then to 
rotate the probe 90° clockwise. When imaging a 
thyroid lobe, be careful to keep the center of the 
probe over the center of the lobe being examined 
while rotating. It is very easy to end the rotation 
with the probe either medial or lateral to the tar-
get structure, and it can be a bit disorienting since 
we are not as accustomed to this view. Simply 
move the probe slightly medially or slightly lat-
erally, and your thyroid lobe will come back into 

view. Once the 90° clockwise rotation is per-
formed, the superior aspect of the lobe will be on 
the left-hand side of the screen image, and the 
inferior aspect will be to the right. This conven-
tion of superior to the left and inferior to the right 
should always be followed, so as to minimize any 
confusion.

When examining the neck in the sagittal 
view, you will come across the following struc-
tures. In Fig. 9.10 the probe is directly over the 
isthmus, which shows up as a very narrow strip 
of homogeneous tissue that is hyperechoic rela-
tive to the overlying strap muscles and underly-
ing trachea. The tracheal cartilages can be seen 
individually deep to the isthmus as small oval 
structures in the anterior wall of the trachea. 
Moving laterally, you will next encounter the 
thyroid lobe (Fig. 9.7), which will appear 
almond shaped with its superior pole to the left 
and inferior pole to the right (Video 9.3). On the 
left, you should be able to see the hypoechoic 
longitudinal tube behind the thyroid, which is 
the esophagus in long axis. Just lateral to the 
thyroid will be an easily identifiable, long, tubu-
lar structure corresponding to the carotid artery, 
and of course the jugular vein will be just lateral 
to that (Fig. 9.11).

Fig. 9.10 Sagittal view of thyroid 
isthmus and tracheal rings

9 Normal Thyroid Appearance and Anatomic Landmarks in Neck Ultrasound
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It is important to extend the imaging beyond 
the lateral border of the thyroid, into the lateral 
neck compartment which contains muscles, lym-
phatics, and fatty tissue (Fig. 9.12). The sterno-
cleidomastoid is quite close to the skin, and in 
cross section, it is a large dark oval, varying in 
size significantly from person to person. It is 
present from the clavicle all the way to the mas-

toid process, and the carotid and jugular are just 
deep to it in the inferior two thirds of the neck. 
The anterior and middle scalene muscles are 
hypoechoic structures seen on axial imaging 
deep to the sternocleidomastoid muscle. Because 
of this deeper location, resolving their borders is 
not as clear as the more superficial strap mus-
cles. Also there is often a significant amount of 

Fig. 9.11 Sagittal view of carotid 
artery

Fig. 9.12 Lateral compartment 
structures
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fat and lymphatic tissue between them and the 
overlying SCM. Between the anterior and mid-
dle scalene muscles on axial view lie the fasci-
cles of the brachial plexus. They appear as a 
stack of small circular hypoechoic structures 
(Fig. 9.13).

Color Doppler images of the neck are useful 
for distinguishing blood vessels from small nod-
ules or lymph nodes and for assessing vascular 
patterns of flow in thyroid nodules, parathyroid 
gland, and lymph nodes. When the color Doppler 

function is used, the color will be displayed 
within the color box within the image where flow 
or motion is detected (Fig. 9.14). In this figure the 
inferior thyroid artery which passes behind the 
carotid sheath from lateral to medial before 
branching out to supply the thyroid and parathy-
roid glands can be seen behind the right thyroid 
lobe. Sometimes it may be difficult to distinguish 
a small vessel from a lymph node or parathyroid, 
and the use of the Doppler function can be quite 
helpful in making this distinction.

Fig. 9.13 Brachial plexus

Fig. 9.14 Color Doppler flow of the 
right neck

9 Normal Thyroid Appearance and Anatomic Landmarks in Neck Ultrasound
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The superior thyroid artery originates from 
the external carotid artery, and its terminal 
branches can be seen feeding the superior pole of 
the thyroid. The inferior thyroid artery originates 
from the thyrocervical trunk, and its terminal 
branches enter the thyroid posteriorly in its mid-
portion. Regarding the vascularity of the thyroid 
parenchyma itself, it is not generally necessary or 

helpful to examine a normal thyroid lobe with 
Doppler imaging. In general, the parenchyma of 
each lobe should have a moderate amount of flow 
that is evenly distributed (Video 9.4). Since the 
gain function on the ultrasound machine can be 
used to enhance or diminish the apparent volume 
of flow, no true assessments about vascularity 
should be made.
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10.1  Echogenicity

The echogenicity of a thyroid nodule refers to its 
brightness relative to the normal thyroid paren-
chyma. Normal parenchyma appears homoge-
neously hyperechoic or relatively bright on 
sonography related to the high number of acous-
tic interfaces within the normal follicles of the 
thyroid gland. The echogenicity of a nodule is 
described relative to this bright background of 
the normal thyroid as either (a) hypoechoic 
meaning darker than the normal thyroid 
(Fig. 10.1), (b) hyperechoic meaning brighter 
than the normal thyroid (Fig. 10.2), or (c) 
isoechoic meaning equal in echogenicity com-
pared to the normal thyroid (Fig. 10.3). Many 
nodules have regions of varying echogenicity 
and may be described by the dominant echo-
genicity (e.g., predominantly hypoechoic), or 
when there is no dominant pattern, as heteroge-

neous in echogenicity (Fig. 10.4). For nodules 
that are partially cystic, the echogenicity of the 
solid part should be used to describe the nodule’s 
echogenicity, and cystic components are consid-
ered anechoic, meaning devoid of echoes, with 
hypoechoic used only in reference to solid com-
ponents of a nodule [1].

Most thyroid cancers appear dark or 
hypoechoic as compared with thyroid paren-
chyma due to their highly cellular composition. 
Histologically, the increased cellularity and cel-
lular compaction present in classic papillary thy-
roid cancer and medullary thyroid cancer 
produces less acoustic interfaces than micro- 
follicles and therefore typically causes these 
lesions to appear hypoechoic compared with sur-
rounding normal thyroid tissue [2, 3] (Fig. 10.1). 
However, not all neoplasms of the thyroid are 
hypoechoic in appearance. Follicular neoplasms, 
including a benign follicular adenoma, a follicu-
lar carcinoma, or a follicular variant of papillary 
cancer, are composed of small micro-follicles 
with variable amounts of colloid. Therefore, the 
echogenicity of these follicular-predominant car-
cinomas and adenomas is less commonly 
hypoechoic and instead is much more commonly 
isoechoic or hyperechoic compared with the 
parenchyma [4, 5] (Figs. 10.2 and 10.3). 
Additionally, many benign nodules will also 
appear hypoechoic. Since benign nodules are 
much more common than malignant nodules, a 
nodule that is hypoechoic but otherwise lacks 

Feature Illustration: Echogenicity, 
Composition, and Shape

Jill E. Langer

10

J.E. Langer, M.D. (*) 
Department of Radiology, The Perelman School of 
Medicine at the University of Pennsylvania,  
3400 Spruce Street, Philadelphia, PA 19104, USA 
e-mail: jill.langer@uphs.upenn.edu

Electronic supplementary material: The online version 
of this chapter (doi:10.1007/978-3-319-44100-9_10) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-3-319-44100-9_10.

mailto:jill.langer@uphs.upenn.edu
http://dx.doi.org/10.1007/978-3-319-44100-9_10
http://link.springer.com/chapter/10.1007/978-3-319-44100-9_10
http://link.springer.com/chapter/10.1007/978-3-319-44100-9_10


88

any additional features associated with malig-
nancy will statically most likely be benign. 
Hypoechogenicity, as a unique characteristic of a 
nodule, is therefore only a moderately sensitive 
finding for malignancy, with a reported median 
sensitivity of about 80 %. The reported specificity 
of hypoechogenecity for malignancy varies 
greatly depending on the histological subtypes of 

cancers in the population studied as well as the 
association of hypoechogenecity with other fea-
tures and has been reported to range from 36 to 
92 % [2, 3, 6–8]. Some authors have identified a 
sonographic feature called “marked hypoecho-
genicity” that describes a nodule with  echogenicity 
that is darker than the surrounding strap muscles 
[7–9]. Compared to nodules that are hypoechoic 

Fig. 10.1 Hypoechoic nodules. (a) Transverse view of 
the thyroid demonstrates a nodule (long white arrow) that 
is hypoechoic or darker than the surrounding thyroid 
parenchyma (T) but slightly less hypoechoic than the 
overlying neck musculature (short arrow). This nodule 

proved to a benign hyperplastic nodule on FNA. (b) 
Transverse view of the right lobe of the thyroid in a differ-
ent patient demonstrates a hypoechoic nodule which 
proved to be a papillary thyroid carcinoma. A lobulated 
border is noted in this lesion

Fig. 10.2 Hyperechoic nodule. Transverse view of the 
left lobe of the thyroid shows a nodule (N) which proved 
to be a follicular variant of papillary carcinoma which is 
hyperechoic relative to the thyroid parenchyma

Fig. 10.3 Isoechoic nodule. Transverse view of the left lobe 
of the thyroid shows a solid nodule (arrow) with echogenicity 
relatively similar to the background parenchyma (T) which 
proved to be a follicular variant of papillary carcinoma
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with respect to parenchyma but not as hypoechoic 
as strap muscles, marked hypoechogenicity is less 
sensitive for identification of thyroid cancer, 
approximately 41 % sensitive, but much more 
specific, typically over 90 % [6, 8] (Fig. 10.5).

The assessment of echogenicity is subjective 
and tends to have only fair to moderate interob-
server reproducibility even among expert observ-
ers (Kappa values 0.3–0.5) [7, 10, 11]. 
Echogenicity can be altered by differing sono-
graphic techniques including changes in the 
overall gain and transducer frequency. 
Additionally, in patients with autoimmune thy-
roid disease such as Hashimoto’s thyroiditis, the 
echogenicity of the parenchyma is much more 
heterogeneous in appearance making classifica-
tion of the nodule’s echogenicity more 
subjective.

10.1.1  Composition

Nodule composition describes the amount or pro-
portion of solid soft tissue and fluid in a nodule. 
Nodules can be described as (a) solid, meaning 
composed entirely or nearly entirely of soft tissue 
with only a few small scattered cystic spaces 
(Fig. 10.6); (b) predominantly solid, meaning 
that soft tissue components comprise at least 
50 % or greater of the volume of the nodule 
(Fig. 10.7); (c) predominantly cystic meaning 
that soft tissue components comprise less than 

Fig. 10.4 Mixed echogenicity. Transverse view of the right 
lobe of the thyroid shows a nodule outlined by calipers. The 
more medial portion of the nodule (straight line arrow) is 
hypoechoic, and the more lateral portion (dashed arrow) is 
brighter and isoechoic with the thyroid parenchyma

Fig. 10.5 Markedly hypoechoic nodule. Split screen sag-
ittal (a) and transverse (b) view of a thyroid gland shows 
a markedly hypoechoic nodule with echogenicity darker 
than the overlying musculature which proved to be a pap-

illary thyroid cancer. This degree of hypoechogenicity 
carries a higher specificity for malignancy than hypoecho-
genicity less than the musculature
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50 % of the volume of the nodule (Fig. 10.8); or 
(d) entirely cystic, meaning fluid filled without 
appreciable solid component (Fig. 10.9). Some 
authors have used numerical percentages of cys-
tic or solid elements to describe nodule composi-
tion, most commonly by quartiles [1, 12].

Thyroid cancers are most commonly solid or 
nearly entirely solid and are more likely to be 
solid than benign nodules [1–9] However, 
because benign nodules outnumber malignant 
ones, this feature carries a relatively low specific-
ity for malignancy as an isolated feature. It is 

estimated that a solid nodule has a 15–27 % like-
lihood of being malignant [12]. Although there is 
some subjectivity in reporting the degree of cys-
tic change present in a nodule, the interobserver 
agreement for reporting solid nodule consistency 
is reported to be quite high [10, 11].

Cystic change within a nodule is very common 
[1, 6]. Hyperplastic nodules contain abundant col-
loid which appears cystic on sonography, and neo-
plasms may undergo cystic degeneration or 
necrosis, producing cystic areas [13]. It is uncom-
mon for cancers to have a predominantly cystic 
appearance with a recent study of partially cystic 
nodules showing a 6.1 % prevalence of malignancy 
among predominately cystic nodules [14]. When 
evaluating a partially cystic nodule for malignancy 
risk, the evaluation should concentrate on the solid 
component. Features concerning for a malignant 
cystic nodule include a solid component that is 
hypoechoic, is lobulated, has an irregular border, 
and/or contains calcifications (Fig. 10.10 and Video 
10.1). If the solid component is eccentrically 
(peripherally) located within a partially cystic nod-
ule and the margin of the solid component has an 
acute angle with the wall of the nodule, the risk for 
malignancy is also increased (Video 10.2). 
Conversely, if the solid component is isoechoic, is 
centrally located within the nodule or, if peripheral, 
lacks an acute angle with the nodule wall, or has a 

Fig. 10.6 Solid composition. Sagittal view of the left 
lobe shows an entirely solid, hypoechoic nodule which 
proved to be a follicular adenoma

Fig. 10.7 Predominantly solid composition. (a) 
Sagittal view of the left lobe shows a predominantly 
solid, hypoechoic nodule with a few small cystic regions 
(arrow) which proved to be benign on biopsy. When 
there are very few cystic regions as in this nodule, some 

sonologists may classify this nodule as solid. (b) 
Transverse view of the right lobe of the thyroid shows a 
predominantly solid, hyperechoic nodule with cystic 
regions occupying less than 50 % of the volume of the 
nodule
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smooth margin, the nodule is likely benign 
(Figs. 10.8 and 10.11) [12, 15].

Purely cystic nodules and the nodules with a 
spongiform appearance have a very low risk of 
malignancy. Moon et al. [7] defined a spongi-
form appearance as one in which the nodule 
has multiple microcytic areas that occupy more 
than 50 % of the nodule volume and found that 
only 1 of the 360 thyroid cancers appeared 
spongiform in their series (Fig. 10.12 and 
Video 10.3). Bonavita et al. [16] used spongi-

form to mean tiny spaces involving the entire 
nodule and found all 210 nonvascular nodules 
with this sonographic appearance to be benign. 
Current biopsy guidelines recognize pure cys-
tic and spongiform nodules as very low risk for 
malignancy, and the size cutoff for FNA of 
such lesions is more lenient (if performed at 
all) than for intermediate- and high- risk sono-
graphically appearing nodules. Often, comet-
tail artifact, representing reverberation of 
sound waves caused by inspissated colloid, is 

Fig. 10.8 Predominately 
cystic composition. Transverse 
view of the right lobe of the 
thyroid shows a predominantly 
cystic, nodule with cystic 
regions occupying greater than 
50 % of the volume of the 
nodule

Fig. 10.9 Entirely cystic composition. (a) This nodule 
(outlined by calipers) is completely anechoic without an 
identifiable solid component. A small echogenic focus 
(arrow) is related to colloid reverberation artifact. This 
most likely represents either a colloid cyst or less likely a 

true cyst of the thyroid and is considered benign. (b) 
Transverse view of the left lobe of the thyroid in a differ-
ent patient shows a cystic nodule multiple echogenic foci 
representing colloid
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present in both entirely cystic appearing and 
spongiform nodules. It is worth noting that col-
loid may be present in both benign and malig-
nant nodules. As noted above, very few thyroid 
cancers will be predominantly cystic and may 
contain colloid, but these cystic carcinomas 
will often have another suspicious US feature 
such as frond-like solid tissue and/or calcifica-
tions [14] (Fig. 10.10).

10.2  Taller-Than-Wide Shape

A taller-than-wide shape is defined as a ratio of 
>1 of the anteroposterior diameter to the trans-
verse diameter when measured in the transverse 
plane (Fig. 10.13). Disproportionate growth in 
the anteroposterior dimension is considered an 
aggressive growth pattern across rather than 
within the normal tissue planes and is thought to 

Fig. 10.10 Cystic papillary thyroid carcinoma. (a) 
Transverse and (b) sagittal color Doppler images of this 
cystic papillary thyroid carcinoma show the solid compe-
tent to be frond-like, to be lobulated, and to have marked 

vascular flow. Multiple echogenic foci are noted, some of 
which show reverberation artifact (dashed arrow) and are 
likely are colloid, while others are punctate without rever-
beration (arrow) and are suggestive of calcifications

Fig. 10.11 Benign cystic nodules. The solid 
component of this cystic nodule is isoechoic 
to the parenchyma, with straight margins and 
spongiform in appearance, typical of a 
benign cystic nodule

J.E. Langer
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correspond to decreased compressibility of tumor 
as compared with parenchyma [12]. This finding 
was first observed when performing ultrasound 
exams of breast carcinomas [8] and when applied 

to thyroid nodule evaluation was similarly found 
to be a feature of thyroid malignancy. This find-
ing is not very sensitive but has specificity rang-
ing from 82 to 93 % and is most commonly noted 
in smaller cancers, under 1 cm [17–20].

In studies that specify how measurements are 
made, there are no significant differences com-
paring transverse or longitudinal imaging planes 
for determining the ratio [17].

10.3  Conclusions

Nodule echogenicity, composition and shape are 
key features that aid the assessment of the risk of 
thyroid malignancy. Whereas most thyroid can-
cers are both solid and hypoechoic, many benign 
nodules will also have this appearance, and some 
cancers, especially follicular-derived lesions, are 
usually hyperechoic, lowering the specificity of 
these features. Taller-than-wide shape and marked 
hypoechogenicity are highly specific features of 
carcinoma but are not present in the majority of 
tumors. Analysis of partially cystic nodules is 
directed at assessing the appearance of the solid 
component for suspicious features such as nodu-
larity, calcification, and irregular margins. 
Spongiform appearance and entirely cystic nod-

Fig. 10.12 Spongiform appearance of a nodule. Split 
screen sagittal (a) and transverse (b) shows a nodule with 
interspersed cystic spaces throughout occupying more 

than 50 % of the nodule. This appearance has been termed 
spongiform and carries and extremely low risk for 
malignancy

Fig. 10.13 Taller-than-wide shape. This 12 mm papillary 
cancer is hypoechoic and solid and is noted to have a 
greater anterior-posterior length than width (dashed 
arrow) on this transverse image, a finding termed taller- 
than- wide shape. This feature carries a relatively high 
specificity for thyroid cancer and is most commonly noted 
in small cancers

10 Feature Illustration: Echogenicity, Composition, and Shape
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ules carry a very low likelihood of malignancy, 
avoiding the need for biopsy in most cases.
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11.1  Overview

The terms margin and contour have been used 
somewhat interchangeably in current literature to 
refer to the boundary of a discreet thyroid nodule 
identified by ultrasound (US) [1–9]. The bound-
ary exists between the physical composition of 
the thyroid nodule and the surrounding paren-
chyma of the thyroid gland. This is an important 

concept to keep in mind because margins and 
contour can also describe the external surface of 
the thyroid gland. Margins are also the vocabu-
lary term used by pathologists and surgeons 
mostly to describe the interface between diseased 
organs and surrounding normal anatomical struc-
tures and tissue. The scenarios where the external 
margins or surface of the thyroid gland, as an 
organ, appear as a diffusely irregular or infiltra-
tive process both on pathological review and on 
sonography are rare and include anaplastic thy-
roid cancer, primary thyroid lymphomas and 
metastases from other primary malignancies, and 
occasionally, a discreet nodule that is malignant 
but has completely replaced the parenchyma of a 
thyroid lobe. Therefore, this chapter will not con-
sider those scenarios but rather focus on the clini-
cal patient presentations that occur routinely with 
respect to evaluation of discreet nodules.

US features are not meant to be used in isola-
tion as criteria to guide biopsy decisions or diag-
nostic interpretation. This is because the 
reliability and accuracy of each feature are insuf-
ficiently high for these overall clinical goals [6–
8, 10]. For example, in a recent study, 99 % of 
benign thyroid nodules and 62 % of malignant 
nodules had well-circumscribed margins [11].

Multiple studies have suggested that margins 
alone cannot accurately predict the presence of 
thyroid malignancy, giving rise to classification 
schemes such as via TIRADS and ATA over 
recent years [10, 12–14]. This is a fundamental 
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concept pointed out consistently by other authors 
in this textbook in the sections of feature illustra-
tion and pattern recognition: individual features in 
general, and margins in particular, are but one of 
several considerations that contributes to assess-
ment of the type of disease, which should be the 
ultimate goal of clinicians using ultrasound.

Margin description is essential to include in a 
formal ultrasound report [1, 2, 10]. The following 
scenarios of thyroid nodule margins illustrate the 
spectrum of possible descriptions. As in the lit-
erature and daily vernacular, the term “margin” 
and “contour” will likely be interwoven while 
referring to the following illustrations. Surgical 
photos are likewise provided as a means of a pic-
torial essay showing how, in many cases, there is 
direct correlation between sonographic appear-
ance and actual physical features of thyroid 
nodules.

11.2  Nodule Margins and Contour

The boundary of a thyroid nodule can be classi-
fied along a spectrum from smooth and well- 
defined to infiltrative. While thyroid ultrasound 
topics are generously represented in the litera-
ture, margins as an isolated topic, or precise sub-

ject of reviews, are rare. The definitions and 
illustrations provided here are a compilation 
from published guidelines and the authors’ per-
sonal experience. Therefore, it may be helpful to 
imagine the relevant terminology along the novel 
schematic introduced here as a visual aid and 
considered along with various descriptive terms 
provided below as synonyms for margin features 
(Fig. 11.1). The schematic starts with the image 
of a thin line. The thin line is meant to represent 
the border (in a two-dimensional relationship) or 
boundary (three dimensional) between a nodule 
and the surrounding thyroid parenchyma. The 
line can be smooth (straight) or jagged (notched, 
wavy, saw-toothed, frizzy). The line can be thin 
or thick. The path of the line may change over 
distances or the visual spatial relationship seen 
either in two-dimensional or three-dimensional 
ultrasound imaging. That path may stay as a sim-
ple, familiar, and regular shape (circle/oval or 
sphere/ellipsoid) or take gradual or sudden turns 
(giving rise to geometric segments, sections, pro-
jections, or lobules). In sections of that path, the 
line may vary in smoothness or thickness. It may 
be difficult to tell that whether in fact there is a 
“line”: the area where the echogenicity of the 
nodule encounters the echogenicity of the sur-
rounding thyroid may be ambiguous, fuzzy, 

Fig. 11.1 Visual schematic of margin features applicable to thyroid nodules

M. Milas et al.



97

blurry, vague, indistinct, and unclear. Finally, it 
may be possible to tell that the line encroaches 
into territory where biologically and anatomi-
cally it should not go, disturbing and interfering 
with spatial planes.

It is relevant at this point to clarify an impor-
tant concept that particularly strikes novice 
sonographers and trainees in residency and fel-
lowship when first realized and that sometimes 
escapes appreciation by physicians even with 
advanced experience. Namely, the distinction 
between follicular adenomas and follicular carci-
nomas exists at the level of the nodule margin 
(Fig. 11.2a, b), not at the level of the thyroid gland 
capsular margin. Capsular invasion of follicular 
carcinomas is histologically detected at the mar-
gin that surrounds the nodule; vascular and lym-
phatic invasion can be present at that same margin 
and also within the nodule [15]. This is in contrast 
to extrathyroidal extension: in Fig. 11.2c, d, papil-
lary thyroid cancer (PTC) cells are seen nestled 
beyond the thyroid border but not beyond the 
pathological inked margin. Figure 11.2e demon-
strates these relationships in an ultrasound image.

In terms of margins, therefore, there are visual 
(artistic) and linguistic (poetic) challenges of try-
ing to clarify and codify the pathology of thyroid 
disease as detected by an imaging modality like 
ultrasound. The figures and videos in this chapter 
are all ultrasound cine clips to emphasize the 
point that margins are spatially continuous and 
that a single, still image cannot represent the 
entire contour of the nodule.

11.2.1  Completely Smooth and Well- 
Defined Margins

Thyroid cysts represent the classical version of a 
margin that is completely smooth. The interface 
between the liquid composition of the cyst pro-
vides stark contrast to the solid thyroid paren-
chyma, and thus the ultrasound wave physics 
translate that contrast into a hyperechoic thin line 
as the border (Fig. 11.3). The terms well-defined 
and well-circumscribed are likewise interchange-
ably used. The connotation of these terms is that 
it is visually clear to see the margin and to appre-

ciate that there is a distinct structure (nodule) 
embedded within surrounding thyroid paren-
chyma. The contour of the structure can be 
readily traced on the ultrasound monitor. 
Representative images and cine clips of both cys-
tic and solid nodules with smooth margins are 
shown in Video 11.1a–e.

11.2.2  Lobulated Margins

This describes the geometric path of the margin, 
resulting in forms that make the nodule appear to 
have curved or wavy additional segments. The 
actual line of the margin can vary in thickness 
and smoothness and even display infiltrative 
characteristics. Insufficient data have been 
reported to know the independent risk of malig-
nancy when a lobulated margin is observed in the 
presence or absence of other features. 
Representative surgical images (Fig. 11.4) (med-
ullary thyroid carcinoma) and cine clips of nod-
ules with lobulated margins are shown in Video 
11.2a–e.

11.2.3  Irregular Margins

The appearance of anything but a smooth border 
raises the concern for potential malignancy. The 
assessment that a margin is irregular implies that 
an actual border can be detected (in contrast to an 
indistinct border). There are varying manifesta-
tions of irregular margins. Some can appear 
smooth for the majority of the circumference or 
contour but have an area where the line is jagged; 
other nodules have a jagged margin at all points. 
Careful assessment of the entire margin of the 
nodule is therefore necessary as illustrated in 
Video 11.3. The majority of the nodule has a 
well-defined margin, but the inferior aspect is 
irregular and jagged. In the ATA classification, 
the presence of an irregular and jagged margin 
sorts the nodule into a high risk of malignancy 
category and in TIRADS, at least into category 4 
[10, 12–15].

The relationship between echogenicity of the 
nodule and degree of irregularity of its margins is 

11 Feature Illustration: Thyroid Nodule Margins and Extrathyroidal Extension and Invasion
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not fully understood by most experts, mainly due 
to lack of data, so as to allow clear classification 
into an ATA or TIRADS category [10, 12–15]. 
This combination has not been formally assigned 
to a risk of malignancy pattern or classification. 

While hyperechogenicity mostly favors a benign 
nodule, and irregular borders are generally 
exceptionally rare with benign nodules, the com-
bination of these features has unknown diagnos-
tic associations.

Fig. 11.2 Surgical total thyroidectomy specimen seen 
intact (a) and sectioned (b) to reveal a benign follicular 
adenoma (tan oval) surrounded by reddish normal thyroid 
parenchyma. It is this interface between the edge of the 
adenoma and the thyroid that represents the margin visi-
ble by ultrasound and also the border at which vascular or 
capsular invasion would indicate a follicular carcinoma. 
In contrast, a large papillary thyroid cancer is shown 
within the left thyroid lobe (c) to have an irregular periph-
ery that extends up the surface of the thyroid gland, leav-
ing no intervening normal thyroid tissue. Microscopic 
view (d) shows that the papillary thyroid cancer extends 
outside the thyroid capsule into the perithyroidal fat 

(white foamy material in top right corner) and up to the 
histologic margin (the think black inked line visible along 
the top of tissue). Thus, there are different applications of 
the term “margin” in relation to nodules and thyroid speci-
men. (e) Margins of nodules versus pathologic margins of 
surgical specimens. Yellow dotted lines are size caliper 
markings of a small thyroid nodule. The blue line circling 
the nodule indicates the margin that is relevant for the 
pathologist in distinguishing follicular adenomas from 
follicular carcinomas. The arrows outline the capsule of 
the thyroid gland, which serves as the pathologic margin 
of a routine thyroidectomy specimen. Shown are two 
ultrasound views (E1) and a surgical specimen view (E2)
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Fig. 11.3 Example of a cystic nodule in the left lobe 
adjacent to the common carotid artery that has a smooth 
cyst wall

Fig. 11.2  (continued)

Representative cine clips of a variety of irreg-
ular margins are shown in Videos 11.2e and 
11.4a–f and Fig. 11.5.

11.2.4  Indistinct or Poorly Defined 
Margins

The pathologic correlation to this feature is 
related to the invasive nature of malignant cells 
which gradually encroach into normal surround-
ing tissues. Because cancers can have a desmo-
plastic, fibrotic texture which is unevenly 
distributed along those lines of invasion, the 
interface with normal thyroid parenchyma can 

11 Feature Illustration: Thyroid Nodule Margins and Extrathyroidal Extension and Invasion
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appear blurred. Representative images and cine 
clips of a variety of these clinical scenarios are 
shown in Video 11.5a–g. However, since hyper-
plastic nodules represent a local disruption of the 
follicular architecture of the thyroid, it is com-
mon for these begin nodules to also have a poorly 
defined margin along a portion of the nodule 
(Video 11.5f). The typical spongiform appear-
ance of these nodules and the absence of other 
sonographic features of malignancy, such as all 
solid consistency and calcifications, help to dis-
tinguish these nodules from malignancy.

11.2.5  Infiltrative Margins

This type of margin is the sonographic demon-
stration of a malignant process in the vast major-

ity of cases. The border of a nodule is clearly 
seen to involve areas of normal thyroid paren-
chyma in a way that is not an architectural distor-
tion but invasion along unnatural anatomical 
directions. In contrast, a benign process, even a 
large benign nodule, may displace normal ana-
tomical shapes or efface the overlying tissue, but 
the two structures remain distinct or, in surgical 
terms, respect anatomical boundaries.

Representative images and cine clips of a vari-
ety of these clinical scenarios, all cytologically or 
histologically confirmed malignancies, are 
shown in Video 11.6a–c. Thyroiditis, especially 
subacute thyroiditis, may have infiltrative mar-
gins, as the inflammatory process extends 
unevenly throughout the gland and, if nodular 
and focal, may mimic a malignancy.

11.2.6  Halo

As its name implies, this term describes the spe-
cific appearance of the entire circumference of 
the border between a nodule and the surrounding 
thyroid parenchyma. Namely, the ultrasound 
detects a sonolucent (anechoic, black) rim that is 
distinct and that surrounds an isoechoic or hyper-
echoic nodule [1–5]. By definition, it would be 
difficult to detect this sonolucent rim around a 
hypoechoic nodule. Physically and pathologi-
cally, it represents a capsule of thick fibrous, col-
lagenous material that is often rich with 
vasculature. Variations of these features abound 

Fig. 11.5 Surgical specimen of nodule (known papillary 
thyroid cancer) with irregular margins (see also Video 
11.4a–f)

Fig. 11.4 Lobulated margins in medullary thyroid carcinoma (a—intact pathological specimen, b—sectioned lobe)

M. Milas et al.
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as well in terms of halo thickness, degree of 
irregularity, intensity of vascularity on color 
Doppler imaging, and continuity around a nod-
ule. There is some evidence-based information to 
suggest lower risk of malignancy with thin and 
regular halos and higher risk of malignancy with 
thick and irregular halos and that variably thick 
halos are more likely to be associated with fol-
licular variants of papillary thyroid carcinoma 
[1–5, 10, 16].

Representative images and cine clips of a vari-
ety of these clinical scenarios are shown in Video 
11.7a–e.

11.2.7  Artifacts and Challenging 
Scenarios of Contour 
Evaluation

It is not always possible to evaluate the margins 
of a nodule because of sonographic artifacts, 
edge artifacts, and other limitations that are 
beyond the control of the sonographer. One 
example is the presence of a calcified margin. 
While calcifications in general were addressed in 
an earlier chapter, case illustrations in this chap-
ter show the posterior acoustic shadowing that 
results from eggshell calcifications and prevents 
imaging of the remainder of the nodule margin 
(Videos 11.2c, 11.7, and 11.8c–e).

11.3  Extrathyroidal Extension

Extrathyroidal extension (ETE) of thyroid 
malignancy ranges from microscopic to grossly 
invasive. In contrast to the margin features 
above that describe the interface between a nod-
ule and the surrounding thyroid gland, extrathy-
roidal extension is suspected when a malignant 
thyroid nodule can be seen to have grown 
through the thyroid capsule and beyond the thy-
roid gland [17]. A sonographic assessment to 
determine the  possible presence of extrathyroi-
dal extension should be performed by carefully 
assessing the integrity of the thyroid capsule 
overlying the nodule.

11.3.1  Absence of Extrathyroidal 
Extension

Representative images and cine clips of nodules, 
varying in proximity to the external capsule of 
the thyroid gland, are shown to illustrate the clin-
ical scenarios where extrathyroidal extension is 
absent (Videos 11.5g, 11.6b, and 11.8a).

11.3.2  Suspected Extrathyroidal 
Extension

Representative images and cine clips of nodules 
with suspected extrathyroidal extension are 
shown to illustrate different clinical scenarios in 
relationship to overlying strap muscles and the 
deep posterior edge of the thyroid gland in the 
paratracheal space (Video 11.8b–g). When the 
edge of the nodule is irregular and located at the 
deepest posterior border of the thyroid gland so 
that a normal rim of the thyroid tissue is not seen 
on ultrasound, concern exists about possible 
tumor proximity to the path of the recurrent 
laryngeal nerve (Fig. 11.6). It is important to note 
any voice changes on history and physical exam 
and perform laryngeal ultrasound or direct laryn-
goscopy as appropriate.

11.4  Extrathyroidal Invasion

This feature is the most severe version of extrathy-
roidal extension and may be suspected on the basis 
of clinical signs (hoarseness, fixed and immobile 
mass, abnormal cervical lymphadenopathy) even 
prior to acquiring ultrasound images. It is really 
only possible to characterize this feature as absent 
or present and then to note whether the invasive 
features are suspected or definitely seen on ultra-
sound. The most significant clue is loss of normal 
architectural shapes (e.g., with tracheal rings, strap 
muscle, and their hyperechoic fascial lining). 
Noticing such changes, even if subtle, may change 
clinical action preoperatively (e.g., to obtain addi-
tional cross-sectional imaging such as with a CT 
scan when this might not otherwise have been done) 

11 Feature Illustration: Thyroid Nodule Margins and Extrathyroidal Extension and Invasion



102

and intraoperatively. It allows both the physicians 
and the patient to prepare for possible greater 
extent of disease and minimize surprises, allowing 
for a more thoughtful assessment of risks and ben-
efits of treatment. Representative cine clips are 
shown in Video 11.9a, b and correlated with the 
surgical specimen. In this case, the findings are not 
subtle. The curved, bright hyperechoic arc of the 
tracheal rings is distorted by a thyroid mass that 
spans across the isthmus. Anteriorly, the strap 
muscled likewise are almost indistinguishable. 
These ultrasound findings predicted the severity of 
thyroid cancer, as seen in the surgical specimen; 
the ultrasound information allowed the operative 
plan to address the disease comprehensively at the 
time of the initial surgery, in this case to include 
tracheal resection (Fig. 11.7).

Fig. 11.7 Surgical specimen of this papillary thyroid 
cancer, showing the protrusion of tumor through the pos-
terior surface of the isthmus. There is residual cancer on 
the anterior surface of the trachea that extended transmu-
rally into the lumen. Involved rings of the trachea were 
resected and the trachea reconnected

Fig. 11.6 Anatomical pathway of the recurrent laryngeal 
nerve (green) in relation the thyroid. The top panel shows 
a thyroid nodule in the right lobe in transverse and longi-

tudinal views, with a closer proximity than the nodule in 
the left lobe (bottom panels)

M. Milas et al.
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11.5  Conclusions

Margins are an essential feature to describe about 
thyroid nodules and these details should be 
included routinely in ultrasound reports. A spec-
trum of characteristics are detectable and inform 
about potential risks of malignancy.
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12.1  Introduction

Echogenic foci within thyroid nodules are com-
monly seen on ultrasound [1, 2]. In the past, many 
authors had assumed that any echogenic foci in 
thyroid nodules were calcifications [2]. Large 
echogenic foci which have posterior shadowing 
can be confidently diagnosed as calcifications. 
However, small echogenic foci without shadow-
ing may represent punctate calcifications, which 
are found in psammoma bodies and are highly 
associated with papillary thyroid cancer, but may 
also be seen in non-calcified nodules, representing 
the back wall of small cystic spaces or inspissated 
crystals within colloid-containing nodules. Since 
benign, colloid-containing nodules are the most 
common type of thyroid nodule, the majority of 
small echogenic foci are most likely to be present 
within a benign nodule, rather than a thyroid can-
cer. Attempting to characterize thyroid nodules by 
sonographic features is important to help deter-
mine if a thyroid nodule is concerning for a malig-
nancy, thus warranting further evaluation with 
biopsy or is benign appearing and not necessarily 

requiring a biopsy. Typical malignant features of 
thyroid nodules on ultrasound include entirely 
solid consistency, markedly hypoechoic echo-
genicity, taller-than-wide shape, irregular or infil-
trating borders, and calcifications. Calcifications 
within thyroid malignancies may be large and pro-
duce distal acoustic shadowing but may also be 
small echogenic foci, less than 1 mm, and not 
associated with shadowing. Benignity is associ-
ated with nodules that are purely or predominately 
cystic or have a spongiform appearance [3–6]. 
These types of benign nodules often contain abun-
dant colloid and non-shadowing echogenic foci. It 
is imperative to correctly characterize echogenic 
foci in nodules as their specific appearance will 
influence the decision to perform a biopsy. This 
chapter will describe the different examples of 
echogenic foci seen in thyroid nodules on 
ultrasound.

Echogenic foci can be subclassified into five 
categories:

 1. Punctate echogenic foci with no posterior 
artifact

 2. Echogenic foci with small comet-tail artifacts 
(≤1 mm long)

 3. Echogenic foci with large comet-tail artifacts 
(>1 mm long)

 4. Internal echogenic foci with acoustic 
shadowing

 5. Peripheral echogenic foci with acoustic 
shadowing
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12.2  Punctate Foci with No 
Posterior Artifact

Punctate foci in the thyroid nodule with no poste-
rior artifact are the most common type of echo-
genic foci [2]. Previously, the literature 
considered all of these foci to represent microcal-
cifications (defined as calcifications <1 mm). 
However, some of these foci are thought to repre-
sent a bright echo reflected from the back wall of 
tiny cystic spaces in colloid-containing nodules 
[1] (see Fig. 12.1). In fact, an earlier study 
explored the origins of similar punctate echo-
genic foci in the ovary and concluded that, 

indeed, they are often the result of specular 
reflections from the back walls of tiny unresolved 
cysts [7]. As mentioned above, some echogenic 
foci may also represent inspissated crystals in 
colloid-containing nodules.

The significance in trying to differentiate 
between actual microcalcifications and back walls 
of cysts or colloid crystals is that the presence of 
microcalcifications is one of the most specific fea-
tures of malignancy. Microcalcifications in malig-
nant thyroid nodules are psammoma bodies, 
which are 10–100-μm round laminar crystalline 
calcific deposits (see Fig. 12.2). They are found in 
29–59 % of all primary thyroid carcinomas, most 

Fig. 12.1 Longitudinal (a) 
and transverse (b) ultrasound 
images of the right thyroid 
lobe. 56-year-old male with a 
predominately solid-appearing 
thyroid nodule measuring 
approximately 2 cm containing 
punctate echogenic foci with 
no posterior acoustic artifact 
(arrows). Biopsy finding was 
benign colloid nodule 
(Bethesda II), suggesting that 
the foci are the back wall of 
colloid cysts

Fig. 12.2 Micrograph of psammoma 
bodies (arrows) in papillary thyroid 
cancer
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commonly in the papillary type. The presence of 
microcalcifications has been noted in follicular 
and anaplastic thyroid carcinomas as well as in 
benign conditions such as follicular adenoma and 
Hashimoto’s thyroiditis. On ultrasound, microcal-
cifications appear as punctate rounded hyper-
echoic foci without acoustic shadowing [8–10] 
[see Fig. 12.3] and may be difficult or impossible 
to differentiate from benign entities mentioned 
above such as cyst back walls or colloid. 
Therefore, an analysis of the presence or absence 
of the other sonographic features associated with 
malignancy (such as all solid consistency and 
infiltrating borders) is helpful in the decision to 
pursue FNA when this type of echogenic foci is 
noted.

12.3  Echogenic Foci with Small 
Comet-Tail Artifacts (≤1 mm 
Long)

A comet-tail artifact is a form of reverberation 
artifact between two reflective interfaces result-
ing in closely spaced reflective echoes. The 
returning sequential echoes may be so close 
together that individual signals are difficult to 
perceive, with the later echoes decreasing in 
amplitude secondary to attenuation. On ultra-
sound, this is displayed as an artifact with 

decreased width and signal strength and mani-
fests as a triangular, tapered shape [1, 11, 12] [see 
Fig. 12.4 and Chap. 5].

Traditionally, all echogenic foci with a 
comet- tail artifact were thought to be a strong 
sign of benignity. This is because the artifact 
was thought to be arising from the inspissated 
crystals of benign colloid nodules [1, 2, 12]. A 
recent study however has shown that the rate 
of malignancy of nodules containing echo-
genic foci with small (<1 mm) comet-tail arti-
fact was similar to those without acoustic 
artifact (around 15 %) [2]. This finding sug-
gests that some malignant microcalcifications 
may also demonstrate small comet-tail artifact. 
This is supported by the literature that shows 
several forms of calcifications in a variety of 
organs and of various sizes demonstrate comet- 
tail artifact [13]. Why some microcalcifica-
tions presumably demonstrate small comet-tail 
artifacts while others do not is unclear but may 
in part be related to factors such as ultrasound 
machine settings (e.g., spatial compounding, 
frame averaging, speckle reduction), trans-
ducer frequency, scanning operator variability, 
and other technical factors. Again, based on 
these findings, the additional parenchymal 
characteristics of the nodule need to be closely 
evaluated in helping to determine if biopsy of 
the nodule is warranted.

Fig. 12.3 Ultrasound image of a 
partially cystic/solid 1 cm thyroid 
nodule containing punctate foci with 
no posterior acoustic artifact (arrow) 
in a 54-year-old female. Biopsy 
finding was suspicion of papillary 
carcinoma (Bethesda V), which was 
confirmed at subsequent surgery
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12.4  Echogenic Foci with Large 
Comet-Tail Artifact (>1 mm)

A recent study demonstrated a very low rate of 
malignancy (3.9 %) in nodules possessing echo-
genic foci with large (>1 mm) comet-tail artifact 
as compared to other echogenic foci. This sug-
gests that these artifacts are most likely second-
ary to those seen with inspissated colloid crystals 
in benign colloid nodules. An older study 
described the comet-tail artifact as a benign fea-
ture in avascular cystic nodules likely related to 
colloid and determined four patterns of the arti-
fact in colloid cysts. In their series, nodules with 
one of these features showed 100 % sensitivity 
and specificity for benignity [12]. Thus, a thyroid 
nodule containing echogenic foci with large 
comet-tail artifacts in a primarily cystic nodule 
suggests benignity and may preclude the need for 
biopsy [2] [see Fig. 12.5].

12.5  Internal Echogenic Foci 
with Posterior Acoustic 
Shadowing

Echogenic foci associated with posterior acous-
tic shadowing are true thyroid calcifications. In 
order to cause the shadowing, the calcification 
is typically larger than 1 mm in size and often 

much larger and can be quite variable in shape 
[see Fig. 12.6]. Pathologically they represent 
fragmented plates, spicules, or granular deposits 
of calcium within fibrous septa in the thyroid 
gland parenchyma and/or nodules. In the litera-
ture, these foci are commonly referred to as 
“macro-” or “coarse” calcifications and are 
thought to be dystrophic calcifications second-
ary to tissue necrosis. The ACR committee on 
thyroid ultrasound in their recent publication of 
a Thyroid Imaging Reporting and Data System 
(TIRADS) chose the term macrocalcification 
for this type of echogenic focus [14, 15]. They 
can be seen in multinodular goiter but also in 
solitary thyroid nodules. Approximately 15 % of 
nodules with these calcifications harbor malig-
nancy. Of note, these are the most common type 
of echogenic foci in medullary type of thyroid 
cancer [2, 3, 8, 10].

12.6  Peripheral Echogenic Foci 
with Posterior Acoustic 
Shadowing

These echogenic foci also are true calcifications 
and are curvilinear in shape, occurring along the 
periphery of nodules and are associated with pos-
terior shadowing [see Fig. 12.7a, b]. In the 
 literature, these peripheral calcifications are fre-

Fig. 12.4 Ultrasound image of an 
irregular margined, predominately 
solid, and hypoechoic 1.8-cm right 
thyroid lobe nodule in a 48-year-old 
female. Echogenic foci with small 
(<1 mm) comet-tail artifact are 
present (arrow). Biopsy finding was 
suspicious of papillary carcinoma 
(Bethesda V), which was confirmed 
at subsequent surgery
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quently referred to as “rim” calcifications or 
“eggshell” calcifications when smooth and regu-
lar and extend around the entire nodule. 
Frequently, the extent of posterior shadowing 
precludes further evaluation of the internal paren-
chymal features of the nodule. In fact, in some 
instances, attempting a biopsy of these nodules is 
nearly impossible if the periphery is completely 

circumscribed by calcification. As seen with 
large internal macrocalcifications, the presence 
of these foci is associated with an increased risk 
of malignancy, as compared to nodules without 
echogenic foci [2]. Nodules that have peripheral 
calcifications that are irregular in thickness or an 
interrupted peripheral calcification with soft tis-
sue extending through the rim are highly likely to 
be malignant [16] [Figs. 12.8 and 12.9].

12.7  Nodules Possessing More 
than One Type 
of Echogenic Foci

Nodules frequently contain more than one type 
of echogenic foci. In a recently published paper, 
almost half of nodules with echogenic foci con-
tained more than one subtype. After nodules with 
large comet-tail artifacts were excluded, the 
chance that malignancy was present increased by 
a factor of 1.48 for every additional type of focus 
seen. This suggests that nodules with more than 
one type of high-risk focus have a greater chance 
of harboring malignancy and, as such, should be 
approached more aggressively in regard to per-
forming a biopsy [2, 8, 10] [see Fig. 12.10].

Fig. 12.5 (a) Ultrasound image of the left thyroid lobe in 
a 61-year-old woman shows a cystic 2.6-cm nodule con-
taining several echogenic foci with large (>1 mm) poste-
rior comet-tail artifacts (arrow). Biopsy finding was 

benign colloid nodule (Bethesda II). (b) Schematic repre-
sentation of the inverted triangle associated with large 
comet-tail artifact (Image courtesy of Matthew Skalski, 
medical illustrator, University of Southern California)

Fig. 12.6 Ultrasound image of a left 2.8-cm solid hyper-
echoic thyroid nodule in a 59-year-old female. Central 
shadowing clumped parenchymal calcification is noted 
(arrow). Biopsy finding was benign colloid nodule with 
Hurthle cell changes (Bethesda II)

12 Feature Illustration: Hyperechoic Foci and Calcifications
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12.7.1  Pitfalls

Punctate echogenic foci, usually over 1 mm in 
size and without distal acoustic shadowing, 
have been observed to develop following FNA 
in benign cystic nodules that lacked these fea-
tures prior to biopsy, most commonly in nod-
ules that dramatically had decreased in size on 
follow-up imaging (Reference [17]/Koo). 
Similar echogenic foci have also been observed 
in nodules that undergo spontaneous involu-
tion (Reference [18]/Kim). Although larger 
than 1 mm, these echogenic foci may be misin-
terpreted to be microcalcifications if earlier 
images of the nodule are not available to appre-
ciate the natural history of the benign-appear-
ing nodule’s involution [Fig. 12.11]. This 

Fig. 12.7 (a) Longitudinal ultrasound image of the left thy-
roid lobe in a 71-year-old female shows a 4-cm predominately 
solid nodule. Peripheral calcifications with posterior shadow-
ing (arrow) are present. Biopsy finding was benign colloid 

nodule (Bethesda II). (b) Ultrasound image of a predomi-
nately solid right thyroid lobe nodule in a 48-year-old female. 
“Eggshell” rim calcifications (arrow) are present with poste-
rior shadowing (arrowhead). Patient deferred biopsy

Fig. 12.8 Ultrasound images of the left lobe in a 52-year- 
old woman show a nodule with thin rim or eggshell calci-
nations that is interrupted along the lateral aspect (arrow). 

(b) Color Doppler showed internal vascularity consistent 
with a solid consistency. Biopsy finding was follicular 
variant of papillary thyroid carcinoma

Fig. 12.9 Longitudinal ultrasound image of the left thy-
roid lobe in a 43-year-old woman shows a nodule (out-
lined by calipers) with peripheral calcifications that are 
irregular in thickness and interrupted by soft tissue 
extending through the calcifications (arrows). Biopsy 
finding was papillary thyroid carcinoma

H. Malhi and E.G. Grant
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misinterpretation is also compounded by the 
tendency of the involuting nodule to have an 
irregular shape and to have distal acoustic 
shadowing caused by the uneven edges of the 
nodule surface, which can also be interpreted 
as suspicious features. The authors speculated 
that the echogenic foci were the result of cel-
lular debris, cholesterol and keratin, and poten-
tially aggregated colloid crystals which 
clumped together as the fluid component of the 
nodule diminished.

12.8  Conclusion

The presence of echogenic foci within thyroid 
nodules is important in that their specific imaging 
characteristics can help determine if the nodule is 
benign versus malignant. It is important to note 
that not all punctate foci without posterior artifact 
will be psammomatous (malignant) microcalcifi-
cations and that some may represent the back wall 
of a cyst or inspissated crystals seen in benign 

Fig. 12.10 Ultrasound image of a 
solid left thyroid lobe nodule 
measuring 4 cm in this 31-year-old 
male. Combination of echogenic foci 
is present including punctate foci with 
no posterior artifact (red arrow), foci 
with small comet-tail artifact (blue 
arrow), and course central 
calcifications with posterior 
shadowing (white arrow). Biopsy 
finding was papillary carcinoma 
(Bethesda VI), which was confirmed 
at subsequent surgery

Fig. 12.11 (a) Ultrasound image of a predominately cys-
tic, colloid-containing right thyroid lobe nodule in a 61-year-
old female. (b) Follow-up imaging 5 months later shows 
interval spontaneous involution of the nodule. The colloid 

material has now coalesced centrally and acoustic shadow-
ing is evident posterior to the nodule. The irregular margins 
of the collapsed cystic nodule and the central echogenic 
focus are both mimics of papillary thyroid carcinoma

12 Feature Illustration: Hyperechoic Foci and Calcifications
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 colloid nodules. Nodules with small comet-tail 
artifacts are indeterminate and should be evaluated 
with caution. Nodules with large comet-tail arti-
facts, especially those in the setting of a cystic 
nodule, are almost always invariably benign. 
Biopsy can clearly be avoided in most of these 
lesions, unless there are other compelling features 
present. Evaluation of nodules with foci demon-
strating posterior acoustic shadowing is more 
straightforward in that these do represent true thy-
roid macrocalcifications. These do have an 
increased association with malignancy but not to 
the extent seen with microcalcifications. While 
important, none of these echogenic foci should be 
evaluated in isolation; rather, the additional paren-
chymal features of the nodule (i.e., solid vs benign, 
irregular vs smooth walled, etc.) should also be 
taken into consideration when determining if fur-
ther nodule evaluation with biopsy is warranted.
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13.1  Nodular Lesions

There are certain situations where color Doppler 
clearly assists in the evaluation of thyroid nod-
ules. The use of color Doppler may aid in distin-
guishing a predominantly cystic nodule from a 
vascular structure within or adjacent to the thy-
roid gland. In the setting of an isoechoic, solid 
nodule, the detection of peripheral vascularity 
can be helpful in confirming that a nodule is 
really present (Fig. 13.1). It can also help in 
defining the extent of the nodule and thus in 
accurately measuring the nodule. Color Doppler 
can also be useful in the assessment of complex 
cystic nodules that have internal regions of 
increased echogenicity. It is useful both for diag-
nosis and for targeting a biopsy to determine if 
the echogenic portion of a mixed cystic and solid 
nodule merely represents internal debris or hem-
orrhage or represents a true solid component. If 
the solid-appearing component has no detectable 
blood flow, it is often clotted blood, which can 
usually be confirmed by noting mobility while 
scanning the patient in an upright or decubitus 
position (Figs. 13.2 and 13.3). To improve the 

diagnostic yield, FNA of avascular components 
should be avoided in lieu of solid components 
with detectable vascularity.

The value of color Doppler in distinguishing 
benign and malignant nodules is much less cer-
tain. Many investigators have analyzed the degree 
and pattern of vascularity in thyroid nodules. 
Most have shown that intranodular vascularity is 
statistically more likely to be detected in malig-
nant nodules (Fig. 13.4) than in benign nodules 
(Fig. 13.5). Unfortunately, they have also shown 
that malignant nodules have a range of vascular 
patterns as well as a range of degrees of vascular-
ity (Fig. 13.6). In addition, benign nodules have 
been shown to have a broad range of vascular 
patterns and degrees, including hypervascular 
internal flow (Fig. 13.7). The amount of overlap 
in the vascularity of benign and malignant nod-
ules substantially limits the value of vascularity 
in the differentiation of these nodules.

Table 13.1 summarizes the results of a number 
of studies that had histologic proof and specifi-
cally determined the statistics of nodule vascular-
ity independent of gray-scale findings [1–12]. 
Most have divided flow patterns into peripheral 
and intranodular. The definition of flow that 
increases the risk of malignancy varies but 
included (1) any detectable peripheral or intrano-
dular flow, (2) any detectable intranodular flow, 
(3) isolated or predominant intranodular flow, and 
(4) marked intranodular flow. Using these differ-
ent criteria, the sensitivity, specificity, positive 

mailto:middletonb@wustl.edu
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Fig. 13.1 Value of color Doppler with isoechoic nodules. 
(a) Longitudinal gray-scale view shows a solid isoechoic 
nodule that is very difficult to visualize and measure.  

(b) Longitudinal color Doppler view shows perinodular 
blood flow that defines the margin of the nodule

Fig. 13.2 Value of color Doppler with cystic nodules con-
taining eccentric solid components. (a) Longitudinal gray-
scale view shows a predominantly cystic nodule that has 
what appears to be a solid mural nodule (N). Because of this 
solid component, this patient had been scheduled for FNA. 
(b) Transverse color Doppler view shows lack of blood flow 

in the apparent solid mural nodule. This suggests the solid 
lesion may be a luminal blood clot and not a mural nodule. 
(c) Longitudinal view with the patient in the upright position 
shows that the avascular solid component has moved to the 
inferior portion of the cyst, confirming that it is mobile and 
not a mural nodule. In this case, FNA was canceled

W.D. Middleton
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predictive value, and negative predictive  values 
ranged from 15 to 75 %, 34 to 96 %, 6 to 61 %, 
and 28 to 97 %, respectively. In addition to the 
statistics mentioned above, one can use an odds 
ratio to compare the risk of malignancy of a posi-
tive result (for instance, intranodular flow) to  
the risk of malignancy of a negative result (for 

instance, no intranodular flow). A ratio of 5 would 
indicate that a nodule with intranodular flow was 
five times more likely to be malignant than a nod-
ule without intranodular flow. As Table 13.1 
shows, the odds ratios ranged from 0.2 to 9.4. In 
most cases the odds ratio was less than 2. In a 
study that included 31 malignant nodules, Papini 

Fig. 13.3 Value of color Doppler with cystic nodules 
containing eccentric solid components. (a) Longitudinal 
gray-scale view shows a nodule (cursors) with a cystic 
component in the nondependent portion and a solid com-
ponent (N) in the dependent portion. The differential diag-
nosis based on this image is a cyst with dependent debris 

or clot versus a cyst with a solid eccentric mural nodule. 
(b) Corresponding color Doppler view shows intense 
hypervascularity in the solid component, confirming it is a 
mural nodule. Cytology was interpreted as a follicular 
lesion of undetermined significance

Fig. 13.4 Papillary thyroid cancer with hypervascular 
intranodular blood flow. (a) Longitudinal gray-scale view 
shows an intermediate suspicion, entirely solid, slightly 
hypoechoic smoothly marginated nodule (cursors) with 

refractive shadowing and no calcifications. (b) Corres-
ponding color Doppler view shows marked intranodular 
blood flow

13 Feature Illustration: Vascularity



Fig. 13.5 Benign nodular hyperplasia with predomi-
nantly peripheral flow. (a) Longitudinal gray-scale view 
shows a low suspicion, almost entirely solid, isoechoic, 

smoothly marginated nodule (cursors) with no calcifica-
tions. (b) Corresponding color Doppler view shows abun-
dant peripheral flow and almost no central flow

Fig. 13.6 Spectrum of vascularity in malignant thyroid 
nodules. (a) Papillary thyroid cancer (cursors) with no 
detectable blood flow. (b) Papillary thyroid cancer (cur-

sors) with minimal internal blood flow. (c) Medullary thy-
roid cancer (cursors) with hypervascular internal blood 
flow

Fig. 13.7 Benign nodular hyperplasia with hypervascular 
internal blood flow. (a) Transverse gray-scale view shows 
an intermediate suspicion, lobulated, predominantly solid, 

slightly hypoechoic smoothly marginated nodule (cursors) 
with no calcifications. (b) Corresponding color Doppler 
view shows hypervascular internal blood flow
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et al. had the highest odds ratio of 9.4 using any 
intranodular flow as the criterion [2]. In this study, 
intranodular flow had a 24.5 % risk of malignancy 
and no intranodular flow had a 2.6 % risk of 
malignancy.

In a recent study of 1342 benign and 160 
malignant nodules (malignant rate of 10.6 %), 
suspicious flow was defined in two different 
ways [12]. Intranodular flow of any degree 
regardless of the presence or degree of peripheral 
flow had an odds ratio of 1.28 and a positive pre-
dictive value of 11.5 %. Intranodular flow with-
out peripheral flow or exceeding peripheral flow 
had an odds ratio of 3.3 and a positive predictive 
value of 31.6 %. The authors concluded that 
Doppler evaluation of blood flow was not 
helpful.

In another large study of 5851 benign and 284 
malignant nodules (malignant rate of 4.6 %), 
intranodular flow of any degree was considered 
suspicious for malignancy [4]. Using this crite-
rion, the odds ratio was 1.4 and the positive pre-
dictive value was 5.6 %. Doppler findings were 
not included in the final recommendations of this 
study.

In a study of 814 benign and 269 malignant 
nodules (malignant rate of 24.8 %), suspicious 
flow was defined in two different ways [7]. In 
both cases there was actually a negative correla-
tion with malignancy.

A meta-analysis of studies including 7578 
nodules used increased intranodular flow as the 
criterion for malignancy and found a sensitivity 
of 48 % and a specificity of 53 % [11]. The authors 
did not conclude that analysis of vascularity was 
helpful.

In a slightly different analysis, Phuttharak 
compared the results of gray-scale findings alone 
versus the combination of gray-scale and Doppler 
findings [13]. Central hypervascularity that excee-
ded flow in the remainder of the nodule was 
 considered suspicious for malignancy. The sensi-
tivity, specificity, positive predictive value, and 
negative predictive value were 80 % (4/5), 84.6 % 
(22/26), 50 % (4/8), and 95.7 % (22/23), respec-
tively, for gray-scale findings alone and 40 % 
(2/5), 96.2 % (25/26), 66.7 % (2/3), and 89.3 % 
(25/28) for combined gray-scale and Doppler 

findings. The authors concluded that Doppler 
findings were useful since they improved the 
specificity and the positive predictive values, 
albeit with a loss of sensitivity. A significant limi-
tation of this study was the low number of 
 nodules that were analyzed (only 31 total nodules 
and only five malignant nodules).

There is some data that suggests Doppler flow 
patterns may add clinically useful information 
for nodules that have been aspirated and have 
cytology indicative of follicular lesions of unde-
termined significance or atypia of undetermined 
significance [14–17]. Approximately 15–20 % of 
these indeterminate lesions ultimately are shown 
to be malignant. Currently there are no gray-scale 
sonographic features that assist in separating the 
benign and malignant nodules in this category. 
However, intranodular vascularity has been 
shown in several studies to be more closely asso-
ciated with malignancy (Fig. 13.8). Sensitivity, 
specificity, positive predictive value, and nega-
tive predictive value range from 80 to 86 %, 39 to 
90 %, 23 to 51 %, and 90 to 97 %, respectively. 
The odds ratio for a positive result ranges from 
2.8 to 17.7. Table 13.2 shows the results of 
 several studies that had histologic proof and spe-
cifically determined the statistics of nodule 
 vascularity independent of gray-scale findings. 
DeNicola also evaluated measurement of RI val-
ues from the nodules and using a cutoff value of 
less than 0.75 as a sign of malignancy obtained a 
sensitivity of 40 %, specificity of 97 %, positive 
predictive value of 67 %, negative predictive 
value of 92 %, and an odds ratio for a positive 
result of 8.4 [15]. These results suggest a compli-
mentary role for color Doppler in the manage-
ment of follicular lesions. However, it is 
important to realize that in individual patients the 
presence of central flow (Fig. 13.9) does not 
ensure that a lesion is malignant and predomi-
nantly peripheral flow does not exclude a 
malignancy.

In summary, Doppler evaluation of nodule 
blood flow is much less helpful than gray-scale 
evaluation. While detection of intranodular vas-
cularity may increase the risk of malignancy 
minimally, many benign nodules are hypervascu-
lar (Figs. 13.7 and 13.9), and the absence of 
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Fig. 13.8 Follicular 
cancer with predominant 
central internal blood flow. 
(a) Transverse gray-scale 
view shows a large, 
entirely solid, hypoechoic, 
intermediate suspicion 
nodule (cursors) with 
smooth margins and no 
calcifications. (b) 
Longitudinal color Doppler 
view shows readily 
detectable blood flow 
throughout the center of 
the nodule

Table 13.2 Relationship of the pattern of nodular blood flow and risk of malignancy for nodules with cytologic results 
of follicular neoplasm, follicular lesions of undetermined significance, or atypia of undetermined significance

Study Criteria used
# of 
nodules % malignancy

Sens 
(%)

Spec 
(%)

PPV 
(%)

NPV 
(%)

Odds 
ratio

Iared 2010 [17]a Predominant 
intranodular

457 14.7 (67/457) 85.1 86.2 51.4 97.1 17.7

Choi 2009 [16] Intranodular flow 114 21.9 (25/114) 84 39 28 90 2.8

DeNicola 2005 [15] Predominant 
intranodular

86 11.6 (10/86) 80 90 50 97 17.2

Fukanari 2004 [14] Intranodular flow 310 14.2 (44/310) 86 52 23 96 5.4

Sens = sensitivity, Spec = specificity, PPV = positive predictive value, NPV = negative predictive value
aMeta-analysis
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detectable internal flow in no way excludes 
malignancy (Fig. 13.6). In 2009 the American 
Thyroid Association guidelines for patients with 
thyroid nodules included increased intranodular 
flow as a malignant feature that warranted FNA 
at a smaller nodule size (along with several well- 
known gray-scale findings) [18]. The guidelines 
published in 2015 eliminated this Doppler find-
ing in their recommendations for FNA of a thy-
roid [19].

13.2  Hyperthyroidism

Distinction of Graves’ disease, the most common 
cause of hyperthyroidism, and thyrotoxicosis 
caused by destructive thyroiditis (subacute thyroid-
itis, silent thyroiditis, pregnancy-related thyroiditis) 
is generally made based on a combination of clini-
cal and laboratory findings. Radioactive iodine 
uptake and scanning have traditionally been used 
when imaging is necessary and are generally con-
sidered the gold standard. However, radioactive 
iodine is a relatively expensive and time-consuming 
examination that cannot be used in pregnancy or in 
breast-feeding women. Given its widespread avail-

ability, ultrasound and Doppler have now assumed 
an important complimentary role.

Ralls originally recognized the color Doppler 
hypervascularity of Graves’ disease and coined 
the term “thyroid inferno” (Fig. 13.10) in 1988 
[20]. Since then there have been a number of 
studies showing that there are statistically signifi-
cant differences in the subjective categorization 
of Doppler vascularity between Graves’ disease 
and destructive thyroiditis [21, 22] and from 
other forms of thyroid disease [23] and from 
euthyroid controls [23]. In a study of 65 patients, 
Kumar found mild to moderate patchy or diffuse 
increased flow in 32/34 patients with Graves’ dis-
ease (sensitivity 94 %) and only 1/31 patients 
with destructive thyroiditis (specificity 97 %) [21]. 
Uchida et al. had much less encouraging results 
[22]. In a study of 215 patients, they found mild 
or marked increased flow in a patchy or diffuse 
distribution in 112/194 patients with Graves’ dis-
ease (sensitivity 58 %) and in 1/21 patients with 
painless thyroiditis (specificity 95 %).

Given the inconsistent results with subjective 
analysis of parenchymal blood flow, some inves-
tigators have described quantitative techniques 
for measuring blood flow. These generally use 

Fig. 13.9 Follicular adenoma with central and peripheral 
blood flow. (a) Longitudinal gray-scale view shows a 
large, entirely solid, hypoechoic, intermediate suspicion 
nodule (cursors) with smooth margins and no calcifica-

tions. (b) Longitudinal color Doppler view shows readily 
detectable blood flow throughout the center and periphery 
of the nodule
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software that analyze color or power Doppler 
images of the thyroid and calculate a percentage 
of blood flow by comparing the number of pixels 
with color Doppler signals to the total number of 
pixels within a selected region of interest. In a 

study of 114 patients, Ota used proprietary soft-
ware built in to their ultrasound unit and found 
mean thyroid total blood flow values of 14.9 % 
(±6.4 %), 0.8 % (±0.5 %), 0.9 % (±0.7), and 0.8 % 
(±0.5 %) for Graves’ disease, painless thyroiditis, 

Fig. 13.10 Graves’ 
disease with classic 
“thyroid inferno” 
hypervascularity. (a) 
Transverse gray-scale view 
shows an enlarged thyroid 
that is slightly hypoechoic 
and slightly heterogeneous. 
There are no nodules. (b) 
Corresponding color 
Doppler view shows 
intense, homogeneous, 
diffuse hypervascularity. 
(c) Corresponding power 
Doppler view shows 
findings similar to the 
color Doppler image

13 Feature Illustration: Vascularity
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subacute thyroiditis, and normal controls, respec-
tively [24]. Using a cutoff of 4 % resulted in a 
sensitivity and specificity of 100 %. Using power 
Doppler and a different quantification method, 
Banaka also calculated the percent blood flow  
in the thyroid [25]. In the right lobe, they found 
values of 24.2 % (±16.3 %), 10.3 % (±7.1 %), 
14.7 % (±13.8 %), and 3.7 % (±3.5 %), for Graves’ 
disease, euthyroid Hashimoto’s disease, hypo-
thyroid Hashimoto’s disease, and normal 
 controls, respectively. Very similar values were 
obtained in the left thyroid lobe. Using a cutoff 
value of 7.4 % for the right lobe and 5.6 % for the 
left lobe, they obtained a sensitivity of 82–89 % 
and specificity of 85–88 % for distinguishing 
autoimmune disease (Graves’ and Hashimoto’s) 
from normal controls. Although these techniques 
can theoretically improve on subjective assess-
ment of vascularity, they are cumbersome, very 
dependent on adjustment of technical parameters, 
and not uniformly available.

Analysis of arterial waveforms has also 
received a great deal of attention. Measurement of 
velocity, flow volume, resistive index, and other 
parameters have been studied. Most studies have 
focused on the superior or inferior thyroidal artery. 
The results from several studies are summarized in 
Table 13.3 [21, 26–28]. The mean peak systolic 
velocity in either the ITA or STA ranged from 58 to 
78 cm/s, 21 to 33 cm/s, and 17 to 33 cm/s, for 

Graves’ disease, destructive thyroiditis, and euthy-
roid controls, respectively. Using cutoff values 
from 30 to 45 cm/s to distinguish Graves’ disease 
from destructive thyroiditis, sensitivity has ranged 
from 76 to 95 %, and specificity has ranged from 
81 to 100 % (Fig. 13.11).

Uchida et al. [22] compared PSV measure-
ments to a subjective grading system of paren-
chymal blood flow in 194 patients with Graves’ 
disease and 21 with painless thyroiditis. They 
found 27 patients with Graves’ disease who had 
no parenchymal flow or flow seen as minimal 
color spots and 55 patients with patchy uneven 
distribution of flow. Seventy Graves’ patients had 
a mild increased flow in a patchy distribution, 
and 42 had a marked increase in flow in a diffuse 
distribution. They concluded that subjective 
analysis of parenchymal flow was useful in mak-
ing the diagnosis of Graves’ disease when it was 
clearly increased, but that Graves’ disease could 
not be excluded when parenchymal flow was 
decreased. Interestingly, in the group of Graves’ 
patients with decreased parenchymal flow, mea-
surement of STA-PSV remained higher than in 
the patients with painless thyroiditis (41 ± 32 cm/s 
vs. 27 ± 14 cm/s). Using a cutoff of 30 cm/s, they 
achieved a sensitivity of 74 % and a specificity of 
77 %. A velocity cutoff of 45 cm/s produced a 
low sensitivity but a positive predictive value and 
specificity of 100 %.

Table 13.3 Comparison of peak systolic velocity in patients with Graves’ disease and destructive thyroiditis

Article #
Artery 
studied

Velocity mean

Cutoff Statistics (%)
Graves’  
disease

Destructive 
thyroiditis

Euthyroid 
controls

Zuhur 2014 
[27]a

20 Mean ITA 59 ± 25 
(13–146)

21 ± 5 (11–34) 17 ± 4 (7–29) 40 cm/s Sens 76

Spec 100

30 cm/s Sens 95

Spec 95

Chen 2012 
[28]

220 Mean STA 75 cm/s ± 2.8 33 cm/s ± 2.3 33 cm/s ± 3.5 45.25 cm/s Sens 80.4

Spec 81.4

Kumar 2009 
[21]

65 Mean ITA 58 ± 13 22 ± 5 40 cm/s Sens 94

Spec 100

Uchida 2010 
[26]

57 Mean STA 78 ± 36 28 ± 13 21 ± 8 45 cm/s Sens 84

Spec 92

ITA = inferior thyroidal, STA = superior thyroidal artery, Sens = sensitivity, Spec = specificity
aPregnant patients with Graves’ disease, destructive thyroiditis, and gestational thyrotoxicosis
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Fig. 13.11 Graves’ 
disease with elevated 
inferior thyroidal artery 
peak systolic velocity. (a) 
Longitudinal gray-scale 
view shows an enlarged 
thyroid that is 
heterogeneous and 
hypoechoic. There are no 
nodules. (b) Corresponding 
color Doppler view shows 
intense, homogeneous, 
diffuse hypervascularity. 
(c) Pulsed Doppler 
waveform from the inferior 
thyroidal artery shows an 
elevated peak systolic 
velocity of 91.8 cm/s

13 Feature Illustration: Vascularity
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Doppler analysis has also been shown to be 
helpful in distinguishing the two different types 
of amiodarone-induced thyrotoxicosis (AIT) [29, 
30]. Type 1 AIT usually occurs in thyroid glands 
that have preexisting abnormalities such as dif-
fuse or nodular goiters or Graves’ disease prior  
to amiodarone therapy. It is usually treated with 
thionamides and potassium perchlorate therapy. 
These glands generally have an abnormal gray- 
scale appearance and increased parenchymal 
blood flow. Type 2 AIT is a destructive thyroiditis 
caused by cytotoxic effects of amiodarone on a 
normal gland. It is usually treated with glucocor-
ticoids. These glands typically have a relatively 
normal gray-scale appearance and no vascularity 
[29]. Bogazzi subjectively graded parenchymal 
blood flow into four different patterns ranging 
from no flow or minimal color spots (grade 0) to 
markedly increased flow (grade 3). Pattern 0 was 
seen in all 16 untreated patients with type 2 AIT, 
all nine euthyroid patients on long-term amioda-
rone treatment, all nine patients with subacute 
 thyroiditis, and all 26 normal controls. Of the 11 
patients with type 1 AIT, seven had pattern 1, one 
had pattern 2, and three had pattern 3 [31]. In a 
follow-up study, Bogazzi et al. studied 55 patients 
with AIT. Of the 16 patients with type 1 disease, 13 
had patchy parenchymal flow in an uneven distri-
bution, two had mild hypervascularity in a patchy 
distribution, and one had marked hypervascularity 
in a diffuse homogeneous distri bution. All 39 
patients with type 2 disease had pattern 0 [32].

It is almost always easy to differentiate 
Graves’ disease from Hashimoto’s thyroiditis 
based on clinical and laboratory analysis. But 
patients may have ultrasound scans performed 
prior to the diagnosis. Since there is overlap in 
the gray-scale and color Doppler appearance of 
these conditions, Doppler waveform analysis  
has been used to help make the distinction. 

Erdogan et al. measured peak systolic velocity in 
perithyroidal arteries (not otherwise specified) 
and found statistically significant differences 
between Graves’ disease (mean velocity in 29 
patients = 48 cm/s ± 12) and Hashimoto’s thyroid-
itis (mean velocity in 24 patients = 22 cm/s ± 8) 
[23]. Banaka et al. measured the peak systolic 
velocity in the inferior thyroid artery in patients 
with Graves’ disease (n = 29), hypothyroid 
Hashimoto’s thyroiditis (n = 54), euthyroid 
Hashimoto’s thyroiditis (n = 70), and normal con-
trols (n = 48) [25]. The mean velocities are shown 
in Table 13.4. There were significant differences 
between Hashimoto’s thyroiditis and Graves’ dis-
ease and between the entire group of patients  
and the normal controls. Using a cutoff value of 
61 cm/s to distinguish Hashimoto’s thyroiditis 
from Graves’ disease, the sensitivity was 83 % 
and the specificity was 87 %. They found that 
peak systolic velocities were superior to quantita-
tive measurement of vascularity index and supe-
rior to subjective analysis of parenchymal 
echogenicity (Fig. 13.12). Resistive indices were 
also calculated on the Doppler waveforms but 
were not useful.

Table 13.4 Peak systolic velocity measurements (mean 
and standard deviation) from the inferior thyroidal artery 
of the right and left lobes in patients with Graves’ disease, 
Hashimoto’s thyroiditis, and normal controls [25]

Condition Right lobe (cm/s)
Left lobe 
(cm/s)

Euthyroid 
Hashimoto’s 
thyroiditis

40 (±15) 43 (±14)

Hypothyroid 
Hashimoto’s 
thyroiditis

52 (±36) 45 (±22)

Graves’ disease 83 (±43) 88 (±46)

Normal controls 19 (±9) 20 (±9)
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Fig. 13.12 Hashimoto’s 
thyroiditis. (a) Transverse 
gray-scale view shows an 
enlarged thyroid that is 
slightly hypoechoic and 
slightly heterogeneous. 
There are no nodules. The 
gray-scale features are 
consistent with either 
Hashimoto’s thyroiditis or 
Graves’ disease. (b) 
Longitudinal color Doppler 
view shows intense, 
homogeneous, diffuse 
hypervascularity. The color 
Doppler features are 
consistent with either 
Hashimoto’s thyroiditis or 
Graves’ disease. (c) Pulsed 
Doppler waveform from 
the inferior thyroidal artery 
shows a peak systolic 
velocity of 30.4 cm/s. This 
is higher than normal but 
less than expected for 
Graves’ disease. In this 
case the arterial velocity 
suggests Hashimoto’s 
thyroiditis rather than 
Graves’ disease

13 Feature Illustration: Vascularity
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14.1  Introduction

Over the last three decades, ultrasound (US) 
imaging of thyroid nodules has aimed for risk 
stratification for thyroid cancer to assist with 
identification of those nodules for which fine- 
needle aspiration (FNA) biopsy is recommended. 
Initial reports focused on correlations between 
individual grayscale features with thyroid cancer 
and identified relationships with solid composi-
tion, hypoechogenicity including marked 
hypoechogenicity, irregular margins, the pres-
ence of microcalcifications, and a taller-than- 
wide shape [1]. In addition, documentation of 
increased intranodular vascularity with either 
color flow or power Doppler imaging was corre-
lated with malignancy in populations with a higher 
prevalence of follicular rather than papillary 
cancers [2, 3].

Exclusive reliance on identification of these 
individual features for FNA decision-making is 
tempered by two main observations. First, two 
recent meta-analyses of the extensive literature 
of observational reports correlating ultrasound 
features and thyroid cancer detected significant 

heterogeneity among studies [4, 5]. In part, this 
may be attributed to significant interobserver 
variability for accurate sonographic feature 
classification [1, 6]. In fact, the correct identifica-
tion of microcalcifications, one of the individual 
features associated with the highest likelihood of 
cancer, is correlated to the proficiency of the 
sonographer, with overcall by less experienced 
operators [4], potentially leading to inappropriate 
recommendations for FNA. Second, focus on the 
individual features is predicated upon the errone-
ous assumption that these features are present 
independently of each other; rather, the appear-
ance of some features is highly correlated with 
others. For example, microcalcifications almost 
exclusively appear in solid hypoechoic nodules. 
Similarly, irregular borders, which demarcate the 
interface between the nodule’s echogenicity and 
the surrounding thyroid, by definition, are gener-
ally only apparent in a hypoechoic nodule when 
the background thyroid echotexture is usually 
normal. This natural relationship among features 
leads to the concept of identifying sonographic 
patterns, specifically defining characteristic 
nodule appearances that are each composed of a 
constellation of individual sonographic features 
simultaneously manifest together.

Currently, there are several systems of sono-
graphic patterns for thyroid nodule risk stratifica-
tion, developed for the most part by single 
institutions. They share the fact that pattern 
recognition is more reproducible among different 
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operators [7–9] and is less influenced by 
 physician experience [7]. This is the first step to a 
more standardized evidence-based approach to 
FNA decision-making.

14.2  Classification Systems 
of Sonographic Patterns

In 2005, Reading first introduced the concept of 
pattern recognition, subtitling his article “A 
‘Classic Pattern’ Diagnostic Approach” [10]. His 
report described “the classic appearances of some 
of the commonly encountered benign and malig-
nant nodules that are seen in day-to-day prac-
tice.” And he foreshadowed that “Although more 
than half of all thyroid nodules encountered in 
day-to-day practice will fit into one of the classic 
categories, this article is not meant to be a com-
plete description of the ultrasound appearances 
of all conceivable types of thyroid nodule, as 
many nodules will not fall into one of these spe-
cific categories. It is likely that additional classic 
nodule appearances will be identified over time.” 
Four patterns of nodules requiring FNA and five 
patterns of nodules for which FNA can be avoided 
were presented, but the report is qualitative with-
out application and validation in a subset of 
nodules.

Since then, publications from groups around 
the world have addressed defining nodule sono-
graphic patterns with associated quantitative risk 
stratification for malignancy. Validation for these 
systems varies, retrospective or prospective, gen-
erally single group. In addition, over the last 
2 years, secondary publications have begun to 
appear that apply these classification schemes to 
different populations, for the most part reporting 
similar results. However, no one system has 
achieved universal acceptance, leading to some 
confusion for the practitioners of sonography. 
The next paragraphs describe the sonographic 
pattern classification systems most widely refer-
enced in current practice.

The first Thyroid Imaging Reporting and 
Data System (TIRADS) was developed in 2009 
[9] and was based upon the concepts of the origi-
nal Breast Imaging Reporting and Data System 

(BIRADS) that defined mammographic categories 
according to cancer risk. Using pattern recogni-
tion, the objective of this TIRADS classification 
was not only to identify thyroid nodules for FNA 
but also to define those associated with a negli-
gible malignancy risk such that FNA could be 
avoided. This original TIRADS system described 
in 2009 by Horvath et al. defined six categories, 
with TIRADS 1 normal thyroid, TIRADS 2 
benign nodules, TIRADS 3 probably benign 
nodules, TIRADS 4 suspicion nodules, TIRADS 
5 probably malignant nodules, and TIRADS 6 
diagnosed malignancy [9]. Therefore, essentially 
only four main categories apply to nodules, and 
these (TIRADS 2–5) are characterized by both 
grayscale and Doppler ultrasound criteria to 
define ten patterns (Table 14.1). In the defining 
study of 1097 nodules, all 62 TIRADS 2 nodules 
were cytologically benign, and the probability of 
a malignant FNA cytology increased, 3.4 %, 
14 %, and 87 %, respectively, in TIRADS 3, 4, 
and 5. In addition the authors subdivided 
TIRADS 4 into 4a and 4b with respective malig-
nant cytology risks of 7 and 27 %. Since its 
inception, the applicability and clinical use of 
this original TIRADS have been limited in part 
due to the perceived intricacy of the ten pattern 
descriptions subgrouped under TIRADS 2–5.

Park proposed thyroid imaging reporting based 
upon a logistic regression equation to estimate 
cancer risk that was derived from a database of 
1694 nodules with ultrasound imaging and FNA 
results [11]. Each ultrasound exam was scored 
according to the absence or presence of 12 ultra-
sound features which resulted in a five- category 
scale: thyroid ultrasound (TUS) 1–5. FNA was 
not recommended for TUS 1 and TUS 2. This 
system has not been widely adapted again 
because of the complexity inherent in categoriz-
ing multiple sonographic features and entering 
the score into a logarithmic equation to decide 
about FNA.

The goal of the second iteration of TIRADS, a 
system developed in Korea by Kwak et al. in 
2011, was to develop a “practical” and less 
complex TIRADS stratifying malignancy risk 
and focused on FNA decision-making [12] 
(Table 14.1). These authors stressed that in 
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 parallel to BIRADS, differentiating category 3 
from 4 was crucial because surveillance is recom-
mended for the former and biopsy for the latter. In 
addition, they also introduced a 4c subcategory. 
The study included 1658 nodules larger than 1 cm 
that underwent FNA. In a multivariate analysis, 
five ultrasound features were associated with 
malignancy: solid composition, hypo- or marked 
hypoechogenicity, irregular or microlobulated 
margins, microcalcifications, and taller-than- wide 
shape. Using a derived regression equation, can-
cer risk exponentially increased with the number 
of suspicious ultrasound features present. With 
these findings, the authors proposed a new 
TIRADS classification system: TIRADS 3 no 
suspicious features, TIRADS 4a one suspicious 
feature, TIRADS 4b two suspicious features, 
TIRADS 4c three or four suspicious features, and 
TIRADS 5 five suspicious features. A main limi-
tation of this classification system was each fea-
ture was assigned the same weight even though 
the authors noted that odds ratios for malignancy 
of certain features, such as irregular or microlobu-
lated margins and microcalcifications, were 
higher than those of solid composition and 
hypoechogenicity. Furthermore, inherent in this 
type of checklist classification scheme is the 
assumption that each feature can occur indepen-
dently of the other four and is therefore just as 
likely to be the only suspicious finding. For exam-
ple, TIRADS 4a is defined by only one suspicious 
feature. This could certainly be solid composition, 
but it would be highly unlikely that microlobu-
lated or irregular margins would be the one ele-
ment defining TIRADS 4a nodule because these 
types of margins virtually always occur in solid 
hypoechoic or markedly hypoechoic nodules. 
Hence, a total of three characteristics are present, 
all of which are highly correlated, and these then 
define a TIRADS 4c nodule.

Subsequently, the Korean Society of Thyroid 
Radiology sought to modify the initial Kwak 
TIRADS system by assigning a different risk 
score to each suspicious ultrasound feature 
according to their odds ratios for cancer predic-
tion derived from a multicenter retrospective 
study [13]. The total score associated with each 
nodule could then be used to predict malignancy 

risk. For example, the scores for hypo- versus 
marked hypoechogenicity were 2 and 6 points, 
respectively. No risk score was assigned to com-
position. However, what resulted from this new 
scheme was no longer a pattern recognition clas-
sification; rather, this scoring system reverted to 
identification of individual sonographic features 
and has not been widely adopted.

Also recognizing the differing probabilities of 
malignancy associated with the five ultrasound 
features, Russ and his colleagues proposed a 
third TIRADS classification scheme in 2013 [8], 
now referred to as the French system [14] 
(Table 14.1). Solid composition was removed 
from the list of high suspicion sonographic fea-
tures. In addition, only marked, but not mild, 
hypoechogenicity was included in the list. High 
suspicion features were specifically defined as 
irregular shape, irregular borders, marked 
hypoechogenicity, microcalcifications, and, if 
available, high stiffness on elastography, but elas-
tography was not considered prerequisite for this 
TIRADS classification. Mild hypoechogenicity 
in the absence of high suspicion features was cat-
egorized as TIRADS 4a. The presence of only 
one or two high suspicion features led to a 
TIRADS 4b category, but once three or more fea-
tures were present, the nodule was classified as 
TIRADS 5. This system was validated in a pro-
spective 2-year study of 4550 nodules (4.5 % 
prevalence of thyroid cancer) that underwent US 
FNA. In addition, the authors estimated a 34 % 
reduction in the number of FNAs if biopsy was 
not recommended for stable TIRADS 2 and 3 
nodules [8].

Recognizing that the current TIRADS classifi-
cations have originated from individual institu-
tions and none have been widely adapted in the 
United States, the American College of Radiology 
(ACR) has prioritized development of a TIRADS 
system, with the ultimate aim of applying it to risk 
stratification and triage of nodules for FNA or 
observation [15]. The initial step of the committee 
charged with this project was to develop a lexicon 
of defined sonographic features demonstrated to 
be consistently associated with either benignity or 
malignancy, which could be used to describe 
every thyroid lesion. The lexicon contains six 
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ultrasound categories: composition, echogenicity, 
shape as taller than wide, size based upon maxi-
mal diameter, margins, and echogenic foci. Each 
category contains terms describing the varied 
appearances within that category, with discussion 
of the associated malignancy risk. The purpose of 
the lexicon is to develop a structured method for 
nodule evaluation and to decrease the variation of 
thyroid nodule reporting currently seen in the 
radiology practices in the United States. Although 
the authors recognized that nodule size is not gen-
erally correlated with cancer risk, the purpose of 
its inclusion is for the future development of ACR 
Guidelines for thyroid nodule management. The 
next step of this project, currently underway, 
includes statistical validation of the lexicon 
reporting system; therefore, this ACR TIRADS is 
still under development and not ready for clinical 
application.

The current 2015 American Thyroid 
Association (ATA) Management Guidelines for 
Adult Patients with Thyroid Nodules and 
Differentiated Thyroid Cancer sought to make 
pattern recognition more straightforward and 
reproducible for physicians who perform sonog-
raphy on patients in their practices [16]. The ATA 
task force recognized the existence of three com-
peting TIRADS systems, none of which has 
achieved universal adoption, as well as their per-
ceived complexity by non-radiologists. The ATA 
Guidelines provide an “atlas” that offers exam-
ples of 15 sonographic nodule images and one 
image of sonographically suspicious lateral cer-
vical lymph node. These 16 images are divided 
into five defined categories of sonographic pat-
terns with associated cancer risks to triage nod-
ules for FNA with recommendations for either 
surveillance or FNA with nodule size cutoffs 
(Fig. 14.1, Table 14.2). The patterns in each cat-
egory were derived from a graded evidence-based 
literature review. The benign category includes 
the pure cyst, and FNA is not recommended, 
unless performed for therapeutic drainage. The 
very low suspicion patterns (cancer risk estimate 
<3 %) are spongiform nodules and mixed cystic 
solid nodules without high suspicion features 
defined as irregular (infiltrative, microlobulated) 

margins, microcalcifications, taller-than-wide 
shape, interrupted rim calcifications with small 
extrusive soft tissue component, evidence of 
extrathyroidal extension, or sonographically sus-
picious cervical lymph nodes. Low suspicion 
nodules (cancer risk estimate 5–10 %) include 
iso- or hyperechoic solid nodules or partially cys-
tic nodules with eccentric solid areas without 
high suspicion features. Cancer risk increases to 
10–20 % for intermediate suspicion nodules that 
are smoothly marginated, hypoechoic, and solid. 
The frequency of cancer is highest (>70–90 %) 
for the high suspicion category that includes solid 
hypoechoic nodules or solid hypoechoic compo-
nent of a partially cystic nodule with any of the 
high suspicion features. Sonographic assessment 
of cervical lymph nodes is also prerequisite for 
all imaging as the presence of suspicious lymph 
nodules mandates FNA of the lymph node regard-
less of nodule pattern. Recommended FNA size 
cutoffs are smaller, 1 cm, for the patterns more 
likely to be associated with cancer and then 
increase as the likelihood of malignancy 
decreases, such that for the very low suspicion 
pattern observation may suffice.

A 2016 publication compared the diagnostic 
performance of the Korean TIRADS system [12] 
with the ATA 2015 sonographic patterns in a ret-
rospective analysis of 1293 supracentimetric nod-
ules that underwent US FNA with 234 (18.1 %) 
detected cancers [17]. Of note, only 44 (3.4 %) 
nodules could not be classified into one of the 
ATA patterns and included iso- or hyperechoic 
nodules with either irregular margins, microcalci-
fications, or taller-than-wide shape; eight (18.4 %) 
were cancers. This chapter author (SM), also an 
author of the ATA Guidelines, appreciates the pro-
vided descriptions of the nonclassifiable nodules. 
The sonographic images incorporated in the ATA 
Guidelines required evidence- based associations 
with cancer from literature review. The ATA 
authors recognized that, although from clinical 
experience certain patterns indicated high-risk 
nodules, there was insufficient evidence to include 
these. Specifically, the excluded patterns were the 
non- hypoechoic types: isoechoic or hyperechoic 
nodules with high suspicion features. This 2016 
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report confirms the significant cancer risk of these 
patterns, similar to that for ATA intermediate sus-
picion nodules. Overall, the Korean TIRADS and 
ATA classifications were highly correlated. In 
addition, using the classification- specific indica-
tions for FNA (TIRADS-FNA for 4a, 4b, 4c, and 
5; ATA-FNA based upon pattern and size cutoff), 
the sensitivity for cancer detection was >95 %, 
and the yield of cancer was high, diagnosed in 
about 25 % of all nodules meeting respective FNA 
criteria. In addition, the negative predictive value 
was >97 % indicating that the ~25 % of nodules 
excluded from FNA in both systems are unlikely 
to be malignant [17].

The most recently introduced pattern scheme 
originates from the American Association of 
Clinical Endocrinologists (AACE) in collabora-
tion with the Italian Associazione Medici 
Endocrinologi (AME) [18]. This is a three-tiered 
pattern classification, also with recommendation 
for either surveillance or FNA at size cutoffs 
determined by cancer risk (Fig. 14.2). Low-risk 

nodules (cancer risk estimate 1 %) include spon-
giform nodules and nodules that are more than 
50 % cystic nodules without suspicious features. 
These suspicious features are the same as those 
identified in the ATA Guidelines, with two differ-
ences: only marked, not mild, hypoechogenicity 
is included and interrupted rim calcifications 
with a soft tissue excrescence are not. Intermediate 
risk (cancer risk estimate 5–15 %) includes both 
mildly hypoechoic and isoechoic solid nodules 
with either smooth or ill-defined margins and 
stillness on elastography if available. High-risk 
lesions (estimated cancer risk 50–90 %) have one 
of the suspicious features. This three-tiered clas-
sification of nodule sonographic patterns is simi-
lar to prior systems and telescopes some of the 
ATA patterns. The AACE/AME three-level sys-
tem telescopes some of the five levels of the ATA 
classification as indicated in Table 14.3.

The current landscape of sonographic patterns 
is confusing; no one classification system is uni-
versally accepted, and the ACR will likely 

Fig. 14.1 American Thyroid Association nodule sonographic patterns and risk of malignancy
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 introduce its own TIRADS in the near future. 
There are commonalities among the systems that 
serve to address the most frequently encountered 
US appearances of nodules. However, more data 
is needed to risk stratify nodules that cannot be 
currently classified in some or all of the systems. 
This includes nodules with isolated macrocalcifi-

cations which may be linear or dystrophic and 
solid nodules with mixed echogenicity. For 
example, none of the classification systems 
address whether a macrocalcification alters the 
cancer risk of a spongiform or isoechoic smoothly 
marginated nodule based upon its grayscale 
parenchymal pattern.

Table 14.2 ATA 2015 sonographic patterns, estimated risk of malignancy, and FNA guidance for thyroid nodules

Sonographic pattern US features

Estimated 
malignancy risk 
(%)

FNA size cutoff 
(largest dimension)

TIRADS 
corresponding 
classification

Benign Purely cystic nodules (no 
solid component)

<1 No biopsya TIRADS 2 
Horvath, Kwak, 
Russ

Very low suspicion Spongiform or partially 
cystic nodules without any of 
the sonographic features 
described in low, 
intermediate, or high 
suspicion patterns

<3 Consider FNA at 
≥2 cm

TIRADS 2 
Horvath, Russ

Observation 
without FNA is 
also a reasonable 
option

TIRADS 2 or 3 
Kwak

Low suspicion Isoechoic or hyperechoic 
solid nodule, or partially 
cystic nodule with eccentric 
solid areas, without 
microcalcification, irregular 
margin or extrathyroidal 
extension, or taller-than-wide 
shape

5–10 Recommend FNA 
at ≥1.5 cm

TIRADS 3 Russ

TIRADS 4a 
Horvath, Kwak

Intermediate 
suspicion

Hypoechoic solid nodule 
with smooth margins without 
microcalcifications, 
extrathyroidal extension, or 
taller-than-wide shape

10–20 Recommend FNA 
at >1 cm

TIRADS 4a 
Horvath, Russ

TIRADS 4b Kwak

High suspicion Solid hypoechoic nodule or 
solid hypoechoic component 
of a partially cystic nodule 
with one or more of the 
following features: irregular 
margins (infiltrative, 
microlobulated), 
microcalcifications, 
taller-than-wide shape, rim 
calcifications with small 
extrusive soft tissue 
component, evidence of 
extrathyroidal extension

>70–90b Recommend FNA 
at ≥1 cm

TIRADS 4b, 5 
Horvath, Russ

TIRADS 4c, 5 
Kwak

US-guided FNA is recommended for cervical lymph nodes that are sonographically suspicious for thyroid cancer
aAspiration of the cyst may be considered for symptomatic or cosmetic drainage
bThe estimate is derived from high-volume centers; the overall risk of malignancy may be lower given the interobserver 
variability in sonography
Adapted from Table 6 ref. [16]
Horvath ref. [9], Russ ref. [8], Kwak ref. [12]
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Fig. 14.2 AACE/AME Thyroid Ultrasound Features and Risk of Malignancy. Reprinted from Endocrine Practice, 
2016; 22: 622–639, with permission from the American Association of Clinical Endocrinologists
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14.3  Application of Sonographic 
Patterns

With the existence of sonographic pattern classi-
fication systems, the question arises of how these 
can be applied not just to FNA decision-making 
but to potentially modify cancer risks associated 
with the Bethesda cytology diagnoses and hence 
better triage patients for surgery. Prior work has 
demonstrated that the presence of individual sus-
picious sonographic characteristics may increase 
a nodule’s cancer risk over that conferred by 
benign, indeterminate, or nondiagnostic cyto-
logic diagnoses [19–21]. Using the Kwak 
TIRADS classification, several papers have com-
bined sonographic patterns with cytologic diag-
noses to refine a nodule’s estimated cancer risk. 
In a study of 1398 cytologically benign nodules, 
the false-negative rate based upon cytology alone 
was only ~1 % for TIRADS 3, 4a, and 4b nodules 
but was considerably higher, 9.8 % and 22 %, 
respectively, for TIRADS 4c and 5 nodules [22]. 
Therefore, repeat US-guided FNA should be con-
sidered for benign thyroid nodules with three or 
more suspicious US features (TIRADS 4c or 5). 
Similarly, the Kwak TIRADS classification has 
been shown to modify the cancer risk in nodules 

with a cytologic diagnosis of follicular neoplasm. 
Although the overall cancer rate was 24 % for 
497 such nodules, risk increased with advanced 
score—TIRADS 4a 14.3 %, TIRADS 4b 23.1 %, 
TIRADS 4c 87.5 %, and TIRADS 5 100 % [23]. 
This may influence recommendations for imme-
diate surgery or extent of surgery versus potential 
molecular testing. For 294 cytologically nondiag-
nostic nodules larger than 1 cm, the malignancy 
rates of TIRADS 3 and 4a were very low, 0.8 and 
1.3 %, indicating that repeat FNA is unnecessary. 
However, for TIRADS 4b, 4c, and 5, the rates 
were 6.1 %, 14.4 %, and 31 %, respectively, thus 
suggesting that nodules with more than one sus-
picious US feature should undergo additional 
sampling [24].

In addition, TIRADS sonographic patterns may 
alter the cancer risk associated with nodules that 
have increased uptake on 18F-fluorodeoxyglucose 
positron emission/computed tomography (18FDG-
PET/CT) scans. Overall, approximately one in 
three (35 %) 18FDG-PET-positive thyroid nodules 
proves to be cancerous [25]. In a Korean study of 
87 nodules incidentally detected with increased 
18FDG uptake, cancer rates of 9 %, 15 %, 39 %, 
72 %, and 100 % were reported for TIRADS 3, 4a, 
4b, 4c, and 5, respectively [26]. In addition, for 

Table 14.3 Comparison of 5-tiered ATA sonographic patterns with 3-tiered AACE/AME risk lesions

ATA 2015 Ref. [16] AACE/AME 2016 Ref. [18]

Benign
Pure cyst

Low risk
Cysts
Most cystic nodules not associated with 
suspicious US features
Isoechoic spongiform nodules

Very low suspicion
Spongiform or partially cystic nodules without any of the 
sonographic features described in low, intermediate or high 
suspicion patterns

Low suspicion
Isoechoic or hyperechoic solid nodule, or partially cystic nodule 
with eccentric solid areas, without microcalcification, irregular 
margin or extrathyroidal extension, or taller than wide shape

Intermediate risk
Slightly hypoechoic or isoechoic nodules 
with ovoid or round shape, with smooth or 
ill-defined margins
May have intranodular vascularity, stiffness 
on elastography, continuous rim 
calcifications

Intermediate suspicion
Hypoechoic solid nodule with smooth margins without 
microcalcifications, extrathyroidal extension, or taller than wide 
shape

High suspicion
Solid hypoechoic nodule or solid hypoechoic component of a 
partially cystic nodule with one or more of the following features: 
irregular margins (infiltrative, microlobulated), microcalcifications, 
taller than wide shape, rim calcifications with small extrusive soft 
tissue component, evidence of extrathyroidal extension

High risk
Nodules with at least one of the following 
features:
Marked hypoechogenicity, speculated or 
microlobulated margins, microcalcifications, 
taller than wide shape, extrathyroidal growth
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these 18FDG-avid nodules, the cancer risk was 
higher in each TIRADS category compared to the 
reference risk for that pattern. Hence US FNA 
should be performed for 18FDG-avid nodules even 
if no suspicious US features are present, such as in 
TIRADS 3 nodules.

14.4  Conclusion

Operationalizing the TIRADS system, with 
decisions about when to recommend FNA, is 
critical to its performance. Current analyses of 
the diagnostic performance of the TIRADS sys-
tems to identify malignancy, with calculation of 
sensitivities, specificities, likelihood ratios, 
diagnostic odds ratios, and receiver-operator 
curves, are predicated on binary decision-mak-
ing for FNA based upon a given sonographic 
pattern without modification by nodule size. 
This means that a TIRADS 3 nodule does not 
undergo FNA, but FNA is performed for all 
TIRADS 4 nodules. However, there are already 
discrepancies in TIRADS application in prac-
tice with some groups performing FNA for 
TIRADS 3 lesions [27].

In addition, since none of the TIRADS sys-
tems to date apply nodule size cutoffs to modify 
FNA decision-making for a certain TIRADS cat-
egory, this means that more potentially clinically 
indolent thyroid cancers representing a reservoir 
of disease may be diagnosed [28, 29]. These clin-
ically indolent cancers may include subcentime-
ter classic papillary thyroid cancers that image as 
TIRADS 4 or 5 [28] or supracentimeter follicular 
variants of papillary cancers or even noninvasive 
follicular thyroid neoplasms with papillary-like 
nuclear features (NIFTP) [30, 31]. The goal of 
nodule identification for FNA is not simply iden-
tification of cancer itself, but rather cancers that 
are potentially clinically relevant. Therefore, 
FNA of a higher suspicion TIRADS 4 or TIRADS 
5 subcentimeter nodule, in the absence imaging 
suspicion for extrathyroidal extension or sono-
graphically identified and cytologically con-
firmed lymph node metastases, may not be 
considered to have clinical utility as the vast 

majority of these small cancers do not progress, 
especially in older individuals [32].

The application of any ultrasound pattern clas-
sification to FNA decision-making needs to 
include more than sonographic risk stratification; 
nodule size and the clinical context must be con-
sidered. For example, a patient may have a per-
sonal risks associated with a higher likelihood of 
thyroid cancer, e.g., neck irradiation during 
childhood, family history of follicular cell- 
derived thyroid cancer in two or more first-degree 
relatives, or a genetic syndrome like Cowden’s 
[16]. Therefore, different size cutoffs for FNA 
should be applied based upon both sonographic 
and individualized risk. The clinical utility of the 
current systems, including consideration of nod-
ule size and patient history, requires prospective 
and pragmatic validation in other populations. 
Decision-making by sonographic pattern alone is 
not sufficient.
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15.1  Introduction

It is clear that radiologic imaging is becoming 
increasingly influential in patient care in general. 
Application of ultrasound to imaging of the thy-
roid began in the late 1960s and has revolution-
ized the care of patients with thyroid diseases [1]. 
It is fair to say that clinicians taking care of 
patients with thyroid diseases cannot take care of 
patients without ultrasound. Furthermore, recent 
advances in ultrasound technologies such as har-
monic imaging, spatial compound imaging, con-
trast studies, three-dimensional reconstruction, 
and elastography have furthered the field. While 
ultrasound is often associated with operator 
dependency, ultimately pattern recognition is the 
key feature when this technology is used by clini-
cians. In particular, pattern recognition in radiol-
ogy is based on recognizing anatomical and 
physiological appearances on an image and iden-

tifying what is normal and how variations from 
these appearances can represent pathology. This 
skill requires considerable experience both in the 
interpretation and acquisition of images. The cli-
nician uses mental extraction of the texture fea-
tures and then correlates significant texture 
features with biologic behavior.

Over the last two decades, many studies have 
evaluated sonographic features as predictors of 
malignancy. Unfortunately the vast majority of 
these studies utilize a variety of classification crite-
ria, techniques, and operators, but certain elements 
of the ultrasound exam have evolved to be consid-
ered particularly helpful. Most authors recognized 
that the use of individual features to predict malig-
nancy was limited due to low sensitivity or specific-
ity of these features alone. Some authors then 
advocated a change of approach to teach clinicians 
to recognize specific patterns rather than individual 
ultrasound features to help separate nodules requir-
ing biopsy from those that might be safely observed 
[2, 3]. Seven ultrasound components that when 
combined aid the surgeon in pattern recognition are 
hypoechogenicity; irregular margins; microcalcifi-
cations; anteroposterior to transverse diameter ratio, 
i.e., “taller than wide” on transverse view; intrano-
dular vascularity; size; and significant growth. Each 
of these will be separately discussed at later points 
in this book in detail; here we focus on the chal-
lenge, that is, pattern recognition by clinicians per-
forming or evaluating ultrasounds during the 
routine care of thyroid patients. Familiarity with the 
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new clinical guidelines and use of algorithms for 
decision-making on a particular nodule is impera-
tive for practical, safe, and cost-effective care of 
patients. These guidelines (represented in Table 15.1 
and Fig. 15.1) use the best available data from stud-
ies of “ultrasound patterns” and size thresholds to 
help clinical decision-making [4, 5]. Good clinical 
judgment cannot be replaced by a single sono-
graphic feature or combination of features since 
ultrasound alone cannot identify all malignancies 
with a high degree of sensitivity [6].

15.2  Challenge #1: Wide 
Spectrum of Practitioners 
Performing Thyroid 
Ultrasound

Practitioners who perform and interpret thyroid 
ultrasound range from radiologists to surgeons 
and endocrinologists. Each of these specialists 

brings their own background and experience into 
image interpretation and may perform ultrasound 
for different reasons. These reasons include diag-
nosis of thyroid nodules, localization for biopsy, 
or assessment of characteristics to assist in surgi-
cal planning (e.g., proximity to the recurrent 
laryngeal nerve or malignant involvement of 
lymph nodes). Furthermore, some practitioners 
may interpret the images in real time, while oth-
ers retrospectively view saved cine-images 
acquired by a technician. This heterogeneity 
brings with it challenges in the standardized 
assessment of thyroid nodules. The level of ade-
quacy of training for radiology residents in ultra-
sound has been addressed in multiple studies. 
One of the main issues for the radiologist appears 
to be lack of detailed anatomic knowledge and an 
overall inability to identify key anatomic land-
marks [7].

Most clinicians who use ultrasound in their 
practices who are not radiologists will learn 

Table 15.1 Summary of 2015 ATA Guidelines for sonographic patterns and their estimated risk of malignancy

Sonographic pattern US features
Estimated risk of 
malignancy, %

FNA done for diagnosis 
size cutoff (largest 
dimension)

High suspicion Solid hypoechoic nodule or solid 
hypoechoic component of a partially 
cystic nodule with one or more of the 
following features: irregular margins 
(infiltrative, microlobulated), 
microcalcifications, taller-than- wide 
shape, rim calcifications with small 
extrusive soft tissue component, evidence 
of extrathyroidal extension

>70–90 Recommend FNA at 
≥1 cm

Intermediate 
suspicion

Hypoechoic solid thyroid nodule with 
smooth margins without 
microcalcifications, ETE, or taller-than-
wide shape

10–20 Recommend FNA at 
≥1 cm

Low suspicion Isoechoic or hyperechoic solid nodule or 
partially cystic nodule with eccentric solid 
areas, without microcalcification, 
irregular margin or ETE, or taller-than-
wide shape

5–10 Recommend FNA at 
≥1.5 cm

Very low suspicion Spongiform or partially cystic thyroid 
nodules without any of the sonographic 
features described in low, intermediate, or 
high suspicion patterns

<3 Consider FNA at ≥2 cm

Observation without 
FNA is also a reasonable 
option

Benign Purely cystic thyroid nodules (no solid 
component)

<1 No biopsy

Adapted from ATA Guidelines 2015 Table 6 (Ref. [5])
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enough ultrasound skills to be able to provide a 
careful and systematic assessment of the thyroid 
and surrounding structures during their daily 
practice. Precisely because they are not radiolo-
gists, they bring unique additional skills that aid 
in the care of the patient. For the endocrinologist 
this added value includes knowing the basics of 
the endocrine diseases that are affecting any par-
ticular patient’s thyroid, often including a longi-
tudinal relationship with the patient and their 
long-standing endocrine history as well as labo-
ratory and biomarker values. Surgeons who use 
ultrasound have the additional benefit of being 
able to correlate ultrasound findings with intraop-
erative findings which over time provide an 
impressive learning tool for correlating pathol-
ogy, anatomy, and ultrasound images. Of course, 
the training these clinicians have cannot replace 
the long and arduous training which a radiologist 
undergoes, but with adequate time commitments, 
non-radiologist clinicians can come to recognize 
the most important patterns in thyroid ultrasound 
that are commonly seen in their patients.

Unfortunately training of non-radiologist spe-
cialists in ultrasound at this time is not an integral 
process of the training in general surgery or head 
and neck surgery or medical specialties such as 
endocrinology. Other residencies such as 
Obstetrics and Gynecology have successfully 
integrated ultrasound training into their programs 
for more than a decade. Efforts to include ultra-
sound training during surgical residency or fel-
lowship are ongoing. Postgraduate thyroid 
ultrasound courses are available from multiple 
organizations in the United States: examples 
include The American Association of Clinical 
Endocrinologist, the American College of 
Surgeons, and the American Academy of 
Otolaryngology Head and Neck Surgery. Most of 
these organizations offer 1–2-day courses includ-
ing didactics and hands-on practice sessions. 
Furthermore, some of these organizations have 
created programs with the American Institute of 
Ultrasound in Medicine to create a voluntary 
peer review process after which initial accredita-
tion is given enough for a 3-year period.

Thyroid nodule with normal or elevated
TSH

THYROID ULTRASOUND

US pattern
matters

Size matters FNA>1 cm FNA>1.5 cm FNA>2 cm

Benign
pattern

NO FNA

Very low
suspicion
pattern

Low suspicion
pattern

Intermediate
suspicion
pattern

High suspicion
pattern

Cytologic
Evaluation

Fig. 15.1 Thyroid nodule with normal or elevated TSH
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Clinician performance in the tasks of pattern 
recognition in ultrasound will surely be influ-
enced by various factors such as fatigue, emo-
tion, reading time, environment, and previous 
biases. These factors have not been well studied 
in non-radiologists performing ultrasound, but 
clinicians should try to minimize fatigue and dis-
tractions that will influence their ability to formu-
late complex images into clear-cut patterns.

15.3  Challenge #2: Training 
in Pattern Recognition

Practically speaking, basic ultrasound course 
offerings do not provide an extensive experience 
in pattern recognition of common thyroid ultra-
sound findings. While there is no consensus on 
how many examinations are required to achieve 
an acceptable level of competency with head and 
neck ultrasound, several studies focusing on the 
learning curve in ultrasound examinations have 
established that approximately 25–50 focused 
examinations are needed to achieve greater than 
90 % concordance with a radiologist interpreta-
tion of the same examination [7, 8]. One article 
recently addressed the issue of observer experi-
ence in the evaluation of thyroid malignancy and 
lymph node metastases. Moon et al. looked at the 
use of ultrasound by clinicians with less than 
2 years of experience versus greater than 7 years 
of experience in preoperative ultrasound staging 
in 1421 patients. Preoperative staging ultrasound 
included an assessment for extrathyroidal exten-
sion and ultrasound features of lymph node 
metastasis, including shape, echogenicity, micro-
calcifications, cystic change, and vascularity. 
Their data showed that the two groups differed 
only in their ability to assess the lateral neck com-
partment lymph node involvement with the more 
experienced group showing a 64 % ability to cor-
rectly diagnose lateral nodal involvement versus 
39 % for the less experienced group [9]. The com-
plexity generated when combining these individ-
ual factors into various clinical possibilities 
requires the practitioner to be well versed in rec-
ognizing multiple patterns of pathology, which 
requires extensive practice and experience.

A number of methods are used to characterize 
ultrasound targets including pattern recognition, 
simple scoring systems, and complex classifica-
tion systems, some of which use mathematical 
models. Some of these models have been elabo-
rated on in the previous chapter on risk stratifica-
tion strategies. The technological ability to 
acquire higher and higher resolution and thus the 
ability to reliably and reproducibly visualize 
smaller anatomic structures have come at the cost 
of increasing number of images per patient that 
need to be interpreted and mentally analyzed. 
Pattern recognition training by individuals hap-
pens over time and evolves from looking for pat-
terns in a particular nodule to looking at patterns 
in the entire examination. An example of com-
bining individual features to see the “pattern of a 
malignant nodule” is shown in Fig. 15.2. An 
example of combining individual features of an 
entire thyroid ultrasound to recognize a “pattern 
of aggressive malignancy” is shown in Fig. 15.3.

In addition, post-ultrasound activities such as 
analyzing gross and pathologic specimens and 
comparing them to the ultrasound images will 
result in dramatically improved clinical judgment 
over time (see Figs. 15.3 and 15.4, e.g., of how 
this kind of correlation helps clinicians).

15.4  Challenge #3: Recognizing 
the Pattern of Benign 
Nodules

Combining ultrasound features to predict benig-
nity is included in all recent thyroid nodule guide-
lines since they impart the largest cost  saving 
when applied over large populations [5]. For 
example, on a group of patients with a prevalence 
of thyroid cancer set at 10 %, 1000 nodules lack-
ing the future features of hypoechogenicity, taller-
than-wide shape, calcifications, and irregular 
borders would have to be biopsied to detect ten 
cancers. Pure cysts, small <1 cm colloid-filled 
cystic nodules, “white knights” (diffuse hyper-
echoic nodule in the setting of Hashimoto’s), and 
spongiform nodules meet these criteria in multi-
ple studies, and thus most society guidelines 
report that the chance of malignancy in these nod-
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Fig. 15.2 Pattern recognition: combining individual features helps recognize thyroid nodule as malignant

Fig. 15.3 Pattern recognition: combining individual features helps recognize aggressive malignancy with extrathyroi-
dal extension and lateral nodal involvement
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ules is so low that most do not recommend FNA 
unless there are other factors that drive the need 
for aspiration [4, 5, 10, 11]. A nodule with diffuse 
internal cysts described as spongiform (or honey-
combed) or an image described as a “puff pastry 
pattern” with the appearance similar to a many 
layered flaky puff pastry appears to be character-
istic of benign colloid nodules or goiters [2, 3]. 
When these criteria are applied strictly and with 
confidence, many FNAs on benign nodules can be 
avoided. To recognize benign patterns, clinicians 
must be familiar with the validity of these in their 
own local referral patterns and assess their own 
confidence in recognizing these patterns.

15.5  Challenge #4: Pattern 
Recognition in Inflammatory 
Conditions

Since 10 % of the US population and an esti-
mated 25 % of women over the age of 65 exhibit 
antibodies to thyroperoxidase, it is important to 

be familiar with the altered sonographic patterns 
in Hashimoto’s thyroiditis. Techniques such as 
sonoelastography have been utilized to help dif-
ferentiate true nodules from pseudonodules; 
however, examination of the nodule by visualiz-
ing it in multiple planes is likely more reliable. 
The areas of the thyroid with lymphocytic infil-
trate of B cells and cytotoxic T cells show 
decreased echogenicity, while sound transmis-
sion through areas of remaining intact follicles is 
retained. Generally the degree of hypoecho-
genicity seen in Hashimoto’s is very variable and 
depends on where the patient is in the disease 
process and the degree of lymphocytic infiltra-
tion. As lymphocytic infiltration progresses, the 
thyroid echogenicity decreases, approaching that 
of the surrounding strap muscles and in some 
cases even exceeding that of the strap muscles.

Sometimes focal lymphocytic thyroiditis areas 
may be interpreted as sonographically suspicious 
in the setting of Hashimoto’s thyroiditis. When 
the areas of inflammation are more discrete, the 
hypoechoic pattern appears more focal, forming 

Fig. 15.4 Pattern recognition: comparing individual features helps recognize thyroid nodule as lymphoma
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localized hypoechoic regions or pseudonodules. 
These pseudonodules can be small or large, and 
the larger pseudonodules are often mistaken for 
true large nodules. Occasionally pseudonodules 
will be separated by fibrous bands. The hyper-
echoic bands may be suggestive of peripheral 
(rim) calcification, but do not produce the charac-
teristic profound posterior shadowing seen in 
peripheral calcification. A hyperechoic nodule 
with a background of heterogeneous hypoecho-
genicity has been termed a “white knight” by 
Bonavita et al. [3] and is thought to represent a 
benign regenerative nodule.

The possibility of coexisting malignancy 
should be considered if an individual region has 
suspicious features. The sonographic appearance 
of papillary thyroid cancer (PTC) in Hashimoto’s 
thyroiditis does not differ from PTC found in an 
otherwise normal thyroid [12–14]. Therefore, the 
same criteria discussed in the nodule chapter 
should be applied to the evaluation of nodules 
detected in Hashimoto’s thyroiditis.

There are two typical patterns of thyroid lym-
phoma that can develop in a gland involved with 
Hashimoto’s thyroiditis. In both cases, a pseudo-
cystic appearance is often seen owing to the excel-
lent transmission of sound and subsequent posterior 
acoustic enhancement [15]. These two patterns are: 
(1) A diffuse enlargement and goiter similar to the 
profoundly hypoechoic pattern. In this case the thy-
roid parenchyma is almost entirely replaced by 
lymphocytes. As opposed to discrete germinal cen-
ters, the resulting ultrasonographic appearance is 
homogeneous and profoundly hypoechoic, equal 
to or darker than adjacent muscle tissue. These dif-
fuse changes may be indistinguishable from the 
heterogeneous hypoechogenicity commonly seen 
in Hashimoto’s thyroiditis. Therefore, if a diffusely 
hypoechoic gland exhibits rapid growth, biopsy 
with flow cytometry should be performed. (2) 
Nodular lymphoma with distinct borders between 
the tumor and the surrounding thyroid parenchyma. 
Therefore, if a hypoechoic nodule with a pseudo-
cystic pattern shows rapid growth in the setting of 
Hashimoto’s, consideration for biopsy with flow 
cytometry is justified (Fig. 15.4) to rule out 
lymphoma.

Graves’ disease also exhibits lymphoid infil-
tration, but because the lymphoid cells are in the 
stroma without direct destruction of the follicles 
themselves, the ultrasound pattern of the gland 
shows less heterogeneity than seen in Hashimoto’s 
thyroiditis. Nodules in Graves’ disease are often 
easy to see, and the patterns are not altered from 
the discussion above. In some cases, Doppler 
flow may show a decreased pattern of flow in the 
nodule allowing easy separation from the very 
hypervascular remainder of the gland [6].

15.6  Challenge #5: Recognizing 
Anatomic, Structural, 
and Mental Pitfalls in Pattern 
Recognition

A number of structures surrounding the thyroid 
gland may make identification of thyroid nodules 
difficult. The parathyroid glands lie just deep to 
the thyroid, and while they are generally not vis-
ible, enlarged or calcified parathyroid glands can 
sometimes be mistaken for abnormal thyroid 
nodules. In patients with larger necks, the strap 
muscles, and sometimes the subcutaneous tis-
sues, can significantly attenuate the ultrasound 
beams, resulting in poor image resolution of the 
deeper thyroid lesions. This effect can be reduced 
by increasing transducer pressure on the neck 
and adjusting the gain and highlights the impor-
tance of correct ultrasound technique. Prominent 
cervical transverse processes, paratracheal air 
cysts, pharyngoesophageal diverticulum, heavily 
calcified lymph nodes, and even carotid body 
tumors can mimic thyroid pathology and lead to 
misdiagnosis. Recognition of how these struc-
tures appear ultrasonographically is essential to 
help prevent unnecessary biopsies and interven-
tions. Finally, the neck is a highly vascular area, 
and at times, blood vessels can be mistaken for 
pathologic lesions. The use of color Doppler and 
graded compression can help distinguish these 
blood vessels from true lesions. However, it is 
important to keep in mind that some pathologic 
lesions can have marked intrinsic hypervascular-
ity which may confuse the Doppler image.

15 Challenges in Pattern Recognition…
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Image artifacts such as shadowing and 
enhancement provide useful information, rather 
than just interfering with creation of a clear 
image. As experience develops over time, pat-
terns associated with image artifacts will become 
very helpful to the clinician. One example of an 
artifact that is helpful is the reverberation artifact 
known as the “comet tail” which is seen due to 
the presence of small specks of colloid [16]. Tiny 
crystals of trapped colloid result in a reverbera-
tion of sound waves, and this typical “comet tail 
appearance” can help differentiate the typically 
benign densities found in a colloid nodule from 
highly suspicious microcalcifications. While 
comet tail artifacts most commonly arise within a 
benign colloid nodule, they can very rarely be 
seen in papillary carcinoma as well.

Adding to the subjectivity of ultrasound inter-
pretation is a phenomenon in radiology termed 
“satisfaction of search,” whereby some lesions 
remain undetected following the detection of other 
lesions. This underreading of studies leads to false 
negatives and is particularly true in thyroid ultraso-
nography where there is often the presence of mul-
tiple nodules. A checklist approach ensuring that 
the whole thyroid gland is inspected is helpful to 
minimize satisfaction of search errors.

15.7  Challenge #6: Keeping 
Up with Advancements 
in the Field of Pattern 
Recognition

Today, mathematical models are routinely used in 
radiology and are an essential component of all 
imaging tools. The hope is that continued fine tun-
ing of these mathematical models will allow soft-
ware and computer applications to be directly 
implemented into diagnostic or therapeutic sys-
tems. Various methods for automatic detection and 
investigation of thyroid nodules via ultrasound are 
currently proposed, and thus far they mostly 
include computer-aided approaches for nodule 
delineation. This is particularly important in ultra-
sound which suffers the most from subjective 
interpretation. Machine learning is the study of 
computer algorithms which can learn complex 

relations or patterns from empirical data provided 
and make accurate decisions. This is an increas-
ingly complex field with variable components bor-
rowed from artificial intelligence, pattern 
recognitions, statistics, data mining, and optimiza-
tion [17]. Some researchers are focusing on dis-
criminating malignancy based on statistical and 
computation analysis though the challenge 
remains finding the minimum optimal combina-
tion that allows identifying, discriminating, or 
classifying a particular nodule as malignant. This 
is due to considerable overlap in the ultrasound 
features between malignant and benign nodules 
[18, 19]. Features on high-resolution ultrasound 
such as microcalcifications, marked hypoecho-
genicity, absence of broken halo, taller than wide, 
and irregular margins are very helpful, but inter-
pretative pitfalls remain in many cases. Automated 
diagnosis support systems are another area of 
intense research; these systems are meant to ulti-
mately transfer the processing of images from a 
mental task by a clinician to a computer which 
might be more cost effective. Most of these com-
puter-aided systems contain a feature extraction 
step that involves extraction of texture features 
which are then fed into different algorithms and 
classifiers [20]. Currently these computer- aided 
medical systems are currently still viewed as an 
“aid,” and most believe that human decisions are 
still paramount at this time. However, as algo-
rithms improve, clinicians will have to accept that 
machine learning will be a critical component of 
advanced ultrasound software systems and may 
have clear advantages in analysis of thyroid ultra-
sound images, thus making it likely to have sig-
nificantly wider applications in the future.
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16.1  Introduction

Diffuse enlargement of the thyroid gland is a 
common finding during both physical examina-
tion and during ultrasound evaluation. While 
iodine deficiency is still the most common cause 
of goiter worldwide, chronic lymphocytic thy-
roiditis (CLT), also referred to as Hashimoto’s 
thyroiditis, is the most common cause of goiter 
and hypothyroidism in the United States, most of 
Europe, and other countries with adequate iodine 
intake. Table 16.1 lists the most common causes 
of diffuse thyroid enlargement. Thyroiditis refers 
to a diverse group of conditions caused by thyroid 
inflammation. While there is significant overlap 
in the sonographic findings of these various enti-
ties, ultrasound is a very useful tool in evaluating 
thyroiditis as it provides insight into the etiology 
and clinical course of the disease process. One 
easy, although nonspecific, feature of diffuse thy-
roid enlargement is enlargement of the isthmus to 

more than 5 mm in the anterior- posterior dimen-
sion (Figs. 16.1 and 16.2). Pattern recognition of 
the various sonographic presentations of autoim-
mune diffuse thyroid disease is essential in deter-
mining if a focal abnormality represents a true 
nodule which may require fine- needle aspiration 
biopsy or is simply part of the inflammatory pro-
cess, often called a pseudonodule. Furthermore, 
real-time imaging or the use of cine-clips is supe-
rior to static imaging in detecting diffuse thyroid 
disease, especially early in the course of the dis-
ease [1] (Fig. 16.3 and Video 16.1).

16.2  Chronic Lymphocytic 
(Hashimoto’s) Thyroiditis (CLT)

Chronic lymphocytic thyroiditis is the most 
common form of thyroiditis. Approximately 
10 % of the US population overall and an esti-
mated 25 % of women over the age of 65 years 
exhibit antibodies to thyroperoxidase [2]. The 
presence of thyroid autoantibodies predicts 
future thyroid dysfunction in patients who are 
currently euthyroid. The pathologic hallmark of 
Hashimoto’s thyroiditis is lymphocytic infiltra-
tion of the gland by B cells and cytotoxic T cells. 
This results in an overall decrease in parenchy-
mal echogenicity on ultrasound, as the lympho-
cytic infiltrate allows greater through 
transmission of sound than the intact thyroid fol-
licles that reflect sound. This hypoechogenicity 
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http://dx.doi.org/10.1007/978-3-319-44100-9_16
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has been used to predict the presence of autoim-
mune thyroid disease and the risk of subsequent 
hypothyroidism. Pederson studied 485 patients 
with diffuse thyroid hypoechogenicity and 100 
normal patients and found that hypoechogenicity 
had a positive predictive value of autoimmune 
thyroid disease of 88 % and a negative predictive 
value of 95 % [3]. Hypoechogenicity of the 
parenchyma on ultrasound has been shown to 
have a greater predictive value for development 
of hypothyroidism than the presence of thyroid 
autoantibodies [4, 5]. However, in morbidly 
obese patients, the thyroid may appear more 
hypoechoic, and this finding is less predictive of 
autoimmune thyroid disease [6].

Similar to the clinical presentation and the his-
topathologic findings, the degree of change in 
echogenicity seen in Hashimoto’s thyroiditis is 
quite variable. Normal thyroid parenchyma has a 
relatively homogeneous appearance that is sig-

nificantly brighter (more hyperechoic) than the 
surrounding strap muscles which are typically 
markedly hypoechoic. As the lymphocytic infil-
tration progresses, the echogenicity decreases, 
approaching that of the surrounding strap mus-
cles and in some cases becoming even more 
hypoechoic than the strap muscles as shown in 
Fig. 16.5. In general, the progression and degree 
of hypoechogenicity are predictive of the severity 
of hypothyroidism [7].

Heterogeneity is another common ultrasono-
graphic feature of autoimmune thyroid disease. A 
variety of patterns are seen in CLT, reflecting the 
histopathologic features and the dynamic nature 
of chronic inflammatory disease (Figs. 16.6 and 
16.7). Hallmark pathologic findings include lym-
phoplasmacytic aggregates with germinal cen-
ters, atrophic thyroid follicles, oxyphilic change 
of the epithelial cells (Hürthle cells), and fibrosis 
[8]. The patchy nature of these changes produces 
regional parenchymal distortion that has been 
described as a pseudonodular appearance. The 
degree of hypoechogenicity as well as pseudonod-
ular changes in the gland correlates with the titer 
of thyroperoxidase antibody, but not thyroglobu-
lin antibody [9].

The changes of CLT can be described by seven 
different patterns or types of appearances [10] 
and are listed in Table 16.2. These patterns do not 
necessarily represent a sequential progression. 
While fibrosis and atrophy are typically later 

Table 16.1 Common causes of diffuse thyroid 
enlargement

Hashimoto’s thyroiditis

Graves’ disease

Silent thyroiditis

Postpartum thyroiditis

Subacute thyroiditis

Suppurative thyroiditis

Drug-induced thyroiditis

Iodine deficiency

Fig. 16.1 Diffuse 
thyroid enlargement. 
Thickened AP 
dimension of the 
isthmus (1.1 cm) in this 
patient with 
Hashimoto’s. Normal 
AP dimension of the 
isthmus is typically less 
than 0.5 cm
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events, any of the other patterns can be seen early 
in the disorder. The inflammation may diffusely 
involve the thyroid or be geographic in nature.

16.3  Patterns of Heterogeneity 
Seen in Chronic Lymphocytic 
Thyroiditis

16.3.1  Pattern 1: Hypoechoic 
and Heterogeneous

Normal thyroid tissue has an echogenicity that is 
hyperechoic compared to muscle tissue and is 
relatively homogeneous (Fig. 16.4). Areas of 
lymphocytic infiltration of the thyroid are less 
echogenic than normal thyroid parenchyma. As a 

result, areas of lymphocytic infiltration appear 
hypoechoic compared to normal thyroid. The 
degree of both hypoechogenicity and heterogene-
ity varies with the distribution and severity of the 
lymphocytic infiltration creating a spectrum of 
patterns within this category (Figs. 16.4, 16.5, 
16.6, 16.7, and 16.8).

16.3.2  Pattern 2: 
Pseudomicronodular

When the areas of inflammation are more dis-
crete, the hypoechoic pattern appears more focal, 
forming localized hypoechoic regions 
(pseudonodules) that represent aggregates of 
lymphocytes (Figs. 16.3, 16.9, and 16.10). The 
corresponding histopathology includes numerous 
germinal centers scattered throughout the gland. 
The hypoechoic pseudomicronodules are sub-
centimeter in size and often flame shaped and 
may have a thin hyperechoic rim, representing 
surrounding fibrosis or an ill-defined margin. 
This pattern was first described by Yeh in 1996 
[36] as characteristic of CLT and should suggest 
Hashimoto’s thyroiditis, rather than a multinodu-
lar gland. Pseudonodules are occasionally diffi-
cult to differentiate from small, multiple true 
nodules, especially when few in number and they 
do not involve the entire gland (Fig. 16.9). If an 
individual pseudonodule appears different, espe-
cially with calcifications or infiltrative margins, 
the possibility of a coexisting malignancy should 
be entertained. As the inflammatory process is 

Fig. 16.2 Enlarged isthmus. The isthmus is enlarged on 
this sagittal view. Note the heterogeneous and hypoechoic 
echotexture

Fig. 16.3 Early changes 
of chronic lymphocytic 
thyroiditis. Left lobe 
sagittal image showing 
mild heterogeneity and a 
pseudomicronodular 
pattern. The pattern is 
often more easily 
recognized on real-time 
imaging
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dynamic, the appearance may vary from study to 
study, with a change in the number, size, or loca-
tion of the pseudonodules (Video 16.2).

There are two common subpatterns of pseudo-
micronodules, which I describe as “Swiss cheese” 
and “honeycomb.” In the former, the areas of 
inflammation are more discrete and well defined, 
giving an appearance of numerous well-defined 
hypoechoic areas (pseudonodules) similar to the 
holes in Swiss cheese (Fig. 16.10). In contrast to 
the Swiss cheese pattern in which multiple dis-
crete pseudonodules are seen within the thyroid 

parenchyma, the “honeycomb” variant is com-
posed of almost confluent small pseudonodules 
and marked fibrosis with very little parenchyma 
separating the hypoechoic tissue (Fig. 16.11).

16.3.3  Pattern 3: 
Pseudomacronodular Pattern

When the areas of inflammation are larger, 
pseudonodules also appear larger and again are 
often mistaken for true large nodules (Fig. 16.12). 
The pseudonodules may appear confluent, with 
little or no normal intervening thyroid paren-
chyma. As always, the possibility of coexisting 
malignancy should be considered if an individual 
region has suspicious features.

16.3.4  Pattern 4: Profoundly 
Hypoechoic

This pattern is typically seen with a large, 
inflamed goiter. The thyroid parenchyma is 
essentially replaced entirely by lymphocytes, as 
opposed to discrete germinal centers. The ultra-
sonographic appearance is relatively homoge-
neous but profoundly hypoechoic, equal to or 
darker than adjacent muscle tissue (Fig. 16.13). 
Importantly, thyroid lymphoma may have a very 

Fig. 16.5 Chronic lymphocytic thyroiditis. Hypoechoic 
appearance. Transverse image of the left lobe shows 
decreased parenchyma; echogenicity similar to the sur-
rounding strap muscles (large arrow). Early fibrosis appear-
ing as linear echogenic bands (thin arrow) is also seen

Fig. 16.4 Normal thyroid compared with chronic lym-
phocytic thyroiditis. Side-by-side panoramic transverse 
views. Left panel demonstrates homogeneous echotexture 
of a normal thyroid. Right panel shows overall hypoecho-

genicity of the parenchyma, with scatter hypoechoic 
patchy regions and linear echogenic regions of fibrosis 
typical of Hashimoto’s thyroiditis
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similar appearance and should be considered in 
the differential diagnosis, especially if there has 
been a rapid growth (Video 16.3).

16.3.5  Pattern 5: Developing Fibrosis

Later in the progression of thyroid inflamma-
tion, fibrosis develops and appears as hyper-
echoic linear and curvilinear bands 
(Figs. 16.14, 16.15, and 16.16). The bands 
create a pseudonodular appearance by outlin-
ing islands of hypoechoic parenchyma with 
white lines of varying thickness. This appear-
ance of CLT should not be confused with a 
peri-nodular halo, since a halo surrounding a 

true nodule is hypoechoic (Fig. 16.12). During 
real-time imaging in both transverse and lon-
gitudinal planes, the band-like nature of the 
fibrosis can readily be distinguished from 
underlying nodules. Often these changes are 
more pronounced in the inferior-posterior 
aspect of the involved lobe, and a thick band 
of fibrosis has the appearance of a cleft 
(Fig. 16.15; Videos 16.4 and 16.5). Often the 
tubercle of Zuckerkandl becomes prominent 
in the setting of diffuse thyroid disease and 
projects from the undersurface of the gland. 
When the fibrotic bands occur in this portion 
of the gland, the tubercle can be mistaken for 
an exophytic nodule (Figs. 16.16 and 16.17 
and Video 16.6).

16.3.6  Pattern 6: Hyperechoic 
and Heterogeneous

When fibrosis is more diffuse, the gland may take 
on a hyperechoic appearance (Fig. 16.18). This 
pattern has been observed less frequently, but 
may be more common later in the course of auto-
immune hypothyroidism, associated with the 
start of goiter regression (Video 16.7).

Fig. 16.6 Histologic and sonographic changes of chronic 
lymphocytic thyroiditis. The histologic appearance (left 
panel) of Hashimoto’s is varied with geographic areas of 
lymphocytic infiltration (large arrow) amid preserved 
groups of follicles (thin arrow), similar to the heterogene-

ity seen on ultrasound (right panel). On sonography, the 
hypoechoic areas (large arrows) are regions of lympho-
cytic infiltration, and the echogenic areas (small arrows) 
are less affected regions and appear as normal echogenic 
thyroid parenchyma

Table 16.2 Sonographic patterns of Hashimoto’s 
thyroiditis

Hypoechoic and heterogeneous

Pseudomicronodular

Pseudomacronodular

Profoundly hypoechoic

Developing fibrosis

Hyperechoic

Speckled
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16.3.7  Pattern 7: Speckled

In this very uncommon pattern, numerous punc-
tate non-shadowing echogenic foci are scattered 
throughout the parenchyma likely due to fibrosis 
(Figs. 16.19, 16.20, and 16.21, Videos 16.8 and 

16.9) With an appearance raising concern for 
microcalcifications, this pattern usually requires 
biopsy, to exclude diffuse infiltration by papillary 
carcinoma. The pattern is very similar to that 
described for diffuse sclerosing papillary carci-
noma which may have a “snowstorm” appear-
ance [11]. The punctate densities do not cast an 
acoustic shadow and may be similar in origin to 
the bright linear densities commonly seen in 
benign colloid nodules [12].

16.4  Thyroid Nodules in Chronic 
Lymphocytic Thyroiditis

It has been suggested that there is a higher preva-
lence of papillary thyroid cancer in patients with 
Hashimoto’s thyroiditis [13–16]. Malignant nod-
ules may be camouflaged within the heterogene-
ity of CLT due to lymphocytic infiltration and 
fibrosis, making it difficult to identify a discrete 
potentially suspicious nodule. Careful real-time 
imaging in two planes along with the aid of 
Doppler interrogation is required to distinguish a 
nodule requiring FNA from areas of pseudonodu-
larity (Fig. 16.22).

The sonographic appearance of papillary thy-
roid cancer in chronic lymphocytic thyroiditis 
does not differ from PTC found in an otherwise 
normal thyroid [13, 16, 17]. Therefore, the same 

Fig. 16.8 Chronic lymphocytic thyroiditis: moderate 
hypoechogenicity. Transverse image of the right lobe 
shows more marked hypoechogenicity and heterogeneity 
of the parenchyma. The echogenicity of the thyroid is 
similar to the surrounding muscles

Fig. 16.7 Chronic 
lymphocytic thyroiditis: 
mild hypoechogenicity. 
A transverse image of 
the thyroid obtained in a 
patient with early 
chronic lymphocytic 
thyroiditis shows mild 
heterogeneity and 
hypoechogenicity. Note 
that strap muscles 
(arrows) are still more 
hypoechoic than thyroid 
parenchyma
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criteria discussed in the thyroid nodule chapter of 
this text should be applied to evaluation of nod-
ules detected in CLT. There may be a tendency 
toward denser calcification and less psammoma-
tous calcification in PTC found in Hashimoto’s 
thyroiditis, but any calcification within a nodule 
should be a cause for potential concern [18]. 
Additionally, the margins of thyroid cancer are 
more likely to be irregular or poorly defined 
when the gland is heterogeneous [19] (Fig. 16.23).

One specific nodular pattern in Hashimoto’s is 
very suggestive of a benign process. A hyper-
echoic nodule with a background of  heterogeneous 
hypoechogenicity has been termed a “white 
knight” by Bonavita and colleagues [20] and is 
thought to represent a benign regenerative nodule 
(Fig. 16.24). A variant of this pattern is the 
“giraffe pattern,” also described by Bonavita [20] 
characterized by globular areas of hyperecho-
genicity surrounded by linear thin areas of 
hypoechogenicity (Fig. 16.25).

16.5  Lymph Nodes in CLT

Lymph node reactivity and enlargement are 
almost invariably present in Hashimoto’s thyroid-
itis. These prominent nodes are commonly found 
in the paratracheal and pretracheal space sur-
rounding the thyroid (Fig. 16.26 and Video 16.10) 
as well as in surgical levels III and IV of the lat-
eral neck [21] (Fig. 16.27). These lymph nodes 
may be confluent and have a tendency to appear 
somewhat rounded. The presence of an echogenic 
hilum is variable (Fig. 16.28). The prominence 
and atypical appearance may cause concern in the 
evaluation for lymph node involvement in patients 
with both Hashimoto’s and thyroid cancer. Any 
suspicious findings such as calcification, cystic 
necrosis, or disordered vascularity should prompt 

Fig. 16.9 Chronic lymphocytic thyroiditis: pseudomi-
cronodules. Transverse and sagittal views demonstrate 
multiple subcentimeter hypoechoic areas that represent 

localized areas of lymphocytic infiltration. The remaining 
thyroid parenchyma has an isoechoic echotexture

Fig. 16.10 Pseudomicronodules: Swiss cheese pattern. 
In this pattern the pseudonodules vary in size, have a well- 
defined border, and replace the much of the normal paren-
chyma. Reproduced with permission from Springer, 
Thyroid Ultrasound and Ultrasound-Guided FNA, 
Editors, Baskin, Duick, and Levine, Chapter 6 pp 99–126
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FNA evaluation of a lymph node. In addition, 
lymph nodes at the inferior poles of the thyroid 
may resemble parathyroid adenomas, making the 
sonographic evaluation of primary hyperparathy-
roidism more challenging in patients with chronic 
lymphocytic thyroiditis (Fig. 16.29).

16.5.1  Atrophic Thyroiditis

Chronic lymphocytic thyroiditis may ultimately 
result in atrophy of the gland with heterogeneous 
hypoechogenicity and fibrosis (Fig. 16.30).

16.5.2  Graves’ Disease

Histopathologically, Graves’ disease exhibits 
lymphoid infiltration, sometimes with germinal 
center formation. However the lymphoid cells are 
strewn in the interfollicular stroma and do not 
encroach on the follicles themselves. The folli-
cles often show marked epithelial hyperplasia 
causing the gland to enlarge and become 
hypoechoic. Fibrosis is unusual unless the dis-
ease is long-standing [8] such that the surface of 
the gland remains smooth, but is often scalloped. 
Accordingly, on ultrasound there is often less 

Fig. 16.11 Pseudomicronodules: honeycomb pattern. Left 
panel shows transverse view of the left lobe with overlap-
ping bands of fibrosis outlining hypoechoic regions which 

could be mistaken for multiple hypoechoic nodules. Right 
panel is the sagittal view which demonstrates the fibrosis 
and confirms the abnormality as a diffuse process

Fig. 16.12 Pseudomacronodules: hyperechoic banding reflecting marked fibrosis (arrow). In sagittal view, hypoechoic 
pseudonodules (marked by calipers)
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heterogeneity than seen in Hashimoto’s thyroid-
itis. In Graves’ disease the decreased echogenicity 
is due to reduction of colloid to cellular ratio as 
well as the generalized hypervascularity, but it is 
not as pronounced as Hashimoto’s because the 
intact and enlarged follicles are reflective of 

sound waves (Fig. 16.31). In some cases the 
gland is even hyperechoic.

The classic sonographic feature of Graves’ 
disease is intense Doppler flow in the gland 
referred to as the “thyroid inferno” [22] 
(Fig. 16.32). Using this observation, some 
authors have suggested the ability of Doppler 
flow to distinguish Graves’ disease from the thy-
rotoxicosis due to thyroiditis, with the latter gen-
erally showing decreased flow [23, 24]. In this 
setting, total blood flow may correlate strongly 
with radioiodine uptake, suggesting it may be a 
useful technique for patients in whom nuclear 
studies are contraindicated (pregnancy and 
breastfeeding) or are not readily available [25]. 
There is, however, overlap in blood flow patterns 
between Graves’ and thyroiditis so Doppler char-
acteristics alone may not be sufficient to distin-
guish these two diagnostic entities [26]. While 
radioiodine uptake remains the gold standard in 
differentiating Graves’ hyperthyroidism from 
thyrotoxicosis due to thyroiditis [26, 27], when 
used along with clinical history and laboratory 
assays of TSH receptor antibodies, ultrasound 
with Doppler flow may be more cost effective 
than routine use of nuclear imaging [27] and 
arguably should be the first line in evaluating a 
patient with thyrotoxicosis [28–30].

Fig. 16.13 Chronic lymphocytic thyroiditis: profoundly 
hypoechoic. Transverse image of the left lobe shows 
marked hypoechogenicity very similar to the strap mus-
cles (arrow). This pattern often seen in clinically swollen 
thyroid glands. A history of rapid growth should prompt 
consideration of lymphoma. Reproduced with permission 
from Springer, Thyroid Ultrasound and Ultrasound- 
Guided FNA, Editors, Baskin, Duick, and Levine, Chapter 
6 pp 99–126

Fig. 16.14 Chronic 
lymphocytic thyroiditis: 
developing fibrosis. 
Developing fibrosis 
results in hyperechoic 
bands and echogenic 
foci without posterior 
acoustic shadowing. The 
gland is hypoechoic and 
the fibrosis appears as 
subtle white linear 
echoes of varying 
lengths (arrow)
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The diagnostic use of blood flow in this way 
is most appropriate when the TSH is sup-
pressed, as the pattern of “thyroid inferno” can 
be seen in thyroiditis during the recovery phase 
when the gland is stimulated by higher levels of 
thyrotropin. Other authors [31, 32] have used 
the degree of Doppler flow to determine the 

dose of antithyroid drug and to predict the long-
term outcome in Graves’ disease (Fig. 16.33). 
Demonstration of normal thyroid echotexture 
and Doppler flow on ultrasound may be more 
predictive of remission after antithyroid drugs 
than TSH-R antibody levels [33, 34]. Similar to 
CLT, the sonographic appearance of papillary 

Fig. 16.15 Cleft sign. Thick hyperechoic fibrotic band 
separates the posterior and anterior components of the 
lobe in transverse view creating the appearance of a 
hypoechoic nodule (arrow) outlined by an echogenic cir-
cle. The appearance should not be misinterpreted as a 

nodule with a halo, since halos are hypoechoic. On sagit-
tal view, it is evident that there is no discrete nodule. 
Reproduced with permission from Springer, Thyroid 
Ultrasound and Ultrasound-Guided FNA, Editors, Baskin, 
Duick, and Levine, Chapter 6 pp 99–126

Fig. 16.16 Cleft sign. In transverse view, there appears to be a hypoechoic nodule in the posterior aspect of the right 
lobe (arrow). In sagittal view, it becomes clear that a band of fibrosis created the appearance of a nodule (thin arrow)
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Fig. 16.17 Tubercle of Zuckerkandl. This patient was 
referred after this “nodule” was incidentally discovered 
on a chest CT done for cough. Previous core biopsy was 
interpreted as atypical. Real-time imaging was most con-

sistent with a pseudomacronodule due to a prominent 
tubercle of Zuckerkandl. TPO antibodies were elevated, 
and second opinion of the outside biopsy was consistent 
with Hashimoto’s (see also Video 16.6)

Fig. 16.18 Chronic lymphocytic thyroiditis: hyperechoic 
and heterogeneous. While the typical pattern in 
Hashimoto’s thyroiditis is hypoechoic, later in the course 
of the disease, diffuse scarring may predominate over fol-
licles and inflammation resulting in hyperechogenicity. 
Note the small pretracheal, reactive lymph node (arrow), a 
frequent finding in autoimmune thyroiditis. Reproduced 
with permission from Springer, Thyroid Ultrasound and 
Ultrasound-Guided FNA, Editors, Baskin, Duick, and 
Levine, Chapter 6 pp 99–126

Fig. 16.19 Chronic lymphocytic thyroiditis: speckled 
pattern. Transverse view, left lobe in patient with 
Hashimoto’s. Note the numerous punctate echogenic foci 
due to fibrosis. These may mimic microcalcification, and 
biopsy is often required to confirm the diagnosis
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thyroid cancer in Graves’ disease does not dif-
fer from PTC found in an otherwise normal thy-
roid (Fig. 16.34).

16.5.3  Painless Thyroiditis

This category includes both silent thyroiditis and 
postpartum thyroiditis. Silent thyroiditis is consid-
ered to be an autoimmune process and has been 
referred to subacute lymphocytic thyroiditis as it 
may be a form of transient Hashimoto’s thyroiditis 
[2]. It occurs primarily in women of 30–50 years of 
age and tends to have lower levels of thyroid auto-
antibodies than seen in Hashimoto’s thyroiditis. 
When it presents within 1 year of parturition, it is 
termed postpartum thyroiditis. Postpartum thyroid-
itis is seen in up to 10 % of all pregnancies and up 
to 30 % of type 1 diabetics [2]. The recurrence rate 
is up to 70 % in subsequent pregnancies. Patients 
with painless thyroiditis may present either in the 
thyrotoxic phase (which is usually mild and lasts 
1–2 months) or the hypothyroid phase (which is 
typically transient and lasts up to 4–6 months). The 
probability of full recovery can be predicted by 
antibody titers and serial sonographic assessment 
of echogenicity [35]. Ultrasound evaluation shows 
hypoechogenicity similar to other forms of autoim-
mune thyroid disease. The histopathology is simi-
lar to Hashimoto’s but with relative lack of 
oncocytic metaplasia, minimal to absent follicular 
atrophy, and mild to no fibrosis [8]. These differ-
ences are reflected in the ultrasound appearance in 
that hyperechoic fibrotic changes are not seen and 
the degree of parenchymal hypoechogenicity is not 
typically profound.

16.5.4  Drug-Induced Thyroiditis

Patients treated with amiodarone, interleukin-2, 
interferon-alpha, ipilimumab (Fig. 16.35), or 
tyrosine kinase inhibitors may develop destruc-
tive thyroiditis without pain. This relationship 
should be considered in evaluating patients with 
diffuse thyroid enlargement that are treated with 
any of these medications.

16.6  Summary

Diffuse thyroid enlargement may be due to one 
of several different entities commonly referred 
to as thyroiditis. Autoimmune thyroid disease is 

Fig. 16.20 Chronic lymphocytic thyroiditis: speckled 
pattern. In this very infrequently observed pattern, the 
gland is enlarged and hypoechoic. Numerous punctate, 
non-shadowing echogenic foci are present, some with the 
appearance of “comet tail” artifacts. Biopsy was per-
formed due to the concern that these might represent 
microcalcifications, but cytology confirmed benign lym-
phocytic thyroiditis. Reproduced with permission from 
Springer, Thyroid Ultrasound and Ultrasound-Guided 
FNA, Editors, Baskin, Duick, and Levine, Chapter 6 pp 
99–126

Fig. 16.21 Chronic lymphocytic thyroiditis: speckled 
and fibrosis. Transverse view of the thyroid showing 
hypoechogenicity, fibrosis, and slight speckling in the 
right lobe which is asymmetrically enlarged compared to 
the left
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Fig. 16.22 Left superior pseudonodule. In this patient 
with Hashimoto’s, transverse view suggests a discrete 
hypoechoic nodule (arrow) with possible peripheral blood 
flow, but in sagittal view, there is no corresponding nod-
ule, and the Doppler pattern of flow is undisturbed. An 

underlying true nodule would displace the vessels. It is 
important to image in both planes as this sagittal view 
confirms the Doppler pattern is that of the background 
parenchyma and not outlining a nodule

Fig. 16.23 Papillary thyroid cancer in chronic lympho-
cytic thyroiditis. Transverse image of the right lobe shows 
a predominantly solid, isoechoic nodule with multiple 
microcalcifications. FNA biopsy confirmed papillary thy-
roid cancer in this patient with Hashimoto’s. Reproduced 
with permission from Springer, Thyroid Ultrasound and 
Ultrasound-Guided FNA, Editors, Baskin, Duick, and 
Levine, Chapter 6 pp 99–126

by far the most commonly encountered in clini-
cal practice. The sonographic hallmark of thy-
roid autoimmunity is diffuse hypoechogenicity 
and heterogeneity, with multiple variants as 
described. The role of ultrasound is to help con-
firm diagnosis, to evaluate the size and vascu-
larity of the gland, and to identify any 
non-palpable nodule which may require FNA 
biopsy. Familiarity with the wide spectrum of 
presentation of thyroiditis helps to avoid unnec-
essary biopsy and avoidable surgery. Real-time 
imaging of the thyroid and surrounding neck 
structures can clarify unique situations such as 
ectopic thyroid (Fig. 16.36 and Video 16.11) or 
an enlarged pyramidal lobe (Fig. 16.37 and 
Video 16.12) in patients with diffuse thyroid 
disease. In the hands of the clinician caring for 
the patient with thyroiditis, sonography is an 
efficient and invaluable tool that completes the 
clinical evaluation of these patients.
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Fig. 16.24 White knight. Transverse image of the left 
lobe of the thyroid shows a well-marginated, solid hyper-
echoic nodule occurring in a gland with a background 
heterogeneous thyroid parenchyma. This type of nodule is 
invariably benign on biopsy. This appearance has been 

called a “white knight” and is thought to represent a 
regenerative nodule in the setting of chronic lymphocytic 
thyroiditis. Reproduced with permission from Springer, 
Thyroid Ultrasound and Ultrasound- Guided FNA, 
Editors, Baskin, Duick, and Levine, Chapter 6 pp 99–126

Fig. 16.25 Giraffe pattern in chronic lymphocytic thy-
roiditis. The sonographic pattern of globular hyperechoic 
pseudonodules with intervening hypoechoic bands has 

been termed a giraffe pattern, appearing similar to a pho-
tographic negative of a giraffe’s hide

Fig. 16.26 Pre-laryngeal lymph nodes. Anterior to the 
trachea at the level of the larynx is a hypoechoic lymph 
node (arrow) that can be easily confused with an isthmus 

nodule in transverse view, but sagittal view shows this to 
be superior to the isthmus. This pre-laryngeal node is 
often referred to as the Delphian node



Fig. 16.27 Lateral 
lymph nodes. A 
transverse image of the 
left neck shows a 
hypoechoic and 
heterogeneous left lobe 
(arrow) in a patient with 
chronic lymphocytic 
thyroiditis. Reactive 
lymph node enlargement 
is common not only in 
the paratracheal space 
but in the lower lateral 
neck levels of III and IV 
as seen here marked by 
calipers (CCA common 
carotid artery, IJV 
internal jugular vein)

Fig. 16.28 Paratracheal lymph nodes. Transverse view 
inferior to the thyroid showing left greater than right para-
tracheal (level VI) lymph nodes in a patient with chronic 

lymphocytic thyroiditis. Right panel shows sagittal view 
of the left lobe and inferior paratracheal node (arrow)

Fig. 16.29 Lymph 
nodes (arrows) inferior 
to the left lobe in a 
patient with chronic 
lymphocytic thyroiditis. 
These can mimic 
parathyroid adenomas 
causing potential 
confusion in patients 
with primary 
hyperparathyroidism and 
Hashimoto’s
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Fig. 16.30 Chronic 
atrophic thyroiditis. 
Panoramic view of the 
neck in a patient with 
long-standing chronic 
lymphocytic thyroiditis 
shows a markedly 
atrophic and hypoechoic 
gland. Reproduced with 
permission from 
Springer, Thyroid 
Ultrasound and 
Ultrasound-Guided 
FNA, Editors, Baskin, 
Duick, and Levine, 
Chapter 6 pp 99–126

Fig. 16.31 Graves’ disease: diffuse enlargement. Virtual 
panoramic transverse view of the thyroid in a patient with 
Graves’ disease which tends to be more echogenic than 
Hashimoto’s but still demonstrates significant heteroge-

neity and diffuse enlargement. Reproduced with permis-
sion from Springer, Thyroid Ultrasound and 
Ultrasound-Guided FNA, Editors, Baskin, Duick, and 
Levine, Chapter 6 pp 99–126
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Fig. 16.32 “Thyroid inferno” in Graves’ disease. Doppler 
imaging of this patient with Graves’ disease shows intense 
blood flow. Reproduced with permission from Springer, 

Thyroid Ultrasound and Ultrasound- Guided FNA, 
Editors, Baskin, Duick, and Levine, Chapter 6 pp 99–126

Fig. 16.33 Treated Graves’ disease. The left image was 
obtained at the initial presentation of the patient and 
shows gland enlargement, overall hypoechogenicity, het-
erogeneity, and moderately increased vascularity. The 

right image, obtained with similar Doppler settings, fol-
lowing 16 months of successful methimazole treatment 
and normalized TSH-R antibodies shows a normal appear-
ance of the thyroid

Fig. 16.34 Papillary thyroid cancer in Graves’ disease. 
Sagittal image of the left lobe showing background het-
erogeneity and a densely calcified nodule which proved to 
be papillary thyroid cancer on FNA biopsy in this patient 
with Graves’ disease



Fig. 16.35 Ipilimumab drug-induced thyroiditis. This 
patient with metastatic melanoma was initially seen for an 
incidentally discovered right nodule which was benign. 
The left panel shows the normal left lobe at initial evalua-

tion. Subsequently she was treated with ipilimumab and 
developed thyroiditis after 4 months with typical sono-
graphic changes of heterogeneity, fibrosis, and 
hypoechogenicity

Fig. 16.36 Ectopic 
Hashimoto’s. Patient 
referred for midline neck 
mass (calipers) near 
hyoid thought to be a 
thyroglossal duct cyst, 
but ultrasound revealed 
ectopic thyroid tissue 
superior to the right 
lobe, not connected to 
the thyroid but with 
same echotexture. FNA 
biopsy confirmed this to 
be chronic lymphocytic 
thyroiditis

Fig. 16.37 Pyrimidal 
lobe. This 80-year-old 
female with long- 
standing diffuse thyroid 
enlargement due to 
Hashimoto’s has a 
prominent pyramidal 
lobe seen here superior 
to the thyroid extending 
to the level of the hyoid 
bone anterior to the 
larynx. The caliper 
marks represent a 
distance of 4.3 cm



171

References

 1. Kim DW. A comparative study of real-time and static 
ultrasonography diagnoses for the incidental detec-
tion of diffuse thyroid disease. Endocr Pract. 
2015;21(8):910–6.

 2. Pearce E, Farwell A, Braverman L. Current concepts: 
thyroiditis. N Engl J Med. 2003;384(26):2646–55.

 3. Pedersen OM, Aardal NP, Larssen TB, et al. The 
value of ultrasonography in predicting autoimmune 
thyroid disease. Thyroid. 2000;10(3):251–9.

 4. Raber W, Gessi A, et al. Thyroid ultrasound versus 
antithyroid peroxidase antibody determination: a 
cohort study of four hundred fifty-one subjects. 
Thyroid. 2002;12(8):725–31.

 5. Rago T, Chiovato L, Grasso L, et al. Thyroid ultra-
sonography as a tool for detecting thyroid autoim-
mune diseases and predicting thyroid dysfunction 
in apparently healthy subjects. J Endocrinol Invest. 
2001;24:763–9.

 6. Rotondi M, Cappelli C, Leporati P, et al. A hypoechoic 
pattern of the thyroid at ultrasound does not indicate 
autoimmune thyroid diseases in patients with morbid 
obesity. Eur J Endocrinol. 2010;163(1):105–9.

 7. Loy M, Cianchetti ME, Cardia F, et al. Correlation of 
computerized gray-scale sonographic findings with 
thyroid function and thyroid autoimmune activity in 
patients with Hashimoto’s thyroiditis. J Clin 
Ultrasound. 2004;32:136–40.

 8. Livolsi VA. The pathology of autoimmune thyroid 
disease: a review. Thyroid. 1994;4(3):333–9.

 9. Williams A, Bieler D, Wieler H, et al. Correlation 
between sonography and antibody activity in patients 
with Hashimoto thyroiditis. J Ultrasound Med. 
2013;32(11):1979–86.

 10. Lupo M, Levine R. Ultrasound of diffuse thyroid 
enlargement: thyroiditis. In: Baskin J, Duick D, 
Levine A, editors. Thyroid ultrasound and ultrasound 
guided FNA. 3rd ed. New York, NY: Springer; 2013.

 11. Kim HS, Han BK, Shin JH, et al. Papillary thyroid 
carcinoma of a diffuse sclerosing variant: ultrasono-
graphic monitoring from a normal thyroid gland to 
mass formation. Korean J Radiol. 2010;11(5):579–82.

 12. Beland MD, Kwon L, Delellis RA, Cronin JJ, Grant 
EG. Nonshadowing echogenic foci in thyroid nod-
ules. Are certain appearances enough to avoid thyroid 
biopsy? J Ultrasound Med. 2011;30:753–60.

 13. Gul K, Dirikoc A, Kiyak G, et al. The associa-
tion between thyroid carcinoma and Hashimoto’s 
thyroiditis: the ultrasonographic and histopatho-
logic characteristics of malignant nodules. Thyroid. 
2010;20:873–8.

 14. Fiore E, Rago T, Latrofa F, et al. Hashimoto’s thyroid-
itis is associated with papillary thyroid carcinoma: 
role of TSH and of treatment with L-thyroxine. 
Endocr Relat Cancer. 2011;18(4):429–37.

 15. Anil C, Goksel S, Gursoy A. Hashimoto’s thyroiditis 
is not associated with increased risk of thyroid cancer 
in patients with thyroid nodules: a single-center pro-
spective study. Thyroid. 2010;20(6):601–6.

 16. Anderson L, Middleton W, et al. Hashimoto thyroid-
itis: Part 1, Sonographic analysis of the nodular form 
of hashimoto thyroiditis. AJR Am J Roentgenol. 
2010;195:208–15.

 17. Anderson L, Middleton W, et al. Hashimoto thyroid-
itis: Part 2. Sonographic analysis of benign and malig-
nant nodules in patients with diffuse hashimoto 
thyroiditis. AJR Am J Roentgenol. 2010;195:216–22.

 18. Ohmori N, Miyakawa M, Ohmori K, et al. 
Ultrasonographic findings of papillary thyroid 
 carcinoma with Hashimoto’s thyroiditis. Intern Med. 
2007;46(9):547–50.

 19. Durfee SM, Benson CB, Arthaud DM, et al. 
Sonographic appearance of thyroid cancer in patients 
with Hashimoto thyroiditis. J Ultrasound Med. 
2015;34(4):697–704.

 20. Bonavita JA, Mayo J, Babb J, et al. Pattern recogni-
tion of benign nodules at ultrasound of the thyroid: 
which nodules can be left alone? AJR Am 
J Roentgenol. 2009;193:207–13.

 21. Brancato D, Citarrella R, Richiusa P, et al. Neck 
lymph nodes in chronic autoimmune thyroiditis: the 
sonographic pattern. Thyroid. 2013;23(2):173–7.

 22. Ralls PW, Mayekawa DS, Lee KP, et al. Color-flow 
Doppler sonography in Graves disease: “thyroid 
inferno”. AJR Am J Roentgenol. 1988;150(4):781–4.

 23. Erdogan MF, Anil C, Cesur M, et al. Color flow 
Doppler sonography for the etiologic diagnosis of 
hyperthyroidism. Thyroid. 2007;17:223–8.

 24. Kurita S, Sakurai M, Kita Y, et al. Measurement of 
thyroid blood flow area is useful for diagnosing the 
cause of Thyrotoxicosis. Thyroid. 2005;15:1249–52.

 25. Ota H, Amino N, Morita S, et al. Quantitative mea-
surement of thyroid blood flow for differentiation of 
painless thyroiditis from Graves’ disease. Clin 
Endocrinol (Oxf). 2007;67:41.

 26. Bogazzi F, Vitti P. Could improved ultrasound and 
power Doppler replace thyroidal radioiodine uptake 
to assess thyroid disease? Nat Rev Endocrinol. 
2008;4:70–1.

 27. Bahn RS, Burch HB, Cooper DS, et al. Hyperthyroidism 
and other causes of thyrotoxicosis: management 
guidelines of the American Thyroid Association and 
American Association of Clinical Endocrinologists. 
Endocr Pract. 2011;17(3):456–520.

 28. Cappelli C, Pirola I, de Martino E, et al. The role of 
imaging in Graves’ disease: a cost-effectiveness anal-
ysis. Eur J Radiol. 2008;65:99–103.

 29. Sipos JA, Kahaly GJ. Imaging of thyrotoxicosis. Am 
J Med. 2012;125(9):S1–2.

 30. Alzahrani AS, Ceresini G, Aldasouqi SA. Role of 
ultrasonography in the differential diagnosis of thyro-
toxicosis: a noninvasive, cost-effective, and widely 
available but underutilized diagnostic tool. Endocr 
Pract. 2012;18(4):567–78.

 31. Baldini M, Castagnone D, Rivolta R, et al. Thyroid 
vascularization by color doppler ultrasonography in 
Graves’ disease. Changes related to different phases 
and to the long-term outcome of the disease. Thyroid. 
1997;7(6):823–8.

16 Pattern Recognition: Diffuse Thyroid Disease



172

 32. Saleh A, Fürst G, Feldkamp J, et al. Estimation of anti-
thyroid drug dose in Graves’ disease: value of quantifica-
tion of thyroid blood flow with color duplex sonography. 
Ultrasound Med Biol. 2001;27(8):1137–41.

 33. Baldini M, Orsatti A, Bonfanti MT, et al. Relationship 
between the sonographic appearance of the thyroid and 
the clinical course and autoimmune activity of Graves’ 
disease. J Clin Ultrasound. 2005;33(8):381–5.

 34. Zingrillo M, D’Aloiso L, Ghiggi MR, et al. Thyroid 
hypoechogenicity after methimazole withdrawal in 

Graves’ disease: a useful index for predicting recur-
rence? Clin Endocrinol (Oxf). 1996;45(2):201–6.

 35. Premawardhana LD, Parkes AB, Ammari F, et al. 
Postpartum thyroiditis and long-term thyroid sta-
tus: prognostic influence of TPO antibody and US 
echogenicity. J Clin Endocrinol Metab. 
2000;85:71–5.

 36. Yeh H, Futterweit W, Gilbert P. Micronodulation: 
ultrasonographic sign of Hashimoto thyroiditis. 
J Ultrasound Med. 1996;15:813–9.

M.A. Lupo



173© Springer International Publishing Switzerland 2017 
M. Milas et al. (eds.), Advanced Thyroid and Parathyroid Ultrasound, 
DOI 10.1007/978-3-319-44100-9_17

Pattern Recognition: Uncommon 
Clinical Scenarios

Sathya Jyothinagaram and Mira Milas

S. Jyothinagaram, M.D., F.A.C.E. 
Diabetes and Endocrinology Institute, Banner -  
University Medical Center Phoenix, University  
of Arizona College of Medicine – Phoenix,  
Phoenix, AZ, USA
e-mail: sathya.jyothinagaram@bannerhealth.com 

M. Milas, M.D., F.A.C.S. (*) 
Department of Surgery and the Endocrinology & 
Metabolism Institute, University of Arizona College 
of Medicine - Phoenix, Banner - University Medical 
Center Phoenix, 1441 North 12th Street 2nd floor, 
Phoenix, AZ 85006, USA
e-mail: Mira.Milas@bannerhealth.com

17

Electronic supplementary material: The online version 
of this chapter (doi:10.1007/978-3-319-44100-9_17) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-3-319-44100-9_17.

17.1  Case Vignette 1: Hypoechoic 
Enlarging Thyroid Mass

A 45-year-old woman presented with a midline 
neck mass enlarging over a period of 4–6 months. 
It was soft to palpation, appeared like a midline 
isthmus nodule with perhaps associated left thy-
roid fullness, and was located close to the cla-
vicular heads. The patient experienced mild 
compressive symptoms when swallowing and 
lying supine. Ten years previously the patient 
reported having thymectomy for a benign tumor 
but no old records were available for confirma-
tion. Her TSH was normal. An ultrasound per-
formed during initial consultation revealed a  

large hypoechoic oval mass (Videos 17.1 and 
17.2) centered on the isthmus. Visible portions 
of the adjacent thyroid lobes appeared normal. 
Two ultrasound-guided fine-needle aspiration 
biopsies revealed benign squamous cells and no 
thyroid follicular cells (Video 17.3). Surgery 
was advised because of the symptoms, unusual 
and nondiagnostic cytology, and progressive 
increase in size. Scrutiny of the ultrasound 
images more carefully (Fig. 17.1) prior to sur-
gery disclosed that the nodule was actually 
superficial to the strap muscles (sternothyroid 
and sternohyoid muscles). This in fact was 
observed intraoperatively and a benign squa-
mous cell cyst excised and confirmed by cytol-
ogy (sequence of surgical photos in Fig. 17.2). 
Neither the midline raphe of the strap muscles 
nor the thyroid gland required exposure. There 
was no associated thyroid pathology and no con-
nection between the squamous cyst and any deep 
anatomical structures (e.g., thymus or paratra-
cheal tissues).

This patient’s imaging findings are interesting 
because they represent a benign superficial cyst 
mimicking a thyroid nodule, both in exam and 
ultrasound features. The case also illustrates the 
need for attentiveness to detail. While it may be 
instinctive to focus on the main abnormality, 
especially if it is a large mass, valuable informa-
tion may come from slowing down the scanning 
pace to discern nuances such as spatial relation-
ships to surrounding anatomical structures.
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17.2  Case Vignette 2: Large Mass 
with Microcalcifications 
in the Central Neck

Two years following initial diagnosis and treat-
ment for papillary thyroid cancer (PTC) at age 
14, surveillance ultrasound was performed on a 
16-year-old boy during routine follow-up visit. 
The referring physician noticed that the ultra-
sound report described a previously undetected 

mass in the central neck with microcalcifications 
and suspected recurrent PTC. Additional ultra-
sound imaging during consultation for possible 
biopsy and/or reoperation clarified that the mass 
had a different etiology: normal benign thymus. 
Neither biopsy nor surgery was performed. This 
case emphasizes that the thymus is a normal 
component of anatomy in the central neck, par-
ticularly in children and young adolescents. In 
this young population, the thymus typically has 

Fig. 17.1 Ultrasound images of 
squamous cell cyst show it is anterior 
to the strap muscles (a, right upper 
corner of image). In contrast, the 
normal thyroid is deep to the thin 
hypoechoic line of the sternothyroid 
muscle. Both the cyst and the thyroid 
have the same echogenicity. This 
relationship is not as evident in the 
transverse view (b) where the nodule 
appears to arise from the isthmus

S. Jyothinagaram and M. Milas
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scattered hyperechoic foci that mimic microcal-
cifications (Video 17.4).

17.3  Case Vignette 3: Anaplastic 
Thyroid Carcinoma

This type of thyroid cancer remains one of the 
most aggressive, deadly malignancies of any 
kind. In this 62-year-old man with biopsy-
proven anaplastic thyroid cancer, the large left-
sided thyroid mass had developed rapidly over 

the course of 10 days. Normal anatomical struc-
tures were displaced laterally, as seen on an 
early computed tomography (CT) scan 
(Fig. 17.3). Placement of a tracheostomy tube 
was necessary for airway security and to allow 
chemoradiation and palliative care therapies to 
proceed. While the CT scan demonstrated how 
compromised and displaced the trachea was, it 
was impossible to palpate this by exam. 
Ultrasound played a key role to identify the 
location of the trachea and guide placement of a 
tracheostomy (Fig. 17.4).

Fig. 17.2 Excised benign squamous cell cyst and contents (a–c)

17 Pattern Recognition: Uncommon Clinical Scenarios
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Fig. 17.3 Anaplastic thyroid cancer arising from left thyroid lobe in patient with a prior history of goiter. Computed 
tomography images are shown in views (a)–(c)

17.4  Conclusions

Ultrasound appearance of non-endocrine pathol-
ogies can imitate the features of thyroid disease 
[1–5]. Careful study of the ultrasound images, 
especially in real time during the consultation or 
via saved cine-clip video files, can identify details 
that allow a precise direction of evaluation and 
treatment. The overall pattern of features must be 

interpreted with awareness of potential biases 
(e.g., the presence of punctate calcifications is 
not uniquely associated with malignancy) so as 
to avoid coming to a premature diagnosis. The 
versatility of ultrasound is evident in both the 
office- based and operating room settings, as it 
can direct appropriate patients to limited surgery, 
exclude other patients from having unnecessary 
surgery, and guide interventions to be minimally 
invasive yet achieve the treatment goals.

S. Jyothinagaram and M. Milas
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18.1  Introduction

Ultrasound (US) is a practical and reliable 
imaging modality for assessment of the thy-
roid. Differentiating malignant from more fre-
quently occurring benign thyroid disease has 
proved challenging as there may be significant 
overlap in their clinical presentation and sono-

graphic appearance. High-resolution ultra-
sound provides a safe and affordable way to 
identify and characterize diffuse thyroid dis-
ease such as thyroiditis and lymphoma, detec-
tion of non-palpable masses, diagnosis of 
palpable masses, staging of known cancer, 
follow-up evaluation of the thyroid beds after 
thyroidectomy, and guidance for fine-needle 
aspiration (FNA).
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18.2  Sonographic Evaluation 
of Thyroid Disease

Ultrasound has high sensitivity but less speci-
ficity to distinguish benign from malignant 
lesions, and diffuse infiltration, in the thyroid. 
Improvement in US specificity of thyroid dis-
ease has been attempted by the employment of 
contrast agents (1998), harmonic imaging 
(2001), and elastography (2005) [4, 5]. The 
experience at MD Anderson Cancer Center 
(MDACC), in Houston, Texas, is that these sys-
tems have not demonstrated the reliability to 
replace high- frequency B-mode US for the 
evaluation of benign vs. malignant disease of 
the thyroid.

Because MDACC is a cancer center, we have 
had the opportunity to biopsy the thyroid for dif-
fuse disease and well-defined thyroid nodules 
that would have been followed sonographically 
rather than biopsy at outlying hospitals. This has 
afforded the opportunity to have pathology 
results on diffuse thyroid changes as well as well- 
defined nodules that were not characteristic of 
malignancy but did not have a classical benign 
appearance. Unsuspected medullary cancer, 
Hurthle cell cancer, metastasis to the thyroid, and 
lymphoma have been documented. This has led 
to the conclusion, in our institutional practice, 
that diffusely infiltrated thyroid glands and thy-
roid nodules that vary from the classical benign 
appearance should undergo US-guided biopsy 
independent of size.

18.3  Sonographic Evaluation 
of Diffuse Thyroid Disease

Due to the overlap in features, it is difficult to dif-
ferentiate the etiology of diffuse infiltration of the 
thyroid. Below are examples of both benign and 
malignant diffuse thyroid infiltration that required 
US-guided biopsy for diagnosis.

18.3.1  Case 1: Diffuse Thyroid 
Disease (Thyroiditis)

Clinical Scenario: A 63-year-old female who 
presents with painless enlarged thyroid

Imaging Features: Ultrasound. Diffuse enlarge-
ment of the right lobe with a heterogeneous 
echotexture (Fig. 18.1a)

Power Doppler demonstrated increased vascu-
lar flow in the thyroid gland (Fig. 18.1b).

Diagnosis of US-Guided FNA/Cytology: (Right 
lobe) Hashimoto’s thyroiditis/lymphocytic 
thyroiditis

18.3.2  Case 2: Diffuse Thyroid 
Disease (Nodular Thyroiditis)

Clinical Scenario: A 56-year-old man with mul-
tiple thyroid nodules. US was performed to assess 
the palpable thyroid nodules.

Fig. 18.1 (a) Grayscale US. Diffusely enlarged right 
lobe of the thyroid with a heterogeneous echotexture char-
acteristic of thyroiditis. (b) Power Doppler US. Diffusely 

enlarged right lobe of the thyroid with a heterogeneous 
echotexture and increased vascular flow characteristic of 
thyroiditis

J.M. Johnson et al.
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Imaging Features: Ultrasound. Enlargement of 
the thyroid gland with what appears to be multi-
ple well-circumscribed nodules in the transverse 
plane (Fig. 18.2a, b). Increased vascular flow 
demonstrated on power Doppler within suspected 
multiple thyroid nodules (Fig. 18.2c, d)

Diagnosis of US-Guided FNA/Cytology: 
Polymorphous lymphoid population and 
Hürthle-like cells consistent with chronic 
lymphocytic thyroiditis documenting that 
the thyroid contained pseudo-nodules caused 
by thyroiditis

Fig. 18.2 (a) Grayscale US. Enlarged thyroid gland with 
what appears to be multiple well-circumscribed nodules 
in the transverse plane that ultimately proved by 
US-guided FNA to be pseudo-nodules of thyroiditis 
(arrow). (b) Grayscale US. Enlarged thyroid gland with 
what appears to be multiple well-circumscribed nodules 
in the transverse plane that ultimately proved by 
US-guided FNA to be pseudo-nodules of thyroiditis 

(arrow). (c) Power Doppler US. Increased vascular flow 
demonstrated on power Doppler within suspected multi-
ple thyroid nodules. (d) Power Doppler US. Increased 
vascular flow demonstrated on power Doppler within sus-
pected multiple thyroid nodules that were ultimately 
found on FNA or cytology to be composed of a polymor-
phous lymphoid population and Hürthle-like cells consis-
tent with chronic lymphocytic thyroiditis

18 Pattern Recognition of Benign and Malignant Thyroid Nodules...
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18.3.3  Case 3: Diffuse Thyroid 
Disease (Thyroiditis)

Clinical Scenario: A 28-year-old female with 
familial adenomatous polyposis (FAP). Screening 
ultrasound examination was performed to 
exclude an associated thyroid cancer.

Imaging Features: Ultrasound. Non- 
homogenous thyroid gland in the longitudinal 
plane with no discrete suspicious nodules pres-
ent to suggest a thyroid carcinoma (Fig. 18.3a): 
Power Doppler demonstrates increased vascu-
lar flow throughout the thyroid gland 
(Fig. 18.3b). Benign-appearing lymph nodes 
are present inferior to the left thyroid lobe 
which is a characteristic finding of thyroiditis 
(Fig. 18.3c).

Diagnosis of US-Guided FNA/Cytology: 
Biopsy not indicated in this case of well- 
established thyroiditis based on the US 
images, even in a patient whose underlying 
genetic condition (FAP) may predispose to 
thyroid cancer

18.3.4  Case 4: Diffuse Thyroid 
Disease (Thyroiditis vs. 
Leukemia)

Clinical Scenario: A 31-year-old female who 
presents with an enlarged, painful thyroid. US was 
performed to assess the palpable thyromegaly.

Imaging Features: Ultrasound. There is a het-
erogeneous echotexture of the thyroid gland with 
a lobulated contour imaged in the longitudinal 
plane (Fig. 18.4a). Power Doppler. Increased vas-
cular flow throughout the gland (Fig. 18.4b). 
Computed tomography. Contrast-enhanced CT 
demonstrates diffuse enlargement of the thyroid 
gland (Fig. 18.4c).

No suspicious nodes were present in the cen-
tral compartment or lateral neck.

Diagnosis of US-Guided FNA/Cytology: (Right 
thyroid lobe) Polymorphous lymphoid infil-
trate and rare thyroid follicular epithelium 
with reactive features, consistent with lympho-
cytic thyroiditis; immunophenotypic charac-
terization of this aspirate by flow cytometry 

Fig. 18.3 (a) Grayscale US. Non-homogenous thyroid 
gland in the longitudinal plane. The appearance is charac-
teristic of thyroiditis with no discrete suspicious nodules to 
suggest a thyroid carcinoma. (b) Power Doppler US. Mild 
increased vascularity of the thyroid gland which combined 

with the non-homogenous echogenicity is suggestive of 
thyroiditis. (c) Grayscale US. Benign- appearing lymph 
nodes that are present inferior to the left thyroid lobe which 
combined with the non-homogenous echogenicity are 
characteristic findings of thyroiditis (arrow)

J.M. Johnson et al.
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shows polytypic B cells and unremarkable T 
and NK cells. There is no immunophenotypic 
support for a B- or T-cell neoplasm.

18.3.5  Case 5: Lymphoma

Clinical Scenario: A 63-year-old female with a 
palpable right neck mass. Ultrasound was per-
formed to assess the mass for thyroid cancer.

Imaging Features: Ultrasound. Diffuse 
enlargement of the thyroid gland with a hetero-
geneous echotexture containing multiple nodu-
lar components and a lobulated contour seen in 
the longitudinal plane (Fig. 18.5a). Power 
Doppler. Increased flow throughout the gland 
including within one of the nodules (Fig. 18.5b). 
Contrast- enhanced CT. Diffuse enlargement of 
the right lobe and a right lateral jugular terri-
tory neck node of concern imaged in the trans-
verse plane (Fig. 18.5c)

Diagnosis of US-Guided FNAs/Cytology: ((A) 
Right thyroid) Large cell lymphoma, ((B) 
Right neck node) large cell lymphoma

18.3.6  Case 6: Prostate Cancer

Clinical Scenario: A 67-year-old male who pres-
ents with enlarged palpable thyroid. US was per-
formed to assess thyroid and difficulty swallowing.

Imaging Features: Ultrasound. Diffuse enlarge-
ment of the left thyroid in the longitudinal plane 
with multiple punctate hyperechoic foci and no 
discrete mass (Fig. 18.6a). Power Doppler. 
Increased vascular flow in the enlarged thyroid 
gland (Fig. 18.6b). Power Doppler. Increased 
vascular flow in a suspicious right inferior jugu-
lar territory lymph node detected on ultrasound 
(Fig. 18.6c). Contrast-enhanced CT. Diffuse 
enlargement of the thyroid gland with a suspi-
cious right inferior neck node (Fig. 18.6d)

Fig. 18.4 (a) Grayscale US. There is a heterogeneous 
echotexture of the thyroid gland with a lobulated contour 
imaged in the longitudinal plane. (b) Power Doppler US. 

Increased vascular flow throughout the thyroid gland. (c) 
CT. Contrast-enhanced CT demonstrates diffuse enlarge-
ment of the thyroid gland

18 Pattern Recognition of Benign and Malignant Thyroid Nodules...
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Diagnosis of US-Guided FNA/Cytology: 
(Right thyroid lobe) Adenocarcinoma compat-
ible with prostatic primary

18.3.7  Case 7: Diffuse Papillary 
Thyroid Carcinoma

Clinical Scenario: A 25-year-old female with 
the sensation of left neck fullness. Ultrasound 
was requested to assess for soft tissue mass.

Imaging Features: Ultrasound. Diffuse enlarge-
ment of the left thyroid (Fig. 18.7a) with mildly 
increased vascular flow in the enlarged gland 
(Fig. 18.7b).

Contrast-enhanced CT. Diffuse enlargement 
of the thyroid gland (Fig. 18.7c)

Diagnosis of US-Guided FNA/Cytology: ((A) 
Left thyroid) Papillary thyroid carcinoma

18.4  Sonographic Features 
of Thyroid Nodules: Benign

Sonographic features that suggest a benign thy-
roid nodule include a simple thyroid cyst, or 
complex cyst, with no intranodular calcification 
or intranodular vascular flow on power Doppler 
imaging.

18.4.1  Case 8: Thyroid Cyst

Clinical Scenario: A 43-year-old male with 
multiple palpable thyroid nodules. Ultrasound 
was requested to assess the palpable thyroid 
nodules.

Imaging Features: Grayscale ultrasound image 
of the right thyroid lobe demonstrates a 1.3-cm 
anechoic thyroid nodule with posterior acoustic 

Fig. 18.5 (a) Grayscale US. Diffuse enlargement of the 
thyroid gland with a heterogeneous echotexture contain-
ing multiple nodules and a lobulated contour seen in the 
longitudinal plane. (b) Power Doppler US. Increased 

flow throughout the thyroid gland including within one of 
the thyroid nodules. (c) Contrast-enhanced CT. Diffuse 
enlargement of the right lobe and a right lateral jugular 
territory cervical lymph node of concern for malignancy

J.M. Johnson et al.
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enhancement (Fig. 18.8a). Power Doppler 
ultrasound image demonstrates no internal vas-
cularity (Fig. 18.8b).

Diagnosis: Simple thyroid cyst

18.4.2  Case 9: Crystalline Colloid

Intranodular punctate regions of echogenicity 
with comet-tail characteristics are indicative 
of a benign thyroid nodule. These punctuate 
regions of echogenicity are actually crystal-
line colloid and must be differentiated from 
calcifications with acoustic shadowing when 
assessing the concern for malignancy of a thy-
roid nodule.

Clinical Scenario: A 54-year-old female with 
painless enlarged thyroid gland found on routine 
physical exam. Ultrasound was requested to 
assess the enlarged palpable thyroid gland.

Imaging Features: Grayscale ultrasound image 
of the left thyroid gland demonstrates a 1-cm 
hypoechoic nodule with intranodular echo-
genic foci demonstrating comet-tail artifact 
(Fig. 18.9a). Of note is that there is no associated 
shadowing identified.

Power Doppler ultrasound image of the left 
thyroid demonstrates the absence of internal vas-
cularity (Fig. 18.9b).

Diagnosis: Colloid thyroid nodule. Diagnosis 
was made on the basis of US characteristics.

Fig. 18.6 (a) Grayscale US. Diffuse enlargement of the 
left thyroid in the longitudinal plane with multiple punc-
tate hyperechoic foci and no discrete mass. (b) Power 
Doppler US. Increased vascular flow in the enlarged thy-
roid gland. (c) Power Doppler US. Increased disorga-

nized vascular flow in a suspicious right inferior jugular 
territory lymph node detected on ultrasound. (d) 
Contrast-enhanced CT. Diffuse enlargement of the thy-
roid gland with a suspicious right inferior cervical lymph 
node
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Fig. 18.7 (a) Grayscale US. Diffuse enlargement of the left thyroid gland. (b) Power Doppler US. Mildly increased 
vascular flow in the enlarged thyroid gland. (c) Contrast-enhanced CT. Diffuse enlargement of the thyroid gland

Fig. 18.8 (a) Grayscale US image of the right thyroid lobe demonstrates a 1.3-cm anechoic thyroid nodule with poste-
rior acoustic enhancement. (b) Power Doppler ultrasound image demonstrates no internal vascularity

J.M. Johnson et al.
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18.4.3  Case 10: Complex Avascular 
Thyroid Nodule

Clinical Scenario: A 49-year-old male with 
newly diagnosed parotid neoplasm with US of 
the soft tissues of the neck performed for staging

Imaging Features: Grayscale image of the right 
thyroid lobe demonstrates a 1.6-cm complex 

solid and cystic thyroid nodule containing lay-
ered debris (Fig. 18.10a). Note the posterior 
acoustic enhancement related to the cystic com-
ponent and presence of edge shadowing.

Power Doppler ultrasound image reveals no inter-
nal vascularity of the solid component (Fig. 18.10b).

Diagnosis of US-Guided FNA/Cytology: 
Colloid thyroid nodule

Fig. 18.9 (a) Grayscale ultrasound image of the left thy-
roid gland demonstrates a 1-cm hypoechoic nodule with 
intranodular echogenic foci demonstrating comet-tail arti-

fact. Of note is that there is no associated shadowing iden-
tified. (b) Power Doppler ultrasound image of the left 
thyroid demonstrates absence of internal vascularity

Fig. 18.10 (a) Grayscale ultrasound image of the right 
thyroid lobe demonstrates a 1.6-cm complex solid/cystic 
thyroid nodule containing layered debris. Note the posterior 

acoustic enhancement related to the cystic component and 
presence of edge shadowing. (b) Power Doppler US image 
reveals no internal vascularity of the solid component

18 Pattern Recognition of Benign and Malignant Thyroid Nodules...
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18.5  Sonographic Features 
of Thyroid Nodules: 
Malignant

There are several sonographic features tradition-
ally thought to differentiate malignant from 
benign thyroid nodules. However, we have found 
that traditional sonographic features of size, halo, 
and taller-than-wide appearance do not contrib-
ute to distinguishing a benign from malignant 
thyroid nodule.

Malignancy should be suspected in the pres-
ence of a hypoechoic or complex thyroid nodule 
that has intranodular hypervascularity and/or 
intranodular calcification. Calcifications show 
the highest accuracy (76 %), specificity (93 %), 
and positive predictive value (70 %) for malig-
nancy as a single sign; however, there is no single 
US feature that distinguishes malignant from 
benign thyroid nodules [6].

In addition to the traditional parameters, 
there are other features that we have recently 
added to our concern for a malignant thyroid 
nodule. Again, we present here our institutional 
perspective with regard to these parameters. 
These include:

 1. The presence of intranodular calcification 
and/or power Doppler vascularity indepen-
dent of the pattern or amount

 2. Solitary nodules independent of their 
appearance

 3. A solid or complex isthmus nodule indepen-
dent of calcification or vascular flow

18.5.1  Case 11: Vascular Complex 
Thyroid Nodule

Clinical Scenario: A 50-year-old female with 
CT chest obtained for evaluation for possible 
pulmonary embolus. Ultrasound was requested 
to assess the thyroid nodule incidentally found 
on CT.

Imaging Features: Grayscale image in the 
transverse (Fig. 18.11a) and longitudinal 
planes (Fig. 18.11b) of the right thyroid lobe 
demonstrates a 0.7-cm complex solid and cys-
tic thyroid nodule. The nodule margins also 
appear irregular.

Power Doppler ultrasound image reveals 
intranodular vascularity (Fig. 18.11c).

Fig. 18.11 (a) Grayscale US image in the transverse 
plane of the right thyroid lobe demonstrates a 0.7-cm 
complex solid/cystic thyroid nodule. (b) Grayscale US 
image in the longitudinal plane of the right thyroid lobe 

demonstrates a 0.7-cm complex solid/cystic thyroid 
nodule. (c) Power Doppler US image reveals intranodu-
lar vascularity

J.M. Johnson et al.
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Diagnosis of US-Guided FNA/Cytology: 
Papillary thyroid carcinoma

18.5.2  Case 12: Malignant Thyroid 
Nodule (Punctate 
Calcifications)

Clinical Scenario: A 49-year-old female com-
plaining of neck swelling. Ultrasound was 
requested to assess the patient’s concern of neck 
swelling.

Imaging Features: Grayscale image in the trans-
verse (Fig. 18.12a) and longitudinal (Fig. 18.12b) 
planes of the right thyroid lobe demonstrates a 
0.5-cm solid, isoechoic thyroid nodule subjacent 
to a thyroid cyst. The smaller nodule has periph-
eral shadowing calcifications and, thus, was of 
concern for a papillary thyroid cancer.

Power Doppler reveals internal vascularity of 
the small thyroid nodule (Fig. 18.12c) which fur-
thers the concern for papillary thyroid cancer.

Diagnosis of US-Guided FNA/Cytology: 
Papillary thyroid carcinoma

Ultrasound features do not definitively differ-
entiate benign from malignant thyroid nodules as 
demonstrated in the cases that follow.

18.5.3  Case 13: Colloid Nodule 
Mimicking Malignant Nodule

Clinical Scenario: A 55-year-old female with 
incidentally noted thyroid nodule on carotid US

Imaging Features: Grayscale ultrasound images 
of the right thyroid lobe demonstrate a solitary 
1-cm solid nodule containing echogenic punctate 
calcification with shadowing (Fig. 18.13a).

Power Doppler ultrasound of the same nodule 
demonstrates internal vascularity which raised 
the concern for malignancy.

Diagnosis of US-Guided FNA/Cytology: 
Colloid nodule

Fig. 18.12 (a) Grayscale US image in the transverse 
plane of the right thyroid lobe demonstrates a 0.5-cm 
solid, isoechoic thyroid nodule subjacent to a thyroid cyst. 
The small nodule contains shadowing calcifications and, 
thus, is of concern for a papillary thyroid cancer. (b) 
Grayscale US image in the longitudinal plane of the right 

thyroid lobe demonstrates a 0.5-cm solid, isoechoic thy-
roid nodule subjacent to a thyroid cyst. The small nodule 
contains shadowing calcifications and, thus, is of concern 
for a papillary thyroid cancer. (c) Power Doppler reveals 
internal vascularity of the small thyroid nodule which fur-
thers the concern for papillary thyroid cancer
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18.5.4  Case 14: Solitary Nodule  
Is of Concern Independent 
of Appearance

Clinical Scenario: A 45-year-old male with 
malignant melanoma. Ultrasound was performed 
to assess for metastatic adenopathy.

Imaging Features: Grayscale ultrasound image of 
the right thyroid gland in the transverse (Fig. 18.14a) 
and longitudinal planes (Fig. 18.14b) demonstrates 
the presence of a 0.6- cm solitary solid isoechoic to 
hypoechoic thyroid nodule. No associated calcifi-
cation is identified. Power Doppler image reveals 
internal vascularity (Fig. 18.14c).

Fig. 18.13 (a) Grayscale US images of the right thyroid 
lobe demonstrate a solitary 1-cm solid nodule containing 
echogenic punctate calcification with shadowing of con-
cern for malignancy. However, FNA revealed a benign 
colloid nodule, demonstrating that not all suspicious cal-
cifications lead to the diagnosis of thyroid cancer. (b) 

Power Doppler ultrasound of the 1-cm solid solitary nod-
ule demonstrates internal vascularity that raise the con-
cern for malignancy. However, FNA revealed a benign 
colloid nodule, demonstrating that not all suspicious cal-
cifications lead to the diagnosis of thyroid cancer

Fig. 18.14 (a) Grayscale ultrasound image of the right 
thyroid gland in the transverse plane demonstrates the 
presence of a 0.6-cm solitary solid isoechoic to hypoechoic 
thyroid nodule. No associated calcification is identified. 
(b) Grayscale US image of the right thyroid gland in the 

longitudinal plane demonstrates the presence of a 0.6-cm 
solitary solid isoechoic to hypoechoic thyroid nodule. No 
associated calcification is identified. (c) Power Doppler 
image reveals intranodular vascularity

J.M. Johnson et al.
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The solitary nature of the nodule and the vas-
cular flow were of concern for malignancy.

Diagnosis of US-Guided FNA/Cytology: 
Papillary thyroid carcinoma

18.5.5  Case 15: Malignant Thyroid 
Nodule Mimicking a Colloid 
Thyroid Nodule

Clinical Scenario: A 75-year-old female with 
right thyroid palpable abnormality. Ultrasound 
was requested to assess the palpable nodule.

Imaging Features: (Fig. 18.15) Power Doppler 
ultrasound images of the right thyroid lobe demon-
strate a 2.3-cm solitary solid nodule with spongi-
form appearance. No intranodular calcification or 
vascularity is identified. US-guided FNA was per-
formed based on the solid nature of the nodule.

Diagnosis of US-Guided FNA/Cytology: 
Papillary thyroid carcinoma

18.5.6  Case 16: Malignant Thyroid 
Nodule Mimicking a Benign 
Appearance (FDG-Avid, Small 
Thyroid Nodule)

Clinical Scenario: A 57-year-old female with 
amyloidosis. FDG-avid thyroid nodule seen on 
PET/CT as part of workup for the amyloidosis. 
Ultrasound was requested based on the FDG-avid 
nodule incidentally found on PET.

Imaging Features: Power Doppler demonstrates 
a 0.9-cm isoechoic thyroid nodule with no intra-
nodular calcification or vascularity (Fig. 18.16a).

Fused PET/CT axial image at the level of the 
thyroid gland demonstrates FDG-avid focus in 
the left thyroid lobe (Fig. 18.16b).

Diagnosis of US-Guided FNA/Cytology: 
Papillary thyroid carcinoma

18.5.7  Case 17: Thyroid Isthmus 
Nodule

A solid or complex isthmus nodule is of concern 
for malignancy independent of calcification or 
vascular flow.

Clinical Scenario: A 37-year-old male with chon-
drosarcoma of the chest wall found to have calcifi-
cation in the thyroid on CT chest. Ultrasound was 
requested to follow up the CT finding.

Ultrasound Features: Grayscale US images of 
the thyroid isthmus in transverse (Fig. 18.17a) 
and longitudinal (Fig. 18.17b) planes demonstrate 
a 0.9-cm ill-defined, solitary nodule in the isth-
mus containing coarse shadowing calcification.

Diagnosis of US-Guided FNA/Cytology: 
Papillary thyroid carcinoma

18.5.8  Case 18: Isthmus Nodule 
with Benign Appearance

Clinical Scenario: A 53-year-old woman with 
breast cancer and an isthmus nodule found inci-
dentally on CT. Ultrasound was requested to 
assess the isthmus lesion.

Ultrasound Features: Grayscale ultrasound image 
in transverse plane demonstrates a solid isthmus 
lesion with scant vascular flow (Fig. 18.18).

Diagnosis: Follicular neoplasm

18.6  Ultrasound-Guided FNA 
of the Thyroid

FNA is a key part of nodule assessment because 
it is often impossible to predict with sufficient 
reliability the benign or malignant nature of thy-
roid disease due to the significant overlap of 
sonographic features. In the absence of definitive 
sonographic features of malignant thyroid nodules 
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based on the US images, US-guided FNA has 
now become the cornerstone in the diagnosis of 
thyroid cancer or, just as importantly, to confirm 
the benign nature of a thyroid nodule [7].

US-guided FNA was commonly recom-
mended for nodules >1 cm. It was originally 
thought that the rate of thyroid malignancy was 
lower in patients with small incidentally discov-

ered non-palpable thyroid nodules found on MR, 
CT, or sonography performed for nonthyroid 
indications. However, the documentation of the 
potential biological aggressiveness of thyroid 
nodules <1 cm in size and as small as 0.2 cm, and 
the higher incidence of associated regional nodal 
metastasis, indicates that nodules <1 cm should be 
approached with the same concern for malignancy 

Fig. 18.15 (a, b) Power Doppler ultrasound images of the right thyroid lobe demonstrate a 2.3-cm solitary solid nodule 
with a spongiform appearance. No intranodular calcification or vascularity is identified

J.M. Johnson et al.



193

as nodules >1 cm in size [8, 9]. Thus, the stan-
dard of care for thyroid cancer must now include 
the detection of <1-cm cancers which implies the 
capability to perform a US-guided FNA of such 
minute lesions.

As with other diagnostic tests, the effectiveness 
of a US-guided FNA is highly dependent on the 
expertise of the operator performing the procedure 
and the adequacy of the specimen for interpretation 

of the cytomorphologic features. At MDACC, 
US-guided FNA is performed with the freehand 
technique following preparation of the skin with 
rubbing alcohol. A 20-gauge needle, attached to a 
20-cm3 syringe, is then inserted under ultrasound 
guidance, obliquely along the scan plan. The tip of 
the needle is directed toward, and sonographically 
confirmed within, the target nodule or lymph node, 
and aspiration is performed.

Fig. 18.16 (a) Power Doppler US demonstrates a 0.9-cm 
isoechoic thyroid nodule with no intranodular calcifica-
tion or vascularity. (b) CT. Fused PET/CT axial image at 

the level of the thyroid gland demonstrates an FDG-avid 
focus in the left thyroid lobe

Fig. 18.17 (a) Grayscale US images of the thyroid isth-
mus in the transverse plane demonstrates a 0.9-cm ill- 
defined, solitary nodule in the isthmus containing coarse 
shadowing calcification (arrow). (b) Grayscale US images 

of the thyroid isthmus in the longitudinal plane demon-
strate a 0.9-cm ill-defined, solitary nodule in the isthmus 
containing coarse shadowing calcification (arrow)
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The needle and tip are readably visible if 
they are parallel to the transducer. In this man-
ner, there is no need for a specialty needle to 
improve visibility. A review of 1206 patients at 
MD Anderson showed a 2 % rate of nondiag-
nostic specimens and a 1 % rate of false-posi-
tive and 2 % rate of false-negative results of 
US-guided FNA in the diagnosis of thyroid 
cancer [10].

The high success rate of FNA at MDACC is 
related in part to the large stiffer needle size used 
(20 gauge) and a single-pass and vigorous aspira-
tion with a syringe attached to the needle. 
Complications such as bleeding, infection, and 
pain are rarely encountered.

Core biopsy of the thyroid is restricted to 
suspected anaplastic tumors and lymphoma. In 
suspected lymphoma, core biopsy is performed 
to obtain tissue for flow cytometry to diagnose 
small cell lymphoma and in cases where there is 
concern for transformation of recurrent lym-
phoma. In documented lymphoma, core biopsy 
is performed to obtain tissue to assess for treat-
ment options.

18.7  Conclusion

No single sonographic criterion is specific for the 
benign or malignant nature of thyroid lesions. 
The combination of different US characteristics 
(1971) with US-guided fine-needle aspiration 
(FNA) (1983) and color Doppler (1988) contin-
ues to offer a remarkably accurate diagnostic sys-
tem of evaluation of the thyroid. The combination 
of sonographic features, color Doppler, and 
US-guided FNA has a specificity close to 100 % 
for the characterization of thyroid nodules.
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19.1  Introduction

Differentiated thyroid cancer has a strong predi-
lection for metastasis to locoregional lymph 
nodes. Though the reported frequency of nodal 
metastases can vary significantly, it is imperative 
to have an understanding of the impact that these 
findings can have on the clinical course of an 
individual patient. This chapter will discuss the 
bearing that malignant lymph nodes have on the 
surgical approach, the recurrence risk, and the 
decision to utilize adjunctive therapy. 
Additionally, it will outline the role of postopera-
tive surveillance ultrasonography in thyroid can-
cer patients. Finally, the limitations of 
sonographic imaging of the neck will be dis-
cussed. The sonographic appearance of nodal 
metastases will be discussed in detail in the fol-
lowing chapter.

19.2  Preoperative Identification 
of Metastatic Lymph Nodes

Ultrasonography of the neck is a critical instru-
ment in the arsenal of those treating patients with 
thyroid cancer. Identification of abnormal lymph 
nodes on ultrasound examination of the neck not 
only changes the likelihood of malignancy in any 
given thyroid nodule in that patient [1], but it also 
changes the surgical management [2]. In fact, 
one retrospective study found that the preopera-
tive US of the neck changed the surgical approach 
in 40 % of patients [2]. Similarly, another study 
found that performing a US of the neck prior to 
initial surgery for thyroid cancer reduced the 
number of repeat surgeries by 39 % [3]. For this 
reason, a survey of the cervical lymph nodes with 
ultrasound should be performed in all patients 
suspected of having a thyroid nodule [1].

19.2.1  Frequency of Lymph Node 
Metastases

The incidence of nodal metastases in papillary 
thyroid cancer is highly variable in the literature, 
with rates reported as high as 90 % on polymerase 
chain reaction amplification of thyroglobulin 
(Tg) measurement [4]. With less stringent criteria 
for malignant diagnosis, however, the rates of 
nodal involvement are lower, though the majority 
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of patients with papillary thyroid cancer probably 
have diseased nodes [3, 5–8]. The likelihood of 
nodal metastases in the individual patient is 
dependent on several demographic factors and 
tumor features. Tumor size correlates with risk of 
metastatic spread; larger lesions are more likely 
to exhibit nodal involvement [9]. Additionally, 
multifocal [10] and poorly differentiated tumors 
[11] are more often associated with lymphatic 
spread. The frequency of nodal metastases also 
varies with histologic subtype, papillary and 
Hurthle cell cancers having a higher predilection 
than follicular carcinomas [12]. Patient factors 
are also important in predicting the likelihood of 
nodal disease; men [13] and children [14] more 
often have locoregional metastases. The extent of 
surgical dissection and thoroughness of the 
pathologist also increases the nodal yield [15].

It is well recognized that the central compart-
ment is difficult to examine sonographically with 
an intact thyroid; up to 50 % of malignant nodes 
are missed preoperatively [16]. Prophylactic cen-
tral compartment dissection in patients with 
tumors less than 1 cm reveals that over 50 % have 
lymph node metastases [17]. With such a high 
rate of nodal disease and relative insensitivity of 
preoperative imaging, it begs the question of the 
legitimacy for prophylactic central neck dissec-
tion [17–22].

The potential benefit of a prophylactic surgery 
is that more diseased nodes are successfully iden-
tified and removed. The recognition of nodal 
involvement may also change the management of 
patients. In fact, one study found that prophylac-
tic central neck dissection upstaged nearly 30 % 
of patients to stage III disease, which resulted in 
higher doses of radioactive iodine [7]. 
Importantly, however, there was no significant 
difference in postoperative serum Tg levels in 
those patients who had the central neck dissec-
tion compared to those who did not undergo the 
more extensive surgery [7].

A valid argument against prophylactic neck 
dissections relates to the complication rates. 
Numerous studies have determined that a central 
neck dissection increases the risk of permanent 
hypoparathyroidism and recurrent laryngeal 
nerve paralysis compared to thyroidectomy alone 

[23, 24]. In addition, a recent study reported no 
difference in recurrence rates after prophylactic 
neck dissection in patients with and without 
pathologically malignant central neck lymph 
nodes when the preoperative ultrasound per-
formed by an expert operator did not identify sus-
picious lymph nodes, indicating that small 
volume central neck disease likely has negligible 
effects on recurrence [19]. Others counter-argue 
that reoperation for nodal involvement identified 
after thyroidectomy is also associated with a high 
risk of complications [15] and an initial prophy-
lactic surgery is therefore the preferable approach 
[24]. With little hope for a prospective, random-
ized controlled trial to settle the debate [25], 
arguments for and against the role of prophylac-
tic central neck dissections will likely persist. 
Current recommendations from the American 
Thyroid Association (ATA) indicate that a pro-
phylactic central compartment dissection may be 
considered in patients with papillary thyroid can-
cer when the primary tumor is more advanced or 
in the presence of lateral neck node involvement 
[1].

The sonographic identification of lateral 
lymph node involvement is more sensitive than 
the central neck, though prophylactic surgeries 
have also revealed that up to 39 % of nodes may 
be missed by ultrasonography alone [17]. Indeed, 
a recent meta-analysis revealed that 57.5 % of 
patients had nodal metastases on prophylactic 
dissections of the lateral neck, while only 12.8 % 
had disease that was identified on preoperative 
imaging [26]. However, prophylactic dissection 
of the lateral neck is not recommended [1]. 
Similar to the central neck, removal of sono-
graphically normal nodes, even if subsequently 
found to be pathologically positive, does not 
improve recurrence-free survival [18, 19].

19.2.2  Clinical Impact of Lymph 
Node Metastases

Any discussion of indications for prophylactic 
nodal dissection should be tempered by the clinical 
impact of the identification of nodal disease. There 
has been ongoing debate about the significance of 
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lymph node involvement and its  influence on 
patient prognosis. An early report published four 
decades ago reported better outcomes in patients 
with nodal diseases [27], but a second study shortly 
thereafter suggested that the presence of nodal dis-
ease was associated with a higher risk of recurrence 
and death [28]. Deliberation ensued. Some studies 
found adverse effects on survival but not on struc-
tural recurrence [29, 30]. Others upheld the find-
ings of increased mortality with nodal disease [31, 
32]. A larger study showed that survival is only 
worse with lymph node metastases in those patients 
over the age of 45 years [33]. More recent studies 
evaluating recurrence risk suggest that removal of 
microscopic malignant nodes identified only on 
prophylactic neck dissection does not impact dis-
ease-free survival [18, 19].

With the high frequency of nodal metastases 
and the seemingly conflicting data on prognosis, 
their true impact was unclear, posing a potential 
barrier to the successful management of patients. 
The ATA therefore created a task force to address 
the prognostic significance of nodal metastases 
from papillary thyroid cancer after a careful anal-
ysis of the literature [8]. The conclusion from this 
study indicates that not all nodal disease is equiv-
alent; some metastatic nodes have a worse prog-
nosis than others (see Table 19.1). Those lymph 
nodes that are identified preoperatively as abnor-
mal by palpation or with ultrasound or those 
malignant nodes visually identified intraopera-
tively are termed clinical node positive (cN1). 
These clinically apparent nodes are associated 
with a risk of recurrence approaching 20 % [18, 
19, 34–38]. In contrast, those patients with either 
a few nodes with microscopic malignant involve-
ment (<2 mm) or pathologic malignant nodes 
that are clinically or sonographically normal pre- 
or intraoperatively are considered clinically node 
negative (cN0) [8, 18, 19, 38]. The median likeli-
hood of recurrent disease in cN0 patients is 
between 2 and 4 % [8]. Additionally, the number 
of nodes involved with disease factors into the 
risk; when greater than five metastatic nodes are 
identified, the median risk of recurrence increases 
to 19 %, even with microscopic metastases [8, 39, 
40]. Moreover, the size of the metastatic deposit 
impacts recurrence risk. Foci less than 2 mm 

have a very low likelihood of recurrence [8], 
whereas a metastatic node measuring over 3 cm 
has a very high associated risk [40]. Likewise, 
extranodal extension is associated with a 24 % 
risk of recurrent disease [8, 39, 41]. It is therefore 
very important for the clinician to consider the 
size and number of nodal metastases when estab-
lishing an individual patient’s risk of recurrent 
disease and determining the need for adjunctive 
therapy. Further, the preoperative ultrasound 
appearance of the nodal metastases impacts 
patient outcomes [18, 19, 34–38].

19.3  Postoperative Surveillance

19.3.1  Risk of Recurrent Disease

The term recurrent disease is often used inter-
changeably with persistent disease, though the 
two entities are distinct [43]. A recurrence is 
defined as the appearance of tumor in a patient 
previously thought to have no evidence of disease 
[43]. Persistent disease is that which is identified 
prior to a patient being labeled as having no evi-
dence of disease [43]. Historically, thyroid cancer 
has a high rate of recurrent disease, up to 30 %, at 
40 years of follow-up [44]. This data, however, is 
derived from utilization of historically more 

Table 19.1 Risk of recurrent disease based on character-
istics of lymph node metastases

Characteristic

Median 
recurrence 
risk (%)

Range 
(%) References

Clinical N0 2 0–9 [5, 38, 42]

<5 metastatic 
nodes

4 3–8 [5, 39, 40]

>5 metastatic 
nodes

19 7–21 [39, 40]

Clinical N1 22 10–42 [18, 19, 
34–38]

Clinical N1 with 
extranodal 
extension

24 15–32 [39, 41]

Clinical N0 signifies lymph nodes that appear normal on 
ultrasound evaluation and are microscopic metastases. 
Clinical N1 nodes are those that are identified by palpa-
tion or sonographically prior to surgery or appear abnor-
mal intraoperatively. Modified from Randolph et al. [8]
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insensitive means for detecting residual disease, 
including palpation of the neck and diagnostic 
whole-body scans [44]. Palpation examination 
may miss nearly 40 % of nodal disease subse-
quently detected with sonography [2, 3]. 
Furthermore, diagnostic whole-body scans fail to 
identify many metastatic lesions now recogniz-
able with serum Tg measurement and US exami-
nation of the neck [45]. Therefore, the majority of 
“recurrences” identified by Mazzaferri et al. [44] 
more likely represented persistent disease that 
was unable to be distinguished with the imperfect 
modes of detection available at the time. 
Moreover, the recurrent disease probably took 
many years of growth to come to clinical detec-
tion. With improved preoperative sonographic 
detection of metastatic disease, modern patients 
are undergoing more extensive initial surgeries 
[46]. And, with very sensitive means of detection 
of residual thyroid tissue, once a patient is labeled 
as being free of disease, it seems unlikely that the 
rates of recurrence with long- term follow-up will 
remain as high as 30 %. More recent short-term 
estimates of recurrence rates are very low, though 
long-term follow-up with the current imaging 
modalities and ultrasensitive Tg measurements 
remains unavailable [6, 47–49].

The majority of recurrences in patients with 
papillary thyroid cancer involve locoregional 
lymph nodes. Sonography of the neck is a critical 
tool for detection of these metastases as diagnos-
tic whole-body scanning and palpation are very 
insensitive [2, 3, 45]. For this reason, sonography 
of the neck is an indispensable component of the 
long-term follow-up in patients with papillary 
thyroid cancer. The optimal timing of the initial 
postoperative ultrasound examination and the 
subsequent need for repeat examinations is depen-
dent on the initial risk of recurrence [1]. This 
stratification system is outlined in the sections 
below. The ultrasound examination is thus an 
important component of the determination that a 
patient has been rendered free of disease [1].

Tumor recurrence rates escalate with increas-
ing tumor size; in one study those tumors less 
than 1 cm had a 10-year recurrence risk of 4.6 %, 
and the risk increased incrementally to 24.8 % in 
those larger than 8 cm [50]. Additional factors 

impacting recurrence include tumor histology, 
patient age, extent of nodal involvement, and 
possibly BRAF mutation status [1]. Variable 
rates of recurrence risk across studies may also 
stem from the vigor with which one searches for 
residual disease. The contemporary definition of 
biochemical cure should include both imaging 
and biochemical parameters, however. The cur-
rent criteria for disease- free status from the ATA, 
now termed an “excellent response to therapy,” 
include no clinical or imaging evidence of tumor 
and a serum Tg level during TSH suppression of 
<0.2 ng/mL or after stimulation of <1 ng/mL in 
the absence of interfering antibodies [1]. The fre-
quency for performance of neck sonography in 
patients with differentiated thyroid cancer should 
be adapted to that individual’s risk of structural 
recurrence. Therefore it is important for clini-
cians to understand the benefits and limitations of 
staging systems to predict recurrence.

19.3.2  Staging Systems

The tumor, node, and metastasis (TNM) system 
proposed by the American Joint Committee on 
Cancer (AJCC) is the most widely used staging 
system for thyroid cancer and is designed to pre-
dict risk of mortality [51]. Other staging systems, 
including European Organisation for Research 
and Treatment of Cancer (EORTC) [52], Age, 
Metastasis, Extent of disease, Size (AMES) [53], and 
Metastasis, Age at presentation, Completeness 
of surgical resection, Invasion (extrathyroidal), 
Size (MACIS) [54], were created to capture addi-
tional clinicopathologic factors that impact sur-
vival such as patient age or tumor invasiveness. 
Numerous studies have demonstrated that the 
TNM and MACIS systems offer the most reliable 
estimates of mortality [55, 56]. These systems 
have significant shortcomings, however. One 
major limitation is that no single staging system 
adequately captures all tumor and patient fea-
tures that impact prognosis. Consequently, the 
ability of any of these staging systems to accu-
rately predict death from thyroid cancer in the 
individual patient is limited [55, 56]. The clini-
cian should be aware of these limitations when 
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discussing the tumor stage with a patient, regard-
less of the system employed.

Fortunately, prediction of mortality is typi-
cally a secondary concern for most patients with 
differentiated thyroid cancer; the risk for recur-
rence is more probable and consequently of more 
immediate interest. Because the TNM system 
does not accurately differentiate the risk of recur-
rence among the vast majority of patients who 
are either stage 1 or stage 2, the ATA developed a 
three-tiered classification of tumors based upon 
surgical pathology features [1]. Differentiated 
thyroid cancers are categorized as low, interme-
diate, or high risk for structural recurrence based 
on various tumor features that are obtained on 
surgical pathology. Small, intrathyroidal tumors 
with minimal nodal involvement are at low risk 
for recurrence, between 1 and 8 % [1]. 
Intrathyroidal tumors less than 4 cm with vascu-
lar invasion, clinically evident nodal disease, 
greater than five nodal metastases, or BRAF 
mutation have an intermediate risk of recurrence, 
between 10 and 30 % [1]. Papillary cancers larger 
than 4 cm with BRAF mutations or gross extra-
thyroidal extension, tumors with nodal disease 
measuring >3 cm or extranodal extension, and 
follicular carcinomas with extensive vascular 
invasion are deemed high risk with a recurrence 
rate between 40 and 50 % [1]. This stratification 
system not only aids the clinician in determining 
the need for additional therapy but also helps to 
guide the initial timing and intensity of surveil-
lance and the level of TSH suppression in the first 
12–18 months postoperatively [1].

19.3.3  Initial Ultrasound Surveillance

Active surveillance for recurrent disease ini-
tially combines measurement of serum thyro-
globulin and ultrasound of the neck [1]. At a 
minimum, ultrasound of the neck should be 
performed at 6–12 months after surgery for 
papillary thyroid cancer and then periodically 
thereafter, depending on the patient’s risk for 
recurrence and thyroglobulin status [1]. The 
central and lateral cervical nodal compartments 
should be interrogated by an experienced 

sonographer utilizing a high-frequency probe 
(≥10 MHz) [1].

19.3.4  Long-Term Ultrasound 
Surveillance

It is important to recognize that the risk of recur-
rence may change over time depending on the 
clinical course of the disease and the response to 
therapy [1]. A dynamic stratification system has 
been proposed to assess the response to treatment 
and hence modify the initial structural recurrence 
risk estimation [57, 58]. This system may be used 
at each visit to reassess an individual’s likelihood 
of recurrent disease; the information is then 
incorporated into the surveillance strategy and 
guides the extent of TSH suppression and other 
treatment decisions, the most common of which 
is frequency of neck sonography [1, 57]. The sys-
tem has been retrospectively validated in two 
studies [57, 58].

Response to therapy is divided into one of four 
groups: excellent, biochemical incomplete, struc-
tural incomplete, and indeterminate [1]. An 
excellent response to therapy is typified by a lack 
of clinical, biochemical, or structural evidence of 
disease. Initially low- and intermediate-risk 
patients who achieve this status have a very low 
risk of recurrence, between 1 and 4 %. In con-
trast, high-risk patients to reach this benchmark 
have a risk of recurrence of 14 % [57]. A bio-
chemical incomplete response is marked by an 
abnormal thyroglobulin value (suppressed serum 
Tg between 1 and 10 ng/ml or stimulated Tg 
>10 ng/ml) or rising anti-Tg antibody level in the 
absence of visible disease [57]. During follow-
 up, approximately 30 % of these patients will be 
reclassified as having no evidence of disease, 
20 % will achieve disease-free status after addi-
tional therapy, and 20 % will develop structural 
disease during follow-up [57]. Those with persis-
tent visible disease are classified as structural 
incomplete response to therapy [57]. The major-
ity of these patients, 50–85 %, will have persis-
tent disease despite additional therapy. Finally, an 
indeterminate response to therapy is denoted by 
nonspecific structural findings that cannot be 
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confidently viewed as malignant or benign, a 
low-level detectable suppressed Tg (greater than 
the low limit of normal for the assay but less than 
1 ng/ml), a stimulated Tg <10 ng/ml, or declining 
anti-Tg antibody levels [57]. During follow-up, 
15–20 % of these patients will have structural dis-
ease identified, and 80–85 % will have stable or 
resolving clinical findings [57].

The response to therapy stratification is used to 
guide the clinician in long-term follow-up and 
management decisions, including the intervals for 
US surveillance. In patients with an excellent 
response to therapy, a reduction in the intensity 
and frequency of follow-up is appropriate [1]. In 
fact, low-risk patients with no detectable disease 
can be followed primarily with clinical examina-
tion and serum Tg measurement while on levo-
thyroxine replacement therapy [1]. Because 
initially high-risk patients that achieve an excel-
lent response to therapy may have a higher risk of 
recurrence, a more intensive follow-up strategy 
may be appropriate, with yearly follow-up and 
periodic US examinations for the first 5 years 
after achieving disease-free status. Patients with a 
biochemical incomplete response to therapy may 
require additional imaging if the Tg or Tg-antibody 
titer is rising [1]. If a structural incomplete 
response is seen, continued imaging with US is 
appropriate for determination of rate of growth 
and potentially the development of new lesions 
[1]. Those patients with an indeterminate response 
to therapy and nonspecific findings on US may 
require serial sonographic imaging to identify 
changing features or growth [1].

19.4  Observation of Small Nodal 
Disease

Sonography is very sensitive for identifying mini-
mal residual thyroid tissue and nodal metastases as 
small as 2–3 mm in diameter. These tiny foci may 
be very difficult to identify intraoperatively, how-
ever. And the clinical impact of this minimal resid-
ual disease is questionable [1]. Nearly half of the 
“suspicious” US findings that are aspirated are ulti-
mately deemed to be benign [59–61]. Additionally, 
several studies have demonstrated that the majority 

of suspicious lesions in the postoperative neck do 
not demonstrate significant growth [62–64]. 
Though the percentage of lesions that exhibited 
growth was variable in the studies, it remained low, 
between 9 and 20 %, even with long-term follow-
up (3.5–14 years) [62–64]. The studies consistently 
found that the variable which best predicted the 
growth of a lesion was the largest lesional diame-
ter; bigger masses were more likely to grow [62, 
64]. Even among the minority of malignant lesions 
that demonstrated enlargement, the rate of growth 
was typically slow, with a 1.3 mm/year increase 
[64]. Fortunately, when the structurally progressing 
lesion was ultimately resected, there was no evi-
dence of local invasion or distant metastases [63, 
64]. Taken together, these data point to the conclu-
sion that with careful sonographic follow- up 
including serial measurement of Tg, observation 
rather than surgical removal may be warranted in 
properly selected patients with minimal residual 
disease [1, 43]. Alternatively, those sonographi-
cally suspicious lesions measuring greater than 
8–10 mm in smallest diameter may be considered 
for fine-needle aspiration with cytology and thyro-
globulin measurement in the needle washout fluid 
and, ultimately, removal [1]. Suspicious lesions 
that are smaller than 8–10 mm also may be consid-
ered for intervention if there is growth or if the 
node threatens vital structures [1].

19.5  Limitations of Ultrasound 
Imaging for Cervical Lymph 
Nodes

Clinicians should be cognizant of the limitations 
of neck sonography. First, sound waves cannot 
penetrate air, bone, or cartilage. Consequently, 
nodes posterior to the trachea may be difficult to 
identify. Second, the depth of a structure may 
exceed the limits of high-resolution sonography. 
As a result, the superior mediastinal and deep 
level IV lymph nodes may be difficult to see, par-
ticularly in patients with a large body habitus. 
Third, artifacts from normal anatomic structures 
may also obscure visualization of nodal metasta-
ses. For example, isoechoic nodes that lie poste-
rior to a large vessel may be difficult to delineate. 

J.A. Sipos



203

The posterior acoustic enhancement associated 
with the sound waves traveling through the ves-
sel may disguise an isoechoic metastatic node.

Computerized tomography may therefore 
improve the sensitivity of identifying disease in 
the retropharyngeal space and the superior medi-
astinum [65] and may be a useful adjunct to ultra-
sonography in preoperative planning [1]. Indeed, 
the combination of CT and US was found to have 
increased sensitivity to either modality alone for 
the identification of nodal disease in the central 
compartment [66].

Extrathyroidal extension may be seen in up to 
15 % of patients with papillary thyroid cancer, 
with the severity ranging from microscopic inva-
sion to gross extension of the tumor into the sur-
rounding vital structures and soft tissues [67]. 
Though gross extrathyroidal extension may be 
identified on ultrasonography [68], invasion into 
the trachea or esophagus cannot be assessed 
sonographically. CT offers improved visualiza-
tion of the integrity of these structures [66, 69]. 
Knowledge of the extent of tumor invasion could 
significantly impact the surgical approach [70].

Another limitation of sonography includes the 
identification of lesions and structures not related 
to the cancer but which may be confused with a 
recurrence. These include suture granulomata, 
neuromas, parathyroid adenomas, thymic tissue, 
and metastases from other primary tumors, to 
name a few [71, 72]. The distinction between 
benign and malignant nodes may also be confus-
ing, particularly with plump reactive nodes in 
which the characteristic hilar stripe cannot be 
readily identified. These often may be seen in 
level II, as repeated microtrauma in the mouth 
chronically stimulates the node and causes resul-
tant hypertrophy [71, 72]. The distinction 
between suspicious and malignant lymph nodes 
is discussed in greater detail in Chap. 20.

19.6  Summary

Ultrasound plays an important role in the diagno-
sis and surveillance of patients with thyroid can-
cer. Preoperative US of the neck is a critical 
component of the surgical planning; identifica-

tion of metastatic nodes changes the operative 
approach. Sonography also helps identify recur-
rent disease in the neck in the postoperative 
patient; all patients should have a surveillance 
US 6–12 months after surgery. The importance of 
the ultrasound examination in the management of 
thyroid cancer patients is further established in 
that it is a central component of the definition of 
freedom from disease. The necessity of, and 
interval for, subsequent imaging is based on the 
response to therapy. Though sonography is piv-
otal to the evaluation and surveillance of thyroid 
cancer, there are important limitations to its use. 
The clinician should not only have expertise in 
the distinction of those metastatic foci of disease 
but also have a facile understanding of the mim-
ics of thyroid cancer recurrence. Furthermore, 
when suspicion is high for the presence of persis-
tence or recurrence in the absence of a sono-
graphic suspect lesion, other imaging modalities 
may be necessary to examine the regions of the 
neck that are not adequately visualized 
sonographically.
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20.1  Introduction

Lymph nodes involved in metastatic thyroid can-
cer can be classified into central neck and lateral 
neck subsets. These regions are defined by nor-
mal anatomic landmarks in the neck, which sepa-
rate lymph node clusters into six levels or 
compartments (Fig. 20.1) [1]. The central neck 
contains the thyroid gland itself, and its immedi-
ate lymphatic basin (level VI) consists of paratra-
cheal, pretracheal, and prelaryngeal nodes [2]. 
Boundaries of the level VI compartment are the 
hyoid bone superiorly, carotid arteries bilaterally,  
innominate artery inferiorly, and prevertebral fas-

cia posteriorly (Fig. 20.2). The lateral neck lymph 
nodes (compartments I–V) are grouped into the 
following:

20.2  Level I: Submandibular

This group is very rarely involved in thyroid can-
cer. It consists of lymph nodes within the bound-
aries of the anterior and posterior bellies of the 
digastric muscles, the stylohyoid muscle, and the 
body of the mandible. Lymph nodes in this com-
partment are at greatest risk for harboring metas-
tases from oral cavity, anterior nasal cavity, 
midface soft tissue, and submandibular gland 
malignancies. Inflammatory lymphadenopathy is 
also very common in level I, related to benign 
dental and oral cavity processes. Of note, the sub-
mandibular glands are located in level I, and 
these salivary glands are not infrequently affected 
by radioactive iodine therapy (Fig. 20.3).

20.3  Level II: Upper Jugular

This group is comprised of lymph nodes located 
around the upper third of the internal jugular 
vein. Its boundaries are the skull base superi-
orly, inferior border of the hyoid bone inferi-
orly, lateral border of the sternohyoid and 
stylohyoid muscles anteromedially, and the 
posterior border of the sternocleidomastoid 
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muscle posterolaterally. The spinal accessory 
nerve is within this compartment and subdi-
vides this compartment into IIA which are 

nodes located anterior (medial) to the nerve and 
IIB which are nodes located posterior to the 
nerve. Level II nodes are at risk for harboring 
metastases from cancers arising from the oral 
cavity, nasal cavity, nasopharynx, oropharynx, 
thyroid, hypopharynx, larynx, and parotid 
gland (Fig. 20.4, Video 20.1).

Fig. 20.1 Levels I–VI of the 
neck (and level VII, superior 
mediastinum)

Fig. 20.2 Level VI, anterior view

Fig. 20.3 Level I lymph node (arrow) with adjacent sub-
mandibular gland
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20.4  Level III: Middle Jugular

This group consists of lymph nodes located 
around the middle third of the internal jugular 
vein. Its boundaries are the hyoid bone superi-
orly, cricoid cartilage inferiorly, lateral border of 
the sternohyoid muscle anteromedially, and pos-
terior border of the sternocleidomastoid muscle 
posterolaterally. These nodes are at greatest risk 
for harboring metastases from cancers arising 
from the thyroid, oral cavity, nasopharynx, oro-
pharynx, hypopharynx, and larynx (Fig. 20.5, 
Video 20.2).

20.5  Level IV: Lower Jugular

This group consists of lymph nodes located 
around the lower third of the internal jugular 
vein. Its boundaries are the cricoid cartilage 
superiorly, clavicle inferiorly, lateral border of 
the sternohyoid muscle anteromedially, and pos-
terior border of the sternocleidomastoid muscle 
posteriorly. These nodes are at greatest risk for 
harboring metastases from cancers arising from 
the thyroid, hypopharynx, cervical esophagus, 
and larynx (Fig. 20.6).

20.6  Level V: Posterior Triangle

This group is comprised predominantly of the 
lymph nodes located along the lower half of the 
spinal accessory nerve and the transverse cervi-
cal artery, along with the supraclavicular nodes. 
The superior boundary is the apex formed by a 
convergence of the sternocleidomastoid and the 
trapezius muscles, the inferior boundary is the 
clavicle, the anterior boundary is the posterior 
border of the sternocleidomastoid muscle, and 
the posterior boundary is the anterior border of 
the trapezius muscle. Sublevel VA is separated 
from sublevel VB by a horizontal plane marking 
the inferior border of the arch of the cricoid carti-
lage. Sublevel VA includes the spinal accessory 
nodes, and sublevel VB includes the nodes fol-

Fig. 20.4 Benign level II lymph node (right transverse 
view)

Fig. 20.5 Right level III benign lymph node, transverse and sagittal views

20 Normal Cervical Lymph Node Appearance and Anatomic Landmarks in Neck Ultrasound
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lowing the transverse cervical vessels and the 
supraclavicular nodes. Level V nodes are at 
greatest risk for harboring metastases from can-
cers arising from the thyroid, nasopharynx, and 
oropharynx (Fig. 20.7).

In practice, some of the landmarks noted 
above are not easily visible by ultrasound during 
scanning of the neck. Therefore, a surrogate 
landmark for the boundary between levels I and 
II is the posterior border of the submandibular 
gland; an alternative landmark for the boundary 
between levels II and III is the carotid bifurca-
tion and between levels III and IV is the omohy-
oid muscle as it crosses over the internal jugular 

vein from superomedial to inferolateral. It is 
important to be aware of variations in usage of 
landmarks by different examiners and through 
different imaging modalities (ultrasound vs. 
cross-sectional), as well as variations in individ-
ual patient anatomy, so that imaging can be 
properly correlated with pathology, treatment 
planning, and outcomes.

20.7  Level VI: Central Neck

As noted above, this compartment is bounded 
inferiorly by the innominate artery. However, the 
ability to visualize this lower limit is quite vari-
able depending on patient body habitus, ability to 
extend the neck, and position of the larynx rela-
tive to the sternum. In some patients, it is not 
 possible to visualize soft tissue structures, includ-
ing lymph nodes, more inferior than the sternal 
notch. At the other extreme, there are some 
patients whose superior mediastinal structures 
(level VII) can be visualized even inferior to the 
innominate artery (Fig. 20.8 and Video 20.3).

20.8  Scanning Lymph Nodes

A 7.5-MHz linear transducer is the minimum 
requirement for ultrasonography of neck lymph 
nodes. A higher-frequency transducer (>10 MHz) 
allows better resolution of the lymph node archi-

Fig. 20.6 Right transverse level IV, somewhat amor-
phous but benign lymph node

Fig. 20.7 Benign lymph node at junction of levels III and V, left transverse and sagittal views. Note flattened shape and 
absence of visible hilum despite benign nature
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tecture. Ultrasound can help differentiate benign 
nodes from those that are suspicious for malig-
nancy. The next chapter (Chap. 21) discusses 
malignant lymph nodes in greater detail. To distin-
guish benign from malignant lymph nodes, the 
shape of the lymph node provides a useful starting 
point. Normal or reactive nodes (Fig. 20.9) are usu-
ally oval or fusiform, whereas malignant nodes 
tend to be round. A short to long axis ratio greater 
than 0.5 indicates a rounded and suspicious lymph 
node. Although rounded lymph nodes are more 
likely to be malignant, one must be cautious in 
using this rule with submandibular and parotid 
nodes, since nodes in these regions are frequently 
round even when benign (Fig. 20.10). Size of 
lymph nodes alone cannot be used for identifying 
malignant nodes, particularly since level II nodes 
tend to be quite large (Fig. 20.11). However, in a 
patient with a known malignancy, the serial change 
in nodal size is useful. Enlarging lymph nodes on 
serial examinations are highly suspicious for 
metastases. The medullary sinuses in the lymph 
node act as multiple acoustic interfaces and reflect 
the ultrasound waves, producing an echogenic 
structure know as echogenic hilum or hilus 
(Fig. 20.12). Fatty deposition makes the hilum 
more visible on ultrasound. Malignant nodes fre-
quently lack an echogenic hilum. The presence of 
an echogenic hilum is suggestive of a benign node 
but is not absolute since nodes with small malig-
nant deposits that have not completely replaced the 

Fig. 20.8 Level VI inferior limit at innominate artery

Fig. 20.9 Benign level II lymph node, oval in shape, vis-
ible hilum

Fig. 20.10 Right level I benign lymph node, transverse and sagittal views. Note somewhat rounded shape. Visible 
hilum

20 Normal Cervical Lymph Node Appearance and Anatomic Landmarks in Neck Ultrasound

http://dx.doi.org/10.1007/978-3-319-44100-9_21


212

lymph node may preserve the echogenic hilum 
(Fig. 20.13 and Video 20.4). Color and power 
Doppler are invaluable to help differentiate benign-

appearing nodes from those that are suspicious for 
malignancy. Normal lymph nodes only exhibit vas-
cularity along the echogenic hilum [Video 20.5]. 

Fig. 20.11 Large right level II benign lymph node, transverse and sagittal (with power Doppler) views

Fig. 20.12 Left level II benign 
lymph node with visible hilum, 
transverse view

Fig. 20.13 Benign-appearing right level III lymph node except for tiny microcalcification (arrow)

L.A. Orloff and M.L. Shindo
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Acute reactive lymphadenitis may exhibit increased 
vascularity with branching of the hilar vessels, but 
the flow is still within the core of the lymph node 
(Fig. 20.14). Increased vascularity around the 
periphery or throughout the lymph node cortex is 
suspicious for malignancy (Fig. 20.15). The 
increased peripheral vascularity in malignant 
lymph nodes is related to tumor angiogenesis. 
Other findings suspicious for thyroid malignancy 
are irregular lymph node borders, presence of cal-
cifications, and cystic and/or hyperechoic soft tis-
sue component within the node (Fig. 20.16a, b). 
More examples are shown in the next chapter.

In order to ensure that pathology is not missed 
in the performance of a neck ultrasound exam, it 

Fig. 20.14 Reactive lymphadenitis in level II; note 
somewhat diffuse hilar flow on power Doppler

Fig. 20.15 Left transverse (B-mode) and sagittal (power Doppler) views of level V lymph node with metastatic papil-
lary thyroid carcinoma

Fig. 20.16 (a) Metastatic papillary carcinoma. Left level II lymph node, transverse view. (b) Metastatic papillary carci-
noma. Right level III, transverse view, arrow points to microcalcification in otherwise benign-appearing lymph node

20 Normal Cervical Lymph Node Appearance and Anatomic Landmarks in Neck Ultrasound



214

is important to be systematic in scanning [3]. The 
sequence of exam is less important than the con-
sistency by a given examiner and the conscious 
effort to include all six levels of the neck. Most 
scanning is performed in the transverse plane, 
sweeping superiorly and inferiorly, with corrobo-
ration of findings and completion of  measurements 
by rotating to a sagittal (longitudinal) plane. 
Doppler is typically applied to discrete structures 
after B-mode (grayscale) ultrasound has delin-
eated specific areas of interest. Level VI is typi-
cally examined in combination with the thyroid 
gland (if present) or as a starting point after thy-
roidectomy, and the lateral neck compartments 
are then scanned sequentially. Annotation of 
images and an effort to commit findings to spe-
cific compartments in the neck will greatly 
enhance communication of findings, and ulti-
mately management of disease, by collaborating 
specialists.
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21.1  Introduction

Thyroid cancer has a propensity for cervical 
lymph node metastasis. Metastasis to the cervical 
lymph nodes may develop early during initial 
presentation or may present during surveillance 
as recurrence. Lymph node metastases arise as 
either macro-metastasis, which is clinically or 
radiographically apparent, or micro-metastasis, 
which is identified within seemingly benign- 
appearing lymph nodes on pathologic examina-
tion. Macro-metastasis is clinically important 
because morphologic changes in the cervical 
lymph nodes can be detected radiographically 
preoperatively and ultimately alter operative 
management [1, 2].

Cervical lymph node metastases may arise in 
any type of thyroid cancer, but with varying fre-
quency. Of the five types of thyroid cancer, papil-
lary thyroid cancer is the most common accounting 
for nearly 90 % of all cases, followed by follicular 

thyroid cancer (5 %); Hürthle cell cancer, now 
termed oncocytic follicular cancer (2 %); medul-
lary thyroid cancer (1.7 %); and anaplastic thyroid 
cancer (0.8 %) [3]. Papillary, follicular, and 
Hürthle cell carcinomas are grouped together and 
termed well-differentiated thyroid cancer. Lymph 
node metastases may be found in up to 50 % of 
people initially diagnosed with well-differentiated 
thyroid cancer [4, 5]. In papillary thyroid cancer, 
clinically apparent lymph node metastases occur 
in up to 36 % of adults and 80 % of children during 
initial presentation [6]. Cervical lymph node 
metastases are found in 5–17 % of follicular thy-
roid cancers [6, 7], 25 % of Hürthle cell carcino-
mas [7], and up to 75 % of medullary thyroid 
cancers [8]. Anaplastic thyroid cancer is fatal and 
aggressive cancer that presents with lymph node 
metastasis in 38 % of patients [9].

The importance of thorough perioperative 
sonographic evaluation of the neck cannot be 
stressed enough. Sonographic evaluation of cer-
vical lymph nodes is important in all patients 
with known thyroid cancer or suspicious thyroid 
nodules [10]. Performing routine preoperative 
ultrasound lymph node mapping has been shown 
to alter the operative management in 20 % of 
those undergoing initial surgery [1] and 68 % 
undergoing reoperative surgery for recurrence 
[2]. Cervical ultrasound is an extremely useful 
tool in detecting cervical lymph node metastasis 
with a sensitivity of 70 % and specificity of 98 % 
in patients with thyroid cancer [11].
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21.2  Ultrasound Technique and 
Reporting

Sonographic evaluation of cervical lymph nodes 
necessitates a standard method of imaging and 
reporting. A common language in reporting is 
essential for communication and for proper thera-
peutic planning. Cervical lymph nodes are 
grouped into seven levels according to anatomical 
distribution as proposed by Robbins et al. in 2008 
[12]. The borders of each level are as follows:

Level 1: Mandible, hyoid bone, anterior belly of 
the digastric muscle, and posterior border of 
the submandibular gland.

Levels 2–4 are bordered medially by the medial 
border of the carotid artery and laterally by the 
posterior border of the sternocleidomastoid 
muscle. The cephalad to caudad borders are:

Level 2: Skull base and angle of the mandible to 
the inferior border of the hyoid bone

Level 3: Inferior border of the hyoid bone to the 
inferior border of the cricoid cartilage

Level 4: Inferior border of cricoid cartilage to the 
clavicle

Level 5: Posterior border to the sternocleidomas-
toid muscle to the anterior border of the trape-
zius muscle from the convergence of the 
sternocleidomastoid and trapezius muscles 
down to the clavicle. Level 5 is divided in half 
at the level of the cricoid cartilage, with 5a 
being cephalad and 5b being caudad.

Level 6: Medial border of the carotid arteries 
from the hyoid bone to the suprasternal notch.

Level 7: Upper mediastinum (sternal notch to the 
innominate vessels).

Cervical lymph nodes are also categorized 
according to the compartments of the neck. The 
neck is divided into central and lateral compart-
ments. This nomenclature is utilized for imaging 
and operative descriptions.

The central neck compartment encompasses 
cervical lymph node levels 6 and 7. This com-
partment is bordered by the carotid arteries later-
ally, trachea medially, hyoid bone superiorly, 
innominate vessels inferiorly, and paraspinous 
muscles posteriorly. The central neck also incor-
porates the prelaryngeal (Delphian) and pretra-

cheal lymph nodes. The prelaryngeal lymph 
nodes are located anterior to the trachea between 
the hyoid bone and superior border of the isth-
mus. The pretracheal lymph nodes are found 
anterior to the trachea from the inferior border to 
the isthmus down to the innominate vessels.

The lateral compartment is made up of levels 
2 through 5 and is bordered by the medial border 
to the carotid artery medially, the trapezius mus-
cle laterally, angle of the mandible superiorly, 
clavicle inferiorly, and paraspinous and scalene 
muscles posteriorly.

Reporting of lymph nodes should comprise 
the following information:

 1. Location: the level of the neck
 2. Measurement (in three dimensions): 

length × width × height (anterior-posterior)
 3. Fatty hilum: presence or absence
 4. Vascularity pattern
 5. Echogenicity
 6. Composition (cystic degeneration, calcifica-

tions, uniformity)

21.3  Normal Morphology

Detailed description of normal-appearing lymph 
nodes is detailed in Chap. 23. Briefly, normal- or 
benign-appearing cervical lymph nodes have a dis-
tinct morphologic appearance. Benign lymph 
nodes are elliptical and small (Fig. 21.1a). However, 
even when benign lymph nodes enlarge 
(Fig. 21.1b), they usually maintain an elongated 
shape in which the length and width of the node are 
longer than the height (or anterior-posterior dimen-
sion). The echogenicity of benign lymph nodes is 
uniform and hypoechoic with a fatty hilum (hyper-
echoic streak) running centrally through the node. 
However, benign or reactive lymph nodes may 
present without a hyperechoic hilum [13].

21.4  Abnormal Cervical Lymph 
Nodes

Metastatic disease to the cervical lymph nodes 
is common in thyroid cancer. The pattern of 
spread tends to follow a specific course in 
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which the central compartment is typically 
affected first, followed by the lateral comport-
ment. The proximity of the central lymph nodes 
to the thyroid gland makes these lymph nodes 
more susceptible to local spread. However, 
visualization of these lymph nodes is often dif-
ficult during initial presentation due to the pres-
ence of the thyroid parenchyma anteriorly. 
Level 6 and 7 lymph nodes are commonly 
involved first, followed by levels 3 and 4. Levels 
2 and 5 are less commonly involved, but may 
still harbor metastasis; metastasis to level 1 is 
very rare [14, 15]. The lower third of the neck 
(low jugular, midline low neck, and supracla-
vicular neck regions) is affected in 66.5 % and 
the middle third in 20.4 % of patients with meta-
static thyroid cancer. Only 13 % of patients had 
metastasis to the upper third of the neck [15]. In 
evaluating level-specific metastasis in the lat-
eral compartment, levels 3 and 4 harbor 71 % 
and 79 %, respectively, of the lymph node 
metastasis [16]. Therefore, identification of 
metastasis in any lateral neck lymph node dur-
ing initial evaluation suggests involvement in 
the central neck. Understanding this pattern of 
spread is essential to proper operative manage-
ment. For instance, positive lateral neck metas-
tasis would necessitate a lateral neck dissection 
in combination with a central neck dissection.

21.5  Ultrasound Abnormalities

Abnormal lymph nodes consistently show devia-
tion from normal morphologic patterns. However, 
ultrasound is limited in that there is no single 
sonographic finding or criterion that is diagnostic 
of malignancy. Specificity and sensitivity for 
malignancy vary according to individual fea-
tures. A study evaluating the sonographic criteria 
for malignancy found that loss of the fatty hyper-
echoic hilum had the highest sensitivity (100 %), 
but the lowest specificity (29 %) in predicting 
malignancy. On the contrary, cystic appearance 
and hyperechoic punctuations had the highest 
specificity (100 %), but low sensitivities (11 % 
and 46 %, respectively) [14]. The importance in 
analyzing sonographic images is recognizing that 
deviation from the typical lymph node morphol-
ogy should prompt further evaluation. 
Sonographic findings suggestive of malignancy 
are as follows:

21.5.1  Shape

Shape of cervical lymph nodes can be utilized to 
differentiate malignant from benign cervical 
lymph nodes. The classic elliptical form of benign 

Fig. 21.1 Normal lymph nodes. Note that both small (a) and large (b) lymph nodes are hypoechoic and maintain an 
elongated shape with a hyperechoic fatty hilum coursing centrally
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lymph nodes is lost in malignant lymph nodes, 
and the shape becomes more rounded. Malignant 
lymph nodes also tend to develop an irregular 
contour and lose the smooth margin seen in 
benign lymph nodes (Fig. 21.2a). A round shape 
has been reported in 80 % of malignant lymph 
nodes, but in only 30 % of benign lymph nodes 
[17]. Shape of lymph nodes may be determined 
on transverse view with measurement of the width 
(transverse dimension) and height (anteroposte-
rior dimension). Malignant lymph nodes are sus-
pected when the height of the lymph node is equal 
to or greater than the width causing a more 
rounded appearance. A round shape is present 
when the ratio of the lymph node’s shortest to lon-
gest dimension is >0.5 [16, 17]. 80 % of malig-
nant and only 30 % of benign lymph nodes have a 
ratio greater than 0.5, with a sensitivity and speci-
ficity of 80 and 71 %, respectfully [17]. A more 
specific assessment was proposed in which the 
largest and smallest dimensions are utilized to 
calculate the longitudinal/transverse ratio. A ratio 
of >2 defines an oval lymph node and a ratio of <2 
defines a round lymph node [15]. Utilizing the 
longitudinal/transverse ratio of 2, 88 % of benign 
lymph nodes have a ratio of 2 or greater, while 
66 % of malignant lymph nodes have a ratio of 
less than 2 [15]. Nonetheless, round shape is only 
70 % specific and 37 % sensitive for identifying 
malignant lymph nodes [10, 14].

21.5.2  Echogenic Pattern

Echogenicity is another sonographic finding that 
can be utilized to stratify the risk of metastatic 
cervical lymph nodes in patients with thyroid 
cancer. Hypoechoic lymph nodes, especially 
with a hyperechoic fatty hilum, are typically 
benign. In contrast, hyperechogenicity is more 
commonly associated with malignant lymph 
nodes. It has been demonstrated that 86 % of 
malignant lymph nodes are hyperechoic as 
opposed to only 4.5 % of benign lymph nodes 
[17]. Hyperechogenicity alone is a strong indica-
tor of malignancy. Hyperechogenicity, with the 
loss of the fatty hilum, on ultrasound has a pre-
dictive value of 96 %, negative predictive value 
of 84 %, and accuracy of 90 % in identifying 
malignant lymph nodes in patients with thyroid 
cancer [17].

In addition to a hyperechogenicity, a heteroge-
neous solid ultrasound appearance also identifies 
a malignant lymph node. Benign lymph nodes 
exhibit a homogenous hypoechoic appearance on 
sonogram (Fig. 21.1). Malignant lymph nodes, 
on the other hand, may have a heterogeneous 
appearance with mixed hypo- and hyperechoic 
patterns (Fig. 21.2b). Hyperechogenicity and 
 heterogeneity are also found in the solid compo-
nent of cystic lymph nodes that harbor metastasis 
(Fig. 21.3). A recent study introducing a predic-

Fig. 21.2 Metastatic lymph nodes. (a) Lateral lymph 
node (level 4) with loss of elliptical shape, fatty hilum. 
Also note the irregular margins and heterogeneous echo-

genic pattern. (b) Level 4 lymph node with round appear-
ance, irregular margins, heterogeneous solid echogenic 
pattern, and microcalcifications
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tive model utilizing sonogram demonstrated that 
the existence of microcalcifications in the pres-
ence of a heterogeneous echogenic pattern was 
the best predictor of malignancy in cervical 
lymph nodes [18].

21.5.3  Size

Size in itself is not definitive for the diagnosis of 
malignancy. However, size may affect the malig-
nant potential of lymph nodes. Metastatic lymph 
nodes in general tend to be larger than benign 
lymph nodes. When a minimum axial diameter 
was set at 6 mm, metastases were found in 93 % 
of lymph nodes, while only 17 % were benign 
[17]. The malignant potential significantly 
increases when lymph nodes are larger than 2 cm. 
Approximately 22 % of malignant lymph nodes 
are between 2 and 3 cm, compared to 12 % of 
benign lymph nodes. One study reported that 
14 % of malignant lymph nodules were larger 
than 3 cm (Fig. 21.2), but only 1 % of benign 
lymph nodes reached this size cutoff. No differ-
ence existed in differentiating malignant risk in 
lymph nodes smaller than 1 cm, while lymph 
nodes measuring between 1 and 2 cm were more 
likely to be benign [15].

21.5.4  Cystic Degeneration

Lymph nodes, whether benign or malignant, are 
frequently solid. Earlier studies showed that over 
80 % of metastatic lymph nodes were homoge-
nous [13] and solid. Less often, malignancy may 
lead to cellular degeneration resulting in cystic 
formation within a lymph node. Cystic lymph 
nodes may also be found in benign diseases such 
as tuberculosis lymphadenitis, branchial cysts, 
and lymphoceles [10, 14]. In one study, cystic 
lymph nodes were found in approximately 20 % 
of thyroid cancer patients with malignant lymph 
nodes, and no benign lymph nodes exhibited cys-
tic change [15]. However, others have shown that 
cystic degeneration may occur in up to 70 % of 
patients with papillary thyroid cancer [19, 20]. 
Most cystic lymph nodes are from papillary thy-
roid cancer (93 %); however, poorly differenti-
ated thyroid cancer (3 %) and papillary serous 
carcinoma of the ovary (3 %) may also present 
with cystic degeneration [21]. Although identifi-
cation of a cystic component has a specificity of 
100 %, this finding is limited by a low sensitivity 
(10–34 %) [10].

Sonographic appearance of cystic lymph 
nodes varies. Generally, cystic lymph nodes lose 
the elliptical shape of a benign lymph node. The 

Fig. 21.3 Cystic degeneration of malignant lymph nodes. 
Note that the cystic lymph node may be associated with a 
(a) dense or (b) sparse central component. (a) Cystic 
lymph node with a dense, hyperechoic, central solid com-

ponent with hyperechoic spots. (b) Cystic lymph node 
with sparse solid component. The solid component has 
irregular margins and hyperechoic spots
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cystic component is anechoic under sonogram 
evaluation and may encompass a small single 
focus and multiple cystic areas or completely 
replace the lymph node [20]. The solid compo-
nent is iso- to hyperechoic and may be dense or 
sparse relative to the cystic portion. Sonographic 
features of the solid component parallel findings 
typical of non-cystic malignant lymph nodes. 
Irregular margins, heterogeneity, microcalcifica-
tions, and increased vascularity are typical find-
ings within the solid portion of cystic lymph 
nodes (Fig. 21.3).

21.5.5  Microcalcifications

Microcalcifications are classic finding in malignant 
thyroid nodules and lymph nodes of thyroid cancer 

patients, most commonly with well- differentiated 
thyroid cancer. Microcalcifications may be found 
in nearly 70 % of metastatic lymph nodes in patients 
with thyroid cancer [13, 15]. Though commonly 
associated with papillary thyroid cancer, microcal-
cifications may also occur in medullary thyroid 
cancer [22]. Identification of microcalcifications 
within a lymph node has a specificity of 100 %, but 
only 46 % sensitivity for malignancy [14]. A recent 
study showed that microcalcifications in the pres-
ence of a heterogeneous echo pattern were predic-
tive of malignancy [18].

On ultrasound, microcalcifications appear 
as hyperechoic bright spots or reflectors 
(Fig. 21.4). As opposed to macrocalcifications 
found in thyroid nodules, microcalcifications 
do not refract the ultrasound waves. Therefore, 
the posterior acoustic shadow typical of macro-

Fig. 21.4 Metastatic lymph nodes depicting varying pat-
terns of microcalcifications. (a) Level 3 lymph node with 
aggregate of calcifications. (b) Heterogeneous lymph node 

with irregular margins and microcalcifications (arrow). (c) 
Metastatic lymph node with cystic degeneration and small 
punctate microcalcifications within the solid component
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calcifications is not visible with microcalcifica-
tions. Microcalcifications may be found in 
homogenous lymph nodes or within the solid 
component of partially cystic lymph nodes.

21.5.6  Vascularity

Increased vascularity within a tumor is com-
monly associated with malignancy. This is an 
important factor in evaluating cervical lymph 
nodes. Yet, benign factors (inflammation and 
infection) may also affect vascularity in cervical 
lymph nodes. Therefore, increased vascularity 
cannot be used as a single diagnostic criterion for 
malignancy. However, taking other ultrasound 
features into account, peripheral vascularity is 
one of the best factors for assessing malignant 
potential with a specificity of 82 % and sensitivity 
of 86 % for lymph node metastasis [14]. Other 
studies have shown a broader range with speci-
ficity of 57–93 % and sensitivity of 40–86 % [10].

Patterns of vascularity within metastatic 
lymph nodes vary. Peripheral enhancement is the 
principal vascular pattern that has been associ-
ated with thyroid cancer metastasis (Fig. 21.5) 
[10, 14, 17]. Peripheral vascularity may also be 
apparent within the solid component of a cystic 
lymph node. Other lymph nodes may harbor a 
diffuse pattern of increased vascularity through-
out the lymph node, including central and promi-
nent peripheral vascular flow. The solid 
component of cystic lymph nodes may also show 
diffuse vascular flow. On the other hand, vascu-
larity is not exclusive of malignancy as some 
metastatic lymph nodes may present with little or 
no vascularity on Doppler.

21.6  The Technique 
of Preoperative 
and Surveillance Ultrasound

There are a few key aspects to review about the 
strategy of performing ultrasound for the purpose 
of detecting cervical lymph node metastases. 
These aspects are offered here as a systematic 
listing and then supplemented with a photo of the 

lateral neck with an incision and ultrasound cine- 
clips demonstrating lymph nodes confirmed by 
cytology or histology to be thyroid cancer metas-
tases (Fig. 21.6, Videos 21.1, 21.2, 21.3, 21.4, 
21.5, 21.6, 21.7, 21.8, 21.9, 21.10, 21.11, 21.12, 
21.13, 21.14, 21.15, 21.16, 21.17, 21.18, 21.19, 
21.20, 21.21, 21.22, 21.23, 21.24, 21.25, 21.26, 
21.27, 21.28, 21.29, 21.30, and 21.31).

 1. The most significant aspect is to ensure that 
this ultrasound actually gets performed. As 
simple and basic as this seems, the fact remains 
that preoperative ultrasound for lymph node 
mapping is often omitted prior to the initial 
surgery or that it is assumed that lymph nodes 
are normal because no mention of abnormal 
lymph nodes is made in the ultrasound report. 
It is a joint responsibility of treating physicians 
to ensure, by communication, that this ultra-
sound is performed and that the expected 
information is available before surgery. During 
the surveillance period postoperatively, since 
again a number of physicians may share in the 
care of the patient, communication and atten-
tiveness to accomplishing the ultrasound are of 
paramount importance.

 2. Methodical conduct of lymph node mapping 
is exceptionally helpful. There is no standard 
technique or sequence in which this is accom-
plished or advocated by professional associa-
tions. The key is to perform it in the same way 
each time and in each patient and to include 
all of the cervical lymph node levels described 
above. A practical admonition is to inform 
even the patients to expect a comprehensive 
evaluation of cervical lymph nodes; if the 
patients do not feel the ultrasound probe cov-
ering their entire neck, then as advocates of 
their own medical care, they should make that 
known to their physicians who can request 
another, properly thorough ultrasound exam. 
The transducer probe and ultrasound gel 
should cover the following regions thoroughly 
(Fig. 21.6): level of the angle of the mandible/
mastoid process (superiorly) all the way down 
to the clavicle (inferiorly), the posterior neck 
to the trapezius muscle (laterally), and all of 
the central neck (medially).
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One method is to start by examination of 
the central neck (level 6) because that is where 
the thyroid is or was located. In transverse ori-

entation, the transducer remains centered on 
the trachea while acquiring images from the 
sternal notch up to the thyroid cartilage. The 

Fig. 21.5 Vascular patterns in malignant lymph nodes. 
(a) Metastatic lymph node with increased peripheral vas-
cularity. (b) Peripheral vascularity within the solid com-
ponent of a metastatic lymph node with cystic 
degeneration. (c) Metastatic lymph node with diffusely 

increased vascularity, both centrally and peripherally. (d) 
Cystic lymph node with increased vascularity of the solid 
component. (e) Metastatic lymph node with irregular mar-
gins, heterogeneous echotexture, and minimal vascularity

M.A. Guerrero
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paratracheal areas are inspected for presence 
of abnormal lymph nodes. The transducer can 
then be positioned over the right and left thy-
roid bed spaces, and pressure altered, so as to 
elicit further any abnormalities, particularly 
those that may be deeply positioned. The 
space is then examined in longitudinal views. 
Returning to a transverse transducer probe 
orientation, the flanking zones are examined: 
level 7 (superior mediastinum) and level 1 
(submental triangle). While lymph node 
metastases in these zones are not very com-
mon, they are also not rare, especially in level 
7, where they may represent an extension of 
inferior level 6 nodes, Thus, the ultrasound 
probe and gel should cover the area from the 
chin to the chest, and the probe angles deeply 
into the mediastinum until even the aortic arch 
can be seen in some patients. To accomplish 
this, the patient really has to be in gentle neck 
hyperextension, supported by a soft pillow 
below the shoulders, and asked to turn their 
chin to the side to expose the lateral neck sur-
face. Patients who have cervical spine issues 
or arthritis or are limited from other discom-
fort can avoid the extension, but more atten-

tiveness needs to be given to each zone when 
the ultrasound probe is applied.

Laterally, the neck cannot be examined in 
just a single motion of the ultrasound probe, 
but it takes several “painting” motions of the 
ultrasound probe, held in transverse orienta-
tion, to cover the territory of levels 2, 3, 4, and 
5. Starting at the clavicle (level 4), the probe 
can proceed superiorly until it can go no fur-
ther, limited by the mandible (level 2). The 
probe can then be moved ever so slightly later-
ally, still in transverse orientation, to scan 
back down to the clavicle, and this is repeated 
again in the superior-inferior axis until the tra-
pezius muscle is reached (“painting”). The 
sternocleidomastoid muscle (SCM) serves as 
the “roof” of the lateral neck space for levels 
2–4. Therefore, when the SCM is displaced so 
only a small portion of it is visible on the edge 
of the ultrasound, the posterior neck (level 5) 
is in focus. This area is a broad, vague stretch 
of gray-scale background with few discreet 
anatomical structures. A notable exception is 
the brachial plexus at the border with the clav-
icle (Video 21.30). The goal of imaging in 
level 5 is to detect round hypoechoic densities 

Fig. 21.6 Area of the neck that requires imaging by ultra-
sound, essentially from the chin and the mandible to the 
hairline and to the clavicle and all in the central neck. The 
incision used here was required to access the all regions of 
the neck for a comprehensive cervical lymph node clear-

ance of metastatic papillary thyroid cancer. Refer also to 
Videos 21.1, 21.2, 21.3, 21.4, 21.5, 21.6, 21.7, 21.8, 21.9, 
21.10, 21.11, 21.12, 21.13, 21.14, 21.15, 21.16, 21.17, 
21.18, 21.19, 21.20, 21.21, 21.22, 21.23, 21.24, 21.25, 
21.26, 21.27, 21.28, 21.29, and 21.30
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that stand out from the usually monotonous 
gray-scale background.

Remember that the benefit of clinician- 
performed ultrasound is real-time imaging. 
Any of the regions can be scrutinized with iso-
lated focus again. The probe can be oriented 
in any direction to capture a lymph node along 
its longest axis or to determine how it appears 
in different views. Symmetry in appearance of 
structures from the left compared to the right 
neck supports a benign pattern. For example, 
lymph nodes adjacent to the submandibular 
gland can be as large as 2–3 cm but maintain 
normal architecture and appear the same on 
the right and left sides of the neck. This sym-
metry may help avoid their misdiagnosis as 
thyroid cancer metastases. Furthermore in the 
lateral neck, the transverse processes of the 
cervical spine should not be mistaken for cal-
cified masses—these are normal structures 
and several processes can be visible and 
tracked in a superior to inferior direction 
(Video 21.31).

 3. Ultrasound of the “empty neck,” after a patient 
has had thyroid surgery and even lymph node 
dissection surgery, benefits from repetition to 
gain mastery. The anatomical relationships in 
the central neck are different as the carotid 
artery moves closer to the trachea. Videos 
21.5, 21.6, and 21.9 provide some examples 
for consideration.

 4. Earlier chapters in this textbook have elabo-
rated on the use of color Doppler settings and 
the interpretation of patterns of vascularity. In 
examining lymph nodes, the gain setting of 
the color Doppler mode can be increased to 
detect chaotic or disorganized vascularity that 
may not be apparent at lower gain intensity. 
However, the best strategy is to remain flexi-
ble in adjusting both overall B-mode and 
color Doppler gain settings as the exam is 
being performed. This allows the image 
appearance to be optimized in relationship to 
the adjacent carotid artery and jugular vein or 
the high submandibular region (level 2) which 
can hide lymph nodes unless the sonographer 
scrutinizes the area carefully. At the angle of 
the mandible, especially several limitations to 

ultrasound exist. The probe cannot move 
beyond the mandibular bone: thus a smaller or 
small fingerprint/curvilinear probe may be 
helpful if available. The area is markedly 
hypoechoic because of density of normal 
hypoechoic structures (blood vessels, larynx, 
retropharyngeal space), and these may obscure 
adjacent or deep lymph nodes, which are also 
hypoechoic. If these areas are not imaged to 
the desired degree of satisfaction or confi-
dence, and lymphadenopathy is suspected, a 
CT scan with IV contrast is exceptionally 
helpful.

 5. The Thyroid Cancer Care Collaborative 
(TCCC) provides a methodical way to record 
the findings of cervical lymph node ultra-
sound (https://www.thyroidccc.org/) and 
offers guidelines, based on the American 
Thyroid Association, with points of consider-
ation for optimal management of patients with 
initial or persistent/recurrent lymph node 
metastases [23].

21.7  Conclusion

Preoperative and surveillance ultrasound evalua-
tion of the cervical lymph nodes is fundamental 
in the management of thyroid cancer. Though no 
specific criterion exists to diagnose metastatic 
disease, sonographic findings that deviate from 
benign lymph node morphology help stratify the 
risk of malignancy and prompt further diagnostic 
work-up.
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22.1  Introduction

Characterization of a lymph node as benign 
or malignant in the soft tissues of the neck in 
patients with head and neck cancers can be 
challenging even for the most experienced radi-
ologist. In the past decade, ultrasound (US) and 
US-guided fine-needle aspiration (FNA) have 
become the methods of choice for early and 
preoperative diagnosis of cervical adenopathy 

[1]. In this chapter, we discuss the technique 
of US imaging of cervical lymph nodes, radio-
graphic findings that portend early and also 
well-established metastatic lateral cervical ade-
nopathy, assessment for HPV, and the preoper-
ative documentation of metastatic adenopathy 
by US-guided FNA.

22.2  Technique: Routine US 
Evaluation of Cervical Lymph 
Nodes

Routine sonographic evaluation of the soft tis-
sues of the neck includes imaging in the ante-
rior and posterior jugular territories from the 
supraclavicular regions to the superior neck and 
the submandibular and submental regions. The 
parotid glands are included in patients with lym-
phoma, melanoma, and where there is concern 
for a parotid tumor on alternate imaging modali-
ties. Retropharyngeal lymph nodes, well seen on 
CT, cannot be assessed by routine ultrasound. 
Sonographic evaluation of retropharyngeal 
lymph nodes requires the transoral approach. 
Centrally, lymph nodes are evaluated in the pre-
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tracheal, pre-laryngeal, and suprasternal regions. 
The thyroid obscures paratracheal lymph nodes 
along with other lymph nodes posterior to the 
thyroid gland.

The metastatic spread of head and neck can-
cers is usually to the ipsilateral cervical lymph 
nodes; however, contralateral metastasis may 
occur. Thus, at The MD Anderson Cancer Center 
(MDACC) in Houston, Texas, US of the soft tis-
sues of the neck always includes evaluation of the 
lymph nodes in the bilateral jugular territories. In 
this manner, US detection of metastic adenopa-
thy has altered the staging and treatment of head 
and neck cancers allowing complete treatment/
resection of disease and minimizing local-
regional recurrence.

22.2.1  Case 1: Sonographic 
Evaluation of Benign Cervical 
Lymph Nodes in the Lower 
and Mid-Jugular Territories

Lymph nodes are evaluated in both the longitudi-
nal and transverse planes. Benign cervical lymph 
nodes in the lower and mid-jugular territories 
have an almond or oval shape with a central 
echogenic hilum, hypoechoic cortex, and orga-
nized vascular flow.

Clinical Scenario: PET/CT suggested an 
FDG avid left jugular territory lymph node in a 
46-year-old male with a biopsy proven Hurthle 
cell carcinoma in the left lobe of the thyroid.  
Ultrasound was requested to evaluate the FDG 
avid left jugular territory lymph node.

Imaging Features: Ultrasound. Benign appear-
ing oval lymph node in the longitudinal (Fig. 22.1a) 
and transverse (Fig. 22.1b) planes with a central 
echogenic hilum. The central hilum is composed 
of the lymphatics, artery, and vein. The normal 
course of the vein within the central hilum is dem-
onstrated as linear in the transverse (Fig. 22.1c, d) 
and longitudinal (Fig. 22.1e) planes.

Diagnosis: Benign appearing 0.7-cm oval 
lymph node in the soft tissues of the left mid- 
jugular territory. No biopsy was performed 
due to the benign appearance of the node in 

both the longitudinal and transverse planes. 
In this patient, the echogenic central hilum is 
normal.

22.2.2  Case 2: The Importance of 
Assessing for Symmetry of 
Cervical Lymph Nodes in the 
Superior Jugular Territories to 
Assess for Benign or 
Metastatic Involvement

Interestingly, the benign lymph nodes in the 
superior jugular territories vary in appearance 
compared to the benign lymph nodes in the 
mid- and lower jugular territories. Left and right 
lymph nodes in the superior jugular territories 
should be compared on side-by-side images to 
assess symmetry. Asymmetry suggests metastatic 
involvement.

Clinical Scenario: A 51-year-old female with 
a 3-year history of bilateral papillary thyroid can-
cer who presents with a palpable right superior 
neck lymph node which by patient history has 
been enlarging. US was requested to assess the 
palpable lymph node.

Imaging Features: Ultrasound. On initial US 
evaluation, the 1.3-cm right superior neck lymph 
node (Fig. 22.2a) was thought to potentially be 
metastatic with loss of central hilum. There was 
no vascular flow or calcification. US-guided 
biopsy was considered.

Comparison with the contralateral 1.4-cm left 
superior neck node (Fig. 22.2b) revealed a sym-
metrical appearance suggesting that the lymph 
nodes were either both benign or bilateral meta-
static adenopathy.

US-guided FNA was considered based on 
concern for absent hilum and prominent rounded 
lymph nodes which may have been caused by 
bilateral metastasis.

Diagnosis: US-guided biopsy was per-
formed on the right and left superior neck 
lymph nodes. The FNAs revealed benign nodes 
with no malignant cells. In this case, the sym-
metry of the superior neck nodes was within 
normal limits.
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22.2.3  Case 3: The Importance of 
Assessing for Symmetry of 
Cervical Lymph Nodes in the 
Superior Jugular Territories to 
Assess for Metastatic 
Involvement

Ultrasound imaging of the soft tissues of the neck 
should include a two-on-one image of the right 
and left superior neck lymph nodes for compari-
son. Symmetry may assist in defining the benign 
appearance of the superior neck nodes in a spe-
cific patient.

Clinical Scenario: A 47-year-old male with 
right thyroid follicular variant of papillary cancer 
and palpable lymph nodes in the right and left 

superior neck. US was requested to assess the 
palpable superior neck lymph nodes.

Imaging Features: Right superior neck pal-
pable 1.4-cm lymph node (Fig. 22.3a) created 
concern for an enlarged metastatic lymph node 
until comparison of 1.5-cm palpable left superior 
neck lymph node (Fig. 22.3b). The asymmetry 
suggests that the left superior neck lymph node is 
the metastatic node.

Diagnosis: US-guided FNA of the right and 
left superior neck lymph nodes revealed that the 
1.4-cm right superior neck palpable lymph node 
was benign and the left 1.5-cm palpable lymph 
node was metastatic papillary carcinoma.

We have found that traditional criteria of size 
greater than 0.5 cm, shape of taller than wide, 

Fig. 22.1 (a) Gray-scale US. Benign appearing oval 
1-cm lymph node, in the longitudinal plane, with a normal 
central echogenic hilum (arrow). (b) Gray-scale 
US. Benign appearing oval 1-cm lymph node, in the trans-
verse plane, with normal echogenic hilum (arrow). (c) 
Gray-scale US. Benign 0.8-cm lymph node in the longitu-
dinal plane demonstrating the linear hypoechoic course of 

the vessels through the central echogenic hilum. (d) 
Power Doppler. US demonstration of the linear course of 
the vein within the central hilum of a 0.8-cm benign 
lymph node imaged in the longitudinal plane. (e) Power 
Doppler US demonstration of the organized course of the 
vein within the central hilum of a 0.8-cm lymph node 
imaged in the transverse plane
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and irregular borders are not powerful indicators 
of malignancy. Although no single sonographic 
feature is pathognomonic for a metastatic lymph 
node, certain features should raise suspicion of 
a malignant lymph node. The combination of 
several features may be even more suggestive 
of metastatic adenopathy. These features include 
a full or rounded shape, disrupted or displaced 
hilum, disorganized vascularity, calcifications, 
cystic change, bulging of a component of the 
lymph node, and the presence of intranodal 
punctate regions of increased echogenicity. Of 
importance is that ultrasound characteristics are 
sensitive but not disease specific for a metastatic 
lymph node. Thus, US-guided FNA should be 
performed on lymph nodes of concern to estab-
lish the diagnosis.

22.2.4  Clinical Case 4: Distorted 
Hilum in a Metastatic Lymph 
Node

Metastatic involvement of a lymph node may 
present as distortion of the normal echogenic 
central hilum.

Clinical Scenario: A 46-year-old female with 
0.9-cm right papillary thyroid carcinoma and 1.1- 
cm right mid-neck node.

Imaging Features: Abnormal right mid-neck 
lymph node with displaced hilum in the longitu-
dinal (Fig. 22.4a) and transverse (Fig. 22.4b) 
planes.

Diagnosis: US-guided FNA (Fig. 22.4c) 
revealed metastatic PTC.

Fig. 22.2 (a) Gray-scale US. 
1.3-cm right superior neck 
lymph node, imaged in the 
longitudinal plane, with absent 
central hilum initially of 
concern for a metastatic lymph 
node (arrow). (b) Gray-scale 
US. Contralateral 1.4-cm left 
superior neck lymph node, 
imaged in the longitudinal 
plane, with a symmetrical 
appearance suggesting benign 
symmetrical lymph nodes in 
the superior jugular territories 
(arrow)

Fig. 22.3 (a) Gray-scale US. 
Palpable right superior neck 
1.4-cm lymph node was of 
concern for an enlarged 
metastatic lymph node 
(arrow). (b) Gray-scale 
US. Comparison of 
contralateral 1.5-cm palpable 
asymmetric left superior neck 
lymph node with asymmetry 
suggesting a metastatic lymph 
node (arrow)
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22.2.5  Case 5: Absent Hilum in a 
Metastatic Lymph Node

The hilum may be absent in a metastatic lymph 
node due to infiltration of metastasis.

Clinical Scenario: A 72-year-old male with a 
3-year history of 0.6-cm right PTC and a new 
palpable left mid-neck lymph node. Ultrasound 
was requested to assess the jugular territory 
lymph nodes.

Imaging Features: Abnormal 0.5-cm left 
inferior neck lymph node (Fig. 22.5a) and 1.2-cm 
palpable left mid-neck lymph node (Fig. 22.5b) 
in the transverse planes with hilum absent in both 
lymph nodes.

Diagnosis: US-guided FNA revealed ana-
plastic transformation of PTC in the left and 
right jugular territories.

22.2.6  Case 6: Disorganized Vascular 
Flow in a Metastatic Lymph 
Node

Vascular flow normally transverses the central 
echogenic hilum in a linear configuration. 
Metastatic infiltration of a lymph node may cause 
disorganization of the vascular flow.

Clinical Scenario: A 40-year-old female a 
with 2-year history of 2.5-cm right PTC and cur-
rently with a palpable right inferior jugular terri-
tory lymph node.

Imaging Features: Abnormal 0.8-cm right 
inferior neck lymph node, in the longitudinal 
plane, with disorganized vascular flow (Fig. 22.6a) 
and a 2.5-cm right superior jugular territory 
lymph node in the longitudinal plane with normal 
central hilar vascular flow for comparison 
(Fig. 22.6b).

Diagnosis: US-guided FNA revealed papil-
lary thyroid cancer.

22.2.7  Case 7: Calcification 
in Metastatic Lymph Nodes

Metastatic infiltration of the lymph node may 
cause calcification which may present with var-
ied appearances that include punctate regions of 
increased echogenicity to coarse calcifications.

Clinical Scenarios: The following are five 
patients with metastatic lymph nodes of concern 
for metastasis based on the presence of calcifica-
tions. US-guided FNA documented metastatic 
adenopathy in each patient.

Fig. 22.4 (a) Gray-scale US. Abnormal-appearing 1.1- cm 
right mid-neck lymph node, in the longitudinal plane, with a 
displaced hilum causing concern for metastasis (arrow). (b) 
Gray-scale US. Abnormal-appearing 1.1-cm right mid-neck 

lymph node, in the transverse plane, with a displaced hilum 
causing concern for metastasis (arrow). (c) Gray-scale US. 
US-guided FNA of the right mid-neck lymph node with the 
biopsy needle tip within the lymph node (arrows)
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Imaging Features: Abnormal jugular terri-
tory lymph nodes with calcifications.

Diagnosis: US-guided FNA documented 
papillary ca in a 1-cm node in the right 
 mid- jugular territory in the longitudinal plane 
with shadowing punctate calcification (Fig. 
22.7a) and disorganized vascular flow on 
power Doppler (Fig. 22.7b).

Diagnosis: US-guided FNA documented 
papillary ca in a 0.8-cm node in the right infe-
rior jugular territory in the transverse (Fig. 
22.7c) and longitudinal (Fig. 22.7d) planes with 
a single shadowing punctate calcification.

Diagnosis: US-guided FNA documented 
papillary ca in a 0.6-cm node in the right mid- 
jugular territory in the longitudinal plane (Fig 
22.7e) with a multiple punctate calcifications 

with no shadowing or abnormal vascular flow 
on power Doppler.

Diagnosis: (Fig 22.7f) US-guided FNA doc-
umented medullary cancer in a 1-cm node in 
the right inferior jugular territory in the lon-
gitudinal plane with coarse calcifications with 
shadowing.

Diagnosis: Patient with papillary cancer 
and suspected metastatic adenopathy with 
punctate calcification in a 1.4-cm lymph node 
in the right supraclavicular jugular territory 
in the transverse (Fig 22.7g) plane. US-guided 
FNA and core biopsy documented unsus-
pected and previously undiagnosed Hodgkin’s 
disease. This case once again demonstrates 
that ultrasound is an imaging modality that is 
sensitive but not specific.

Fig. 22.5 (a) Gray-scale US. 
Abnormal 0.5-cm left inferior 
neck lymph node, in the 
transverse plane, with absent 
hilum causing concern for a 
metastatic lymph node 
(arrow). (b) Gray-scale 
US. Abnormal 1.2-cm left 
inferior neck lymph node, in 
the transverse plane, with 
absent hilum causing concern 
for a metastatic lymph node 
(arrow)

Fig. 22.6 (a) Power Doppler 
US. Abnormal 0.8-cm right 
inferior neck lymph node, in 
the longitudinal plane, with 
disorganized vascular flow 
causing concern for metastatic 
adenopathy. (b) Power 
Doppler US. Comparison of 
superior jugular territory 
lymph node in the longitudinal 
plane with normal central hilar 
vascular flow
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Fig. 22.7 (a) Gray-scale US. Abnormal 1-cm lymph 
node in the right mid-jugular territory, in the longitudinal 
plane, with shadowing punctate calcification raising the 
concern for metastatic adenopathy. (b) Power Doppler 
US. Abnormal 1-cm lymph node in the right mid-jugular 
territory, in the longitudinal plane, with disorganized vas-
cular flow raising the concern for metastatic adenopathy. 
(c) Gray-scale US. 0.8-cm jugular territory lymph node, 
in the transverse plane, with a single shadowing punctate 
calcification causing concern for metastatic adenopathy 
(arrow). (d) Gray-scale US. 0.8-cm jugular territory 
lymph node, in the longitudinal plane, with a single shad-
owing punctate calcification causing concern for meta-
static adenopathy (arrow). (e) Power Doppler US. A 

0.6-cm lymph node in the right mid-jugular territory, in 
the longitudinal plane, with multiple punctate calcifica-
tions raising the concern for metastatic adenopathy even 
in the absence of shadowing or abnormal vascular flow 
(arrow). (f) Gray-scale US. A 1-cm lymph node with 
coarse shadowing calcifications, in the longitudinal plane, 
in the right inferior jugular territory documented by 
US-guided FNA as medullary cancer (arrow). (g) Gray- 
scale US. A 1.4-cm right supraclavicular lymph node, in 
the transverse plane, with punctate calcifications docu-
mented by US-guided FNA and core biopsy as unsus-
pected and previously undiagnosed Hodgkin’s disease in a 
patient with simultaneous papillary cancer (arrow)
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22.2.8  Case 8: Metastatic Lymph 
Nodes with Cystic Change

Metastatic infiltration of lymph nodes in thyroid 
cancer may cause complete or partial cystic 
change. In these lymph nodes, it may be difficult 
to document metastasis emphasizing the impor-
tance of sending the aspirate for a thyroglobulin 
count in addition to cytological evaluation.

Clinical Scenario: A 40-year-old female with 
a 2-year history of 2.5-cm right PTC and cur-
rently with a palpable left inferior jugular terri-
tory lymph node evaluated by ultrasound.

Imaging Features: Abnormal 1.3-cm left 
inferior neck lymph node, in the longitudinal 
(Fig. 22.8a) and transverse (Fig. 22.8b) planes 
with a solid and cystic component and a small 
calcification. On power Doppler, abnormal 
vascular flow was demonstrated in the solid 
component of the abnormal lymph nodes 
(Fig. 22.8c).

Diagnosis: US-guided FNA revealed papil-
lary thyroid cancer with an elevated thyro-
globulin (Tg).

NOTE: On cytology, FNA of nodes with cys-
tic change may initially appear cytologically as 
nondiagnostic because the cellularity may wash 
off of the slides. The Tg may be necessary to 
confirm metastasis [2].

22.2.9  Case 9: Diagnosis of Early 
Metastatic Lymph Node 
Involvement

Diagnosis of early metastatic infiltration of 
lymph nodes is critical for preoperative planning. 
One ultrasound finding that raises the concern for 
metastatic adenopathy is the presence of one or 
several punctate regions of increased echo-
genicity. These may occur with no associated 
shadowing or vascular disorganization. They 
may also be seen in benign lymph nodes.

Clinical Scenario: A 40-year-old female with 
a newly diagnosed papillary thyroid carcinoma in 
the right thyroid and isthmus and to a lesser 
extent the left thyroid. Ultrasound was requested 
to assess for adenopathy.

Imaging Features: CT was negative for left 
jugular territory adenopathy. There were no PET 
FDG avid nodes in the left jugular territory. On 
ultrasound, there is a 1.3-cm lymph node in the 
left mid-jugular territory with a single punctate 
region of increased echogenicity with no shad-
owing and no abnormal vascular flow (Fig. 22.9a).

Diagnosis: US-guided FNA revealed papil-
lary thyroid cancer in the left mid-jugular ter-
ritory and for comparison is a lymph node 
that also was of concern in a patient with pap-
illary thyroid carcinoma that was benign on 
US-guided FNA (Fig. 22.9b). The punctate 
regions of echogenicity in the lymph nodes 
raise concern for metastatic infiltration but 
are also seen occasionally in benign lymph 
nodes. US-guided FNA is required to docu-
ment the status of the lymph node.

22.2.10  Case 10: Diagnosis of Early 
Metastatic Lymph Node 
Involvement

An additional ultrasound finding that raises the 
concern for early metastatic adenopathy is bulg-
ing of a portion of the lymph node even in the 
absence of other findings that may be of concern 
for metastasis.

Clinical Scenario: A 43-year-old male with a 
diagnosed Hurthle cell carcinoma of the right 
thyroid 8 years previous with ultrasound per-
formed for routine follow-up.

Imaging Features: Abnormal 1.7 × 0.7 × 0.3- 
cm lymph node in the longitudinal plane in the 
right mid-jugular territory with a bulge in the 
medial portion (Fig 22.10).

Diagnosis: US-guided FNA of the right 
mid-jugular territory lymph node revealed 
Hurthle cell carcinoma.

22.2.11  Case 11: Do Not Touch Me 
Cervical Soft Tissue Nodules 
and Lymph Nodes

Nodules within the soft tissues of the neck may 
include lesions other than lymph nodes. These 
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should be considered in the decision- making pro-
cess to perform a US-guided fine- needle 
aspiration.

Clinical Scenario: A 13-year-old male was 
diagnosed with right medullary thyroid carci-
noma 3 years ago. On initial diagnosis, there was 
metastasis to the right jugular territory extending 
from the inferior soft tissues of the neck to the 
superior jugular territory. The patient underwent 
total thyroidectomy and right neck dissection at 

that time. The patient now presents with a palpa-
ble mass in the right mid-jugular territory.

Imaging Features: In the lateral compartment 
of the right mid neck, there is a new heterogeneous 
(Fig. 22.11a) vascular nodule (Fig. 22.11b) mea-
suring 2.2 × 0.6 × 0.4 cm. The remaining lymph 
nodes along the jugular territories in the lateral 
compartment of the neck are unremarkable.

Diagnosis: The palpable lesion was exqui-
sitely tender on palpation and with pressure 

Fig. 22.8 (a) Gray-scale US. A 1.3-cm left inferior jugu-
lar territory lymph node, in the longitudinal plane, with 
complex solid and cystic components and a small calcifi-
cation causing concern for a metastatic adenopathy. (b) 
Gray-scale US. A 1.3-cm left inferior jugular territory 
lymph node, in the transverse plane, with complex solid 

and cystic components and a small calcification causing 
concern for metastatic adenopathy. (c) Power Doppler 
US. Abnormal disorganized vascular flow in the solid 
component of the 1.3-cm left inferior jugular territory 
lymph node raising concern for metastatic adenopathy

Fig. 22.9 (a) Gray-scale US. A 1.3-cm lymph node in the 
left mid-jugular territory with a punctate region of increased 
echogenicity causing concern for metastatic adenopathy 
even in the absence of shadowing and abnormal vascular 
flow (arrow). (b) Doppler US. Comparison of lymph nodes. 

Lymph node in the left mid-jugular territory, in the longitu-
dinal plane, with multiple punctate regions of increased 
echogenicity causing concern for metastatic adenopathy. 
US-guided FNA of a different node in the left inferior neck 
had revealed a benign lymph node (arrow)
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from the transducer. When the 20-gauge aspi-
ration needle entered the lesion (Fig. 22.11c), 
the patient experiences a feeling of electric 
shock transverse from the mid-jugular terri-
tory to the submandibular region with pain 
characteristic of a neuroma. Even with vigor-
ous aspiration, no sample could be obtained. 

FNA should not be performed on a neuroma 
which can be diagnosed by characteristic pain 
but is difficult to distinguish by US imaging 
from a lymph node.

22.2.12  Case 12: Do Not Touch Me 
Cervical Soft Tissue Nodules 
and Lymph Nodes

Clinical Scenario: A 56-year-old female diag-
nosed with a palpable solitary left thyroid nodule 
suspicious for papillary thyroid carcinoma. 
Ultrasound was performed to assess for meta-
static adenopathy.

Imaging Features: Ultrasound. In addition to 
the solitary thyroid nodule, there is a 1.3-cm nod-
ule superior jugular territory in the bifurcation of 
the carotid artery and jugular vein (Fig. 22.12a) 
demonstrated on vascular ultrasound (Fig. 22.12b).

CT: Findings. There is an avidly enhancing 
mass in the left carotid space located at the 
carotid bifurcation extending superiorly. It splays 
the left internal and external carotid arteries and 

Fig. 22.10 Power Doppler US. Abnormal 1.7 × 0.7 × 0.3- 
cm lymph node, in the longitudinal plane, in the right mid- 
jugular territory with a bulge in the medial portion 
creating concern for metastasis (arrow)

Fig. 22.11 (a) Gray-scale US. 
A 2.2 × 0.6 × 0.4-cm new 
heterogeneous palpable 
nodule/node in the right 
mid-jugular territory 
exquisitely tender on palpation 
and of concern for a metastatic 
lymph node. (b) Power 
Doppler US. Right mid-jugular 
territory suspected lymph node 
with disorganized vascular 
flow raising concern for 
metastatic adenopathy. (c) 
Gray-scale US. US-guided 
FNA with needle tip (arrows) 
within the suspected lymph 
node (*) just prior to aborting 
the biopsy due to exquisite 
pain feeling like an electric 
shock radiating to the 
submandibular region
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enhances similarly to that of the arteries. It 
extends medially abutting the left pharyngeal 
wall and extends laterally distorting the left inter-
nal jugular vein.

Diagnosis: No US-guided FNA should be 
performed on this carotid body tumor. Diagnosis 
of a carotid body tumor may be suggested by its 
precarious location alone. Furthermore, corre-
lation to other available clinical information 
such as hypertension, history of paraganglio-
mas, and appearance of the mass on other imag-
ing modalities such as CT can help determine 
that FNA would be inadvisable.

Clinical Scenario 13: A 63-year-old 
female with ultrasound performed to assess for 

adenopathy after detection of a papillary carci-
noma in the isthmus.

Imaging Features: Ultrasound. There are 
mildly vascular nodules at the bilateral carotid 
bifurcations, in the superior soft tissues of the 
neck, presumably representing carotid body 
paragangliomas (Fig. 22.13a), demonstrated on 
vascular ultrasound (Fig. 22.13b).

Diagnosis: No US-guided FNA was per-
formed on the bilateral carotid body paragan-
gliomas at the bifurcation of the left jugular 
vein and carotid artery due to their vascular 
composition and characteristic imaging 
appearance.

Fig. 22.12 (a) Gray-scale US. A 1.3-cm carotid body 
tumor in the superior jugular territory located in the bifur-
cation of the carotid artery and jugular vein imaged in the 
longitudinal plane. (b) Location of the carotid body tumor 
in the bifurcation of the carotid artery and jugular vein 
demonstrated on power Doppler ultrasound imaged in the 
longitudinal plane. (c) Axial contrast-enhanced CT shows 

the avidly enhancing carotid body tumor (*) partially 
splaying the internal carotid artery (arrowhead) and exter-
nal carotid artery (arrow). Mass effect is seen on the left 
internal jugular vein (j). (d) Sagittal reconstruction of 
contrast-enhanced CT demonstrating the avidly enhanc-
ing carotid body tumor in the left carotid space located at 
the carotid bifurcation (arrow)
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22.3  Ultrasound-Guided FNA 
of Lymph Nodes

While some lymph nodes have an appearance 
highly suggestive of metastatic lymph nodes, the 
ultrasound appearance of abnormal nodes is not 
specific. In the absence of definitive sonographic 
features of malignant lymph nodes based on the 
US images, US-guided FNA has now become the 
cornerstone to confirm the benign or malignance 
nature of a lymph node [3].

At MDACC, US-guided FNA is performed 
with the free-hand technique following prepara-
tion of the skin with rubbing alcohol. 
Approximately 2 cc of Xylocaine is injected 
through a 25-gauge needle along the planned scan 
plane to the edge of the targeted lymph node. A 
20-gauge needle attached to a 20-cc syringe is 
then inserted under ultrasound guidance, parallel 
to the transducer and obliquely along the scan 
plane. The tip of the needle is directed toward, 
and sonographically confirmed within, the tar-
geted nodule and aspiration is performed.

The high success rate of US-guided FNA at 
MDACC is related in part to the needle size (20 
gauge), constant visualization of the needle tip 
within the targeted lymph node, and vigorous 
aspiration. The 20-gauge 1.5-in. hypodermic 
needle is stiffer than the commonly employed 
25-gauge or 27-gauge needles. This stiffer 
needle allows accurate guidance into calcified, 
deep, fibrotic, small, or mobile lymph nodes. 
The 20-gauge needle also facilitates placement 

of the needle tip and aspiration within the sus-
picious portion of the lymph node, a luxury not 
readily afforded with a smaller gauge needle or 
with FNA performed without imaging guidance. 
Complications such as bleeding, infection, and 
pain are rarely encountered.

The larger size of a 20-gauge needle allows 
aspiration of abundant material for cytologic 
review minimizing the number of passes required 
to obtain sufficient aspirate for diagnosis. In 97 % 
of the patients, a single biopsy pass yields suffi-
cient aspirate for a diagnosis with a 98 % accuracy.

22.4  Conclusion

Ultrasound is sensitive but not specific due to the 
overlap of benign and malignant sonographic 
features. Sonographic features, either indepen-
dent or in combination, raise the suspicion for 
malignancy, but remain insufficient to be reliable 
in the definitive diagnosis of malignancy. 
Ultrasound-guided FNA can document the malig-
nant nature of a lymph node and is as critical in 
the documentation of the benign nature of a node.
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23.1  Introduction

Ultrasound for the head and neck may have its 
greatest utility for evaluating the thyroid and 
parathyroid glands, but it is also an extremely 
useful tool for evaluating other neck pathology. 
Combined with physical exam, ultrasound can 
help narrow the differential diagnosis, as well as 
guide and increase the diagnostic yield of fine 
needle aspiration biopsies.

23.2  Congenital Lesions

Congenital neck lesions are most commonly seen 
in a pediatric population, but they can be seen in 
the adult population as well. The location of the 
lesion is key in differentiating the type and treat-
ment for these lesions. Midline congenital neck 
masses include thyroglossal duct cysts, dermoid 
cysts, epidermoid cysts, and teratomas. A lateral 
congenital neck mass is most commonly a bran-
chial cleft cyst.
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23.2.1  Thyroglossal Duct Cysts

Thyroglossal duct cysts are remnants of the thy-
roglossal duct, which the thyroid anlage tra-
verses during its descent from the foramen 
cecum to the inferior neck beginning in the third 
week of gestation. Approximately half of these 
cysts are found in close proximity to the hyoid 
bone, but they can be located anywhere from the 
foramen cecum to the pyramidal lobe of the thy-
roid gland [1, 2]. These cysts are classically 
anechoic or hypoechoic with a thin cyst wall and 
posterior enhancement [Video 23.1; Fig. 23.1]. 
This classic appearance is seen in less than half 
of cases, however, and there is often a homoge-
neous or heterogeneous hypoechoic appearance. 
They are located deep to or within the strap mus-
cles and may have internal septations [1, 3–7]. 
Often hypoechoic debris is present within the 
cyst, and air-fluid levels can be seen [Fig. 23.2] 
[1, 2, 6]. The cyst’s relation to the hyoid bone 
should be examined, and it should be noted 
whether a fistula or sinus tract is present [2]. 
Ultrasound is also useful to rule out an ectopic 
thyroid. Occasionally thyroid cancer can arise 
from a thyroglossal duct cyst, and suspicious 
ultrasound findings such as a solid component or 
microcalcifications can direct the surgeon 
accordingly [5].

23.2.2  Dermoid and Epidermoid 
Cysts and Teratomas

Dermoid and epidermoid cysts and teratomas are 
classified as dysontogenetic cysts. Dermoid and 
epidermoid cysts are found in the floor of mouth 
region and are thought to develop from trapped 
tissue in embryonic fusion planes. Dermoid cysts 
are typically found in the second and third decade 
of life and are midline in nature. The less com-
mon epidermoid cysts tend to be found during 
infancy, but are also found in the suprahyoid 
midline [1].

Ultrasound can be useful for evaluating these 
lesions if they are superficial in nature. Deeper 
cysts are better evaluated with a contrasted CT 
scan [1]. Superficial dermoid cysts that are eval-
uable with ultrasound will typically be 
hypoechoic and thin walled, but can have a het-
erogeneous appearance due to hair, sebum, or 
fluid within the lesion [2, 4, 6, 7]. Coalescent fat 
and calcifications within a dermoid cyst give 
rise to what is known as a “pseudosolid” or 
“sac-of-marbles” appearance, and this is nearly 
pathognomonic for this lesion [1, 7]. Epidermoid 
cysts tend to be more homogeneous in appear-
ance due to the lack of dermal appendages [1]. 
Calcification with visible blood flow is charac-
teristics of a teratoma [2, 8].

Fig. 23.1 Ultrasound of a midline suprahyoid lobulated 
cyst, measuring 2 cm, consistent with a thyroglossal duct 
cyst

Fig. 23.2 A young man presented with recurrent epi-
sodes of infection in this complicated right paramidline 
infrahyoid thyroglossal duct cyst with internal debris, 
measuring 2.4 cm
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23.2.3  Branchial Cleft Abnormalities

Branchial cleft abnormalities include cysts, 
which are most common, fistulas, and sinuses 
[2]. The vast majority of branchial cleft abnor-
malities are from the second branchial arch and 
are found near the carotid bifurcation [Fig. 23.3]. 
Those found in the parotid region are more likely 
from the first arch [1, 2]. Third-arch lesions are 
most commonly found in the posterior cervical 
space, while fourth-arch abnormalities are typi-
cally adjacent to the left lobe of the thyroid [1]. It 
is important to perform a careful evaluation for a 
sinus tract, as this can aide in the operative man-
agement of these lesions [2].

Regardless of location, these lesions are 
hypoechoic or anechoic, thin walled, and com-
pressible [Fig. 23.4]. One can occasionally see 
sedimentation levels within the fluid, thick cyst 
walls, or septations, but this is not typical [1, 2, 7, 
9]. More frequently these lesions show fine echo-
genic regions that are secondary to cholesterol 
crystals or debris [2]. Infected branchial cleft 
lesions can have thickened cyst walls, internal 
echogenic foci, and associated reactive lymph-
adenopathy [Video 23.2] [1, 2].

23.3  Neoplastic Lesions

Neoplastic lesions in the head and neck are more 
commonly seen in an adult population. 
Ultrasound can provide immediate information 

to the clinician about exact location and can nar-
row the differential diagnosis.

23.3.1  Benign Neoplastic Lesions

23.3.1.1  Lipoma
Lipomas in the head and neck are relatively com-
mon lesions and are typically easily diagnosed by 
clinical history and physical examination alone. 
Occasionally these can be located deeper within 
the neck, and ultrasound may be a useful adjunct 
in these cases. Lipomas are typically located 
superficially in the subcutaneous tissues, and 
their appearance can vary based on the amounts 
of fat and fibrous tissue that are present. Lipomas 
are well-circumscribed lesions that are ovoid and 
have a characteristic striated appearance 
[Fig. 23.5]. Some describe a hypoechoic appear-
ance to lipomas, but they are more frequently 
isoechoic or hyperechoic [2, 10]. There is no to 
minimal internal blood flow seen, and  liposarcoma 
should be considered lesions that appear to be 
lipomas with internal blood flow [10].

23.3.1.2  Paraganglioma
Paragangliomas in the head and neck are more 
typically evaluated with other imaging modali-
ties, but ultrasound can be useful in establishing 

Fig. 23.3 Ultrasound of a large, well-defined avascular 
mass, suggestive of a branchial cleft cyst type II

Fig. 23.4 The ultrasound appearance of a fluid-filled cyst 
with posterior enhancement
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this as a diagnosis in a new patient with a neck 
mass. Ultrasound can also be used to monitor for 
recurrence of carotid body tumors. 
Paragangliomas are solid, hypoechoic masses 
that are highly vascular on Doppler imaging. 
Carotid body paragangliomas splay the internal 
and external carotid arteries. Due to overlying 
bony anatomy, glomus jugulare tumors cannot 
usually be evaluated with ultrasound [2, 10].

23.3.1.3  Schwannoma 
and Neurofibroma

Neurogenic tumors, including schwannomas and 
neurofibromas, are hypoechoic, often vascular 
masses that can sometimes be seen in continuity 
with a peripheral nerve on ultrasound exam 
[Figs. 23.6 and 23.7]. In those that can be visual-
ized relative to their nerve of origin, the surgeon 
can see schwannomas based more marginally 
relative to the nerve [Video 23.3]. Neurofibromas, 
on the other hand, originate more centrally. These 
lesions are most often located in the posterior tri-
angle of the neck and are fusiform with smooth 
margins [2, 10].

23.3.1.4  Hemangioma
Hemangiomas are vascular lesions that are usually 
diagnosed early in life [Video 23.4]. Not surpris-
ingly, they demonstrate vascularity on Doppler 
imaging [Fig. 23.8]. In lower-flow lesions, the 
power Doppler setting may be useful. When the 

vascular spaces are small, these lesions can be 
hyperechoic. Larger spaces are hypoechoic. The 
compressibility of the lesion as well as the vascu-
larity can help distinguish this from other lesions, 
and sometimes a feeding vessel can be identified as 
well [2, 10]. Calcifications may also be present.

23.3.1.5  Lymphangioma
Like hemangiomas, lymphangiomas are diag-
nosed early in life in most cases. Lymphangiomas 
will have a complex and multiloculated appear-
ance and are compressible on ultrasound 

Fig. 23.6 This level III neck mass along the carotid 
sheath was proven to be a schwannoma along the vagus 
nerve

Fig. 23.7 In a patient with history of neurofibromatosis 
type 2, ultrasound demonstrated a large, lobulated, 
hypoechoic, vascular mass with a dumbbell appearance. 
The deep component is located within an enlarged verte-
bral foramen, consistent with a neurofibroma

Fig. 23.5 A young man presented with a palpable soft 
right supraclavicular mass. Ultrasound demonstrated a 
4.8 cm ovoid isoechoic heterogeneous mass with no vas-
cularity, consistent with a lipoma
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[Fig. 23.9]. Hyperechoic areas may also be seen 
and these are due to clustered lymphatic chan-
nels. The lack of vascularity on Doppler imaging 
helps to distinguish the lymphangioma from a 
hemangioma [2, 7, 10].

23.3.2  Malignant Neoplastic Lesions

23.3.2.1  Lymphoma
Lymphomatous lymph nodes can be difficult to 
distinguish sonographically from reactive lymph 
nodes and nodes in inflammatory diseases like 
sarcoidosis. They are hypoechoic in nature, 
rounded or oval in shape, and have smooth mar-

gins [Fig. 23.10]. Necrosis and extranodal exten-
sion are uncommon. Doppler imaging can show 
hilar vascularity, similar to reactive nodes, or a 
mix of hilar and peripheral vascularity [2, 11].

23.3.2.2  Non-thyroid Metastatic 
Lesions

Squamous cell carcinoma is the most common 
metastatic lesion found in the neck, but other 
metastatic lesions can be seen, especially in the 

Fig. 23.8 Ultrasound imaging 
using color Doppler of a 
patient with Klippel- 
Trenaunay syndrome 
demonstrating flow within the 
lesion. Speckled calcification 
can also be visualized

Fig. 23.9 Ultrasound of a soft, multiseptated, avascular, 
complex cystic lesion with internal debris next to the sub-
mandibular gland, in keeping with a lymphangioma

Fig. 23.10 A patient with a history of B-cell lymphoma 
in remission presented with a palpable right neck mass. 
Ultrasound shows an enlarged, homogeneous, hypoechoic 
adenopathy with loss of the fatty hilum in level III. Biopsy 
revealed lymphoma recurrence
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supraclavicular region [2]. As with other entities 
mentioned above, ultrasound may not be the 
imaging modality of choice in staging and initial 
treatment due to its inability to image areas like 
the retropharyngeal lymph node basin. It does, 
however, offer a useful adjunct both in the initial 
diagnostic setting and for follow-up.

As in thyroid lymph node metastases, non- 
thyroid metastases have a rounded appearance 
with a loss of the fatty hilum. There is often a 
heterogeneous internal appearance due to necro-
sis. The border of involved nodes can be indis-
tinct, and there can be evidence of invasion of 
adjacent structures. Doppler assessment can 
show a disorganized vascular pattern [2, 12, 13].

23.4  Reactive Lymph Nodes

The differential diagnosis of cervical lymphade-
nopathy is quite extensive. The ultrasonographer 
must be able to distinguish reactive or benign 
lymph nodes from those that are pathologic so 
the patient may avoid unnecessary invasive test-
ing and distress. Fortunately, there are character-
istic ultrasound features of benign and pathologic 
lymph nodes that can assist in making the 
diagnosis.

Reactive and normal lymph nodes, both 
benign, share many of the same ultrasound fea-
tures. Pathologic lymph nodes tend to appear 
rounded, and reactive nodes are oval in shape 
[14]. The oval shape for reactive nodes is defined 
as a short axis/long axis ratio of <0.5 [15]. Benign 
lymph nodes are typically anechoic or 
hypoechoic. The most characteristic finding of 
benign or reactive lymph nodes is a bright fatty 
hilum containing a vascular strip. This finding 
has a 90 % accuracy in diagnosing a benign 
lymph node [16]. Benign lymph nodes typically 
maintain a sharp border, while malignant or oth-
erwise pathologic nodes may infiltrate into sur-
rounding structures [15].

The vascular flow pattern may also assist in 
determining the nature of the node. Peripheral 
vascularity is generally suggestive of a patho-
logic process [17]. With color flow Doppler, the 
hilum of a reactive or normal node demonstrates 
a vascular pattern, with the surrounding nodal 

structure relatively avascular [14, 17]. Reactive 
nodes will also lack many of the features charac-
teristic of certain malignancies: heterogeneous 
echogenicity, calcifications, cystic spaces, or 
intranodal necrosis [16].

23.5  Sarcoidosis

Sarcoidosis is a systemic disease process whose 
etiology is not definitively known. A systemic 
inflammatory response, perhaps a reaction to an 
as-of-yet unknown antigen, results in the forma-
tion of noncaseating granulomas, usually involv-
ing the hilar mediastinal lymph nodes. The 
diagnosis must be made by histopathologic anal-
ysis of tissue specimens. Most patients present 
with pulmonary symptoms; however, the head 
and neck soft tissues are affected in 10–15 % of 
cases, with approximately 50 % of these patients 
displaying cervical lymphadenopathy [18].

Sonographic features of sarcoidosis within the 
cervical nodes and salivary glands are relatively 
nonspecific, and definitive diagnosis is made with 
tissue analysis. Lymph nodes involved with sar-
coidosis are hypoechoic and lose the vascular 
hilum. They are frequently large and palpable. 
The lateral, supraclavicular, and posterior neck 
compartments are typically involved, and find-
ings may be bilateral and asymmetric. Cervical 
nodes in sarcoidosis usually occur in a cluster and 
display a rounded shape, rather than the typical 
ovoid shape of benign reactive lymph nodes 
[Fig. 23.11] [19]. These nodes do not display 
extracapsular extension or infiltrate into surround-
ing tissues. Large nodes are hypoechoic/anechoic 
and may display a “punctate echo structure” with 
small hyperechoic areas within the node [20].

Sarcoidosis also may involve the salivary 
glands. Ultrasound of these areas in sarcoidosis 
patients may demonstrate intraparotid nodal 
enlargement, as well as variable echogenicity and 
mixed involvement of the gland [21, 22]. The 
parenchyma of the gland may appear heteroge-
neous and may display multiple septae. Small 
hypoechoic nodules may be present throughout 
the parenchyma. Upon color flow Doppler imag-
ing of these hypoechoic areas, they may appear 
hypervascular [21].
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Heerfordt syndrome, the classic presentation 
of parotitis, facial nerve paralysis, and uveitis 
caused by sarcoidosis, is a rare entity, occurring 
in 6 % or less of patients with the disease [23]. 
With this syndrome, ultrasound may reveal dif-
fuse enlargement of the parotid glands with mul-
tiple hypoechogenic nodules. These hypoechoic 
areas correlate clinically with granuloma forma-
tion within the glands [20]. Duplex ultrasound of 
the involved parotid demonstrates hypervascu-
larity [24].

Ultrasound-guided biopsy of mediastinal 
nodes in sarcoidosis has been described as a use-
ful method of diagnosis, with a diagnostic yield 
>93 % [25, 26]. Tissue specimens display the 
characteristic noncaseating epithelioid cell gran-
uloma. Within the neck, ultrasound-guided fine 
needle aspiration biopsy has been reported for 
sarcoidosis involving supraclavicular nodes [27], 
but there is limited evidence of its use within the 
neck for the indication of sarcoidosis.

23.6  Ranula

Ranula is a mucocele formed by the obstruction 
of the sublingual ducts and a subsequent collec-
tion of salivary fluid. Physical exam of the patient 

may reveal a soft fullness in the floor of mouth or 
a neck mass. Many individuals presenting with a 
ranula are young adults or pediatric patients, and 
consequently radiation-free ultrasound is an ideal 
method for initial assessment and diagnosis. 
Treatment is surgical and involves removal of the 
ranula with removal of the offending sublingual 
gland and/or marsupialization.

Ultrasound findings of the ranula are char-
acteristic. Findings include a homogeneous, 
hypoechoic, compressible, unilocular cyst with 
well-defined borders and a thin cyst wall [28, 
29]. The sublingual gland and mylohyoid mus-
cle are visualized adjacent to the lesion. 
Occasionally there may be protinaceous intral-
esional debris. A “plunging ranula” is defined 
by the cystic lesion descending beyond the 
posterior aspect of the mylohyoid muscle and 
into the neck into the submandibular space, 
resulting in the presence of a soft, nontender, 
neck mass. The mylohyoid defect through 
which the ranula descends may be visualized 
with high-resolution ultrasound [29]. 
Ultrasound has been advocated for monitoring 
these patients for recurrence postoperatively as 
a noninvasive, low-cost, and radiation-free 
imaging modality [28].

23.7  Laryngocele

Laryngoceles are rare air-filled laryngeal lesions 
that form as an acquired dilation of the laryngeal 
ventricle and communicate with the lumen. 
These dilations typically form from increased 
glottic pressure and may be bilateral. Laryngeal 
tumors potentially causing supraglottic obstruc-
tion should be ruled out. Laryngoceles may be 
internal or external (also called a combined 
laryngocele), as defined by whether or not they 
herniate through the thyrohyoid membrane. 
External laryngoceles may present as a soft, com-
pressible neck mass. Mucous or serous material 
may fill the lesion.

Ultrasound is highly diagnostic for fluid-
filled laryngoceles, in particular due to its ana-
tomic relationships. Ultrasound for the external 
laryngocele reveals an anechoic mass lateral to 

Fig. 23.11 A patient with history of sarcoidosis pre-
sented with bilateral enlarged, asymmetric cervical/supra-
clavicular suspicious lymph nodes, which were 
hypoechoic with a loss of the fatty hilum. Biopsy was 
consistent with sarcoidosis
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the larynx at the level of the thyrohyoid mem-
brane [Fig. 23.12]. Borders are well defined 
and non- infiltrative. Internal laryngoceles have 
a characteristic appearance as anechoic, 
rounded structures contained within the thy-
roid cartilage [30].

Air-filled, pressure-related laryngoceles 
may be difficult to visualize without active 
patient participation. A closed-mouth and 
nasopharynx forced expiration may create dila-
tion of the laryngocele. Ultrasound of this 
lesion will demonstrate a bright linear echo 
adjacent to the thyroid cartilage with shadow-
ing and reverberation effect due to the air con-
tent. Real-time ultrasound will show a gradual 
decrease in size of the sac [31].

23.8  Transverse Processes 
of Cervical Spine

Ultrasound beams do not penetrate bone well; 
therefore, boney structures appear anechoic with 
a posterior acoustic shadow and a bright hyper-
echoic rim [Fig. 23.13]. The cervical spine can be 
visualized with routine neck ultrasound, espe-
cially within the posterior triangle. All human 
vertebrae possess lateral elongated bony protu-

berances bilaterally called transverse processes. 
The transverse processes of the upper six cervical 
vertebrae contain a foramen through which the 
vertebral artery, vertebral vein, and sympathetic 
plexus travel. The transverse process of C1 is the 
most superficial and prominent bony landmark. 
The transverse processes can be visualized on 
posterior triangle cervical ultrasound and should 
not be mistaken for pathology.

Fig. 23.12 Ultrasound of a lobulated cystic lesion, 
located deep to the left thyrohyoid membrane in the 
paralaryngeal space consistent with a fluid-filled internal 

laryngocele (a). Transverse midline view showing the 
lesion beneath the thyrohyoid membrane (b)

Fig. 23.13 Ultrasound demonstrating a transverse pro-
cess of a cervical vertebra in a thin patient. The bony 
structure creates a markedly hyperechoic line with strong 
posterior shadowing
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23.9  Salivary Gland Pathology

The differential diagnosis of a mass presenting in 
the salivary glands is broad: benign, malignant, 
autoimmune, inflammatory, infectious, and oth-
ers. Histology is essential to obtain a definitive 
diagnosis. The majority of tumors—whether 
benign or malignant—appears in the superficial 
lobe of the parotid but may occasionally present 
in the deep lobe or enter the parapharyngeal 
space. Tumors of the submandibular and sublin-
gual salivary glands are more likely to be malig-
nant. Comprehensive history and physical exam 
of the patient are indispensible, but ultrasound is 
a useful adjunct for patient evaluation. 
Ultrasound-guided fine needle biopsy of salivary 
gland masses is frequently used to suggest the 
diagnosis and guide surgical planning.

The structure of salivary glands is complex, 
but the normal glandular tissue itself is typically 
homogeneous on ultrasound [Fig. 23.14]. Within 
a normal gland, well-defined, tubular anechoic 
ductal structures may be visualized. Lymph 
nodes may also be present in the parotid with 
their characteristic appearance. The ultrasound 

findings of common parotid pathologies are dis-
cussed in this section [Table 23.1].

23.10  Benign Tumors

The most common benign tumors of the salivary 
glands are pleomorphic adenoma and Warthin’s 
tumors. The most common parotid tumor is the 
pleomorphic adenoma [32]. This lesion is most 
often located in the superficial lobe of the parotid. 
Ultrasound demonstrates homogeneously 
hypoechoic, rounded lesions that are regular in 
appearance with well-defined borders [Video 
23.5; Fig. 23.15] [33]. The tumor capsule may be 
visualized as a thin, hyperechoic line around the 
mass [34]. Pleomorphic adenomas are also fre-
quently lobulated and do not typically have cys-
tic components [35]. Though generally benign 
tumors are relatively hypovascular, a peripheral 
vascularization pattern may be seen with Doppler 
mode [22, 34]. Occasionally, calcifications may 
be visualized as brightly hyperechoic areas 
within the mass [36]. Bright posterior enhance-
ment, a brightly hyperechoic area posterior to a 
hypoechoic or anechoic structure, is often seen 
with this benign lesion [Fig. 23.16] [34, 36]. 
Recurrent pleomorphic adenoma in a postopera-
tive surgical bed may be multicentric and 
nodular.

Warthin’s tumor, also known as papillary cyst-
adenoma lymphomatosum, is the second most 
common benign parotid tumor. These tumors 
usually occur in older, male smokers and can 
occur bilaterally. These benign tumors are round 
or ovoid with well-defined, regular borders and 
low vascularity with Doppler imaging [37]. They 
are hypoechoic with more heterogeneous 
echotexture than the pleomorphic adenoma. 
Anechoic cystic areas with thin septae may be Fig. 23.14 Normal ultrasound appearance of the left sub-

mandibular gland

Table 23.1 Ultrasound characteristics of various salivary gland pathology

Echogenecity Heterogeneity Shape Vascularity

Pleomorphic adenoma Hypoechoic Homogeneous Lobular Peripheral

Warthin tumor Hypoechoic Heterogeneous Round or ovoid Hypovascular

Salivary malignancy Hypoechoic Heterogeneous Irregular Hypervascular

Sjogren’s Mixed Heterogeneous Diffuse Hypervascular
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visualized. Multiple cystic areas within the mass 
upon ultrasound are a sensitive finding for 
Warthin tumors [Fig. 23.17] [37]. Posterior 
acoustic enhancement does occur with Warthin 
tumors, but this is seen much less frequently than 
with pleomorphic adenoma [36].

23.11  Malignant Tumors

Lesions presenting the submandibular gland are 
more likely to be malignant than those presenting 
in the parotid glands. Small and low-grade tumors 

may have an ultrasonographic appearance similar 
to a benign mass lesion. Larger malignant tumors 
may have poorly defined edges with infiltrative 
borders. Nodal basins associated with the sali-
vary lesion should be thoroughly assessed with 
physical exam and imaging. Ultrasound is help-
ful for rapid initial assessment, but it is not highly 
sensitive or specific in the diagnosis of malignant 
salivary tumors [38]. If there is high suspicion of 
a malignant process, cross-sectional imaging 
such as MRI may be necessary to delineate the 
extent of disease.

Mucoepidermoid carcinoma is the most com-
mon malignant tumor of the salivary glands and 
may be low, intermediate, or high grade [32]. 
These lesions are hypoechoic and may contain 
anechoic areas of necrosis. Small and low-grade 
lesions may have regular, well-defined borders 
and appear similar to a benign salivary mass. 
High-grade tumors infiltrate into the surrounding 
parenchyma, which can be visualized on ultra-
sound as a poorly defined border and heteroge-
neous echotexture [33, 36].

Adenoid cystic carcinoma is the most com-
mon malignancy of the submandibular glands. 
This tumor is aggressive but tends to present 
insidiously and has a predilection for perineural 
invasion. Distant metastases may present many 
years after initial diagnosis. Unfortunately, the 

Fig. 23.15 Ultrasound of a parotid mass shows a round, 
well-defined, hypoechoic, solid lesion with vascularity, in 
keeping with a pleomorphic adenoma

Fig. 23.16 Ultrasound of a pleomorphic adenoma, a 
lobulated, well-defined, markedly hypoechoic structure 
with characteristic posterior enhancement within the 
parotid gland

Fig. 23.17 A mass within the left parotid gland, with 
small cystic components, consistent with a Warthin’s tumor
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characteristic perineural invasion cannot be visu-
alized with ultrasound. As with other malignant 
salivary pathologies, adenoid cystic tumors may 
be hypervascular and can have poorly defined 
borders when high grade [22].

23.12  Inflammatory and Other 
Diseases

Acute infectious sialoadenitis typically presents 
with a painful, swollen mass in the parotid or 
submandibular area. History and physical, dem-
onstrating acute painful swelling of the salivary 
gland with purulent drainage from the duct, are 
usually adequate for diagnosis. Ultrasound can 
be a useful adjunct, especially to rule out abscess 
formation. The gland itself may appear enlarged 
and heterogeneous, with multiple hypoechoic 
and anechoic areas [Fig. 23.18]. Hyperechoic 
obstructing stones may be visualized with a prox-
imal, anechoic dilated duct [39]. Abscesses, in 
severe cases, demonstrate anechoic liquefied 
areas with echoic debris [40].

Sialolithiasis, frequently a cause of acute 
sialoadenitis, is more common in the subman-
dibular glands than the parotid glands. Within the 
submandibular gland, most stones are calcified 
and can be visualized well with various imaging 
modalities [Fig. 23.19]. Ultrasound has a high 

specificity and positive predictive value for sialo-
lithiasis: 95 % and 94 %, respectively [41]. Small 
calculi <3 mm in size may be missed with ultra-
sound, and false positives may occur in the pres-
ence of ductal stenosis with fibrosis [41]. Stones 
appear as an echogenic mass with posterior shad-
owing, though stones <2 mm may not display 
this artifact [2]. Salivation may be stimulated in 
order to further dilate the ducts and more dis-
tinctly visualize the location of an obstructing 
stone.

Chronic inflammation and infection of the 
salivary glands can result in eventual atrophy of 
the glands. Causes include chronic ductal 
obstruction by stone or fibrosis, recurrent infec-
tions, granulomatous disease, and systemic auto-
immune processes. Findings of chronic 
sialoadenitis generally include heterogeneous 
glandular tissue, ductal strictures, and ectasias. 
Punctate or nodular hypoechoic areas are inter-
mixed with hyperechoic areas of fibrosis 
[Fig. 23.20]. Adenopathy within the parotid 
gland may be encountered [33].

Autoimmune processes, such as Sjogren’s 
syndrome, may demonstrate ultrasound findings 
similar to chronic sialoadenitis. Sjogren’s syn-

Fig. 23.18 A patient presented with swelling, erythema, 
and pain in the right parotid area. Ultrasound shows a 
mildly hypoechoic, heterogeneous, and hypervascular 
right parotid gland. One small stone is seen in a dilated 
canal inside the gland (arrow), in keeping with acute cal-
culous sialadenitis

Fig. 23.19 Ultrasound demonstrating acute calculous 
sialadenitis of the submandibular gland. A 1.1 cm stone is 
seen in the proximal Wharton’s canal
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drome results in cystic glandular changes and 
characteristic sialectasis and may even appear as 
a solid mass lesion on ultrasound [42]. Glands 
tend to be diffusely hypervascular [22] with 
hypoechogenic nodules within the gland as the 
disease advances. Eventually, the gland atro-
phies. Patients with Sjogren’s syndrome are at 
high risk for the development of intraparotid 
lymphoma, and intraparotid adenopathy in this 
setting should be viewed with suspicion.

23.13  Conclusion

Ultrasound affords a low-cost, radiation-free 
imaging modality that is highly useful in the 
assessment of various head and neck pathologies, 
both benign and malignant. Knowledge of the 
characteristic appearance of normal anatomy and 
various pathologies is essential for the sonogra-
pher who may encounter unexpected findings 
upon routine ultrasound.
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24.1  Introduction

Neck ultrasonography has become an integral 
part of most endocrine practice for the evalua-
tion of parathyroid adenoma or enlarged para-
thyroid glands, prior to surgical intervention. It 
is also the most cost and time-effective study for 
the evaluation of coexistent thyroid disease in 
subjects who undergo parathyroid surgery. 
Ultrasonograms facilitate parathyroid biopsy 
and alcohol ablation to be performed in select 
patients in the office.

24.2  Historical Perspectives

Parathyroid glands are one of the last organs to 
be identified in humans. The first description of 
parathyroid glands was in 1852 by Sir Richard 

Owens in the first recorded dissection of an 
Indian rhinoceros [1]. Subsequently, Ivor 
Sandstrom described it in humans when he was a 
medical student in Stockholm, Sweden [2]. The 
first parathyroid surgery was performed in 1925 
by Dr. Felix Mandl in Vienna, on a tram car con-
ductor named Albert Gahn. The first parathyroid-
ectomy in the USA was by EJ Lewis, at Cook 
County Hospital in Chicago [3]. The need for 
multiple surgeries was observed in the case of 
Captain Charles Martell, who was operated for 
the seventh time for parathyroid adenoma 
removal [4]. In the 1990s Tc99-Sestamibi (MIBI) 
was utilized as an isotope of choice for the evalu-
ation of mitochondria rich tissue, such as the 
heart. It was observed during cardiac studies that 
parathyroid adenomas also trap this isotope, 
which stimulated the concept of presurgical 
localization prior to minimally invasive surgeries 
[5]. Ultrasound evaluation for parathyroid glands 
was largely considered not effective due to lack 
of understanding of imaging phenotype and 
operator inexperience. Over the years, ultrasound 
evaluation for parathyroid localization has 
become the mainstay in the USA and in Europe. 
This is partly due to easy availability of equip-
ment and mostly as a result of understanding of 
the US appearance of enlarged parathyroid 
glands and adenomas. The lack of ionizing radia-
tion enables easy procurement and maintenance 
of US equipment in physicians and surgeons 
offices.
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24.3  Surgical Anatomy 
and Embryologic 
Development of Parathyroid 
Glands

Normal parathyroid glands are approximately 
5 × 4 × 2 mm in size, length, width, and depth 
respectively, and weigh 20–40 mg [6]. There is 
considerable variation in the size and weight of 
the “normal” glands. The size variation was 
astutely observed by Ivor Sandstrom, who 
reported this observation in his landmark mono-
graph in 1877 [2]. The glands have a distinct ana-
tomic vascular supply from the thyroid gland and 
encased in a thin fibrous capsule. The location of 
parathyroid glands is quite variable. The superior 
glands are typically located posterior to the thy-
roid lobes and the inferior glands are located 
along its posterior and caudal aspect [7–10]. Due 
to the small size of the parathyroid glands and the 
presence of physiologic central compartment 
lymph nodes that are indistinguishable from 
parathyroid glands, it is generally considered not 
possible to visualize physiologic, nonenlarged, 
and normal parathyroid glands with ultrasound. 
Therefore, it is also not possible to identify the 
total number of parathyroid glands present in an 
individual. In one postmortem study, where such 
information has typically been obtained, four 
glands were visualized in greater than 90 % of 
subjects, three glands in 5 %, and five glands in 
4 % [9]. The superior parathyroid glands origi-
nate in the fourth branchial arch and the inferior 
parathyroid glands originate from the third bran-
chial arch. Due to the close developmental rela-
tionship of the inferior parathyroid glands to the 
thymus gland, they can be located within the thy-
mus, at the thoracic inlet, or within the mediasti-
num. The typical location of superior parathyroid 
glands is extra-thyroidal and about the mid- 
portion of the posterior margin of the thyroid 
gland. The vast majority of superior parathyroid 
glands are within a few millimeters at the junc-
tion of inferior thyroid artery and recurrent laryn-
geal nerve. An inferiorly displaced superior 
thyroid gland is still located posterior (deep) to 
the inferior thyroid artery and recurrent laryngeal 
nerve. The inferior parathyroid glands are often 

located posterior to the lower third of the thyroid 
gland or within a few centimeters of the caudal 
pole of the thyroid gland, but their plane is ante-
rior to the recurrent laryngeal nerve. The superior 
pair holds their anatomical relationship to the 
thyroid gland more constantly. A mal-positioned 
superior parathyroid gland is often displaced pos-
teriorly within the tracheoesophageal groove or 
into the retropharyngeal space. The inferior para-
thyroid glands are often located variable in loca-
tion posteriorly and caudally to the thyroid lobes 
and into the mediastinum. They can be located 
within the thymus gland and can also be as infe-
rior in location as the aortic arch. Intrathyroidal 
parathyroid glands are quite uncommon. The 
superior pair is more likely to be intrathyroidal 
within the posterior thyroid capsule, perhaps due 
to the embryological co-development with the 
C-cells of the thyroid gland, from the fourth 
branchial pouch. The typical location within the 
thyroid lobes is subcapsular location and can 
often be visualized through the posterior capsule 
of the thyroid.

24.4  Epidemiology of Primary 
Hyperparathyroidism

The dominant clinical phenotype of PHPT in the 
USA is asymptomatic hypercalcemia, invariably 
identified fortuitously in patients undergoing 
yearly physical examination. The apparent 
increase in the incidence of PHPT was correlated 
to the wide availability and use of multichannel 
laboratory testing since the 1970s [11]. In the 
Kaiser Permanente study involving 3.5 million 
people, the incidence of primary hyperparathy-
roidism varied from 34 to 124 per 100,000 person 
years. The incidence increases with advancing 
age and was highest among African Americans 
followed by Caucasians, with rates for Asians 
and Hispanics lowest among the ethnicities. 
Women are affected threefold more frequently 
than men [12]. Along with the increase in the 
diagnosis of patients with PHPT, the surgical 
case volume increased an astounding 177 % in a 
statewide health planning study from California 
between 1999 and 2008 [13].
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Endorgan dysfunctions include chronic renal 
disease, stone formation, and bone loss. The 
vast majority of patients with bone disease are 
asymptomatic and diagnosed using screening 
DXA. The lumbar spine BMD is relatively con-
served and there is preferential site specific loss 
of cortical bone site such as the distal third of 
the radius. The trabecular skeleton in primary 
hyperparathyroidism is relatively spared; there-
fore, three site assessments with DXA that 
includes forearm should be performed in these 
subjects. Successful parathyroid gland surgery 
is associated with increase in bone density most 
rapid at the lumbar spine and hip followed by 
the distal radius. Therapies such as bisphospho-
nates and estrogens are also effective. 
Cinacalcet reduces the elevated serum calcium 
levels without improvement in bone density. 
Therefore, surgery appears to be the most defin-
itive treatment for primary hyperparathyroid-
ism [13, 14]. Percutaneous ethanol ablation in 
selected cases is also effective. These patients 
are either of advancing age, or have high intra 
or postoperative risks or those patients who 
have failed multiple surgeries. The most recent 
multidisciplinary workshop on asymptomatic 
primary hyperparathyroidism addressed these 
themes in 2014 to the current state of knowl-
edge [14].

In the past 10 years, there has been emerging 
appreciation of eucalcemic primary hyperpara-
thyroidism, often identified during evaluation 
for fatigue or nonspecific symptoms. Early sur-
gical treatment of normocalcemic patients with 
isolated elevation or upper end of parathyroid 
hormone (PTH) levels is controversial [14]. 
Since surgery is the only definitive treatment to 
halt the progression of end organ damage due to 
PHPT, if renal or bone disease remains unex-
plained or progressive, surgery appears justi-
fied. Therefore, normo-alcemic PHPT patients 
should be evaluated for end organ dysfunction 
and the most conservative approach would be 
that they are carefully followed until more 
information regarding management policies 
becomes available.

24.5  Imaging Features 
of Parathyroid Adenomas, 
Atypical Adenomas 
and Parathyroid Carcinomas

The size of a parathyroid adenoma is critical for 
visualization during ultrasonography. Normal, 
non-enlarged parathyroid glands cannot be visu-
alized reliably with US equipment available at 
the present time. In eucalcemic, subclinical 
PHPT patients, it is entirely possible to have a 
solitary small adenoma and yet elude detection 
by the USA, even when they are located in the 
typical sites. Therefore, ultrasound evaluation 
should not be used as a diagnostic study in any 
suspected patients with PHPT, including those 
who have normal or mildly elevated calcium 
level with elevation of PTH. The characteristic 
ultrasound appearances of an adenoma are the 
following:

 1. Extrathyroidal and posterior in location to the 
thyroid lobes

 2. The presence of an echogenic line separating 
the thyroid gland from the adenoma

 3. Indentation sign—this can be seen either with 
superior or inferior adenomas that are abutting 
the posterior capsule of the thyroid

 4. Enlarged parathyroids are uniformly 
hypoechoic in texture

 5. Demonstration of a distinct and independent 
feeding vessel during color Doppler interroga-
tion (See Video 24.1, references [15–17]).

Parathyroid adenomas present in variable 
sizes and shapes. They conform to the anatomic 
pressures of surrounding structures and “meld” 
into facial planes almost seamlessly. Due to the 
gradual growth within the facial planes, the can 
be surprisingly mobile in relation to the neigh-
boring structures. Therefore, they can move or be 
displaced by excessive pressure with US trans-
ducers, swallowing or by asking the patient to 
make a Valsalva maneuver. Similarly, they can 
also be better visualized by any of the above 
maneuvers. Asking the patient to rotate their head 
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in different directions, swallowing, coughing, 
and staining (Valsalva) should be a part of real- 
time US evaluation.

Patient positioning is critical for the success of 
parathyroid localization. Placing one or two pil-
lows under the shoulder for neck extension, and 
supporting of the neck and vertex with rolled 
towels, can enable optimal visualization of the 
superior mediastinal structures. Lower frequency 
settings (10 mHz or lower) should be chosen for 
visualization of deeper structures in the neck. 
Tissue harmonics settings, if available, can also 
improve visualization of enlarged parathyroid 
glands. The region below the hyoid bone to the 
visualized portions of superior mediastinum and 
trapezius muscles bilaterally should be system-
atically studied. Particular attention should be 
devoted to the posterior and the caudal aspect of 
the thyroid lobes. Also, careful visualization of 
the thyroid gland and surgical levels of the neck 
can identify incidental thyroid abnormalities, 
which is a unique advantage of US compared to 
MIBI imaging.

24.6  Location of Parathyroid 
Adenomas

The majority of superior adenomas, up to 70 %, 
are located posterior to the mid portion of the 
thyroid lobes. The inferior glands are more vari-
able in their location, but nearly 80 % of the 
lower glands are still located either just posterior 
to the lower portion of the thyroid gland or 
immediately caudal to the lower pole of the thy-
roid lobes. Less than 10 % of the glands can be 
located in close approximation to or embedded 
within the thymus gland. The most difficult to 
visualize of adenomas by the USA is the posteri-
orly displaced upper adenomas. These glands 
can be partially or entirely retropharyngeal, 
mobile, or can be flattened along the TE grooves. 
In one large autopsy series from Athens, Greece, 
which involved examination of 942 cadavers, 
5 % had supernumerary glands, 2 % had three 
glands, 8.5 % were ectopic within the neck, 
0.2 % intra-thyroidal, and 6 % were within the 

mediastinum [18]. The reported frequency of 
ectopic parathyroid glands following surgical 
intervention is quite variable, ranging from 5 to 
20 %, most likely due to lack of universal defini-
tion for what constitutes ectopic locations. For 
example, in one series involving secondary 
hyperparathyroidism patients with renal failure 
reported 39 % frequency of ectopic glands [19]. 
Figures 24.1, 24.2, 24.3, 24.4, 24.5, 24.6, 24.7, 
and 24.8 illustrate these principles and the typi-
cal appearance of abnormal parathyroid glands 
on ultrasound.

Parathyroid carcinomas differ in their clinical 
presentation compared to parathyroid adenomas, 
rather than by consistent US image findings. 
Parathyroid carcinoma should be suspected in 
patients who present with sudden and consider-
able calcium and PTH elevation. Parathyroid car-
cinomas can also be palpable. Even very large 
benign adenomas are not palpable due to their 
soft consistency. Parathyroid carcinomas or atyp-
ical adenomas are usually large, with our without 
calcific or cystic change (Fig. 24.7). Additionally, 
irregular margins and lack of distinct planes 
between the thyroid and an enlarged parathyroid 
gland should prompt consideration of parathy-
roid carcinoma.

24.7  Fine Needle Aspiration (FNA) 
of Parathyroid Glands or 
Adenomas

FNA can be performed in clinically benign 
appearing parathyroid tumors for confirmation 
prior to surgery or percutaneous ethanol injection 
[20, 21]. Needle tracking of malignant tumor fol-
lowing FNA can occur. Therefore, FNA is best 
avoided in suspected cases of atypical adenomas 
or parathyroid carcinomas. It is also best avoided 
at all during the initial evaluation of primary 
parathyroid disease. One helpful application of 
parathyroid FNA is to confirm a suspected lesion 
as parathyroid tissue in preparation for reopera-
tive parathyroid surgery, especially when other 
imaging remains ambiguous or the clinical sce-
nario is unusual.
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24.8  Procedure of Parathyroid 
FNA

Parathyroid FNA is performed in the standard 
manner as one would for FNA of thyroid nodules 
with few differences. The use of smaller gauge 
needles causes less trauma and fibrosis of para-
thyroid adenomas and does not make subsequent 
surgical removal difficult [22, 23]. Parathyroid 
FNA can be performed using 25 or 27 G needles 

with or without local anesthesia. Jabbing tech-
nique is best avoided, particularly of smaller 
lesions to avoid multiple anterior or posterior 
capsular punctures. Rotation technique with aspi-
ration is sufficient in most occasions. Blood and 
aspirate materials can be allowed into the hub of 
the needle. Parathyroid lesions yield a “bloody 
tap,” whereas a “dry-tap” is often encountered in 
the inadvertent sampling of a central compart-
ment lymph-node.

Fig. 24.1 Large inferior adenoma

Fig. 24.2 Trans-upper PA
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24.9  A Protocol for Specimen 
Processing, Handling, 
and Smear Preparation 
of Parathyroid FNA (See 
Fig. 24.9)

Following completion of the biopsy of the sus-
pected abnormal parathyroid gland, one or two 
direct smears are made with the material. The 
reminder of the specimen is washed from the 
syringe with 2 cm3 of saline and spun in a red top 
tube (contains no EDTA) for 5 min. The clear or 
often blood tinged supernatant is separated and 
submitted for PTH measurement. The specimen 

should be kept cold or ideally frozen prior to 
transportation to the laboratory. The cell pellet is 
saved and refrigerated as a duplicate specimen. 
In the unfortunate event of lost or mishandled 
specimen, the pellet can be resuspended in 2 cm3 
of saline and re-spun to yield a second specimen. 
This technique can avoid unnecessary second 
FNA on patients. The slides are saved until the 
PTH FNA washout results are available. If the 
levels are low, then the slides along with the 
saved cell pellet should be submitted for cyto-
logical analysis. If the PTH FNA washout levels 
are elevated, then there is no need to submit the 
smears for cytological analysis. If the PTH levels 
are low, cytological analysis of the specimen 

Fig. 24.3 Intrathyroidal adenoma. Note lack of echogenic line

Fig. 24.4 Mediastinal thymic lesion SAG
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should be performed. This protocol ensures that 
an inadvertent metastatic neck lymph node is not 
misdiagnosed during the evaluation of a sus-
pected parathyroid adenoma. It is best to contact 
the clinical laboratory in each hospital to deter-
mine the preferred specimen processing for the 
red top tube; the details above are included here 
for the reader’s awareness of relevant issues. The 
syringe washout PTH levels are typically ele-
vated in the several thousand pg/ml range. The 

lowest PTH that was observed in one study is 
40 pg ml [21]. Parathyroid cytology is of limited 
value in the diagnosis and can often mimic and 
be misinterpreted by pathologists as a thyroid 
“follicular neoplasm,” especially if the parathy-
roid tissue source of origin is not communicated 
to the lab. Thyroid follicular cells and colloid, 
furthermore, are often encountered on the speci-
men, due to the inadvertent sampling of thyroid 
tissue during FNA of superior adenomas [24].

Fig. 24.5 Inferior PA sagittal view

Fig. 24.6 Cystic adenoma FNA
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24.10  Indications and Procedure 
of ETOH Ablation

Surgery is the mainstay for the definitive treat-
ment of PHPT. In an occasional patient, who is 
deemed to have high surgical risk, percutaneous 
ethanol ablation may be an alternative option. 
The indications and contraindications to alcohol 

ablation are listed in Table 24.1. The procedure is 
performed in the following manner. The skin and 
subcutaneous tissue is anesthetized using 2 cm3 
of lidocaine under guidance. Lidocaine infiltra-
tion is performed under vision, using US trans-
ducer along the facial planes anterior to the 
parathyroid lesion. Once lidocaine infiltration is 
complete, the lesion is entered with a 27 or 25 g 

Fig. 24.7 Upper PA atypical location

Fig. 24.8 Caudal displacement of superior adenoma
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needle that is loaded with 0.5–1 cm3 of alcohol. 
The alcohol is injected into the target lesion in 
question (Video 24.2). Great care should be taken 
to avoid injection outside the parathyroid lesion. 
This can result in tissue necrosis. Similarly, punc-
turing of the posterior or medial aspect of the 
capsule should be avoided altogether. The risk 
for injury to recurrent laryngeal nerve is greater 
in such situations. Patients sometimes complain 
of a twinge or dull ache for 5–10 min. The disap-
pearance of blood flow by Doppler predicts 

success of injection. If blood flow into the gland 
is unaffected by the injection 5–10 min following 
the first injection, a second injection may be 
administered. Ethanol ablation can be effective in 
multiple endocrine neoplasia patients who have 
recurrent primary hyperparathyroidism [25].

24.11  Special Considerations: 
Multigland Disease, Atypical 
Adenomas, and Parathyroid 
Carcinomas

The use of ultrasound localization in multiple 
endocrine neoplasia and renal failure patients has 
utility, but it is unlikely to reveal the location of 
all abnormal glands. Whether the USA detects 
only one or multiple glands, the underlying clini-
cal biology is four-gland hyperplasia and these 
patients require bilateral neck exploration [19]. 
Hence, the utility of ultrasound is to identify 
where a parathyroid gland has not been seen and 
to correlate with other imaging studies, so that 
surgery can proceed efficiently and focus on 

FNA of
suspected PA

Prepare 1-2 direct
dry or wet smears

and preserve 

If PTH is <40 pg/ml,
submit smear and

cell pellet for
cytology

If PTH in elevated,
typically in the

1000s of pg/ml,
no need to submit

for cytology

Draw 1.5-cc saline
into the same

syringe and tap
the side of the hub

to suspend material 

Centrifuge and
separate

supernatant
from cell pellet

Supernatant is frozen
prior to submission

to lab PTH level
dictates the need

for cytology testing

Save pellet in fridge
without freezing

If PTH is <40 pg/ml,
submit smear and

cell pellet for cytology

Fig. 24.9 Specimen processing flow chart

Table 24.1 Indications and contraindications of parathy-
roid FNA

Indications Contraindications

Failed surgery Anticoagulation (relative)

Multiple lesions Morbid obesity (relative)

Intrathyroidal location Deeply located lesion 
(relative)

Atypical location or 
appearance

Partial or complete 
obscuration by vital 
structures

Ethanol ablation Suspected parathyroid 
carcinoma (absolute)
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ensuring glands are not missed in these locations. 
Furthermore, the identification of concomitant 
thyroid disease remains important in these sub-
groups of patients.

Parathyroid carcinomas and atypical adeno-
mas present in a rapidly progressive fashion [26]. 
The long lag time of gradual development of 
hypercalcemia is typically absent. The CDC-73 
gene codes for a tumor suppressor protein called 
parafibromin. A common syndrome related to 
CDC-73 mutation is the Hyperparathyroidism—
Jaw Tumor Syndrome (JPT-JT) syndrome. These 
patients are often in their late adolescence or 
young adulthood and manifest other findings 
such as ossifying fibromas of the maxilla or man-
dible, renal, and uterine tumors. The vast major-
ity of individuals with HPT-JT present with 
benign single parathyroid adenomas (85 %), 
which require careful biochemical monitoring for 
recurrence in other glands. In suspected parathy-
roid carcinoma patients, the surgery should aim 
to remove the parathyroid tumor en-bloc along 
with the adjacent thyroid lobe and intraoperative 
clear margins with respect to other adjacent anat-
omy (thus, the procedure is a parathyroidectomy 
with ipsilateral thyroid lobectomy and often ipsi-
lateral central neck lymph node removal). Genetic 
testing is recommended in subjects diagnosed 
with atypical adenoma or parathyroid carcino-
mas. Germline CDC-73 related disorders are 
inherited in an autosomal dominant fashion. 
About 20 % of individuals with sporadic parathy-
roid carcinomas harbor CDC-73 mutation. About 
15 % of subjects with CDC-73 germline muta-
tions present with parathyroid carcinomas [23]. 
Parathyroid carcinomas often manifest calcifica-
tions, cystic changes, or irregular margins.

24.12  Parathyroid Incidentalomas 
and Confounders

Parathyroid like lesions encountered incidentally 
during neck or thyroid imaging are not uncom-
mon in clinical practice. These tumors have the 
imaging phenotype and likeness of a parathyroid 
adenoma but actually represent other tissues such 
as lymph nodes or thymus. Serum chemistry test-

ing can reveal calcium or PTH elevation to deter-
mine previously undiagnosed PHPT subjects. 
The confirmatory test is FNA PTH measurement 
from the lesion following a biopsy [27].

24.13  Summary

Parathyroid ultrasonography is a valuable tool for 
the assessment of diseased parathyroid glands in 
patients with primary hyperparathyroidism. It 
serves as a valuable tool to assess the thyroid 
gland prior to parathyroid surgery. Also, it 
enables the conduct of percutaneous ethanol 
ablation.
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25.1  Introduction

Bilateral neck exploration for the treatment of 
sporadic primary hyperparathyroidism (HPT) 
has a success rate ranging from 94 to 98 % when 
performed by experienced parathyroid surgeons 
[1–3]. Minimally invasive focused parathyroid-
ectomy, with its potential advantages of smaller 
incisions, lesser dissection, and eligibility for 
outpatient surgery, has become the preferred 
surgical approach to HPT [4]. To allow a focused 
dissection while maintaining the same success 
rate as the gold standard bilateral exploration 
(BE), focused parathyroidectomy requires accu-

rate preoperative imaging and intraoperative 
adjuncts. Furthermore, surgeons who perform 
BE routinely will also use imaging studies to 
identify the dominant gland, speed the effi-
ciency of the operation, and avoid extensive 
dissection.

While imaging studies guide the surgeon to 
the precise location of the abnormal parathyroid 
gland, intraoperative parathyroid hormone 
monitoring (IPM) assures the surgeon that all 
the hyperfunctioning tissue has been removed 
before leaving the operating room thereby 
avoiding higher failure rates [5]. Localization 
studies should not be used to diagnose hyper-
parathyroidism or to indicate operative inter-
vention. Rather, once the patient has a secure 
biochemical diagnosis, the surgeon depends on 
accurate localization to allow a focused imaged 
guided approach or to speed up the completion 
of a bilateral approach. Most experienced para-
thyroid surgeons are proponents of localization 
studies with the most commonly used method 
being a combination of ultrasonography (US) 
and Technitium-99m sestamibi scintigraphy 
(MIBI). Four-dimensional computed tomogra-
phy (4DCT) is, however, gaining popularity as a 
primary localization study [6]. This review will 
focus on the use of US as a localization tech-
nique in HPT and will discuss its practical util-
ity particularly when performed by the 
parathyroid surgeon.
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25.2  Education of Surgeons 
in Parathyroid Ultrasound

In the mid 1990s, US began to be adopted in gen-
eral surgical practice. Residents in general sur-
gery today are increasingly exposed to ultrasound 
for central line placement, FAST examinations in 
trauma (Focused Assessment with Sonography in 
Trauma), assessment of hernias, liver, gallbladder 
and appendix, and less commonly exposed to 
breast, thyroid, parathyroid, and cervical/axillary 
lymph node examination. Formal training in 
ultrasound for surgeons is provided by the 
American College of Surgeons and consists of a 
postgraduate course with didactic lectures, hands-
on skill sessions with formal US examination of 
patient volunteers, practice fine needle aspiration 
biopsy (FNA) on phantoms, and faculty observa-
tion and written examination [7]. Commercially 
available US units are now readily available; they 
are portable and easy to use in clinician’s offices, 
emergency and operating rooms [8].

25.3  Ultrasound in Patients 
with Primary 
Hyperparathyroidism: 
Why Not?

To obtain the best results, US for parathyroid local-
ization should be performed with high- resolution 
probes and by a dedicated parathyroid ultrasonogra-
pher. This method of parathyroid gland localization 
is convenient, does not involve radiation exposure, 
is noninvasive, provides the surgeon with excellent 
detailed topographic information, identifies con-
comitant thyroid pathology, and it is the least costly 
parathyroid localization. In the author’s opinion, 
US should be performed in all patients undergoing 
parathyroidectomy due to the following:

 1. High incidence of concomitant thyroid dis-
ease in patients with primary hyperparathy-
roidism (HPT)

 2. US can accurately localize the abnormal 
parathyroid and assess its relationship to the 
thyroid and surrounding structures, thus 
helping the surgeon with operative planning

 3. Parathyroid US is cost effective.

25.3.1  Concomitant Thyroid Disease

Thyroid disease occurs in up to two thirds of 
patients with HPT [9]. Compared to intraoperative 
evaluation, preoperative assessment of thyroid 
nodules leads to a higher sensitivity for discovery 
and a lower rate of non-indicated thyroid proce-
dures than intraoperative evaluation alone [10]. 
Newly encountered thyroid pathology should be 
identified and addressed preoperatively modifying 
the surgical procedure accordingly [11, 12]. US is 
also useful to avoid possible pitfalls during para-
thyroidectomy, such as in a patient with prior abla-
tive radioiodine (RAI) treatment for Graves’ and 
MIBI uptake in the right neck (Figs. 25.1, 25.2, 
and 25.3) or a patient who has an intra-thyroidal 
parathyroid (Figs. 25.4 and 25.5).

25.3.2  US to Localize the Parathyroid 
and Help with Operative 
Planning

When US is performed by an experienced sonog-
rapher it can accurately identify the parathyroid 
abnormality in 76–89 % of cases and help the sur-
geon direct the exploration [13–19]. A parathy-
roid that is behind the mid or upper portion of the 
thyroid lobe on ultrasound is usually a superior 
gland and it will likely be in a posterior location 
at exploration. An enlarged parathyroid that is 
near the lower pole of the thyroid or near the 
clavicle is most likely an inferior gland and the 
surgeon should look in a more anterior location 
near the lower thyroid pole, the thyro-thymic 
ligament, or the thymus (see the next section for 
interpretation of US images). A “negative” US 
can inform the surgeon on “what is not there.” 
For instance, with a “negative” US, the surgeon 
can surmise that the adenoma may be in a poste-
riorly located para-esophageal/tracheoesopha-
geal position, which is not easily imaged by US, 
and direct the exploration to such area first. In 
this patient the MIBI could show a “low cervical 
adenoma” confirming that this is a superior gland 
that has moved to the low neck by growth 
(Fig. 25.6). Furthermore, the sonographer should 
not accept a “negative” US unless the upper neck, 
the carotid sheath, and the area just under the 
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clavicle and sternal notch have been carefully 
imaged (see below).

In patients with prior thyroid operations or 
after ablative RAI (Figs. 25.1, 25.2, and 25.3) US 
is critical to evaluate whether thyroid tissue is 
still present in the neck and to correlate with 
MIBI scan (if one was performed). The radiolo-
gist reading the MIBI scan and without clinical 
history may assume incorrectly that what is 
imaged in the para-tracheal space is thyroid when 
in fact it is parathyroid tissue in the setting of 
ablated, surgically removed, or agenesis of the 
thyroid lobe (Fig. 25.7, Video 25.1).

A contemporary meta-analysis evaluated the 
accuracy of common preoperative localization 

techniques in patients with primary 
 hyperparathyroidism against the gold standard of 
intraoperative visualization and histology. The 
pooled sensitivity and positive predictive value 
of US was 76.1 % (57–89 %) and 93.2 % (85–
100 %), respectively [20]. Ruda et al. reviewed 
the literature from 1995 to 2003 and reported US 
sensitivity of 79 % in localizing abnormal para-
thyroid glands [21]. It is important to know that 
the results of US are operator dependent and can 
be negatively influenced by the presence of thy-
roid nodular disease, increased body mass index, 
presence of multiglandular/ectopic parathyroid 

Fig. 25.1 Early planar Sestamibi scan in a patient with Graves’ disease treated with RAI. Notice absence of uptake in 
the left thyroid lobe and positive uptake in the right thyroid and lower cervical parathyroid

Fig. 25.2 Ultrasound sagittal view of the right lobe con-
firms the presence of multiple thyroid nodules (red arrow) 
and a right inferior parathyroid (white arrow) in a patient 
with Graves’ who had prior RAI ablation

Fig. 25.3 Ultrasound in transverse view showing an arc 
of vascularity around the right inferior parathyroid in a 
patient with Graves’ treated with RAI ablation
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disease, and small parathyroid size [22]. Posterior 
thyroid nodules and cysts can be mistaken for a 
parathyroid adenoma and visa-versa. US is less 
sensitive when parathyroids are located behind 
the trachea, esophagus, in the superior mediasti-
num and in patients with thyroiditis who may 
have extensive reactive adenopathy.

25.3.3  Cost-Effectiveness 
of Ultrasound

Wang et al. reported on a cost-utility analysis to 
optimize preoperative imaging for HPT [23]. A 
decision tree was constructed to determine the 
incremental cost-utility ratio of five localization 
strategies: (1) US; (2) MIBI with single photon 

Fig. 25.4 Planar Sestamibi scan showing a right-sided 
likely superior parathyroid

Fig. 25.5 Transverse view ultrasound indicating that the 
parathyroid gland, which was identified on Sestamibi 
scan, is intra-thyroidal (arrow)

Fig. 25.6 Planar delayed view of Sestamibi scan show-
ing a lower cervical parathyroid adenoma (arrow). 
Because the ultrasound was “negative” (not shown) the 
surgeon should suspect this to be a superior gland deep in 
the tracheoesophageal groove

Fig. 25.7 Planar early phase Sestamibi showing an “atro-
phic” left lobe (arrow)
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emission tomography (SPECT); (3) 4DCT; (4) 
MIBI-SPECT and US; and (5) MIBI-SPECT and 
US ± 4DCT (4DCT added when MIBI and US 
were discordant). The authors concluded that US 
is the least expensive imaging modality. Yet, the 
most cost-effective strategy involved the use of 
US combined with MIBI-SPECT and if needed 
4DCT. This strategy costs less and accrued more 
“utility” (a measure of quality of life) mostly 
because BE was avoided, hence decreasing the 
overall cost of parathyroidectomy. Interestingly, 
utilizing MIBI-SPECT as the sole localization 
study was the least cost-effective strategy.

In another economic analysis of preoperative 
localization strategies for HPT, Lubitz and col-
leagues constructed a decision-analytic model to 
evaluate eight different localization strategies 
[24]. The authors concluded that US followed by 
4DCT when the US results were indeterminate, 
was the least costly strategy. Differences in cost 
were largely based on improved sensitivity for 
detecting single-gland disease and, therefore, on 
the proportion of patients able to undergo mini-
mally invasive focused procedures with shorter 
operating time and same-day discharge.

Both studies mentioned above concluded that 
the cost of BE without localization was always 
higher, even when the sensitivity of localization 
studies was lowest (i.e., localization studies were 
least useful). Most cost-effectiveness studies 
assume that the majority of patients undergoing 
BE will require longer operating times and over-
night stays in the hospital, therefore driving the 
costs of parathyroidectomy higher. Currently, a 
growing number of high-volume parathyroid sur-
geons who perform BE via small incisions will 
discharge their patients the same day, possibly 
neutralizing the cost of such approach when com-
pared to minimally invasive procedures [25, 26].

The authors use surgeon-performed US (SUS) 
in all patients with HPT who are scheduled for 
parathyroidectomy. When a clear parathyroid 
adenoma is localized by SUS, patients are 
explored using US as the only localization study 
[14, 27]. However, the authors always use IPM to 
avoid missing multiple gland disease. Recently, 
Untch et al. confirmed previous findings that 
SUS has the same sensitivity as MIBI scans and 

can be used as the only localization study result-
ing in excellent operative success when parathy-
roidectomy is guided by IPM [17].

25.4  Parathyroid Embryology 
and Anatomy as It Relates 
to Parathyroid Ultrasound 
Interpretation

Ideally, the sonographer and the operating sur-
geon should have a thorough understanding of 
parathyroid embryology and anatomy. Most 
patients will have four parathyroid glands (two 
superior and two inferior), although <4 glands 
and supernumerary glands can be encountered in 
up to 3–13 % of cases, respectively [28, 29]. 
Understanding the parathyroid glands eutopic 
and ectopic locations is of utmost importance in 
the interpretation of imaging studies as it relates 
to the surgical procedure. The surgeon should 
always review all the radiologic images when 
planning the operative approach never relying on 
the radiology report alone. The superior glands 
are derived from the fourth branchial pouch along 
with the lateral lobes of the thyroid. The inferior 
glands arise from the third pouch along with the 
thymus (further discussion below). Superior and 
inferior glands are typically symmetric to each 
other (80 % and 70 % of the time respectively).

25.4.1  Typical Ultrasound 
Appearance and Location 
of Parathyroid Adenomas

The typical US appearance and location of an 
inferior parathyroid adenoma is depicted in 
Figs. 25.8 and 25.9 and Video 25.2. On gray- 
scale imaging, parathyroid adenomas are pre-
dominantly solid lesions with well-defined 
margins. Internal echo texture is nearly always 
homogenous and hypoechoic when compared to 
the thyroid (Table 25.1). A parathyroid is usually 
separated from the thyroid by a well-defined 
echogenic tissue plane [30]. Enlarged parathy-
roids are almost always >1 cm, oval but can also 
be kidney shaped, bilobed, or multi-lobulated. 
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On color Doppler sonography, parathyroid ade-
nomas are very vascular. Color Doppler usually 
shows a peripheral vascular arc arising from the 
inferior thyroid artery and encircling the gland 
90–270° (Fig. 25.3). This feature may help dis-
tinguish a parathyroid from a lymph node. The 
polar artery usually arborizes around the parathy-
roid vs. a lymph node will have a more hilar vas-
cular flow (Video 25.3). Atypical parathyroids 
may be cystic (Figs. 25.10 and 25.11), heteroge-
nous, echogenic, have a dual concentric sign and/
or calcified (Fig. 25.12) [31–33].

The three most common locations for the infe-
rior parathyroid can be easily imaged by US (see 
below). Sonographers should always scan poste-

rior to the clavicle by angling the US probe under 
it and asking the patient to swallow. This maneu-
ver is helpful in localization of thymic or thoracic 
inlet parathyroid glands. Such glands can be 
common in patients with secondary hyperpara-
thyroidism due to renal failure (Fig. 25.13a, b; 
Video 25.3). When US fails to reveal an abnor-
mal parathyroid in its eutopic location, the lateral 
high neck, particularly the area medial to the 
carotid artery (Level II lymph node basin/carotid 

Fig. 25.8 Transverse ultrasound view of a typical wedge- 
shaped inferior parathyroid adenoma (arrow)

Fig. 25.9 Longitudinal ultrasound view of a typical infe-
rior parathyroid adenoma (arrow)

Table 25.1 Typical and atypical ultrasound characteris-
tics of abnormal parathyroids

Typical Atypical

Solid Cystic areas

Homogenous Heterogenous

Smooth well defined 
borders

Infiltrative or irregular borders

Oblong, tear drop, 
or oval shaped

Lobulated

Not calcified Calcified

Polar artery on 
Doppler

Highly vascular on Doppler

Single Multiple

Located along the 
margins of the 
thyroid gland

Ectopic locations: retro- 
esophagus, high in the neck 
above the thyroid, in the 
thymic tongue, deep in the 
mediastinum, in the thyroid

Fig. 25.10 Transverse ultrasound view of a cystic and 
heterogenous left parathyroid adenoma
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bulb area) should be carefully scanned looking 
for a rare ectopic and/or undescended gland.

The location of the superior parathyroid is less 
variable, yet its posterior position can be 
 challenging to visualize with US, particularly in 
obese patients, male patients, those with goiters, 
or in the presence of thyroiditis (Fig. 25.14).

25.4.2  Superior Parathyroid 
Anatomic and Imaging 
Location

The superior parathyroids are usually located in a 
posterior plane when compared to the inferior 
glands. The possible location of the superior para-

Fig. 25.11 Longitudinal ultrasound view of a cystic and 
heterogenous left parathyroid adenoma

Fig. 25.12 Longitudinal ultrasound view of a calcified 
left superior parathyroid in a renal failure patient (arrow 
on calcium)

Fig. 25.13 (a) Longitudinal ultrasound view of a heter-
ogenous thyro-thymic parathyroid in a patient with renal 
failure. Note that the overlying strap muscles are seen to 
diverge toward the right side of the panel (caudad on the 

patient)—this is a clue that the longitudinal image cap-
tured is from a location close the clavicles. (b) Dual phase 
planar sestamibi on the same patient confirming the thyro- 
thymic left-sided parathyroid
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thyroid is posterior to the mid portion of the supe-
rior thyroid lobe near the cricothyroid junction 
(>90 %) posterior to the mid thyroid lobe (4 %) 
(Figs. 25.15 and 25.16), superior to the thyroid 
lobe (3 %) (Fig. 25.17a–c), in the retropharyngeal/
retroesophageal location (1 %), or intra-thyroidal 

(0.2 %) [28, 29, 34]. A superior gland that has 
“fallen down” due to growth and gravity into the 
tracheoesophageal groove or para-esophageal 
area can be imaged in a relatively low cervical 
location [35] (Fig. 25.18). The inexperienced 
radiologist or surgeon may interpret this as an 
inferior gland when in fact it is a superior gland 
that has grown enough to migrate low in the neck 
[36]. In effect, one of the most common locations 
of a missed parathyroid during a prior failed para-
thyroidectomy is a superior gland in the posterior 
and low paraesophageal area [37]. The posterior 
location of the superior gland can, therefore, be 
confirmed on ultrasound (Fig. 25.18, Video 25.4), 
4DCT, SPECT/CT MIBI images, or the oblique 
images of a planar dual phase MIBI scan. 
Similarly, a retropharyngeal/retroesophageal 
superior gland may not be apparent on US while 
4DCT and MIBI with SPECT or MIBI SPECT/
CT are more suitable to image such posterior/
deep locations. An intrathyroidal parathyroid 
gland can be localized with MIBI scans; however, 
ultrasound is ideal in assisting the surgeon to 
determine if the abnormality is indeed parathy-
roid tissue (Fig. 25.5).

Fig. 25.14 Transverse ultrasound view of a typical 
hypoechoic oblong superior right-sided parathyroid (arrow)

Fig. 25.15 Transverse ultrasound view of a superior 
right-sided parathyroid adenoma (arrow)

Fig. 25.16 Longitudinal ultrasound view of a superior 
right-sided parathyroid adenoma (arrow)
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25.4.3  Inferior Parathyroid Anatomic 
and Imaging Location

The possible locations of the inferior parathyroid 
are caudad, posterior, or lateral to the lower thy-
roid pole (69 %) (Figs. 25.8 and 25.9), in the 
thyro-thymic ligament or thymic tongue (26 %) 
(Fig. 25.13a, b), superior to the superior parathy-
roid gland as an undescended inferior parathy-

roid (<1 %), in the mediastinal thymus or in the 
mediastinum outside the thymus (2 %) [28, 29, 
34]. On ultrasound an inferior gland is usually 
located in a lower and generally more anterior 
cervical location when compared to a superior 
gland [38]. Many times, it appears to protrude out 
of the lower pole of the thyroid (Figs. 25.13 and 
25.19) or sometimes it is “tucked” under the lobe 
(Fig. 25.20). An extremely rare deep mediastinal 

Fig. 25.17 (a) Longitudinal ultrasound view showing a 
superior parathyroid (arrow) above the upper right thyroid 
lobe with a single feeding vessel. (b) Transverse CT scan 

in arterial phase of the same parathyroid (arrow). (c) 
Coronal CT scan in arterial phase of the same right supe-
rior parathyroid (arrow)
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parathyroid would be impossible to image with 
US but 4DCT and and/or SPECT/CT MIBI are 
usually successful. An inferior parathyroid that 
failed to descend will remain with a variable 
amount of thymic tissue high in the neck and the 
sonographer should always image the area near 
the hyoid bone, carotid bifurcation, and the sub-
mandibular gland to find such glands [39, 40].

25.5  A Suggested Algorithm 
for the Use of Ultrasound 
as a Localization Technique 
in Hyperparathyroidism

Drawing from our own experience and from 
reviewing the literature, US is the least expensive 
localization study in patients with HPT. When 

Fig. 25.18 (a) Transverse ultrasound view of a left supe-
rior parathyroid. Notice its posterior location near the 
esophagus (arrow). (b) Planar dual phase Sestamibi scan 
showing the lower cervical location of the same superior 

parathyroid (arrow). (c) Transverse view of a CT scan 
showing the posterior location by the esophagus of the 
same superior left sided parathyroid (arrow)
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the surgeon can rely on accurate and clear US 
results to localize the parathyroid gland, he or she 
can proceed with parathyroidectomy solely 
guided by the US results and intraoperative 

PTH. When the parathyroid gland is not clearly 
identified or the images are equivocal, an addi-
tional study such as MIBI or 4DCT can be 
obtained. The choice, of which additional local-
ization study to obtain, will depend on local 
expertise, surgeon’s comfort level with such 
study, and experience. The authors’ algorithm for 
parathyroid localization is shown in Fig. 25.21.

25.6  Ultrasound 
in the Reoperative Setting

Persistent or recurrent hyperparathyroidism is 
not infrequent after parathyroid operations. The 
most common cause of parathyroidectomy fail-
ure is missed multiglandular disease or the inabil-
ity to find the abnormal single parathyroid gland 
[37, 41–44]. After confirmation of the diagnosis 
and consideration of the risks and benefits of 
reoperative intervention, the surgeon must have 
accurate localization before embarking in this 
more technically challenging procedure that can 
be fraught with higher complication and lower 
cure rates. The success rates of reoperative para-
thyroidectomy procedures are highest in patients 

Fig. 25.19 (a) Longitudinal ultrasound view of a supe-
rior parathyroid that has descended low in the neck by 
growth (figure). (b) Planar dual phase Sestamibi showing 

the lower cervical position of the superior parathyroid. Do 
not confuse this with an inferior parathyroid

Fig. 25.20 Longitudinal ultrasound view of an inferior 
parathyroid “tucked” under the lower thyroid lobe. This 
parathyroid position can be missed during a surgical pro-
cedure because the parathyroid hides in a partially intra-
thyroid position (arrow)
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with positive imaging (up to 98 %) [45]. When 
two or more positive and correlating studies can 
be obtained, the success of reoperative parathy-
roidectomy is higher [41]. Recently, 4DCT has 
been shown to be very accurate in the setting of 
reoperative parathyroidectomy [46].

In reoperative cases, US is an excellent first 
localization modality. The reasons for US in the 
reoperative setting are the same as for first-time 
cases. Commonly, the missed parathyroid is in an 
eutopic or ectopic cervical location. Such loca-
tions include: normal cervical locations, intrathy-
roidal, retroesophageal, anterior trachea, 
undescended high neck, or carotid sheath. In 
reoperative cases, US has a sensitivity ranging 
from 55 to 75 % [41, 47]. Frequently, an US was 
never obtained prior to the first operation. The 

“old” localization studies (usually a MIBI) 
should be reviewed by the surgeon and correlated 
with any new images. As mentioned above, one 
of the most common missed “eutopic” parathy-
roid locations is a superior parathyroid in a poste-
rior position behind the inferior thyroid artery 
and RLN. In our practice, we begin with US of 
the neck and soft tissues, if there is an obvious 
parathyroid abnormality on US and we can cor-
relate it to the outside MIBI images obtained 
prior to the failed exploration, we do not repeat 
the MIBI, but a 4DCT is always obtained. Two 
positive localization studies are preferred but 
they are not always possible.

Ultrasound combined with cytologic and bio-
chemical confirmation by FNA of the suspected 
parathyroid can improve the accuracy and sensi-

Surgeon performed
ultrasound (SUS)

SUS positive

Focused
parathyroidectomy

guided by IPM
or

Bilateral neck
exploration  

SUS negative

Positive Negative

Positive Negative

Consider additional
scan

Focused
parathyroidectomy

guided by IPM
or

Bilateral neck
exploration

Unilateral exploration
guided by IPM

with possible BNE
conversion

or
Bilateral neck

exploration

Bilateral neck
exploration

SPECT sestamibi
scan

or 4DCT

Fig. 25.21 Authors’ imaging algorithm prior to parathyroidectomy in patients with primary hyperparathyroidism
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tivity of US alone from 65 to 85 % and 75–90 %, 
respectively [41]. This procedure can be suc-
cessfully performed by clinicians in office set-
tings and has been shown to be valuable for 
directing parathyroid exploration in challenging 
cases [48]. The authors refrain from using this 
technique in first-time cases because of the pos-
sible inflammatory reaction associated with FNA 
[49]. Patients who have undergone previous 
parathyroid or thyroid surgery and those with 
ectopic parathyroid glands may benefit from this 
technique. Ultrasound can also be used to screen 
for vocal cord paralysis in reoperative patients 
(see the chapter on transcutaneous vocal cord 
US) [50].

25.7  Clinical Scenarios 
and Lessons Learned

25.7.1  Case 1: Ultrasound to Avoid 
Radiation Exposure

A 31 year old G3P2 female at 11 weeks gestation 
was admitted to the hospital for refractory nausea 
and vomiting and hypercalcemia. Calcium was 
14.6 mg/dL, and PTH was 103 pg/mL and 25-OH 
vitamin D was 25 ng/mL. Amylase and lipase 
levels were elevated, demonstrating concomitant 
pancreatitis. Endocrine surgery was consulted 
and parathyroidectomy was planned. Ultrasound 
was obtained showing a right-sided parathyroid 
adenoma (Fig. 25.14). No other localization stud-
ies were obtained. She underwent urgent parathy-
roidectomy with removal of the imaged gland 
and adequate PTH drop. Her calcium and PTH 
levels remain normal 1 year later.

25.7.2  Case 2: Is It a Thyroid Nodule 
or a Parathyroid?

A 52 year old female presents with severe hyper-
calcemia (16 mg/dL, PTH 1829 pg/mL), dehy-
dration, and renal insufficiency. The outside 
evaluating physician obtains an MIBI scan that is 
read as negative. A noncontrasted CT scan was 

read as a “thyroid cyst.” The patient was trans-
ferred to our hospital and US revealed a large 
cystic parathyroid posterior to the thyroid with a 
solid component and this was correlated with the 
MIBI images that showed the solid portion was 
uptaking sestambi. The left lobe of the thyroid 
and large cystic parathyroid were resected en 
block. Final pathology was consistent with a 
benign 7 g solid/cystic parathyroid adenoma 
(Fig. 25.22a–c).

25.7.3  Case 3: Parathyroid Cancer 
Confused with a Goiter: Avoid 
FNA When Not Absolutely 
Necessary

A 60 year old female presented to the emergency 
department complaining of weakness, fatigue, 
constipation, abdominal pain, 30 lb weight loss, 
and increased thirst. She had a soft mobile 8 cm 
right neck mass with tracheal deviation. Her cre-
atinine was 2.3 mg/dL, calcium 18.3 mg/dL, and 
PTH of 1762 pg/mL. Ultrasound read by radiol-
ogy showed a heterogenous solid 5.2 cm vascu-
lar right “thyroid” mass (Fig. 25.23a) and a 
1.6 cm solid hypoechoic mass posterior to the 
left thyroid lobe suspicious for a parathyroid 
adenoma. Sestamibi SPECT/CT showed heter-
ogenous uptake on the right side of the neck and 
correlated with a mass crossing the midline 
and extending into the upper mediastinum 
(Fig. 25.23b). Fine needle aspirate was ordered 
by the medicine team and revealed bland epithe-
lial cells. On neck exploration there was an 
enlarged right-sided parathyroid densely 
attached to surrounding tissues including the 
recurrent laryngeal nerve, thyroid lobe, and the 
cervical esophagus. The recurrent laryngeal 
nerve was preserved and the mass was removed 
en bloc with the thyroid lobe and a small portion 
of the anterior esophageal wall. Pathology 
revealed a 6.3 cm parathyroid carcinoma with 
capsular and lymphovascular invasion as well as 
focal extension to the thyroid tissue (Fig. 25.23c). 
Her postoperative calcium remains normal but 
her PTH has risen from 27 to 227 pg/mL.
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25.7.4  Lessons Learned

 1. Parathyroids can look like thyroid nodules
 2. Parathyroids can be located posterior to the 

thyroid and esophagus
 3. FNA should be avoided particularly when para-

thyroid cancer is suspected. Unlike thyroid 
FNA, parathyroid FNA causes more trouble-

some scarring that can interfere with surgery. A 
scarred parathyroid may need to be handled and 
grasped (actions that are otherwise avoided in 
routine parathyroidectomy), thus making it 
more prone to fragmentation, which in turn can 
lead to parathyromatosis. With the additional 
background of parathyroid cancer, parathyro-
matosis can become even more problematic.

Fig. 25.22 (a) Transverse ultrasound view of the entire 
thyroid at the level of the isthmus showing a large cystic 
mass behind the left thyroid lobe (arrow points to mass). 
(b) Large left cystic and solid parathyroid (arrow). (c) 
Planar sestamibi images of the same parathyroid. Notice 

that only the top of the parathyroid “lights” up with sesta-
mibi and there is a large “cold” area correlating with the 
cystic component of the parathyroid. This sestamibi was 
read as “negative”

C.M. Kiernan and C.C. Solórzano
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 4. The surgeon should be involved early in the 
evaluation of the patient, the images, and the 
plan.

25.7.5  Case 4: Thinking 
Outside the Box: Case 
of a Missing Parathyroid

A 50 year old female with a previous total thyroid-
ectomy in 2008 presented with primary hyperpara-
thyroidism. She denied any symptoms. Dexa scan 

was consistent with osteoporosis. Her calcium was 
11 mg/dL, PTH 118 pg/mL, and Vitamin D 25-0H 
27 ng/mL. On exam, she had a well-healed 5 cm 
neck incision and no evidence of masses or lymph-
adenopathy. Prior operative report could not be 
obtained but pathology revealed micro papillary 
thyroid carcinoma and one benign parathyroid. 
Ultrasound of the neck showed no thyroid or para-
thyroid tissue and mobile vocal cords. Sestamibi 
was negative. A 4DCT showed an ectopic parathy-
roid in the right retropharyngeal space (Fig. 25.24a). 
On exploration of the right neck, she was noted to 

Fig. 25.23 (a) Transverse ultrasound view demonstrat-
ing a large heterogenous mass in the right paratracheal 
space. This was a parathyroid cancer. The ultrasonogra-
pher read it as a thyroid mass (arrow). (b) SPECT/CT 
Sestamibi showing marked uptake of the right paratra-

cheal mass with extension to the esophagus and crossing 
midline. (c) Gross intraoperative picture of the en block 
specimen (right thyroid lobe and large parathyroid can-
cer). This parathyroid carcinoma was involving the wall 
of the cervical esophagus
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have extensive adhesions. The mass in the retro-
pharyngeal space was removed; PTH did not drop, 
and frozen section was consistent with thyroid tis-
sue. Further extensive exploration of the right para-
tracheal area revealed a normal parathyroid, which 
was spared, and the operation was concluded. A 
SPECT/CT MIBI was performed 1 month postop-
eratively and showed no abnormal uptake. She was 
followed clinically, and 6 months postoperatively 
fell and broke her tibia. Her calcium rose to 
12.5 mg/dL and PTH remained elevated at 127 pg/
mL. MIBI 1 year later showed a focus of uptake 

within the lateral left neck (Fig. 25.24b). Ultrasound 
showed vascular tissue in the sternocleidomastoid 
muscle (Fig. 25.24c). Upon review, this lesion was 
present on the previous 4DCT and was easily cor-
related with US (Fig. 25.24c, d). This lesion most 
likely represented parathyroid tissue implanted 
(autotransplanted) during the 2008 surgery, typi-
cally as a maneuver to preserve normal parathyroid 
gland that had been devascularized during thyroid-
ectomy. She underwent removal of the implanted 
parathyroid tissue and her calcium and PTH are 
now normal.

Fig. 25.24 (a) 4DCT showing a possible parathyroid in 
the retropharyngeal position (arrow). This patient had a 
prior total thyroidectomy and presented with hyperpara-
thyroidism (arrow). (b) SPECT/CT Sestamibi showing 
uptake in the left sternocleidomastoid muscle. (c) 

Transverse ultrasound view of parathyroid tissue with arc 
of vascularity in the left sternocleidomastoid muscle 
(arrow). (d) 4DCT showing parathyroid tissue in the left 
sternocleidomastoid muscle (arrow)
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25.7.6  Lesson Learned

With any prior thyroidectomy or parathyroidec-
tomy look at the sternocleidomastoid muscle for 
possible implanted parathyroid tissue. This is 
usually at the level of the prior incision.

25.8  Parathyroid Ultrasound 
Pearls

 – Use compression to increase visibility
 – Look for polar artery and arc of vascularity
 – Always look in ectopic places even when you 

think you found the parathyroid on US
 – Beware of the inferior parathyroid “Tucked” 

and hidden under the lower thyroid lobe
 – Do not get distracted by a large parathyroid, 

always look for others
 – When the patient had a prior parathyroid and 

or thyroid operation always look at the SCM 
for possible parathyroid implants
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26.1  Introduction

Ultrasound, 99Tc-Setsamibi scans, and 4DCT 
scans are complementary radiology modalities 
for the evaluation of parathyroid disease [1–3]. 
When the initial modality selected to evaluate a 
patient with parathyroid disease fails to localize 
abnormal parathyroids, one or more of the other 
radiology exams are often recommended [2, 3]. 
Each imaging technique has unique advantages 

and limitations [4]. Many studies have demon-
strated that cervical ultrasound by a dedicated 
parathyroid sonographer improves the accuracy 
of parathyroid localization [5–11]. Although cer-
vical ultrasound detects possible MGD in only 
2–7 % of cases [7, 12, 13], MGD is found in 
96 % of cases where it is suggested on ultra-
sound [14]. When the cervical ultrasound is non-
localizing, MGD is found in approximately 50 % 
of cases [14].

Several studies suggest that ultrasound should 
be the initial (or perhaps only) localization study 
obtained in primary hyperparathyroidism [7, 13]. 
Ultrasound is versatile, provides anatomic orien-
tation similar to the views seen from surgical 
exposure, and can examine the entire neck and 
some portions of thymus; yet, even large parathy-
roids may be hard to detect in areas close to the 
trachea, esophagus, and high parapharyngeal 
zones where ultrasound waves propagate poorly 
[15]. A few studies have demonstrated that ultra-
sound is the least costly imaging modality and 
that combining it with another complementary 
form of imaging, such as sestamibi or 4DCT, is a 
cost-effective strategy [2, 16, 17]. 99Tc-Sestamibi 
and 4DCT both image the mediastinum and ecto-
pic areas that are inaccessible by ultrasound [2, 
18, 19]. 99Tc-Sestamibi is well recognized to 
detect only some but rarely all glands in MGD [4, 
7, 20]. 4DCT scanning poses concerns for 
 radiation exposure and intravenous iodine con-
trast in select patients.
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The following patient scenarios illustrate the 
value of a thoughtful and comprehensive evalua-
tion of patients when MDG is known or sus-
pected in advance of surgery. While some 
clinicians may suggest that no imaging is neces-
sary in such cases, because bilateral, four-gland 
exploration will be necessary, these cases illus-
trate that imaging nevertheless provides informa-
tion that can change the conduct of surgery. 
Table 26.1 lists the names, abbreviations, normal 
laboratory range values, and units of biochemical 
parameters cited in the clinical descriptions. For 
clarity and simplicity of presentation only num-
bers without the units are used in the case descrip-
tions, omitting mention of values if normal or not 
directly relevant to the case.

26.2  Case Vignette 1: 
Hypercalcemic Crisis

A 64 year old man was hospitalized from his pri-
mary physician’s office after routine laboratory 
tests were obtained in follow-up of a recent 
admission for stroke. These were his presenting 
lab values: serum calcium 14.5, ionized calcium 
8.5, PTH 94, 25 hydrroxy vitamin D level 17.6, 
phosphorus 2.2, creatinine 1.6, 24 h urinary cal-

cium 296, and creatinine 1.0. Serum protein elec-
trophoresis and PTH-related peptide were both 
normal. He was aware of potential parathyroid 
disease since 2011 and remembers undergoing a 
99Tc-Sestamibi. He denied typical symptoms 
and side effects of parathyroid disease—kidney 
stones, polyuria/nocturia, neurocognitive 
changes, extreme fatigue, and arthralgias. Several 
months prior he had sustained an ankle fracture 
from a motorcycle accident. The patient denied 
childhood radiation exposure to the head and 
neck area or a family history of parathyroid dis-
ease. His exam was unremarkable for parathyroid 
disease-related abnormalities.

A report of the Sestamibi scan performed in 
2011 indicated that there were four abnormal foci 
of uptake with the largest focus in the right lower 
neck. The same findings were re-demonstrated 
on the Sestamibi scan obtained during the current 
hospitalization (Fig. 26.1a, b). A bedside 
clinician- performed ultrasound detected four 
abnormal parathyroid glands, appreciating that 
the largest focus was actually a large superior 
parathyroid that descended into the tracheo-
esophageal groove, thus appearing to have a 
“lower” location (Fig. 26.1c, d; Videos 26.1, 
26.2, 26.3, 26.4, 26.5, 26.6, and 26.7).

Four-gland exploration was planned once the 
patient was medically stable and transitioned off 
of anticoagulation for the stroke. The imaging 
findings were helpful in determining the sequence 
in which the parathyroid glands were exposed 
and which one could be fashioned into a viable 
remnant. All were histologically hypercellular 
parathyroid glands with the following sizes: right 
upper 4025 mg; right lower 120 mg; left upper 
118 mg. The left lower parathyroid was biopsied 
(not weighed), since it was least abnormal in 
appearance and most suitable to leave in situ as a 
viable remnant. Normal parathyroid size is 
15–50 mg, with mean weights approximately 
30 mg. Intraoperative PTH declined by >50 % 
following excision of the large right upper para-
thyroid gland and would not have predicted MGD 
had imaging shown a single focus of disease.

This patient’s imaging findings are interesting 
because rarely do all four abnormal parathyroid 
glands appear clearly, and even rarer is the chance 

Table 26.1 Biochemical profile for routine diagnostic 
evaluation of parathyroid disease. The units and reference 
ranges apply to the case vignettes

Laboratory value Unit
Normal 
reference range

Calcium, serum mg/dl 8.3–10.4

Calcium, ionized mg/dl 4.57–5.21

Parathyroid hormone, 
intact (PTH)

pg/ml 12–88

Phosphorus mg/dl 2.5–4.5

Creatinine mg/dl 0.6–1.5

Albumin g/dl 3.4–5.0

24 h calcium, urine mg/day 50–300

24 h creatinine, urine g/day 0.8–2.0

25-hydroxy vitamin D 
(VitD25)

ng/ml 30–100

1,25-dihydroxy vitamin D 
(VitD1,25)

pg/ml 18–72

Magnesium, serum mg/dl 1.7–2.4
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that two imaging studies agree on the same loca-
tions for MGD [12]. This case also illustrates 
how MGD in primary hyperparathyroidism can 
manifest with asymmetrical sizes and shapes of 
parathyroid glands.

26.3  Case Vignette 2: Tertiary 
Hyperparathyroidism 
and Thyroid Cancer

One month following kidney transplantation, a 
55 year old woman was found to have serum cal-
cium levels of 11–12 during a routine nephrology 
follow-up visit. She had been on dialysis for 

10 years and this was her second kidney trans-
plant. PTH level prior to transplant was approxi-
mately 2000 and had declined to 650 at 
presentation with hypercalcemia. Ultrasound 
detected markedly enlarged upper parathyroid 
glands that mimicked thyroid nodules because of 
their partial intrathyroidal positioning (Videos 
26.8, 26.9, and 26.10). Furthermore, discreet thy-
roid nodules were also detected and classified 
into a high risk for malignancy category by sono-
graphic features of interrupted peripheral calcifi-
cations and irregular margins (Videos 26.11 and 
26.12). The patient underwent total thyroidec-
tomy with central neck lymph node dissection 
and concomitant subtotal parathyroidectomy, 

Fig. 26.1 (a) Sestamibi scan demonstrating four gland 
MGD, after initial injection of radiotracer. (b) Sestamibi 
scan clearly demonstrating four gland MGD, after delayed 
acquisition of images allowing radiotracer to wash out of 

thyroid gland. (c) Ultrasound image left upper parathyroid 
gland, transverse view. (d) Ultrasound image left upper 
parathyroid gland, longitudinal view
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leaving a small in-situ parathyroid fragment. 
Histology confirmed multifocal bilateral papil-
lary thyroid cancer and four hyperplastic para-
thyroid glands. She has no evidence of recurrence 
for both conditions at nearly 1 year of follow-up 
after surgery.

This case illustrates the fact that ultrasound 
identifies previously unrecognized thyroid nod-
ules and thyroid cancer. Coexistent pathology is 
identified in approximately 30–50 % of cases [21, 
22]. In one study ultrasound identified previously 
silent thyroid nodules in one-third of patients 
with hyperparathyroidism, and the rate of thyroid 
cancer in patients with hyperparathyroidism was 
7 % [12].

26.4  Case Vignette 3: Double 
Superior Parathyroid 
Adenomas Versus 4-Gland 
Hyperplasia

Two years following a focused parathyroidec-
tomy to remove a 5 cm right upper parathyroid, a 
71 year old man was found to be hypercalcemic. 
At the initial operation, intraoperative PTH was 
not available. His biochemical serum and urine 
parameters were diagnostic of primary hyper-
parathyroidism at the original time of presenta-
tion and were confirmed at this recent 
presentation. Sestamibi scan (Fig. 26.2a) detected 
only a single strong focus of radiotracer uptake in 

Fig. 26.2 (a) Sestamibi scan showing only large single 
focus of radiotracer in left neck. (b) Ultrasound image left 
upper parathyroid, longitudinal view, showing extent of 
enlargement nearly as long as the thyroid lobe itself. (c) 

Ultrasound image left lower parathyroid (circled in red). 
Keeping this image in mind, viewing of Video 26.15 cine 
clip may be helpful
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the left neck prior to reoperative surgery. This 
corresponded to a large (3–4 cm) left upper para-
thyroid gland on ultrasound (Fig. 26.2b, Videos 
26.13, 26.14, and 26.15). A subtle echogenicity 
was also appreciated at the tip of the left lower 
pole (Fig. 26.2c, Video 26.15) and alerted the sur-
geon to explore this area as well. Intraoperatively, 
both the left upper and lower parathyroid glands 
were abnormally enlarged. Exploration of the 
right lower parathyroid revealed a third abnormal 
parathyroid gland. A portion of this parathyroid 
was fashioned into a remnant while the remain-
ing parathyroid tissue was excised. Histology 
confirmed hypercellular parathyroid glands with 
the following sizes: left upper 2673 mg, left 
lower 80 mg with cystic degeneration; right 
lower fragment confirmed as hypercellular. 
Intraoperative PTH level declined from 262 to 30 
following excision of only the large left upper 
gland, hence failing to predict the additional 
abnormal glands. In follow-up, calcium and PTH 
levels are 9.1 and 10, respectively.

This case illustrates the more typical clinical 
situation where Sestamibi scan detects only one 
gland in MGD. Ultrasound and a low threshold 
to suspect MGD were essential to this patient 
avoiding a third surgery for persistent hyper-
parathyroidism. Because of the sestamibi 
results the surgeon might have considered that 
the patient actually had two large superior 
parathyroid adenomas, which are the most 
commonly encountered double adenoma com-
bination [23]; however, the subtle findings on 
ultrasound helped clarify the presence of 
4-gland disease.

26.5  Case Vignette 4: Primary 
Hyperparathyroidism 
in Pregnancy

A 37 year old woman presented during her sec-
ond pregnancy with fluctuating calcium values. 
She had been told 5 years previously during her 
first pregnancy that she has primary hyperpara-
thyroidism. Lack of medical insurance had pre-

vented her from seeking additional treatment 
previously and there were no adverse effects 
from maternal hypercalcemia on the first baby. 
The patient had multiple kidney stones over the 
last several years, fatigue and osteopenia. Her 
biochemical profile was unusual and the follow-
ing laboratory values are grouped in brackets by 
two separate dates tested: [calcium 10.7, ionized 
calcium 6.0, PTH 43, 25 hydroxy vitamin D 22.7, 
1,25 dihydroxy vitamin D 102, 24 h urinary cal-
cium 631] and [calcium 11.6, ionized calcium 
6.31, PTH 26, 25 hydroxy vitamin D 13.4, 1,25 
dihydroxy vitamin D 133, creatinine 0.58, albu-
min 4.4].

She was referred for evaluation at 17 weeks 
estimated gestational age (EGA). Multidisciplinary 
coordination of maternal-fetal specialists and adult 
endocrinologists was engaged. The patient also 
was formally tested for hereditary syndromes 
associated with hyperparathyroidism and found to 
have none (excluding among others, multiple 
endocrine neoplasia type 1). Her family history 
was unknown as she was adopted as a child. 
Twenty years ago, she had radioiodine ablation for 
Graves’ disease. Parathyroid surgery was per-
formed at 26 weeks EGA.

Ultrasound in the outpatient setting performed 
separately by both surgeon and endocrinologist 
failed to detect enlarged parathyroid glands. 
Because radiotracers are contraindicated in preg-
nancy, Sestamibi scanning was not performed. 
Thus, the patient had 4DCT scan that showed a 
fairly large right upper parathyroid and possibly 
also an enlarged right lower parathyroid 
(Fig. 26.3a, b). While the right lower parathyroid 
abnormality was not particularly large, it had the 
correct imaging characteristics of abnormal para-
thyroid tissue on 4DCT scanning: hypoechoic on 
pre-contrast CT scan, hyperechoic on arterial 
phase CT scan, and slow contrast washout on 
venous CT scan phase. With this new knowledge, 
ultrasound performed at the time of surgery 
revealed a possible right upper parathyroid 
(Fig. 26.3c, Video 26.16). However, this density, 
almost isoechoic to the thyroid gland, was rather 
subtle and the atrophic nature of the thyroid gland 
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also likely obscured ultrasound imaging. The 
intraoperative ultrasound was performed after the 
patient was under anesthesia with the neck hyper-
extended and more pressure with the transducer 
probe than is possible in an office setting.

The morning of surgery, preoperative levels 
were calcium 9.6, ionized calcium 5.21, and PTH 
45. Intraoperatively, baseline PTH was 111 but 
failed to decline by >50 % after excision of the 
largest right lower parathyroid gland: the 10-min 
post-excision PTH value was 77. Four-gland 
exploration revealed all abnormal glands with the 
following size measurements during surgery:

Right upper parathyroid 15 × 12 × 7 mm and 
320 mg, right lower 10 × 6 × 4 mm and 97 mg, left 
upper 8 × 6 × 4 mm and 112 mg, left lower approxi-
mately 8 × 4 × 3 mm. As indicated above, a normal 
parathyroid gland is approximately 6 × 4 × 2 mm in 
size and weighs approximately 30 mg.

Histologically, all glands were described as 
hypercellular except for the left lower remnant 
biopsy that was only focally hypercellular and 
supported the decision of selecting it as the rem-
nant. Subtotal parathyroidectomy with an in-situ 
remnant of left lower parathyroid was the surgi-
cal management. At the completion of surgery, 
intraoperative PTH was 13. Postoperative levels 
were calcium 8.0 and PTH 11. Fetal monitoring 
throughout the procedure and in the postopera-
tive period revealed healthy parameters for the 
baby. The patient describes feeling “back to her 
normal self for the first time in ages.”

The imaging results for this patient illustrate 
the limitations of ultrasound and the complemen-
tary value of additional imaging in suspected 
MGD. In this case, the findings of the 4DCT scan 
were critical because they lateralized the most 
abnormal parathyroids to the right side of the 
neck, and indicated that there might be two 

Fig. 26.3 (a) 4DCT scan with arrow marking right upper parathyroid. (b) 4DCT scan with arrow marking right lower 
parathyroid. (c) Ultrasound image with suspected right upper parathyroid circled
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abnormal glands, thereby maximizing efficiency 
during surgery and reducing the time under anes-
thesia for a pregnant patient and her baby. While 
the intraoperative PTH levels correctly predicted 
MDG, the surgeon was actually able to rely on 
the clues from 4DCT and perform a bilateral 
exposure of all glands without waiting for the 
post-excision PTH to be resulted from the lab.

26.6  Case Vignette 5: Multiple 
Endocrine Neoplasia Type 1 
(MEN-1)

Ultrasound images presented here reveal mild 
parathyroid enlargement of only the right-sided 
parathyroid glands in a 26 year old woman with 
known MEN1 and minimal elevation of calcium 
and PTH levels (10.8 and 90 respectively). She 
postponed undergoing surgery until finishing col-
lege studies. Therefore, only her ultrasound is 
available for case illustration (Fig. 26.4, Videos 
26.17, 26.18, 26.19, and 26.20). In MEN-1 there 
is a nearly 100 % penetrance of primary hyper-
parathyroidism, which always manifests as 
asymmetric 4 gland hyperplasia. In addition, they 
may also have a higher risk of supernumerary 
glands, usually located in the thymus. For these 
reasons, the standard surgical approach for 

patients who are known to have MEN-1 is a bilat-
eral exploration, subtotal parathyroidectomy, and 
bilateral cervical thymectomy. In most cases, ses-
tamibi scanning will not indicate four or more 
abnormal parathyroid glands, and in many cases 
only one abnormal parathyroid will be demon-
strated. Sestamibi scanning, therefore, has the 
potential of misguiding the surgeon. Ultrasound 
will continue to yield useful information regard-
ing size, depth, and location of some, but not nec-
essarily all, of the abnormal glands, and will 
identify coexistent thyroid pathology.

26.7  Conclusions

Ultrasound is the essential imaging modality for 
evaluating the soft tissue in the central and lateral 
cervical compartments. Due to the high resolu-
tion of ultrasound, a skilled sonographer can fre-
quently distinguish the parathyroid glands from 
the lymph nodes, thymus, thyroid, and other soft 
tissues of the central compartment. The true para-
thyroid anatomy may be obscured in cases of 
high BMI, coexistent thyroid pathology, and 
parathyroid ectopia. Ultrasound also has poorer 
performance with MGD and deep gland locations 
[15]. Migrated superior glands, especially those 
in the retroesophageal or retrotracheal positions, 

Fig. 26.4 Ultrasound image 
of normal thyroid anatomy in 
transverse view centered 
around trachea. Consider the 
normal anatomical structures 
that are labeled. In the 
subsequent cine clips, these 
structures are visible and can 
sometimes be misinterpreted 
as parathyroid abnormalities
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may not be visible due to depth and impeded 
sound transmission through the esophagus or tra-
chea. Inferior parathyroid glands located in the 
thymus, or in kyphotic patients, may be obscured 
by overlying bone.

Parathyroid imaging is done for the purpose of 
planning a parathyroid operation. Sestamibi 
scanning is a functional study designed to locate 
areas of hyperfunctioning parathyroid tissue, but 
is often limited by poor resolution and a rela-
tively high rate of false positive and false nega-
tive results. Sestamibi may also misguide the 
surgeon, such as in cases where there is a high 
probability of multigland disease. In contrast, 
ultrasound and 4DCT yield anatomic data about 
the soft tissue structures within the neck, but can-
not confirm the function of those tissues. 
Regardless, sonographic data are essential to the 
surgeon. Several studies suggest that ultrasound 
should be the initial, or perhaps only, localization 
study obtained in primary hyperparathyroidism 
[7, 13]. Whenever the history of the patient or the 
preoperative imaging studies indicate that there is 
a high risk of multigland disease a bilateral 
exploration should be performed.
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27.1  Typical Appearance on US

The normal parathyroid gland is not seen due to its 
small size and deep location, when seen, they 
appear as small hypoechoic nodule. Parathyroid 
adenomas are typically solid lesions with well- 
defined margins. They are hypoechoic relative to 
the thyroid gland and appear as well- circumscribed 
ovoid nodules (Fig. 27.1a, Video 27.1). They can 
appear bilobed or lobulated when large and can 
develop cystic changes. A well- defined echogenic 
tissue plane can be seen separating the thyroid 
gland from the parathyroid adenoma (Videos 27.2 
and 27.3). Color and power Doppler shows the 
parathyroid adenomas to be highly vascular lesions 
supplied by a prominent extra-thyroidal feeding 
artery (Fig. 27.1b). The feeding artery encircles 
90–270° around the gland and will enter the ade-
noma at one pole along its long axis [1] and arborize 

around the periphery before smaller branches pen-
etrate deeper [1, 2] (Fig. 27.2). Increased vascular-
ity can be seen in the overlying thyroid gland, which 
can hint at the presence of an underlying adenoma 
[2]. This is seen in 85 % of adenomas when com-
pared with the normal contralateral side [3].

27.2  Elusive Adenoma

While usually scanning for parathyroid adeno-
mas is straightforward, identification of adeno-
mas may be challenging in some cases. Some of 
the atypical appearances and abnormal locations 
are described below along with the imaging pit-
falls and scanning technique to be used.

27.3  Atypical Findings

Although most adenomas are less than 2 cm in 
size, large adenomas greater than 5 cm can occur 
[4]. Most adenomas are oval in shape; however, 
some can have an asymmetric shape as well 
(Fig. 27.3) especially when large. Occasionally, 
parathyroid adenomas may be echogenic or het-
erogeneous in echotexture rather than displaying 
the usual homogenous hypoechoic appearance. 
This is especially possible when the adenomas 
are larger than 2 cm (Fig. 27.4, Video 27.4) [5]. 
Cystic adenomas are seen to occur in 2 % of cases 
and may be difficult to differentiate from rare 
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true parathyroid cyst (Fig. 27.5, Video 27.5) [4]. 
In patients with parathyroid hyperplasia, all four 
glands are enlarged to varying degrees with the 
glands being usually smaller in size than in 
patients with parathyroid adenomas (Fig. 27.6). 
Hence, they are not as readily visible [6]. 
Hyperplasia is more commonly seen in patients 
with familial syndromes such as Multiple 
Endocrine Neoplasia (MEN) 1 and MEN 2A [5].

Multiple adenomas are seen to occur in 5 % of 
patients (Fig. 27.7, Video 27.6). In these cases, 
the surgical management will change from uni-

lateral minimally invasive operation to bilateral 
neck dissection; identification of these patients is 
crucial. Hence, it is imperative that all the four 
quadrants and potential ectopic locations are 
evaluated, even if one abnormal parathyroid 
gland has already been identified [7–9].

Intrathyroidal adenomas are impossible to dif-
ferentiate from thyroid nodules, however should 
be suspected in patients with non-localized para-
thyroid adenomas and presence of primary 
hyperparathyroidism. Intrathyroidal adenomas 
are seen in only 6 % of cases [10]. On imaging, a 
homogenously hypoechoic nodule is seen within 
the thyroid capsule (Fig. 27.8). A large feeding 
artery may be seen; however, in the review by 
Yabuta et al., feeding artery was not commonly 
seen and only an echogenic line between the 
parathyroid adenoma and the surrounding thy-
roid tissue on the ventral surface of the parathy-
roid gland was seen [11].

27.4  Abnormal Location

The parathyroid glands develop from the third 
and fourth pharyngeal pouches and usually two 
glands develop on each side, one superior and 
one inferior. This can range from 2 to 6 glands 
with some authors reporting up to 12 glands [12, 
13]. Since the thymus and the inferior parathy-
roid glands arise from the third pharyngeal pouch 
and since the thymus descends into the mediasti-

Fig. 27.1 Typical appearance of a parathyroid adenoma 
seen as a (a) solid oval lesion with well-defined margins 
and hypoechoic relative to the thyroid gland (calipers in 

image). Color Doppler shows the typical arborization of 
blood supply in the parathyroid adenoma (b)

Fig. 27.2 Enlarged extra-thyroidal artery (arrow) seen 
arising from the inferior thyroidal artery and supplying 
the parathyroid adenoma (*)
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num, ectopic inferior parathyroid glands may be 
located anywhere along this pathway (Fig. 27.9, 
Videos 27.7 and 27.8). The superior parathyroid 

glands arise from the fourth pharyngeal pouch 
along with part of the thyroid gland [14].

27.5  Parathyroid Carcinoma

Parathyroid carcinomas are rare seen in less 
than 1 % of patients with an abnormal parathy-
roid gland. Differentiation from a parathyroid 
adenoma is difficult. Imaging may show a para-
thyroid gland more than 2 cm in size with a 
thicker capsule and marked vascularity 
(Fig. 27.10). Local tissue invasion may be seen 
in advanced cases and metastasis may occur in 
lungs, liver, and bone. Local recurrence after 
surgery is seen in approximately one third 
patients [5, 9].

Fig. 27.3 Large parathyroid adenoma measuring 4.5 cm seen posterior to the thyroid with a homogenous hypoechoic 
appearance on Bmode image (a) and peripheral vascularity on Color Doppler (b)

Fig. 27.4 Large parathyroid adenoma with a heterogenous appearance and lobulated margins. Note the cystic areas 
(arrow) in the adenoma (a) and prominent vascularity on color Doppler (b)

Fig. 27.5 Superior parathyroid adenoma with a partially 
cystic appearance (calipers in image)
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27.6  Imaging Pitfalls

Enlarged lymph nodes can mimic parathyroid 
adenomas. The presence of an echogenic hilum 
and central hilar vascular supply allows accurate 

differentiation from parathyroid adenoma [15].
Small parathyroid adenomas may be difficult 

to detect. In a study by Stucken et al., modified 
4-D computed tomography/ultrasound had lower 
sensitivity in detecting glands less than 150 mg in 
weight [16]. Meticulous scanning technique may 
be necessary for localization of these small para-
thyroid adenomas.

Presence of thyroid nodules may decrease the 
sonographic and scintigraphic accuracy in detect-
ing parathyroid adenomas. A large multinodular 
goiter may displace adjacent structures, (Video 
27.9) cause refractile shadows or sound attenua-
tion, and hence decrease the visibility of structures 
posterior to the thyroid [4]. In a study with 142 
patients, preoperative ultrasound yielded accuracy 
of 79 % with an 11.3 % false-negative rate. Thyroid 
nodularity was significantly more common 
(81.8 %) in patients with a false-positive or false-
negative finding on ultrasound than in the total 

Fig. 27.6 Parathyroid hyperplasia in primary hyperpara-
thyroidism. 54 year old female with a persistently ele-
vated parathyroid hormone level. Ultrasound showed 
small right superior (calipers in a), left superior (arrow in 

b) and left inferior (arrow in c) hypoechoic nodules poste-
rior to the thyroid gland suggesting multiple adenomas or 
parathyroid hyperplasia

Fig. 27.7 Multiple parathyroid adenomas. Two large 
hypoechoic nodules seen posterior to the right thyroid gland 
in a patient with elevated parathyroid hormone levels (arrow 
and double arrows) suggesting multiple adenomas
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Fig. 27.8 Intrathyroidal parathyroid adenoma. 
Hypoechoic nodule seen along the posterior aspect of the 
left thyroid lobe on B-mode image (a). Color Doppler 
image did not show any polar vessel blood supply (b). 

Presence of echogenic line in between the adenoma and 
the thyroid (arrow) suggested a parathyroid adenoma. 
This was confirmed by fine needle aspiration

Fig. 27.9 Ectopic parathyroid adenoma. 44 year old male 
with persistently elevated parathyroid hormone and serum 
calcium levels. Ultrasound of the thyroid region did not 
reveal a parathyroid adenoma, hence the inferior part of 

the neck was scanned to assess for ectopic adenomas. A 
heterogenous partially cystic lesion was seen in the supra-
clavicular region. This was confirmed to be an ectopic 
parathyroid adenoma on seistamibi scan. Arrow—clavicle

Fig. 27.10 Parathyroid carcinoma. 53 year old female 
with a PTH level of 275 and serum calcium level of 12.4. 
Ultrasound showed a large lobulated lesion in the right 

neck posterior to the thyroid (a) with vascularity seen on 
color Doppler (b) image
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population (61.3 %) [17]. Exophytic thyroid nod-
ules can mimic parathyroid adenomas, presence of 
thyroid capsule, or extra-thyroidal fat separating 
thyroid from adjacent structures and presence of 
enlarged polar feeding artery can be seen associ-
ated with parathyroid adenoma. Most thyroid nod-
ules will be heterogenous in echotexture and not 
have a polar vascular pedicle [5]. If necessary, per-
cutaneous biopsy may be helpful in differentiating 
the two entities. Patients with underlying inflam-
mation of the thyroid gland such as Hashimoto’s 
thyroiditis are more likely to have mildly enlarged 
adjacent lymph nodes, which can be mistaken for 
parathyroid adenomas [15].

In some patients, the esophagus and longus 
colli can be mistaken for a parathyroid adenoma. 
Turning the head from one side to the next and 
swallowing will show movement of the esopha-
gus and longus colli muscle independent of the 
adjacent structures and help in differentiating 
them from an abnormal parathyroid gland [18].

27.7  Optimizing Scanning 
Technique

Parathyroid sonography should be performed 
with high frequency linear array transducers 
10 MHz or higher with patient in supine position 
with the neck extended and a pillow placed 
beneath the shoulders to slightly extend the neck. 

Scanning is performed in transverse and longitu-
dinal planes focusing to identify the structures 
anterior of the longus colli muscles, the esopha-
gus and trachea and then scrutinize the retrothy-
roidal region medial to the carotid artery where 
many parathyroid adenomas are located. 
Knowledge of the parathyroid embryology is 
essential to evaluate the appropriate locations in 
case of ectopic adenomas. Most adenomas are 
eutopic with superior glands located posteriorly at 
the level of the midthyroid and the inferior glands 
located just posterior and below the lower pole. 
Evaluation should be performed from the level of 
the superior pole of the thyroid continuing inferi-
orly to the sternal notch. Just above the clavicle, 
the probe should be angled inferiorly to visualize 
the neck to the level of the subclavian vein.

In addition to real-time gray scale imaging, 
color and power Doppler imaging and graded 
compression gray scale imaging should also be 
performed. Color and power Doppler imaging 
should be used to evaluate for presence of 
prominent extra-thyroidal feeding artery usually 
the inferior thyroid artery with polar distribu-
tion to the parathyroid adenoma (Fig 27.11a). 
This is in contrast to an enlarged lymph node in 
which the feeding vessels enter the node at its 
hilum (Fig. 27.11b). In addition, flow to the thy-
roid lobes should be evaluated since the side 
with the parathyroid adenoma may have 
increased vascularity. This is helpful in cases 

Fig. 27.11 Polar blood supply in parathyroid adenoma. Note the enlarged blood vessel (arrow) entering the adenoma 
at the superior aspect (a) compared to a lymph node with hilar blood supply (b)
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with an elusive parathyroid adenoma. In the 
presence of asymmetric thyroid lobe vascular-
ity, anatomic side with the greatest vascularity 
should be scanned with color Doppler to iden-
tify an enlarged extra- thyroidal artery feeding 
the parathyroid adenoma [1].

Increasing amounts of pressure are gradually 
applied, sufficient to deform the strap muscles 
and subcutaneous tissue contour. Deep regions 
such as the tracheoesophageal groove and carotid 
sheath should be scanned in this manner so that 
deeply positioned adenomas may become visi-
ble. This technique is especially useful in patients 
with thick necks, those with adenomas less than 
1 cm, ectopic glands in the lower neck and ade-
nomas in the tracheoesophageal groove or along 
the longus colli [3].

27.8  Conclusion

In conclusion, sensitivity of ultrasound for detec-
tion of parathyroid adenomas can be increased 
with a meticulous scanning technique. Both the 
typical locations and potential sites of ectopic 
parathyroid adenomas in the neck should be care-
fully scrutinized in gray-scale and color Doppler 
modes using the scanning technique described 
above.
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Electronic supplementary material: The online version 
of this chapter (doi:10.1007/978-3-319-44100-9_28) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-3-319-44100-9_28.

28.1  Introduction

Fine needle aspiration (FNA) of thyroid nodules 
(TN) was first reported in 1930 by Martin and 
Ellis [1] who described aspirating a thyroid mass 
with a 22-gauge needle. Nondiagnostic speci-
mens due to bloody aspirates and concerns about 
spread of cancer along the needle track prevented 
prompt adoption of this technique. In 1977, 
Walfish [2] recommended combining FNA with 
ultrasound guidance (USGFNA) to decrease the 
number of inadequate samples. Subsequent stud-
ies confirmed his hypothesis that ultrasound guid-
ance on the initial FNA could reduce the 
nondiagnostic rate by 50 % [3, 4]. USGFNA has 
evolved into the diagnostic procedure of choice 
for thyroid nodules [5]. USGFNA has been 

adapted to include evaluation of cervical lymph 
nodes, parathyroid glands, and other neck masses.

The goal of USGFNA on solid nodules is to pro-
vide specimens that are adequate for diagnosis. An 
adequate number of thyroid cells that are unob-
scured by excessive blood, and do not have crush or 
clot artifact must be obtained. The procedure should 
minimize patient discomfort and be performed 
safely without excessive bleeding, pain, bruising, 
infection, or damage to vital structures.

Inherent to thyroid cytology is the difficulty in 
distinguishing well-differentiated follicular car-
cinoma or follicular variant of papillary carci-
noma from benign follicular adenoma. This 
results in approximately 15 % of samples being 
categorized as indeterminate. Recommended 
approaches to an indeterminate biopsy include 
repeating the biopsy in 2–3 months, integration 
of other B-mode and Doppler features, elastogra-
phy, and the use of molecular markers [5]. 
Obtaining sufficient cellular groups from cystic, 
highly vascular, or calcified nodules adds diffi-
culty and will be addressed in this chapter. Poor 
sampling, improper slide-making, or incomplete 
on-site analysis can result in inaccurate diagnosis 
or excessively high rate of indeterminate or non-
diagnostic samples [6].

A full diagnostic ultrasound should be per-
formed prior to FNA of palpable thyroid nodules 
[5]. Studies have shown that many palpable abnor-
malities are not true nodules [7]. Conversely, non-
palpable nodules of clinical significance are often 
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detected upon US evaluation of an index nodule. 
US performed prior to biopsy creates an accurate 
record of the size and characteristics of the nodules, 
assists in selection of the most suspicious nodule(s) 
in a multinodular thyroid, and is used for selection 
of needle size and length. Finally, the ultrasound 
assessment for cervical lymphadenopathy is essen-
tial prior to biopsy of a thyroid nodule, as the pres-
ence of suspicious lymph nodes necessitates biopsy 
of both the lymph node and the nodule.

This chapter will address FNA only. Core nee-
dle biopsy is rarely needed for thyroid diagnosis. 
There are reports of hemorrhage and tumor nee-
dle tracking with large core needle biopsy. Core 
biopsy requires extensive local anesthesia, proper 
training, and is associated with increased patient 
discomfort. Some studies have shown the value 
of core needle biopsy following inadequate fine 
needle aspiration biopsy, but it does not consis-
tently improve the diagnostic quality of indeter-
minate biopsies on follicular neoplasms [8–10]. 
Core biopsy should be performed only by clini-
cians trained in the technique, in a setting with 
ability to deal with potential complications.

28.2  Preparation of the Patient

To prepare a patient for USFNA, the operator 
should:

 (a) Give a detailed explanation of the procedure, 
including the small needle used, the brief dwell 
time, what the oscillations feel like, the expected 
discomfort (including possible referred pain to 
the ipsilateral ear), and discussion of not swal-
lowing during the brief needle dwell time.

 (b) Allow discussion. Patient anxiety regarding 
the procedure can usually be alleviated with 
proper reassurance.

 (c) Allow the patient to assist in positioning. Discuss 
whether he/she can tolerate being supine with 
the neck hyperextended. Explain that pillows are 
available for back/neck comfort.

 (d) Discuss the option of local anesthesia (see 
below), including an explanation of what the 
anesthetic feels like.

 (e) Obtain any history of cardiac or pulmonary 
disease, bleeding disorders, anticoagulant 

use, vasovagal syncope, or other conditions 
that may affect the procedure.

 (f) Discuss the potential diagnoses to be 
obtained (insufficient, benign, indeterminate, 
suspicious, or malignant) and how the results 
will be communicated to the patient.

 (g) Have the patient sign an informed consent 
document. Consider additional consent for 
molecular markers if this may be performed 
after reviewing the FNA cytology results.

The decision whether to use local anesthesia is 
individualized. Most patients state after the biopsy 
that their anticipation of pain was greater than the 
actual discomfort of the FNA. In a study of FNA 
with 25-gauge needles and no local anesthetic in 
218 patients, the amount of pain increased with 
younger age, female sex, patient anxiety, and the 
number of nodules biopsied [11, 12]. Since the 
injection of lidocaine is painful itself, most patients 
will tolerate FNA of a single nodule without anes-
thetic. However in select patients, including those 
with marked anxiety, local anesthesia can be 
offered (Table 28.1 “Steps for Local Anesthesia”).

28.3  The Biopsy-Planning 
Ultrasound 
and the “Time Out”

Immediately prior to the FNA, the patient’s vital 
signs should be reviewed and recorded. Image 
each nodule considering the order in which the 
nodules will be biopsied, the optimal patient posi-
tioning and angle(s) of approach for each nodule, 
and the location of anesthetic to be placed, if 
desired. The anatomy, vascularity, capsule thick-
ness, and calcifications in each nodule should be 
reviewed.

Prior to the biopsy, using light pressure on the 
transducer, the vessels between the skin and each 
target nodule should be interrogated with 
Doppler, and a route avoiding them planned. 
Although a 27-gauge needle will rarely cause a 
bleeding complication, traversing a vessel may 
introduce blood into the specimen, and should be 
avoided. Similarly, a Doppler image of the target 
nodule will provide information regarding the 
vascularity of the nodule, influencing the choice 
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of entry site, biopsy technique (suction versus 
non-suction), needle size, and dwell time.

A brief “time-out” is held prior to the procedure 
to reconfirm the patient identity, planned procedure, 
location of the nodule(s), allergies, and answer any 
remaining questions. The informed consent docu-
ment should be reviewed for completeness.

28.4  Performing the FNA: 
Technical Aspects

Proper room setup and availability of all neces-
sary equipment is essential. A probe cover, sev-
eral 10 cm3 syringes, biopsy needles, alcohol, 

povidone-iodine, gauze pads, sterile ultrasound 
gel or Surgilube, and a hemostat or needle driver 
should be present on the biopsy tray. The hemo-
stat or needle driver is used to hold needles for 
slide making, and to transfer used biopsy needles 
to the needle disposal device. 22 and 25-gauge 
spinal needles should be available for deep tar-
gets or if a stylet is necessary, as discussed later. 
Extension tubing and stopcocks should be 
available.

Whether local anesthesia is chosen or not, 
27-gauge needles are optimal for FNA and will 
minimize pain. A 27-gauge needle results in far 
less discomfort than larger needles, and will 
allow sampling of complete small follicles, sheets 
of cells from walls of macrofollicles, and may 
even provide tissue fragments (Fig. 28.1). Larger 
gauge or spinal needles are for special situations 
or for draining cyst fluid (see below). Echogenic 
needles and needle guides mounted on the probe 
are available but typically not needed. Before 
using any needles, the operator should confirm 
that the lumen of each is functional by pushing 
air through the needles.

FNA is an antiseptic, not a sterile procedure. 
As with venipuncture, full sterile preparation is 
unnecessary. The skin should be cleaned with 
either alcohol, or with povidone-iodine followed 
by alcohol. Sterile draping of the patient is not 
necessary. Gloves are worn to protect the opera-
tor and to prevent contamination of the puncture 
site. A small amount of ultrasound coupling gel 
is placed on the uncovered probe, its cover 
applied, then cleaned with alcohol.

If local anesthesia is to be used, it can be 
applied at this time. The skin entry site should be 
anesthetized and a track to the nodule infiltrated 
with very slow injection. Allow adequate time for 
the anesthetic to take effect prior to the procedure 
(Table 28.1 “Steps for Local Anesthesia”)

To minimize discomfort, avoid going through 
the sternocleidomastoid muscle (SCM) whenever 
possible. This is usually achievable with diagonal 
orientations of the biopsy needle or transducer, or 
with techniques including medial to lateral nee-
dle direction, but will be impossible in a small 
number of nodules and cervical lymph nodes or 
in very muscular individuals. When the head is 

Table 28.1 Steps for local anesthesia

1.  Put 1.5 cm3 of 1 % Xylocaine into a 3 cm3 syringe 
and change the needle to a fresh 27-gauge needle.

2.  Squirt a few drops out of the end to make sure the 
needle lumen is open.

3.  Using ultrasound guidance, locate the path to the 
target and make sure it is clear of large veins or any 
arteries. Leave the transducer in this location.

4.  With the bevel up, spread the skin taut and insert the 
needle all the way through the skin with a quick 
motion and inject a small amount of Xylocaine 
(0.1–0.25 cm3) under the dermis into the subcutaneous 
fat. The injection should not meet resistance. If it 
does, the needle tip is still in the dermis and do not 
inject until you push through to the sq fat. You will 
not be able to see the needle tip during step 4—it is all 
by feel since the bevel is to the side of the US beam.

5.  Advance the needle slowly until the bevel appears on 
the ultrasound screen, then push it through the strap 
muscles and directly onto the capsule of the thyroid.

6.  Slowly inject 0.75–1 cm3 of Xylocaine as the needle 
is withdrawn under direct visualization. The 
operator should be able to see the tissues spreading 
apart and the muscles becoming hyperechoic as the 
Xylocaine is injected.

7.  Once the bevel disappears off the side of the 
ultrasound image, stop injecting and this will avoid 
injecting Xylocaine into the dermis, which is painful. 
Wait several minutes for the Xylocaine to diffuse.

8.  Make a mental note of the angle the needle path 
traveled and use it to adjust your angle to the target 
for the actual FNA.

9.  The most pain-sensitive areas for thyroid FNA are 
the dermis and the fascia of the strap muscles. 
Sufficient anesthetic needs to be applied directly to 
the fascia, and just underneath the dermis, to 
achieve the desired effect.
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rotated significantly away from the side of the 
FNA, the ipsilateral SCM will be pulled over the 
target site, and this position should be avoided. If 
avoiding the SCM is not possible, its superficial 
fascia, belly, and deep fascia may be anesthe-
tized. A spinal needle may rarely be necessary 
for the USGFNA in muscular or obese individu-
als if the SCM must be traversed.

As shown in Videos 28.1, 28.2, 28.3, and 28.4, 
holding the skin taut at the time of needle entry, 
puncturing quickly, then slowly advancing to the 
target with US imaging will minimize patient dis-
comfort and maximize visualization. The suc-
tion, rotation, or fine oscillations of the needle 
after the needle tip has entered the target will 
typically not cause discomfort, but the patient 
may describe pressure or referred pain to the ipsi-
lateral ear at this time.

In solid thyroid nodules, FNA can be done 
using a suction technique (ST), or a non-suction 
technique (NST). The capillary action required 
for the NST depends on the distance the needle is 
moved forward as well as surface tension within 
the lumen, both of which allow material to travel 
up the needle. In solid nodules over 2 cm, the 
larger oscillations using NST are usually enough 
to drive the cell fragments up the needle quickly. 
In smaller solid thyroid nodules the oscillations 
must be shorter, so suction may be necessary. ST 
results in a larger volume, but more blood is 
introduced to the sample, potentially causing clot 
artifact and obscuration, whereas NST will result 

in a smaller volume that contains less blood and 
is often of better quality. With ST, sampling 
begins after the needle tip is within the target, 
whereas NST will result in acquisition of some 
cells from the intervening tissues.

The advantages and disadvantages of ST ver-
sus NST are summarized in Table 28.2. The ini-
tial biopsy can be performed without suction, or 
with very light (1–2 cm3) suction. If the first aspi-
ration yields insufficient material, suction can be 
applied or increased during subsequent passes. If 
excessive blood or material is aspirated, the suc-
tion can be decreased or eliminated on subse-
quent passes. Suctionless techniques using a bare 
needle or a needle attached to a syringe without 
the plunger are shown in Videos 28.1, 28.2, 28.3, 
and 28.4. There are several devices and methods 
for applying suction during USGFNA. These are 
illustrated in Videos 28.5, 28.6, 28.7, 28.8, 28.9, 
and 28.10.

In a palpation-based biopsy study using two 
passes with each technique in 260 thyroid nod-
ules there was no difference in adequacy or accu-
racy when comparing aspiration (ST) with 
capillary action (NST). In an ultrasound-guided 
biopsy study, 88 nodules underwent fine needle 
aspiration with ST, and 92 underwent fine needle 
NST, with no difference between the results in 
terms of adequacy and quality of specimen. The 
authors concluded that the NST technique may 
offer more technical ease [13, 14].

Rotating the needle, without suction or oscilla-
tions, may reduce blood contamination in large or 
vascular nodules because it minimizes the num-
ber of vessels that are traversed. A combination of 

Fig. 28.1 Fragment of follicle. This segment of a benign 
macro-follicle was obtained through a 27-gauge needle

Table 28.2 Suction versus suction-less biopsy

Suction Suction-less

1. Larger volume of sample 1.  Smaller volume of 
sample

2. More blood 2. Less blood

3. Begin sampling once in 
target

3. Simpler

4. Avascular nodules 4. Vascular nodules

5. Lymph nodes 5. Superficial nodules

6. Parathyroids 6. Most nodules

7. Complex cysts

8. Drain cysts
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spinning and small oscillations can also be used 
(Videos 28.1, 28.2, 28.3, and 28.4). Avoid long 
oscillation strokes in nodules with high grade 
vascularity.

While some authors recommend covering the 
hub or syringe after the biopsy and prior to with-
drawing the needle, this does not appear to be 
necessary to achieve adequate samples. However, 
covering the needle hub or syringe barrel is typi-
cally used when performing biopsy of complex 
cysts, so that capillary pressure does not draw 
cyst fluid into the needle prior to entering the 
solid target. Suction can then be applied once the 
needle tip is well within the solid component. 
Suction is always used in the drainage of cysts, 
and movement of the needle tip within the cyst 
may help if there is solid tissue plugging the 
bevel.

Adequacy of technique can be confirmed with 
rapid on-site cytologic analysis.

28.5  Imaging for FNA

Proper room setup and availability of equipment 
is essential to maximize the contribution of US to 
FNA procedures. Ideally, the monitor for the US 
should be across the patient from the operator, 
allowing the operator to visualize the patient’s 
neck and the monitor simultaneously. A second 
monitor connected to the ultrasound machine can 
be placed on the contralateral side attached to the 
wall with a C-arm, or on a movable table to allow 
visualizing the procedure from either side of the 
patient (Figs. 28.2 and 28.3).

Visualization of the needle can be performed 
using either a parallel or perpendicular technique. 
In the parallel technique, the needle is inserted 
along the axis of the ultrasound beam (Fig. 28.4a, 
b, Videos 28.11 and 28.12) and is visualized 
throughout its course through the tissue and into 
the target. In the perpendicular technique, the 
needle is inserted perpendicular to the axis of the 
beam, and is visualized only at the point that it 
intersects the beam (Fig. 28.5, Video 28.13). 
Advantages of the parallel approach include visu-
alization of the needle tip at all times during the 
biopsy, decreasing the probability of the needle 

tip leaving the target or traversing blood vessels. 
Multiple spots within the nodule can be sampled, 
and the needle can be redirected while being 
inserted. The perpendicular approach does not 
require accurate alignment of the needle and 
ultrasound beam, and may be simpler to perform, 
especially for superficial nodules.

Operators should become skilled in all tech-
niques, as the nodule size and location often will 
dictate which technique is preferred. There are 
several techniques to improve needle visualiza-
tion when using the parallel approach. It is essen-
tial that the needle and the long axis of the 
transducer perfectly line up. Positioning yourself 
so that you can see the relationship between the 

Fig. 28.2 Room setup. The use of an additional monitor 
allows the operator to line up the patient’s neck and the 
monitor, and observe both simultaneously

Fig. 28.3 Line-up transducer. Achieving perfect alignment 
of the needle and the long axis of the transducer is much 
easier when looking down the axis of the transducer
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needle and transducer head is essential. Having 
the transducer placed so that you can look down 
the needle and the transducer head (Fig. 28.3) 
will improve the ability to line the two items up. 
The bevel of the needle should be pointed toward 
the ultrasound transducer in all techniques 
(Fig. 28.6). Fine adjustments of the transducer, 
both rotation and lateral movement, will bring 
the needle into view if the axis is off by a small 
amount. The most important part of developing 
skill in properly lining up the needle is practice. 
It is highly recommended that the operator begin 
with work on phantoms until sufficient skill in 
lining up the needle is obtained, prior to perform-
ing biopsy in a clinical setting.

Beam steering can be applied during the paral-
lel approach to improve needle visualization. 
Beam steering will decrease the angle of inci-
dence between the ultrasound beam and the nee-
dle, making the needle more conspicuous. This 
may be useful in deep nodules (Fig. 28.7a, b).

Most biopsies are performed using a linear 
probe as this is the transducer typically used for 
diagnostic imaging. However, a micro-convex 
probe may also be used for biopsy and is pre-
ferred by some experts. Figure 28.8 and Video 
28.14 demonstrate the technique using a micro- 
convex (curvilinear) probe. The probe is placed 
directly over the target and the target is centered 
within the ultrasound screen. The probe is then 

Fig. 28.4 (a, b). Parallel approach. In the parallel technique, the needle is inserted along the axis of the ultrasound 
beam and is visualized throughout its course through the tissue and into the target

Fig. 28.5 Perpendicular approach. In the perpendicular 
technique, the needle is inserted perpendicular to the axis 
of the beam, and is visualized only at the point that it 
intersects the beam

Fig. 28.6 Bevel up. The strongest refection off of the 
needle will be from the flat bevel. The bevel, shown in this 
image, should be “up,” pointing toward the transducer

R.A. Levine and J. Interlandi



315

slid laterally and rotated medially, continuing to 
point toward the target. The needle is then intro-
duced directly perpendicular to the skin, aiming 
straight down from the prior initial center of the 
ultrasound probe. If performed adequately, the 
needle will enter the target as the skin entry site is 
directly above the target.

For most solid nodule biopsies, the briefest 
dwell time possible is preferred. The longer the 

needle remains within the target, the more hemor-
rhage will occur, and the specimen will become 
diluted by blood and develop clot artifact. In gen-
eral, 2–5 s of dwell time within the nodule utiliz-
ing gentle oscillation and rotation will be adequate. 
When material is seen within the hub, the biopsy 
needle should be removed immediately. The assis-
tant can watch the hub of the needle while the 
operator is visualizing the ultrasound, and notify 
the operator immediately upon noting any material 
in the needle hub.

In nodules larger than 2 cm, the needle tip 
should be placed in the peripheral aspect of the 
nodule rather than the center since the central area 
has the least cellular growth, and the most poten-
tial for cystic degeneration. Subsequent aspira-
tions should be directed to different quadrants of 
the nodule while continuing to avoid the center 
and the most peripheral 2–3 mm of the nodule, as 
it contains fibrous material and blood vessels.

The number of passes performed is operator 
dependent, and should be based on the adequacy 
rate achieved. If rapid on-site evaluation of cytol-
ogy is available, often two passes by an experi-
enced operator may be sufficient with adequacy 
confirmed. Additional passes should be per-
formed if an adequate number of cells are not 
present (typically defined as more than six groups 
containing more than ten thyroid follicular cells). 

135°
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Fig. 28.7 (a, b). Beam Steering. Beam steering will decrease the angle of incidence between the ultrasound beam and 
the needle, making the needle more conspicuous. This may be useful in deep nodules

Fig. 28.8 Curvilinear transducer biopsy. The probe is 
placed directly over the target and the target is centered 
within the ultrasound screen. The probe is then slid later-
ally and rotated medially, continuing to point toward the 
target. The needle is then introduced directly perpendicu-
lar to the skin, aiming straight down from the prior initial 
center of the ultrasound probe. See also Video 28.15
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Further passes should be performed until ade-
quacy is ascertained. When on-site adequacy is 
not utilized, typically three or four passes are per-
formed. Additional passes may be necessary for 
special studies such as molecular markers.

28.6  Special Situations

Hypervascular Nodules. When significant vascu-
larity is observed on the pre-biopsy ultrasound 
power Doppler analysis, the non-suction tech-
nique should be used to decrease blood contami-
nation. A much briefer dwell time is also 
important, often utilizing only one or two oscilla-
tions or rotations after gentle positioning of the 
needle within the nodule. Subsequent passes 
should be performed at different areas within the 
nodule to decrease blood within the subsequent 
specimens.

Nodules with peripheral calcification. 
Nodules may demonstrate peripheral eggshell 
calcification. In general, continuous uninter-
rupted eggshell calcification is a relatively reas-
suring finding, whereas interrupted eggshell 
calcification implies growth of previously calci-
fied nodule and indicates a higher degree of sus-
picion. When interrupted eggshell calcification is 
present, the needle should be inserted through 
areas of interruption. For uninterrupted calcifica-
tion a 22-gauge needle can be used, and local 
anesthesia may be needed. The patient should be 
informed that they may feel very intense pressure 
during the biopsy. The needle is positioned at the 
edge of the nodule and pressure is applied until a 
pop is felt as the needle enters through the calci-
fication. Suction aspiration is then performed 
with oscillation of the needle tip. If multiple 
passes are made, the subsequent passes should 
enter through the original puncture site if possi-
ble, but the needle should be re-angled to sample 
different areas within the nodule.

Occasionally heavily calcified nodules will 
not permit entry of a 22-gauge needle. In this 
situation, a 22 or 25-gauge needle is used to 
“drill” a hole in the side of the nodule using a 
combination of rotation and pressure until the 
nodule is punctured. Subsequently, the drilling 

needle is removed and a 27-gauge needle can be 
used to complete the FNA.

Predominantly cystic nodules. The target area 
should be the most suspicious solid component, 
especially one that has vascular supply evident. 
Suction is typically used with complex nodules, to 
avoid capillary pressure filling the needle with cyst 
fluid. The needle should be mounted on a syringe 
with no suction applied until the tip traverses 
through the fluid into the solid portion, with suction 
applied only after the needle tip is well within the 
solid component. It is preferable to biopsy the solid 
component prior to draining the cyst, since the 
image of the solid component is often distorted after 
cyst drainage. However, if cyst fluid fills the hub in 
the first pass, it may be necessary to drain the cyst 
and then biopsy the residual solid component.

Deep biopsies. The technique of utilizing a 
spinal needle for deep biopsy is illustrated in 
Video 28.15. This video demonstrates using a 
spinal needle with a parallel approach. Beam 
steering is recommended as the needle direction 
may be close to the axial axis of the ultrasound 
beam and not well visualized (Fig. 28.6). The 
needle is advanced until within the target, and the 
assistant removes the stylet, with sampling begin-
ning at that time.

For nodules that are deep and medial (e.g., 
close to the trachea), the operator can stand oppo-
site from the side of the nodule and use a parallel 
approach with neck rotation. Rotation of the neck 
about 45° toward the operator will bring the nod-
ule closer to the surface without bringing the ipsi-
lateral SCM muscle too close, and will often 
create a much shorter distance to travel to the 
target nodule (Fig. 28.9).

High Lateral Nodules. Thyroid nodules that 
are very high in the superior pole may be difficult 
to reach using a straight transverse position of the 
transducer due to protrusion of the cornu of the 
larynx, especially in thin patients. FNA may be 
best performed using a parallel needle approach, 
with both the transducer and needle held in an 
oblique orientation, and the patient’s head rotated 
45° away from the biopsy side (Fig. 28.10). 
Entering the needle inferior and slightly lateral to 
the thyroid cartilage will permit access to this 
area of the thyroid.
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Insufficient biopsy results. If the operator has a 
high rate of insufficient biopsy samples there are 
several remedial techniques. Using rapid on-site 
assessment to determine adequacy may improve 
results. It should be determined whether the 
insufficient biopsies are due to not obtaining 
enough thyroid follicular epithelial cells or 
whether the sample is obscured by excessive 
blood. This information will help determine if an 
adjustment in needle size is indicated: using a 
smaller needle if excessive blood is present, or 
changing from non-suction technique to suction 
technique if inadequate cells are being obtained. 
If samples are excessively hemorrhagic rotation 
rather than oscillation can be used. Excessive 
blood will also be present if veins are repeatedly 
punctured during the procedure. Repeating the 
biopsy using a different approach to the target 
may improve the sample.

Taking a course to learn proper slide making 
technique may be useful. If inadequate cells are 
being obtained with slide preparation, consider-
ing changing to liquid-based cytology. If there 
are overt suspicious findings on ultrasound, pro-

ceeding directly to surgery may be preferable. It 
is essential that the operator discuss all insuffi-
cient biopsies with the pathologist to determine 
why the sample was inadequate. If multiple 
attempts at biopsy are insufficient consider a 
referral to an expert for repeat fine needle aspira-
tion biopsy or core needle biopsy.

28.7  Complications: Prevention 
and Treatment

Bleeding complications are rare following 
USGFNA. Patients receiving anticoagulation or 
antiplatelet therapy including aspirin, heparin, 
clopidogrel, or Coumadin may have superficial 
ecchymosis if subcutaneous vessels are punctured 
[15]. This can be minimized by careful planning of 
the entry route during the pre-biopsy ultrasound.

In patients treated with a platelet inhibitor or 
Coumadin, it may be useful to pretreat the biopsy 
site for 10 min with a cold compress to reduce the 
blood blow. A cold compress can also decrease 
the discomfort associated with injection of 
Lidocaine.

TR L TR L

Fig. 28.9 Deep medial position nodule. For nodules that 
are deep and medial (e.g., close to the trachea), the opera-
tor can stand opposite from the side of the nodule and use 
a parallel approach with partial neck rotation. Rotation of 
the neck about 45° toward the operator will bring the nod-
ule closer to the surface without bringing the ipsilateral 
SCM muscle too close, and will often create a much 
shorter distance to travel to the target nodule

Fig. 28.10 High lateral nodule. Thyroid nodules that are 
very high in the superior pole may be difficult to reach due 
to the cornu of the larynx and may be best performed with 
a parallel-style needle approach, with the transducer held 
in an oblique orientation, with the patient’s head rotated 
45° away from the biopsy side
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To avoid injury to the thyroid, the patient 
should be advised to swallow immediately prior 
to each needle puncture and then to not swallow 
during the dwell time. If the patient swallows 
during the procedure the needle should be 
allowed to travel with the thyroid to minimize 
shear.

If a subcutaneous hematoma appears after a 
puncture, the procedure should be temporarily 
stopped and pressure applied until the bleeding 
stops.

In patients treated with anticoagulants it is 
advisable to observe the patient for 10 min fol-
lowing biopsy for hematoma formation and to 
repeat a quick limited ultrasound before dis-
charge. Subcutaneous ecchymosis does not 
require an US for confirmation. However, if a 
deep hematoma is seen in the strap muscles or 
thyroid gland, a cold compress should be applied 
with a repeat ultrasound approximately 30 min 
later to be sure that there is no expansion of the 
hematoma. Also, the ultrasonographer should be 
aware that muscles into which lidocaine is intro-
duced will appear temporarily wider and more 
hyperechoic from the lidocaine.

After-care instructions will include the use of 
a cold compress and acetaminophen if any local 
pain or bruising occurs. Thyroid biopsy should 
be easy and relatively painless for the patient. If 
this is not the case in most biopsies, additional 
education in biopsy technique is strongly 
recommended.

28.8  Slide Preparation

The goal of quality slide preparation is to obtain 
a monolayer dispersion of cells and to avoid dis-
tortion or crush artifact of the cells. The tech-
nique used for slide preparation and staining is at 
the discretion of the cytopathologist and the oper-
ator should perform whatever technique the 
expert cytopathologist prefers. Some studies sug-
gest that slide preparation is preferable to liquid- 
based preparation. The technique of smearing the 
sample on a slide is demonstrated in Videos 
28.16, 28.17, and 28.18. In the typical smear 
technique, the second microscope slide is intro-

duced in a perpendicular dimension and contact 
is made between the edge of the slide and the 
below the target on the index slide. The top slide 
is then lightly and gradually lowered until it 
lightly makes contact with the sample, at which 
time it is lightly dragged down, avoiding crush 
artifact. An alternative method of slide prepara-
tion is referred to as “bookends” (Videos 28.19 
and 28.20). In this technique, the second slide is 
lightly placed in a parallel orientation to the first 
and capillary action spreads the sample out over 
the slides. They are then separated as in opening 
a book. This technique provides two slides with 
“mirror image” samples. The first slide may be 
used for rapid on-site assessment, and the second 
slide can be used for definitive staining.

During slide preparation, all material should 
be extracted from the needle, hub, and syringe. 
Initially, the sample should be expressed from the 
needle by a forcefully pressing on the plunger. If 
material remains within the needle hub, a tech-
nique of snapping the hub onto the slide to extract 
the material should be utilized (Video 28.21).

In liquid-based preparation the entire sample 
is introduced into a preservative rather than pre-
paring slides directly. This is then centrifuged 
and slides are prepared by the pathologist. While 
studies have suggested that slide preparation is 
superior [16], several prestigious medical centers 
use liquid-based preparation with excellent 
results. As stated, the ultimate decision on how to 
present the material obtained from biopsy should 
be at the discretion of the expert cytopathologist.

28.9  Cervical Lymph Node FNA

FNA of cervical lymph nodes with analysis of 
cytology and thyroglobulin of the needle hub 
washing is the recommended approach for the 
evaluation of abnormal lymph nodes in a preop-
erative or postoperative thyroid cancer patient [5, 
17]. Thyroglobulin analysis is not impacted by the 
presence of serum anti-thyroglobulin antibodies.

At the time of initial thyroid nodule evalua-
tion, any suspicious lymph nodes should undergo 
biopsy. In patients with biopsy proven or sus-
pected thyroid cancer a comprehensive cervical 
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ultrasound should be performed for lymph node 
assessment, and any suspicious lateral nodes 
should undergo biopsy. In patients with a history 
of thyroid cancer, lymph nodes larger than 1 cm 
in smallest axis with suspicious ultrasonographic 
features should undergo biopsy if a positive result 
will affect management [5].

Similar considerations to biopsy of nodules 
apply when considering local anesthesia for 
lymph nodes. Deep lymph node biopsies may 
benefit from local anesthesia, especially when 
performing biopsy on lymph nodes deep to the 
SCM muscle or in level VI. Muscles and fascia 
that are to be traversed may be anesthetized.

Prior to the biopsy US should be used to plan 
the shortest, most avascular route to the target 
node. Nodes in levels II–V may require position-
ing the patient on their side with extra pillows for 
support.

A parallel imaging method should be used so 
the operator can be sure that the needle tip is in 
the area of interest of the lymph node. This may 
require oblique or sagittal orientation of the 
transducer depending on the location in the neck 
and the orientation of the lymph node. 
Occasionally, there may be focal involvement of 
the lymph node by tumor, and it is essential that 
the needle tip be in the involved area. Areas of 
calcification, cystic necrosis, or disordered vas-
cularity should be targeted (Fig. 28.11).

Suction should be applied in all lymph node 
FNA procedures since it will maximize sample 
obtained. Blood contamination is less of a con-
cern, as thyroglobulin analysis will complement 
cytology. Rapid on-site assessment may be useful 
to ascertain if it is an adequate sample. Typically, 
one or two passes are made during a lymph node 
biopsy. Accurate ultrasonographic determination 
that the needle tip is well placed in the lymph 
node is essential.

Following preparation of a single slide, rinse 
the needle and hub with 1 cm3 of saline and send 
the sample for thyroglobulin analysis. If hemato-
logic or lymphocytic neoplasms are suspected 
additional specimens should be sent for flow 
cytometry.

Bleeding after FNA of cervical nodes may 
occur when muscles are involved and can be min-

imized by adhering to the previous recommenda-
tions. Patients on Coumadin or platelet inhibitors 
should have a cold compress applied for 15 min 
before and 15 min after the procedure. Any 
patient with an obvious hematoma should have a 
cold compress applied after the procedure.

28.10  Top 10 Pearls 
Regarding Biopsy

 1. Enter quickly—Advance slowly. Hold ten-
sion on the skin and puncture it quickly. A 
slow skin puncture will cause discomfort. 
Advance slowly through deeper structures.

 2. Have biopsy trays pre-prepared. To save 
time have trays set up with povidone-iodine, 
alcohol, probe cover, sterile coupling gel, 
gauze pads, needles, syringes, slides, and 
bandages.

 3. Reassurance as effective anesthesia. When 
using a 27-gauge needle local anesthesia is 
not absolutely needed for most patients if the 
patient is adequately reassured prior to the 

Fatty Hilum
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Fig. 28.11 Node biopsy. A parallel imaging method 
should be used so the operator can be sure that the needle 
tip is in the area of interest of the lymph node. Occasionally, 
there may be focal involvement of the lymph node by 
tumor, and it is essential that the needle tip be in the 
involved area. Areas of calcification, cystic necrosis, or 
disordered vascularity should be targeted
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procedure. Reassure the patient that with a 
small needle and brief dwell time, the local 
anesthesia may cause more discomfort than 
the biopsy.

 4. The needle itself as a diagnostic instrument. 
The needle can provide information regard-
ing the “hardness” of the nodule. If the target 
nodule permits entry, then seems to “grab” 
the needle and to not release it easily with 
needle oscillation, the nodule is more suspi-
cious for carcinoma. When this occurs, the 
needle must be oscillated more slowly than 
usual through the nodule in order for the 
oscillations to yield cells. If the oscillations 
are too quick, the nodule will move with the 
needle.

 5. Use your assistant. When performing a biopsy 
with suction, the first flash of sample into the 
needle hub may be missed if the operator is 
watching the monitor for needle localization. 
Instruct your assistant to observe the needle 
hub and immediately indicate (verbally or 
with nonverbal signal) when sample is in the 
hub. Withdraw the needle immediately to 
avoid additional blood contamination.

 6. Brief dwell time. Keeping the time that the 
needle is in the target under 6 s will mini-
mize blood contamination and decrease the 
likelihood of the patient swallowing during 
the procedure. Often the dwell time can be as 
brief as 2 or 3 s.

 7. IV tubing and stopcocks. When draining large 
cysts the volume of fluid removed may exceed 
the capacity of the syringe. Placement of a 
three way stopcock at the distal end of IV tub-
ing will allow switching the syringe without 
fluid leaking during syringe exchange.

 8. Mobile Nodules—Nodules in the Isthmus 
and Pyramidal Lobes of the Thyroid are very 
mobile because they are not held in place by 
strap muscles or surrounding thyroid tissue. 
An extra drop of ultrasound gel put under the 
edge of the transducer just lateral to the nod-
ule on the side of the needle entry (parallel 
approach) will allow better ultrasound visu-
alization and prevent “dropoff” of the image. 
The operator can stretch the skin tightly over 
the nodule to help immobilize it.

 9. Avoid excessive head rotation—Having the 
patient turn their head more than 45° from 
the side of the biopsy may result in the ster-
nocleidomastoid muscle shifting over the 
nodule. Keeping the patient’s head as close 
as possible to a neutral position can help 
avoid going through the muscle, and decrease 
discomfort from the biopsy.

 10. Warn the lab. When submitting samples for 
thyroglobulin, PTH, or calcitonin, let the lab 
know that the sample is a syringe washing in 
1 cm3 of saline, to avoid having a sample dis-
carded as “quantity not sufficient.”
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29.1  Introduction

The importance of optimal specimen preparation 
cannot be over emphasized. Poor specimen prep-
aration hinders the optimal cytopathologic evalu-
ation. Cytopathology specimens have numerous 
methods of collection, preparation, fixation, and 
staining.

29.2  Collection

One method for thyroid fine-needle aspiration 
(FNA) collection is as a rinse for liquid based 
fixation samples. The rinse collection method 
may be used for a liquid based cytology prepara-
tion such as ThinPrep®. This liquid based cytol-
ogy preparation allows for the FNA samples to 
be rinsed directly into a liquid fixative. Each pass 
from the same nodule is rinsed into the same vial. 
It is important to repeat the aspirating, rinsing, 
and expressing of the needle in the liquid fixative 
to elute all of the sample from the needle hub.

Liquid based collection can be used to prepare 
a cell block. In this collection method, the aspi-

rated specimens are expressed into a formalin 
fixative cup. Although not necessary for thyroid 
FNA, this method allows the sample to be pro-
cessed as a paraffin-embedded block, which may 
be helpful when immunohistochemical stains are 
needed to exclude metastatic disease.

For techniques using slides, prepared as clas-
sic smears or bookends, the FNA specimen is 
procured in the same fashion. However the speci-
men is placed directly on the glass slides instead 
of into a liquid. This method allows for multiple 
slides to be prepared for different types of fixa-
tion and stains. Since the slides can be made at 
the bedside and stained rapidly, it allows for 
immediate assessment of adequacy or ROSE 
(Rapid on Site Evaluation).

29.3  Preparation

To prepare the liquid based slide, the vial contain-
ing the sample is sent to the lab and placed on an 
instrument to process the sample. The vial is cen-
trifuged to form a concentrated pellet. The pellet 
is then resuspended and an aliquot placed into the 
PreservCyt solution vial. This solution is left to 
stand for 15 min and then processed on the 
ThinPrep ® machine using the non-gyn sequence. 
From this vial, generally a single slide is made 
that is a representative cellular collection from all 
the FNA passes rinsed into the container. This 
resulting slide is a monolayer of the aspirated 
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cells. The fact that this method typically produces 
only one slide may be considered as a drawback. 
Since only one slide is produced, only one stain-
ing method can be utilized, so the ability to evalu-
ate the specimen with two stains, both a 
Papanicolaou and Romanowsky, is lost [1]. In this 
setting, the single slide is stained with a 
Papanicolaou stain (Fig. 29.1). This method has 
been gaining in popularity; however, its utiliza-
tion has been controversial particularly in thyroid 
where extracellular matrix (colloid or amyloid) 
and architectural features are important. From the 
collection perspective, it is very simple to rinse 
the entire specimen into the vial and lack of 
smearing eliminates possible crush artifact. From 
the diagnostic perspective, the mechanical distri-
bution results in an even monolayer of specimen 
to be evaluated in a smaller area of the slide. The 
downside is that background elements, such as 
blood and colloid, are decreased, resulting in a 
higher concentration of the cellular elements; this 
makes the diagnosis of hyperplasia versus neopla-
sia more challenging. Another concern with liquid 
based preparations is the lack of optimal cytologic 

features needed for the diagnosis of papillary thy-
roid carcinoma. This lack of crisp nuclear diag-
nostic features led to a false negative diagnosis in 
7 % of liquid based cases compared to smear 
methods [2].

Some liquid specimens can be used for a cyto-
spin preparation. This method concentrates the 
liquid sample and a portion is placed in a cyto- 
funnel on a cyto-centrifuge machine. This method 
produces a monolayer of cells within a well- 
defined area of the slide. Depending on the 
amount of the sample, multiple slides can be 
made for different types of stains, though the 
Papanicolaou stain is the most common. This 
method is most commonly used when the cellu-
larity of a sample is scant (Fig. 29.2).

Cell blocks are made from the formalin-fixed 
collection sample. The cell block can be prepared 
via several different methods, based on the tech-
niques available to the specific lab. The sediment, 
clot, or tissue fragments are processed and embed-
ded in paraffin. The paraffin block is cut on a 
microtome that makes thin tissue sections subse-
quently placed on glass slides. The end product is 

Fig. 29.1 Liquid-based slide prepared on Thinprep 
machine and stained with Papanicolaou stain. The single 
slide provides a representative monolayer of the aspirated 
material

Fig. 29.2 A Cytospin preparation stained with 
Papanicolaou stain after liquid fixative collection method. 
This method is often performed when the sample col-
lected is small
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the traditionally hematoxylin and eosin (H&E) 
stained slides. The author’s laboratory does not 
routinely use cell blocks. In our experience this 
method does not add additional information unless 
metastatic carcinoma needs to be confirmed with 
immunohistochemical stains (Fig 29.3).

There are numerous methods for direct slide 
preparation. To prepare smears the aspirate is 
expelled onto the slide with the needle tip bevel 
down touching the glass to minimize spraying of 
the sample and possible air-dry artifact for any 
alcohol-fixed slides.

29.3.1  Classic Smear Technique

 1. Label frosted end with two patient identifiers 
(name, date of birth, medical record, etc.) 
using a #2 pencil

 2. Place a small drop of the aspirate a few milli-
meters from the frosted end

 3. Place another slide at the edge of the drop at a 
45° angle and allow the sample drop to spread 
along the edge of the second slide

 4. Decrease the angle, then gently and quickly, 
push the specimen evenly away from the frosted 
end down the slide, trying to keep the smear at 
least 1 mm from the edges of the glass

 5. Immediately alcohol or spray fix one slide for 
Papanicolaou stain to be performed in the lab. 
The other slide can be air-dried and stained 
with a modified Romanowsky for ROSE or in 
the lab (Fig. 29.4a, b).

Depending on the amount of material aspi-
rated, multiple slides can be made. Optimally, 
one air-dried and one alcohol-fixed slide should 
be made from each pass. This allows for ROSE to 
be performed if desired and allows for evaluation 
of the specimen using both stains.

29.3.2  Bookend Smear Technique

 1. Label two slides at the frosted end with two 
patient identifiers (name, date of birth, medi-
cal record, etc.) using a #2 pencil.

 2. Place a small drop of the aspirate in the mid-
dle of one slide.

 3. Place the labeled, frosted side of the second slide 
face down onto the slide with the sample drop.

 4. Allow the sample to spread by capillary 
action, do not apply pressure.

 5. When the sample stops spreading, open the 
slides like a book, or pop them open. DO NOT 
SLIDE THEM ACROSS EACH OTHER.

 6. This will produce two mirror image slides. 
Immediately alcohol or spray fix one slide for 
Papanicolaou stain to be performed in the lab. 
The other slide can be air-dried and stained 
with a modified Romanowsky for ROSE or in 
the lab (Fig. 29.5a, b).

This method ensures that each FNA pass results 
in one slide for an air-dried and one slide for an 
alcohol fixation method. ROSE can be performed 
if desired on the air-dried slide. Bookend smears 
render slides as mirror images of each other allow-
ing mates for the Papanicolaou and Romanowsky 
stained slides from each pass. This unique feature 
provides the ability to evaluate atypical cells seen on 
the Romanowsky slide again on the Papanicolaou 

Fig. 29.3 A representative slide of hematoxylin and 
eosin stained cell block specimen. These samples are col-
lected in a liquid fixative and paraffin embedded for cut-
ting sections to place on slides
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Fig. 29.4 (a) Properly prepared direct slide preparation 
with classic smears. The left slide is a Romanowsky stain 
stained smear and the right is a Papanicolaou stained 
smear that has the proper amount of specimen and keeps 
the smear edges at least 1 mm from the edges of the glass 
slide. (b) Improperly prepared direct slide preparation 

with classic smears. The left slide is a Romanowsky stain 
stained smear and the right is a Papanicolaou stained 
smear. Both slides have too much specimen causing the 
sample to cover the entire slide. The smearing pressure 
was uneven causing irregularities in the smear as well

Fig. 29.5 (a) Properly prepared direct slide preparation 
with bookends method. The left slide is a Romanowsky 
stain stained smear and the right is a Papanicolaou stained 
smear that has the proper amount of specimen and creates 
mirror image slides from one pass. (b) Improperly pre-
pared direct slide preparation with bookends. The left 
slide is a Romanowsky stain stained smear and the right is 

a Papanicolaou stained smear. Both slides have too much 
specimen causing the sample to cover the entire slide. The 
cover slip does not sit well on the specimen due to the 
increased thickness of the sample. The thickness issue 
could have been fixed by applying an additional slide to 
remove the excess sample, thus providing additional bet-
ter prepared slides
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slide. The area of atypia on the Romanowsky slide 
should be matched to the area on the mirror image 
Papanicolaou slide to try to clarify the atypia. 
While this method causes some increase in three 
dimensional features it has minimal overall effect 
on the cytologic features used for thyroid FNA 
diagnoses.

For either of the smear methods, more sample 
does not yield more diagnostic material or better 
slides. For the non-pathologist, this may seem 
counterintuitive but only a small quantity of 
appropriately obtained sample is required to 
make adequate slides for evaluation. Either prep-
aration method may result in too thick a sample if 
too much is placed on the slide. It is harder to 
correct a poorly made classic smear than a book-
end smear. If the bookend smear is too thick, an 
additional labeled slide can be touched to the 
original slide to remove excess sample and all 
slides can be stained as desired (See Table 29.1).

29.4  Fixation

Cytopathologists’ preferences for fixation meth-
ods differ depending on the type of stain they pre-
fer to use for specimen interpretation. The author 
prefers to use both alcohol wet fixed slides and 

air-dried slides because some cytologic features 
are more readily appreciated from one stain over 
the other. Certain specimen preparation methods 
allow for a single aspiration to be split into two or 
more slides allowing at least one slide to be fixed 
wet and one to be fixed dry.

Once smears or bookends have been made, it 
is imperative that the slides to be wet fixed are 
processed rapidly. There are several methods for 
wet fixation of the specimen. Spray fixative for 
the slides that will undergo Papanicolaou stain-
ing is quick and easy to perform; however, it 
requires additional prep time in the lab. The spray 
fixative must be soaked off in 95 % ethyl alcohol 
prior to the staining of the slides. If this is not 
done, poor staining quality is noticed. Spray fixa-
tive does not lyse any of the blood in the slide, 
which can be detrimental if the specimen is 
bloody. The slide should be held 12 in. from the 
spray, and the spray should be applied without 
delay, well coating the specimen. Any delay will 
cause air-dry artifact when performing the 
Papanicolaou stain. Well coated follicular cells 
will be well preserved and well visualized if the 
smear in not too bloody and thick.

Fixation in 95 % ethyl alcohol is quick and 
easy. Since the slide is placed directly into the 
95 % alcohol container, the process is faster and 

Table 29.1 Comparison of different specimen preparation and fixation techniques

Differences in thyroid FNA preparations

Prep and fixation

Liquid based Classic smears Bookends

Liquid vial collection Slide collection Slide collection

Wet fixation only Wet and/or dry fixation Wet and/or dry fixation

Papanicolaou stain only Pap and/or Romanowsky stain Pap and/or Romanowsky stain

Single slide to evaluate multiple individual slides Multiple slides (mirror images for 
Pap and Romanowsky)

Consistent slide quality Quality dependent on practice Quality less dependent on practice

Even monolayer Uneven with larger area to screen Uneven with moderate area to screen

ROSEa not eligible ROSE eligible ROSE eligible

Diagnostic features

Decreased colloid Colloid visible on Romanowsky Colloid visible on Romanowsky

Decreased background blood Some blood lysis on wet fixed slide Some blood lysis on wet fixed slide

Large fragments are broken Large papillae retained Large papillae retained

Intranuclear inclusions reduced Intranuclear inclusions retained Intranuclear inclusions retained

Loss of psammoma bodies Psammoma bodies visible Psammoma bodies visible
aROSE rapid onsite evaluation
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the specimen has a more even appearance on the 
slide vs the droplet appearance of the spray fixa-
tive. The slides do not have to be sent in the alco-
hol as long as they have been soaked for at least 
15 min [3]. Since some FNA specimens are 
bloody, the fact that alcohol lyses some of the 
background blood can be beneficial. Cell sizes 
are similar to that seen in tissue specimens; how-
ever, smaller than the enlarged cells of air-dried 
slides.

A less commonly used wet fixative is sacco-
mannos. It is composed of 2 % carbowax or poly-
ethylene glycol in ethyl alcohol. Cell block 
samples and slides can be fixed with this method.

Whichever of the wet fixative methods used, it 
is imperative that it happens rapidly. When cells 
dry, they swell and appear larger and the nuclear 
detail is lost. The edges of well-fixed smears can 
even become air-dried causing these cells to be 
unsuitable for interpretation.

The last technique in slide fixation is the air- 
dry method. While wet fixed slides provide better 
nuclear detail, air-dried slides provide better 
visualization of cytoplasm and extracellular com-
ponents such as colloid or amyloid. Air-dried 
slides also allow for ROSE to be performed in the 
clinic or at the bedside. Once the smear or book-
end slides are made, the sample can be left to dry 
or can be fanned dry. It is critical that the slide is 
completely dry before staining.

29.5  Staining

Wet fixed specimens are most often stained with 
a Papanicolaou stain. The Papanicolaou stain is a 
polychromatic stain with multiple dyes that stain 
various parts of the cell differently [4]. The 
hematoxylin component stains the nucleus a dark 
blue and the three acidic components of the dye 
stain the cytoplasm giving it a paler cyanophilic 
type appearance. The Papanicolaou stain is a 
vital component of thyroid FNA diagnosis 
because it effectively highlights the nuclear alter-
ations of papillary thyroid cancer, such as grooves 
and inclusions. It also aids in the diagnosis for 
Hurthle cell and C-cell lesions because nuclear 
changes can be more easily appreciated.

The air-dried slides are stained with one of the 
many Romanowsky stains. The two components 
of the dye include methylene blue and eosin Y 
[4]. The combination of these two dyes causes 
the nucleus and nucleolus to stain shades of deep 
purple and the cytoplasm to stain pale purple- 
blue. The metachromatic nature of this stain 
allows for a spectrum of reddish- purple color that 
is beneficial in evaluating some secretory gran-
ules and extracellular components, such as col-
loid and amyloid, which do not stain as well with 
the Papanicolaou stain. This stain is simple and 
rapid making it the stain of choice for ROSE. See 
Table 29.2.

29.6  Ancillary Studies

On rare occasion, additional testing is needed to 
characterize the nodule. This can require differ-
ent types of specimen collection techniques 
depending on the ancillary tests. 
Immunohistochemical studies can be performed 
depending on the cellularity of the specimen. 
From the cell block, additional sections can be 
cut from the block. Liquid based and cytospin 
slides can sometimes have an additional prepared 
slide. If using previously stained slides, the slide 
must be destained prior to the immunohisto-
chemistry being performed.

Table 29.2 Differences in Papanicolaou and 
Romanowsky stains for thyroid aspiration

Papanicolaou stain Romanowsky stain

Wet fix preparation Air-dried preparation

Air-dry artifact possible No fixation artifacts

Cell size shrinkage Cell size enlargement

Some cellularity loss 
possible in fixation

No cell loss in fixation

Crisp nuclear grooves and 
inclusions

Poor nuclear grooves 
and inclusions

Poor intracytoplasmic 
features

Cytoplasmic features 
(granules) preserved

Squamoid cytoplasmic 
features prominent

Squamoid cytoplasmic 
features noticeable

Extracellular material 
(colloid) not well visualized

Extracellular material 
easily visualized
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When the differential diagnosis includes lym-
phoid lesions, flow cytometry can be of benefit. This 
specimen should be a rinse of the multiple passes 
made into the nodule or dedicated passes rinsed into 
a dedicated flow cytometry media such as RPMI 
(Roswell Park Memorial Institute medium). This 
can be used for thyroid nodules as well as lymph 
nodes. If being shipped overnight to a lab, flow 
cytometry specimens should be sent cold.

If the thyroid FNA diagnosis is one of the 
indeterminate categories, thyroid molecular tests 
may be of use according to American Thyroid 
Association Guidelines [5]. These tests have dif-
ferent collection and/or shipping requirements 
depending on the test used and the reader is 
referred to the manufacturer’s instructions.

At times non-thyroid specimens are biopsied. 
To evaluate a parathyroid lesion, FNA slides 
should be prepared in the usual fashion and the 
remainder of the sample can be rinsed into a ster-
ile red top chemistry tube containing 1 cc of nor-
mal saline for measurement of PTH level. This is 
referred to as a PTH washout. This same proce-
dure is used to evaluate neck lymph nodes sus-
pected of metastatic papillary thyroid carcinoma 

involvement. After preparation of the slides for 
cytologic evaluation, the remainder of the speci-
men is rinsed into 1 cc of normal saline for a thy-
roglobulin analysis.
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30

30.1  Introduction and General 
Considerations

Fine-needle aspiration (FNA) biopsy is consid-
ered an essential tool in providing a rational 
approach to the clinical management of thyroid 
nodules. The results of FNA can determine 
whether a thyroid nodule should be followed 
clinically or undergo surgical excision [1, 2].

Thyroid FNA specimens can be prepared by 
making air-dried and alcohol-fixed smears for 
staining with Romanowsky (Diff-Quik®, Wright- 
Geimsa stains) and Papanicolaou stains, respec-
tively. The smears can be processed alone or with 
a liquid based monolayer preparation or cell-
block [3]. The Romanowsky staining method is 
the method of choice for immediate evaluation of 
FNA specimens. This stain highlights the back-
ground watery colloid and cell architecture (pap-
illary, monolayer sheets, and macro- and 
micro-follicles), and distinguish between cell 
types (follicular and oncocytic cells, lympho-
cytes, macrophages, crystals and calcifications). 

Liquid based monolayer preparations can be 
used either alone or as an adjunct to smears [3].

The leading cause of a non-diagnostic thy-
roid FNA specimen is failure to procure a suffi-
cient number of cells required to render a definite 
diagnosis. Several studies have proposed differ-
ent numbers of cells or cell groups as criteria 
for specimen adequacy. The presence of six 
well-preserved follicular or epithelial cell groups 
on two slides with at least 10–20 cells in each 
group is considered to be the best criterion [4, 5].

Thyroid FNA specimens are usually classified 
by employing a tiered system (3–6 diagnostic 
categories) [1, 6]. In 2007, the National Cancer 
Institute sponsored the “Thyroid Fine Needle 
Aspiration State of the Science Conference” to 
develop consensus criteria for cytology classifi-
cation, “The Bethesda System for Reporting 
Thyroid Cytology” (TBSRTC). A key contribu-
tion of this system was to define three specific 
categories for indeterminate interpretation, each 
correlating with a more narrow range of malig-
nancy risk, resulting in a six-tiered cytology 
classification.

To date the TBSRTC is commonly used in the 
USA and has served to generate a body of cyto-
pathology and clinical literature. Furthermore, 
the recent paradigms for ancillary testing of thy-
roid FNA specimens have been proposed based 
on diagnostic categories of TBSRTC. Nonetheless, 
besides its wide applicability and usage, contro-
versies have risen over the use of diagnostic 
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designations of AUS/FLUS and FN/SFN, recom-
mended follow-up, i.e., repeat FNA vs. surgery 
and implied risk of malignancy. It has been 
shown that the risk of malignancy of cases diag-
nosed as AUS/FLUS is approximately the same 
or even higher in some studies to cases diagnosed 
as FN/SFN (Table 30.1) [7–9].

The brief description of the diagnostic catego-
ries in the Bethesda Classification is as follows:

 1. Nondiagnostic or Unsatisfactory:
 (a) This diagnostic category applies to speci-

men which are nondiagnostic due to lim-
ited cellularity, no follicular cells and 
adequate specimen which are uninterpre-
table due to poor fixation and preserva-
tion, i.e., obliteration of cellular details.

 (b) In some cases of solid nodules it may be 
prudent to process and examine the entire 
specimen.

 2. Benign:
 (a) The diagnostic terms in this category 

include but are not limited to nodular goi-
ter, hyperplastic/adenomatoid nodule in 
goiter, chronic lymphocytic thyroiditis, 
and sub-acute thyroiditis.

 (b) A thyroid nodule with a benign diagnosis 
should be followed periodically by US 
examination; a repeat FNA may be consid-
ered if the nodule increases in size (as per 
thyroid nodule management guidelines).

 3. Atypia of undetermined significance/ 
Follicular lesion of undetermined signifi-
cance (AUS/FLUS):
 (a) This is a heterogeneous diagnostic cate-

gory (a true Gray Zone). The reported 
malignancy risk for cases diagnosed as 
such in large case series published after 
Bethesda Classifications ranges from 6 to 
38 % [7, 9–12].

 (b) It is recommended that the number of 
cases diagnosed as such should be kept to 
minimum; 7 % of the total diagnoses.

 (c) Some authors have shown that subclassi-
fying this diagnosis, i.e., reason for AUS/
FLUS further stratifies the risk of malig-
nancy [12, 13].

 (d) Molecular studies with high negative and 
positive predictive value are recom-
mended in cases diagnosed as AUS/FLUS.

 4. Follicular/Follicular neoplasm with onco-
cytic features (AKA Hurthle cell) neoplasm 
or Suspicious for Follicular or Follicular 
neoplasm with oncocytic features (AKA 
Hurthle cell) neoplasm:
 (a) These diagnostic terms encompasses both 

benign and malignant tumors, i.e., follicu-
lar adenoma and carcinoma and oncocytic 
follicular adenoma and carcinoma. The 
cytologic diagnosis of “neoplasm” reflects 
the limitations of thyroid cytology, since 
the diagnosis of follicular carcinoma is 

Table 30.1 The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC): diagnostic categories and implied 
risk of malignancy

Diagnostic category ROM(%)a [6] ROM(%)b [7, 8]

Nondiagnostic or unsatisfactory 1–4 11–26

Benign 0–3 4–9

Atypia of undetermined significance or follicular lesion of 
undetermined significance

~5–15 19–38

Follicular neoplasm or suspicious for a follicular neoplasm 15–30 26–40

Suspicious for malignancy 60–75 50–79

Malignant 97–99 98–99

ROM risk of malignancy
a2007—calculated based on available literature
bCalculated based on current literature
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only based on the demonstration of capsu-
lar and/or vascular invasion. Several 
authors have shown that, at most, only 
20–30 % of cases diagnosed as “follicular 
neoplasm” are diagnosed as malignant on 
histological examination and the rest are 
either follicular adenomas or cellular ade-
nomatoid nodules, i.e., benign [11].

 (b) Several studies have shown that half or 
more of the malignant cases diagnosed as 
follicular neoplasm or suspicious for fol-
licular neoplasm (FON/SFON) are found 
to be either invasive follicular variant of 
papillary thyroid carcinoma (FVPC) and 
noninvasive FVPC (also known as nonin-
vasive follicular tumor with papillary like 
nuclear features—NIFTP) on surgical 
excision [11, 14, 15].

 5. Suspicious for malignancy:
 (a) This term includes suspicious for: papillary 

carcinoma, medullary carcinoma, other 
malignancies, lymphoma (flow cytometry 
can be recommended with repeat FNA), 
metastatic carcinoma/secondary tumor, 
and carcinoma (includes poorly differenti-
ated and anaplastic carcinoma).

 6. Malignant:
 (a) The thyroid FNA cases diagnosed as such 

carry a 97–100 % risk of malignancy. The 
malignant tumors of the thyroid diag-
nosed on FNA include: papillary carci-
noma and variants, medullary carcinoma, 
poorly differentiated carcinoma, anaplas-
tic carcinoma, metastatic carcinoma (with 
immunohistochemistry), and lymphoma 
(combined with flow cytometry).

30.2  Cytomorphology of Thyroid 
Lesions

30.2.1  Benign Lesions

30.2.1.1  Nodular Goiter
The term goiter encompasses both nodular and 
diffuse enlargement of the thyroid, and clini-
cally can be divided into toxic and nontoxic 

variants based on the clinical symptoms and 
thyroid function tests (hypothyroid, euthyroid, 
or hyperthyroid) and isotope uptake on scin-
tigraphy [16, 17].

The cytology specimen from a benign nodule 
shows (depending upon the preparation method) 
abundant watery colloid, small, round to oval 
shaped follicular cells with scant cytoplasm (may 
contain small blue lysosome granules) and dark 
nuclei arranged in monolayer sheets, groups with 
follicle formation or as single cells [18] (Fig. 30.1). 
Macrophages are usually present and their number 
depends upon the presence or absence of degen-
erative changes or a cystic component [18, 19]. 
The aspirates from a hyperplastic/adenomatoid 
nodule tend to be more cellular and contain an 
admixture of follicular cells and oncocytic cells 
arranged in monolayer sheets in a background of 
watery colloid and macrophages [18–20].

Solitary papillary hyperplastic nodules fre-
quently occur in children and teenagers and can 
be hyper-functioning on radionuclide scan. By 
histologic examination these lesions are encapsu-
lated and often demonstrate cystic change, papil-
lary architecture and the lesional cells lack 
nuclear cytology of papillary thyroid carcinoma 
[21, 22]. The FNA specimens of solitary papil-
lary hyperplastic nodules tend to be cellular and 
show papillary clusters, nuclear atypia and pleo-
morphism, nuclear grooves, multinucleated giant 
cells, and cells with vacuolated cytoplasm. In 
view of these features, some of these cases could 
be misclassified as “suspicious of” or consistent 
with papillary carcinoma [23].

30.2.2  Diffuse Toxic Goiter (Graves’ 
disease)

Patients with Graves’ disease (GD) usually do not 
undergo FNA; however, cytology material may 
be obtained from a hypo-functioning or enlarging 
nodule arising in a background of GD. These 
specimens are usually cellular, show features 
similar to hyperplastic goiter, and may contain 
lymphocytes and oncocytic cells [24–27].
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30.2.3  Autoimmune 
Thyroiditis/Chronic 
Lymphocytic Thyroiditis

FNA is usually performed in patients with 
chronic lymphocytic thyroiditis who present with 
distinct nodules. The specimens usually show 
scant colloid, oncocytes (Hürthle), follicular 
cells, lymphocytes, and a few plasma cells. The 
lymphocytes are usually seen in the background, 
interspersed among cell groups and in some cases 
one may see an intact lymphoid follicle (Fig. 30.2) 
[28]. The oncocytic follicular (Hürthle) cells may 
display nuclear atypia and similarly follicular 

cells may show some chromatin clearing and 
intranuclear grooves; however, one should refrain 
from interpreting these changes as malignant [29, 
30]. Papillary thyroid carcinoma (PTC) arising in 
the background of thyroiditis often seen as a sep-
arate population of tumor cells, devoid of a lym-
phocytic infiltrate and with diagnostic nuclear 
features [22].

An extensive lymphocytic infiltrate which 
may appear monotonous can be mistaken for 
malignant lymphoma arising in lymphocytic thy-
roiditis. If lymphoma is suspected, an aliquot of 
specimen can be submitted for flow cytometry to 
confirm the morphologic suspicion [31, 32].

Fig. 30.1 A case of nodular goiter demonstrating back 
watery colloid—onsite air-dried smear (“chicken wire 
appearance”) (a—Diff Quik® stain). The alcohol-fixed 
smear from the same case demonstrates follicular cells 
with small round nuclei arranged in flat sheets (b—

Papanicolaou stain) and cohesive clusters with associated 
stroma (arrowhead) (c—Papanicolaou stain). The histol-
ogy of nodular goiter demonstrates macrofollicles filled 
with watery colloid (d)
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30.2.4  Follicular Neoplasm/
Suspicious for Follicular 
Neoplasm

Thyroid (FNA) cannot distinguish between 
benign and malignant follicular patterned lesions, 
i.e., follicular adenoma and carcinoma [33], 
because the diagnosis of follicular carcinoma is 
based on the demonstration of capsular and/or 
vascular invasion [34–36]. Several authors have 
shown that, at most, 20–30 % of cases diagnosed 
as “follicular neoplasm” are diagnosed as malig-
nant on histological examination and the rest are 
either follicular adenomas or cellular adenoma-
toid nodules, i.e., benign [37, 38]. Interestingly 
half of the malignant cases are diagnosed as 
 follicular variant of papillary thyroid carcinoma. 
However, this rate of malignancy will dramati-
cally change in the future due to reclassification 
of noninvasive follicular variant of PTC as nonin-
vasive follicular tumor with papillary like 
nuclei—NIFTP [39].

The FNA specimen of a follicular neoplasm is 
usually hyper-cellular and shows a monotonous 
population of follicular cells. The watery colloid 
seen in the aspirates of nodular goiter is usually 
lacking. The colloid in the aspirates of follicular 
neoplasm appears as round dense eosinophilic 
deposits on Romanowsky stain with or without 
surrounding cells [33, 40]. The lesional cells can 
be seen as three dimensional groups or microfol-
licles with prominent nuclear overlapping and 
crowding [36, 40] (Fig. 30.3).

30.2.5  Oncocytic Follicular (AKA 
Hürthle Cell) Neoplasm/
Suspicious for Oncocytic 
Follicular (AKA Hürthle Cell) 
Neoplasm

The Oncocytic cells (oxyphil, Askanazy cells, 
Hürthle cells) are usually larger than follicular 
cells and have distinct cell borders, voluminous 
granular eosinophilic cytoplasm, and an eccentri-
cally or centrally placed round nuclei with a 

Fig. 30.2 A case of chronic lymphocytic thyroiditis on low 
power showing cells and lymphocytes in background and 
among oncocytic follicular cells (a—alcohol-fixed smear, 
Papanicolaou stain). On high power the cells are oncocytic 
follicular cells showing dense cytoplasm and round nuclei 
(b—alcohol-fixed smear, Papanicolaou stain). The histol-
ogy of chronic lymphocytic thyroiditis is evident by onco-
cytic follicular nodules surrounded by lymphocytes and 
some areas show “lymphoid germinal center formation” 
(arrowhead) (c—hematoxylin and eosin stain)
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prominent nucleolus. A majority of oncocytic 
follicular/Hürthle cell neoplasms of the thyroid 
are solitary mass lesions that show complete or 
partial encapsulation. Oncocytic follicular neo-
plasms are defined as being composed of at least 
75 % oncocytic cells. These can be divided into 
adenoma and carcinoma based on the same 
pathologic criteria as applied in the diagnosis of 
follicular carcinoma, i.e., the identification of 
capsular and/or vascular invasion [41, 42].

FNA specimens obtained from an oncocytic 
follicular neoplasm usually demonstrate a monot-
onous population of oncocytic cells arranged in 
cohesive groups/tissue fragments and as single 
cells [43, 44]. Neoplastic oncocytic follicular 
cells, i.e., obtained from either adenoma or carci-
noma are usually large and round to oval or 
polygonal in shape with well-defined cell borders 
[34, 45]. Random nuclear atypia is commonly 
observed in oncocytic follicular lesions; this can 
be seen in the form of nuclear enlargement, 
multi-nucleation, cellular pleomorphism and 
prominent “cherry red” nucleoli. Intranuclear 
grooves are common in non-papillary oncocytic 
follicular lesions, however, the nuclei maintain a 
round shape with prominent nucleoli and other 
major diagnostic features of papillary carcinoma 
are not seen [46–48]

The FNA specimens of oncocytic neoplasms 
usually contain thick colloid that appears as cir-
cular deposits representing the lumen of thyroid 
follicles. It should be noted that similar atypical 
nuclear features can also be seen in aspirates of 
nonneoplastic oncocytic lesion seen in long- 
standing goiter, toxic nodular goiter, and chronic 
lymphocytic thyroiditis.

The differential diagnosis of oncocytic follic-
ular neoplasm includes other tumors of the thy-
roid gland with oncocytic cytoplasm. These 
include: variants of papillary thyroid carcinoma 
such as oncocytic variant, Warthin-like variant 
and tall cell variant of papillary carcinoma; 
oncocytic variant of medullary thyroid carci-
noma and granular cell tumor of the thyroid. 
An occasional intra-thyroidal oncocytic para-
thyroid adenoma can also mimic an oncocytic 
follicular neoplasm.

Fig. 30.3 A case diagnosed as follicular neoplasm/suspi-
cious for follicular neoplasm demonstrating a monoto-
nous population of follicular cells arranged in follicular 
patterned groups—onsite air-dried smear (a—Diff Quik® 
stain). The alcohol-fixed smear stained with Papanicolaou 
stain shows round nuclei lacking nuclear features of papil-
lary carcinoma (b). On surgical excision this case showed 
an encapsulated follicular patterned nodule without any 
evidence of invasive characteristics; diagnosed as follicu-
lar adenoma (c—hematoxylin and eosin stain)
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30.2.6  Malignant Neoplasms

30.2.6.1  Papillary Thyroid Carcinoma 
and Its Variants

Papillary thyroid carcinoma (PTC) is the most 
common form of thyroid malignancy in non- 
endemic goiter regions. The classic variant of 
papillary carcinoma predominantly consists of 
true papillae, i.e., finger like projection with 
cores containing vessel(s) and connective tissue 
surrounded by tumor cells. The papillae are of 
different sizes and can display a complex branch-
ing pattern. It is not uncommon to encounter a 
few follicles intermixed with papillae in this 
variant of PTC. Minor cystic changes are com-
mon. By light microscopy, the tumor cells are 
larger and are cuboidal to short columnar and 
contain amphophilic to slightly eosinophilic 
cytoplasm. Nuclei are relatively large and oval in 
shape and show nuclear indentations/grooves 
and round intranuclear cytoplasmic pseudoin-
clusions. Nucleoli are usually small and situated 
close to the nuclear membranes (eccentric), and 
much of the interior of the nucleus to be “empty,” 
“clear,” or “ground glass” in appearance. 
Follicles may be colloid-filled or empty and 
occur as small or large follicles, i.e., micro- or 
macro-follicles [49].

The cytology diagnosis of PTC is based on 
major and minor cytologic criteria. The major 
diagnostic feature is the characteristic nuclear 
morphology regardless of cytoplasmic features 
and architecture. The FNA specimen of PTC is 
usually cellular and shows tumor cells arranged 
in papillary groups, three-dimensional clusters or 
as single cells in a background of watery or thick 
“ropy” colloid (i.e., chewing gum colloid), 
nuclear or calcific debris, macrophages and stro-
mal fragments. The cell groups may show a typi-
cal concentric arrangement of lesional cells 
described as “cellular swirls” [5, 50].

The individual tumor cells are enlarged, 
elongated, i.e., oval in shape with eosinophilic 
cytoplasm (cytoplasmic eosinophilia is common 
in Romanowsky stained preparations but is usu-
ally indistinct in alcohol-fixed Papanicolaou 
stained preparations; this also holds true for 
monolayer preparations). The nuclei show 

elongation, membrane thickening, chromatin 
clearing, grooves, and inclusions. The nucleoli 
are usually small and eccentric. Intranuclear 
grooves and inclusions can be seen in other 
benign and malignant conditions of the thyroid 
(Fig. 30.4). These include Hashimoto’s thyroid-
itis, nodular goiter, hyalinizing trabecular neo-
plasm, oncocytic follicular tumors, and 
medullary carcinoma [22, 51].

Psammoma bodies occur in about 20 % of 
cases of papillary thyroid carcinoma. These are 
lamellated round to oval calcified structures that 
represent the “ghosts” of dead papillae. 
Multinucleated histiocytes are common in FNA 
specimens of papillary thyroid carcinoma [52, 53]. 
The cytologic features of papillary thyroid carci-
noma may not be readily evident in monolayer 
preparations [54].

The follicular variant of papillary thyroid car-
cinoma (FVPTC) is the second most common 
variant of PTC. Its diagnosis may be made when 
more than 70 % of the tumor consists of neoplas-
tic follicles lined by cells demonstrating diagnos-
tic nuclear morphology of PTC. Three distinct 
types of follicular variant exist represented by: 
the infiltrative type, the diffuse follicular variant, 
and the encapsulated follicular variant. The 
encapsulated FVPTC is characterized by the 
presence of a capsule around the lesion and is 
associated with an excellent prognosis. In some 
cases the diagnosis of this particular variant of 
papillary carcinoma can be difficult due to the 
presence of multifocal rather than a diffuse distri-
bution of nuclear features of papillary thyroid 
carcinoma. Because of this peculiar morphologic 
presentation, these tumors can be misdiagnosed 
as adenomatoid nodule or follicular adenoma. 
Due to their excellent prognosis, the noninvasive 
forms of FVPTC are now recommended to be 
designated as noninvasive follicular tumor with 
papillary like nuclei—NIFTP, i.e., neoplasms but 
not carcinomas [39].

The cytologic interpretation of FVPTC can 
be challenging due to a paucity of diagnostic 
nuclear features [55]. The cytologic samples 
from FVPTC usually show enlarged follicular 
cells arranged in monolayer sheets and follicular 
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groups in a background of thin and thick colloid. 
The individual tumor cells show nuclear elonga-
tion, chromatin clearing and thick nuclear mem-
branes. The intranuclear grooves in FVPTC are 
delicate and do not traverse the entire length of 
nucleus; however, nuclear grooves and inclusions 
are very scarce. Thus, a majority of cytologic 
samples of FVPTC are diagnosed as either fol-
licular neoplasm or suspicious for papillary car-
cinoma [56, 57].

Cystic papillary thyroid carcinomas are often 
encapsulated and the cystic component usually 
ranges from 50 % to occupying most of the lesion. 

The papillary fronds lining the cyst wall may be 
visible on gross examination. FNA specimens of 
this tumor contain large numbers of hemosiderin-
laden histiocytes and considerable cellular debris. 
Sheets of intact follicular cells may be seen, 
which resemble those from cellular adenomatoid 
nodules; however, these will demonstrate nuclear 
cytology suspicious or diagnostic of 
PTC. Squamous metaplasia has been reported in 
cases of cystic PTCs. Dense globules of pink-
staining colloid may be present [58–60].

Tall cell variant of papillary thyroid carci-
noma is an aggressive form of PTC and can lead 

Fig. 30.4 A case of classic variant of papillary thyroid car-
cinoma showing lesional cells with arranged in papillary 
configuration demonstrating a single intranuclear inclu-
sion—onsite air-dried smear (arrowhead) (a—Diff Quik® 
stain). The tumor cells demonstrate enlarged oval nuclei 
intranuclear grooves (arrowhead), eccentric nucleoli and 

intranuclear inclusions (arrows) (b—Papanicolaou stain). 
The ThinPrep® slide shows tumor cells arranged similar to 
a “Jigsaw Puzzle” with intranuclear grooves (arrow) (c). 
The histology demonstrates well formed papillae with vas-
cular core lined by cells with nuclear features of papillary 
carcinoma (d—hematoxylin and eosin stain)
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to multiple local recurrences, distant metastases 
and even death. This tumor shows oncocytic cells 
which are at least three times as tall as their width 
[61]. The cytologic samples from this tumor con-
tain elongated cells with sharp cytoplasmic bor-
ders, granular eosinophilic cytoplasm, and 
variably sized nuclei with nuclear features of 
papillary carcinoma [62, 63]. The diagnostic 
nuclear features of PTC are readily found in aspi-
rates of this variant. The intranuclear inclusions 
can be multiple within the same nucleus giving 
rise to a “soap-bubble-like” appearance [63].

30.2.7  Diffuse Sclerosis Variant 
of PTC

The diffuse sclerosis variant of papillary thyroid 
carcinoma (DSV-PTC) is rare, representing only 
approximately 3 % of all papillary carcinomas. 
The tumor, which most often affects children and 
young adults, may present as a bilateral goiter. In 
histologic section, the tumor cells permeate the 
gland outlining the intra-glandular lymphatics. 
Tumor papillae have associated areas of squa-
mous metaplasia. Numerous psammoma bodies 
are found; lymphocytic infiltrates are also found 
around the tumor foci. This particular feature 
gives rise to a “snow storm” appearance on ultra-
sound examination. Cytological preparations 
shows tumor cells with nuclear features of papil-
lary carcinoma arranged in nests and numerous 
psammoma bodies. Some cases may also demon-
strate a brisk lymphocytic infiltrate around the 
tumor cell groups and in the background. 
Squamous metaplasia is commonly seen in aspi-
rates of DSV-PTC [64–66].

The cytologic features of less common vari-
ants of PTC such as Warthin-like variant, 
columnar cell variant, clear cell variant, and 
others have been described in the [64, 67, 68].

30.2.8  Medullary Thyroid Carcinoma

Medullary thyroid carcinoma (MTC) arises from 
the C-cells of the thyroid and constitutes about 
10 % of all malignant thyroid neoplasms. This 
thyroid tumor is peculiar among thyroid 

n eoplasms due to its clinical presentation, familial 
incidence, association with lesions of other endo-
crine organs, and variable morphology [16]. In 
the absence of genetic predisposition, no epide-
miologic factors have been identified for medul-
lary cancer. Germ line mutations lead to C-cell 
hyperplasia, which has been implicated as the 
precursor/in situ lesions of the medullary carci-
noma in the genetically determined subset of 
cases [69].

Medullary carcinoma usually presents as a 
firm painless thyroid nodule. Approximately 
50 % of patients show lymph node metastases 
and up to 15 % can show distant metastases at 
presentation (commonly bone and liver).

Typically, in histologic sections MTC consists 
of sheets and solid nests of round cells with gran-
ular eosinophilic cytoplasm and a prominent 
eccentric nucleus with evenly dispersed chroma-
tin. The tumor nests can contain randomly distrib-
uted pleomorphic nuclei or even multinucleated 
tumor cells. In some cases the tumor cells can 
show prominent nuclear grooves and even inclu-
sions. The tumor cells may exhibit marked nuclear 
pleomorphism, prominent central nucleoli and 
eosinophilic granular cytoplasm; such cases can 
be mistaken for oncocytic follicular neoplasms. 
MTC also exhibit a spindle cell morphology and 
mimic either primary or metastatic mesenchymal 
tumors of the thyroid or anaplastic carcinoma or 
tumors of thymic origin. Several other histologic 
patterns of this tumor have been described, which 
include: small cell, oncocytic and squamous cell, 
giant cell, pseuodo- papillary, carcinoid-like, insu-
lar, and mixed medullary and papillary. Amyloid 
can be seen in up to 80 % of medullary cancers; 
therefore Congo red staining and polarized light 
microscopy are used to diagnose these tumors. 
The gold standard for the diagnosis of MTC is the 
immunostain for calcitonin which stains both the 
tumor cells and the amyloid. However, calcitonin 
negative MTC have been reported in the familial 
setting. Another marker which can be used to 
highlight MTC is CEA. Increased levels of serum 
CEA; along with calcitonin values are often used 
for follow-up in patients at risk for recurrent or 
metastatic disease.

Lymph node metastases involving regional 
and mediastinal nodes can be seen in up to 50 % 
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of MTC cases. These tumors also show a propen-
sity towards extra-thyroidal extension and 
involvement of the contralateral lobe. The com-
mon sites for distant metastasis include lung, 
bone, liver, and adrenals [70, 71].

FNA specimens of MTC display a spectrum 
of morphologic patterns similar to surgical 
pathology specimens. The majority of MTC FNA 
specimens are cellular consisting of round to oval 
cells arranged mainly as single cells or loosely 
cohesive groups. The tumor cells show ample 
granular cytoplasm with eccentric nuclei impart-
ing a “plasma cell like/plasmacytoid” appearance 
to the cells. The nuclear chromatin is similar to 
that seen in neuroendocrine tumors; intranuclear 
inclusions and multinucleated cells may be seen. 
Marked nuclear pleomorphism is uncommon; 
however, when present the cases are 
 indistinguishable from aspirates of anaplastic 
thyroid carcinoma. The neoplastic cells can 
assume a “spindle shape” and appear mesenchy-
mal in origin. Amyloid may be observed as acel-
lular material and can be distinguished from the 
thick colloid of papillary carcinoma by perform-
ing a Congo-red stain. The diagnosis of MTC can 
be confirmed by performing immunostains for 
calcitonin and thyroglobulin [72].

The cytomorphologic diagnosis of MTC can 
be challenging due to morphologic variability. 
The differential diagnosis of MTC includes: hya-
linizing trabecular neoplasm, oncocytic follicular 
neoplasm (AKA Hürthle cell neoplasm), papil-
lary thyroid carcinoma, follicular neoplasm with 
solid and trabecular growth pattern, poorly dif-
ferentiated carcinoma/insular carcinoma, ana-
plastic carcinoma, plasmacytoma, and metastatic 
tumors to the thyroid especially melanoma.

30.2.9  Poorly Differentiated 
Carcinoma

The poorly differentiated thyroid carcinoma 
(PDTC) is a follicular cell derived neoplasm that 
shows limited evidence of structural follicular 
cell architecture and occupies both morphologi-
cally and behaviorally an intermediate position 
between differentiated and undifferentiated (ana-

plastic) carcinoma [61]. Insular growth pattern 
with areas of coagulative necrosis, nuclear pleo-
morphism, and greater than 3 mitoses per 10 high 
power field (HPF) is considered by many experts 
as diagnostic features of PDTC. Lympho- 
vascular invasion, metastases to regional lymph 
nodes, lung, and bones are commonly associated 
with PDTC [73–75].

Aspirates of these tumors are cellular and 
demonstrate a monotonous population of cells 
arranged in large solid groups with cell crowding 
and overlapping, mitoses, and apoptotic bodies. 
On high power examination nuclear pleomor-
phism is readily evident. Endothelial wrapping of 
the tissue fragment can be seen in some cases. 
Since this growth pattern can also be encountered 
in MTC and secondary tumors of the thyroid 
such as metastatic neuroendocrine carcinoma; it 
is prudent to confirm the diagnosis of PDTC by 
performing immunostains for TTF-1, thyroglob-
ulin, and calcitonin [76, 77].

 30.2.10 Anaplastic Carcinoma

Anaplastic carcinoma of the thyroid is one of the 
most aggressive and fatal human tumors. It usu-
ally presents in older individuals and is more 
common in regions of endemic goiter. The aspi-
rates from anaplastic carcinoma usually do not 
pose any diagnostic difficulties; they can be 
readily classified as malignant due to extreme 
cellular pleomorphism and obvious malignant 
features [17].

30.3  Rare Tumors of Thyroid 
Gland

Hyalinizing trabecular neoplasm (HTN) is a 
rare tumor of the thyroid. Aspirates of HTN 
which show cohesive lesional cells with easily 
identifiable well-formed intranuclear inclusions 
and grooves embedded or closely associated with 
an acellular matrix [78].

Primary thyroid lymphoma is a rare but well-
recognized thyroid neoplasm [79–81]. It virtually 
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always arises in a gland that is immunologically 
abnormal and most lymphomas occur in the 
background of chronic lymphocytic thyroiditis 
[82, 83]. The thyroid gland is recognized as a 
MALT organ and many of the primary lympho-
mas are MALTOMAS [80]. The diagnosis can be 
made by FNA of the mass and if lymphoma is 
suspected, a specimen can be sent for special 
studies including flow cytometry and molecular 
analysis in order to characterize the subtype of 
lymphoma [84].

The incidence of Secondary Tumors of 
Thyroid ranges from 1.25 to 25 %. Breast, lung, 
and kidney (mostly renal cell carcinoma) repre-
sent the most common primary sites that can give 
rise to metastases to thyroid [85–89]. In some 
cases secondary tumors can present as solitary 
nodules and may be mistaken for a primary thy-
roid tumor. Similarly on histology and FNA some 
metastatic tumors can also be difficult to differ-
entiate from primary thyroid neoplasms; how-
ever, immunohistochemistry and a detailed 
history are always helpful for differentiation 
between primary and secondary tumors of thy-
roid [88, 90].

30.4  Conclusions

This chapter discusses and illustrates the cytopa-
thology of common and uncommon thyroid 
lesions, stressing key cytomorphologic and histo-
pathologic features and differential diagnosis.

Although the past several years have wit-
nessed the development of ancillary testing to 
refine diagnostic cytology in the thyroid, it is still 
the role of the cytopathologist to identify those 
“indeterminant” nodules which should be tested. 
Thus, the cytopathologist contributes both an 
essential diagnostic and an important cost-saving 
role which hopefully will continue in the future.
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31.1  Background

Thyroidectomy is one of the most commonly 
performed surgical procedures worldwide and 
because vocal cord paresis or palsy (VCP) is an 
important outcome measure of the procedure 
itself, surgeons should have the knowledge of a 
patient’s vocal cord (VC) function before and 
after the procedure [1, 2]. However, the gold 
standard examination for VC function, namely 
the flexible nasopharyngeal laryngoscopy (FLS) 
or better still video-laryngo-stroboscopy, is only 
available in some general or endocrine surgical 
practices and therefore, if a patient requires a for-
mal VC examination, further consultation to an 
otolaryngologist is necessary. This not only 
increases cost but also causes inconvenience and 
disrupts patient flow [3]. In addition, many 
patients find FLS to be uncomfortable and 

unpleasant leading to poor patient compliance 
and cooperation [4].

Transcutaneous laryngeal ultrasound 
(TLUSG), on the other hand, is a less-invasive 
and more convenient method of assessing the 
VCs. With increasing number of surgical prac-
tices now equipped with an ultrasound (USG) 
machine, TLUSG has become more applicable 
for surgeons and could potentially reduce many 
additional consultations and FLS [3, 5]. 
Furthermore, learning the skills of TLUSG is not 
difficult and it is clear that even individuals who 
do not routinely perform USG could quickly 
overcome the learning curve and become compe-
tent [6]. A recent study involving three high- 
volume independent endocrine surgeons reported 
that by adopting TLUSG in their clinical prac-
tice, 107 additional consultations and FLS were 
prevented over 1 year period and there was a net 
saving of USD $7918 to $21,507 [5]. Although 
TLUSG is never meant to be a replacement or an 
alternative to FLS because it does not allow a full 
visualization of the larynx, it is highly accurate in 
determining the VC function before and after 
thyroidectomy [7, 8]. In fact, instead of thinking 
of it as a replacement, a more pragmatic approach 
would be to use TLUSG as a screening tool for 
FLS. One study has shown that if TLUSG is used 
as a screening tool for FLS, the total number of 
routine FLS could potentially be reduced by up 
to 86 % without having to miss a clinically sig-
nificant VCP [7].
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It is worth pointing out that TLUSG is not a 
particularly novel technique. In fact, the earliest 
reports could be traced back in the 1980s [9, 10]. 
However, since most of the earlier reports were 
published in the radiology literature, surgeons 
were simply either unaware of this technique or 
did not recognize its clinical importance to thy-
roid surgery. One of the earlier reports by sur-
geons was published by an Australian group in 
2001 [11]. In that study, TLUSG only correctly 
identified the side of the lesion in four of six 
VCPs and therefore, the overall sensitivity was 
only 67 %. As a result, the authors concluded that 
TLUSG was not a reliable alternative to FLS in 
the assessment of VC function after thyroid or 
parathyroid surgery [11]. However, perhaps with 
advances in the quality of USG as well as improv-
ing skills over time, recent studies reported better 
success with some even reporting a sensitivity of 
up to 100 % [7, 8, 12–14]. In a large prospective 
assessor-blind evaluation of TLUSG, one group 
reported a VC visualization rate of 94.5 % with 
an overall sensitivity of detecting a VCP of 
93.3 % [7]. Therefore, the chance of missing an 
actual VCP when one could clearly see move-
ment in both VCs on TLUSG is very low [7].

31.2  How Does TLUSG Work?

TLUSG essentially relies on the propagation of 
USG waves from the anterior neck skin to VCs 
via the ventral part of the thyroid cartilage and 
then back again. Although the laryngeal box has 
air in and around it, the movement of the VCs and 
the arytenoids are still visible and imageable on 
TLUSG. This is believed to be due to the fact that 
the thyroid cartilage can act as an acoustic win-
dow for USG waves to propagate. On actual 
imaging, the true VCs usually appear hypoechoic 
while the false VCs appear hyperechoic. This is 
because the former are made of muscles while 
the latter comprise fibro-fatty tissues. In addition 
to these two landmarks, the other landmark is the 
arytenoids. Because the arytenoids are made of 
hyaline cartilage and elastic cartilage, they nor-
mally would appear almost echoless with a 
hyperechoic rim at the posterior end of the VCs. 
Figure 31.1 shows the true and false VCs.

31.3  Steps and Tips in Carrying 
Out a TLUSG of the VCs

Similar to performing an USG for the thyroid or 
parathyroid gland, it is recommended that the 
patient should be placed in a supine position with 
the neck slightly extended and arms resting on 
the side. After applying ample amount of gel over 
the thyroid cartilage area, a linear transducer is 
placed transversely in the middle of the thyroid 
cartilage. It is important that the transducer is 
placed gently on the cartilage rather than press-
ing too forcefully onto the cartilage. The reason 
for using ample amount of gel is maximize the 
physical contact while avoiding air between the 
linear probe and the concavity of the cartilage. 
This is particularly crucial in male patients 
because the thyroid cartilage is usually more 
angulated in the middle than female patients and 
so there is less direct contact between the probe 
and cartilage. In terms of selecting the most 
appropriate USG probe for TLUSG, we believe 
the lower the frequency (i.e., 5–10 MHz) the bet-
ter because the lower frequency helps with the 
tissue penetration and as mentioned earlier, the 
quality of the images depends on how well the 
USG waves could propagate through the thyroid 
cartilage. After placing the probe transversely on 
the body of the cartilage, the region is scanned 
cranio-caudally along the sagittal plane until 
either the true or false VCs are clearly visualized. 

Fig. 31.1 This is an image depicting the true (TC) and 
false (FC) vocal cords on transcutaneous laryngeal ultra-
sound using the ventral approach
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In the transverse plane, the false VCs are located 
immediately above the true VCs while the aryte-
noids are usually in the same transverse plane as 
the false VCs. To enhance visualization, it is rec-
ommended to turn up the gain or gray-scale dur-
ing examination until the false VCs become 
hyperechoic. Based on the experience of previ-
ous authors, probably among the three moving 
landmarks on TLUSG (namely, false VCs, true 
VCs and arytenoids), the most easily visible 
landmark (at least initially) is the false VCs [15]. 
This is supported by a study that showed the rate 
of visualization of false VCs is almost three times 
higher than that of true VCs (92.7 % vs. 36.7 %, 
p < 0.05) and is also slightly higher than that of 
the arytenoids (89.8 %) [16]. Once one or more 
landmarks are visualized on TLUSG, there are 
two types of VC movement that one should 
observe to determine if the function of the VCs 
has been compromised. First is passive (where a 
patient is breathing normally) and the other is 
active (where a patient is instructed to either pho-
nate or perform a Valsalva maneuver). To date, 
there is no consensus on which type of VC move-
ment or active maneuver provides the most reli-
able assessment. However, given that passive 
movement is technically the easiest to do, most 
clinicians prefer passive movement alone to 
determine if a patient has a unilateral VCP or not. 
For a patient without VCP, during passive move-
ment, one could observe spontaneous, subtle 
symmetrical movement of both VCs with each 
cord moving in a rhythmic matter along with res-
piration while for a patient with an unilateral 
VCP, this passive movement either becomes 
asymmetrical or completely absent on the 
affected side. However, it should be noted that 
there is a small percentage of patients who do not 
have spontaneous passive movement in their VCs 
and so, it is not unreasonable to combine the find-
ing of passive movement with at least one other 
active maneuver to confirm the motility in both 
VCs. In terms of active maneuvers, the recom-
mended technique is the Valsalva maneuver 
because it is the technically easiest to learn [5, 
17]. During Valsalva maneuver, if the patient has 
normal VCs, one could see both VCs adducting 
symmetrically to the midline (see Video 31.1). 

On the other hand, when a patient suffers from a 
unilateral VCP, one would see either reduced 
(Video 31.2) or completely absent movement 
(Video 31.3) on the affected side (i.e., asymmet-
rical movement). Other maneuvers such as active 
phonation at times may induce movement in 
other laryngeal muscles and therefore not prefer. 
The other trick one could also try to induce vol-
untary movement of VCs is to ask the patient to 
swallow his or her own saliva for a few times.

31.4  Factors Leading to Non- 
visualization of VCs

Since visualization of the VCs really depends on 
whether the USG waves could travel from the 
skin to the VCs and the landmarks via the thyroid 
cartilage, the presence of ossification in the thy-
roid cartilage is the major reason for unclear VC 
visualization. There is little controversy that 
patients with ossified thyroid cartilage are not 
good candidates for TLUSG. Ossification itself 
blocks the propagation of USG waves onto the 
VCs and therefore, on imaging, one could see 
that there is a large acoustic shallow over the VCs 
and arytenoids making evaluation of VCs impos-
sible (Fig. 31.2). Nevertheless, there are patient 
factors that could help to predict the presence of 
ossification. First is age. It has been well demon-
strated that the extent of ossification gradually 
increases with age. This is compatible with our 
and others’ experience that it is much easier to 
image VCs in young patients [12–15]. In fact, a 
previous study found that almost 100 % of 
patients aged <30 years old had clear VC visual-
ization while this rate dropped to <90 % in 
patients aged >70 years old [15]. A recent ana-
tomical study of 200 healthy individuals of all 
ages have shown that this ossification process 
begins at the age of 18–20 years in the posterior 
part of the thyroid cartilage regardless of sex and 
over time, the ossification process slowly moves 
in an anteromedial direction until the entire carti-
lage has been completely replaced by bone (i.e., 
ossified) [18]. In this study, the authors found that 
the thyroid cartilage is not consistently denser (as 
measured by Hounsfield units) on CT scan until 
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after the age 40 [18]. Consistent with this, some 
studies have reported that the entire cartilage 
only becomes replaced by bone by age of 65 [19]. 
Fortunately, this process appears to be less com-
plete in females and therefore, some females may 
still have a small non-ossified ventral window in 
their thyroid cartilage making TLUSG possible 
[20]. Partly because of this difference in ossifica-
tion between the two sexes, male patients gener-
ally have significantly lower rate of VC 
visualization than female patients. By adjusting 
for other significant clinical variables, one study 
found male patients to be 13 times more likely to 
have non-visualized VCs than females [15]. The 
other reason for this gender difference might be 
due to the thickness of the thyroid cartilage as 
males tend to have thicker and larger thyroid car-
tilage than females leading to poorer propagation 
of USG waves.

In addition to age and sex, patient height and 
the placement of neck incision in relation to the 
cricoid cartilage have also been found to be inde-
pendent factors for non-visualization of VCs in 
postoperative TLUSG. For patient height, it was 
shown that even after adjusting for sex and age, 
those who were taller were significantly less 

likely to have non-visualized VCs on TLUSG 
than those who were shorter in height. Using a 
median cutoff of 158 cm, the non-visualization 
rate for patients taller than 158 cm was signifi-
cantly higher than those shorter than 158 cm 
(9.0 % vs. 1.0 %, p < 0.001). Similarly, using a 
median distance of 60 mm from skin incision to 
the cricoid cartilage, those with distance less than 
60 mm were significantly more likely to have 
non-visualized VCs than those with distance 
≥60 mm (6.9 % vs. 3.9 %, p = 0.050) [15]. The 
reason why the distance between wound and cri-
coid cartilage is an independent factor for non- 
visualization is probably related to the presence 
of subplatysmal swelling or edema after thyroid-
ectomy. Therefore, it may still be possible to 
visualize the VCs in patients with short distance 
between wound and cricoid cartilage provided 
that a longer waiting period is allowed for the 
resolution of swelling and edema.

31.5  Ventral vs. Lateral Approach

To date, two general approaches for TLUSG had 
been described in the literature and they were the 
ventral and lateral approaches. For the ventral 
approach, the USG probe is placed transversely 
in front of the middle of the thyroid cartilage. 
The advantages with this approach are the sym-
metrical view and the better appreciation of the 
three landmarks in the larynx as this is the same 
view as in FLS. The symmetrical view is impor-
tant in TLUSG particularly when one relies on 
seeing symmetrical passive movement as a crite-
rion to rule out unilateral VCP. However, the 
ventral approach may not always be possible 
because male patients sometimes have very 
prominent and angular cartilage making a full 
contact between the probe and cartilage almost 
impossible. More recently, another group of 
investigators suggested the lateral approach 
could be one way to overcome this drawback for 
male patients [8]. Using the lateral approach, the 
authors were able to achieve 100 % visualization 
rate and a sensitivity and specificity of 100 % 
and 98.7 %, respectively, in male patients. Unlike 
the ventral approach, the lateral approach 

Fig. 31.2 This is an image depicting the presence of ossi-
fication at both lamina of the thyroid cartilage. Please also 
note the large post-acoustic shallow posterior to the 
cartilage
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involves placing the USG probe on the lateral 
surface of the thyroid lamina (Fig. 31.3). The 
authors believed the lateral approach could sig-
nificantly improve the efficacy of TLUSG in 
male patients and postulated that placing the 
probe on the lateral surface of the larynx 
improves not only the physical contact but also 
shorten the distance between the probe and the 
laryngeal landmarks [8]. However, it is worth 
pointing out that in their comparison, the actual 
visualization rate of both the true VCs and aryte-
noids in the lateral approach tended to be lower 
than those in the ventral approach. Furthermore, 
based on anatomical studies, the ossification 
process actually starts posteriorly and moves 
slowly in the anteromedial direction and so the 
chance of encountering ossification using the lat-
eral approach might actually be higher than the 
ventral approach. Nevertheless, more studies are 
needed to confirm their findings.

31.6  Conclusions

TLUSG is a noninvasive and convenient method 
of evaluating the motility of VCs before and after 
thyroidectomy. In our opinion, provided appropri-
ate training has been given, the skills of TLUSG 
could be quickly learned even by individuals who 
do not routinely perform USG in their clinical 

practice. Ossification of thyroid cartilage remains 
the main reason for clear VC visualization. Given 
the association between age, sex, and presence of 
ossification, TLUSG is most applicable in young, 
female patients. Ventral approach remains the pre-
ferred approach over the lateral approach in the 
assessment of VC function.
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32.1  Introduction

Recurrent laryngeal nerve injury during cervical 
procedures leading to true vocal cord (TVC) 
paralysis is fortunately infrequent; however, 
identification of TVC immobility before cervical 
reexploration is critical to determine the risk of 
bilateral vocal cord paralysis and tracheostomy. 
Because a paralyzed vocal cord (VC) can be clin-
ically not evident when it is medialized, it is rec-
ommended that all patients with previous neck 
operations or suspicious to have VC dysfunction 
have vocal cord mobility evaluation before neck 
reexploration. Yet, some surgeons are not as 
selective recommending VC visualization to all 
patients before and after any neck exploration. 
With that in mind, a simple and noninvasive 
method of VC mobility evaluation would be 
valuable in the workup of patients undergoing 
thyroid and parathyroidectomy.

Vocal cord ultrasonography (VCUS) has 
been shown useful and accurate in demonstrat-
ing vocal mobility in most patients with a sensi-
tivity ranging from 62 to 100 % [1–12]. This 
convenient technique can be an asset for sur-
geons and endocrinologists who perform US 
routinely during evaluation of thyroid and para-
thyroid disease as part of their physical exami-
nation. When it was used prospectively, VCUS 
changed the preoperative evaluation signifi-
cantly by safely avoiding FL in 76 % of patients 
who otherwise would have required an FL pre-
operatively [8].

32.2  Larynx Anatomy

The structures visualized on VCUS are the thy-
roid cartilage anterior to the vocal cords, TVCs 
as hyperechoic lines connecting the thyroid 
cartilage to the arytenoid cartilages, false vocal 
cords (FVC) which are hyperechoic muscular 
structures lateral to the TVC bilaterally and the 
arytenoids cartilages as shown on Fig. 32.1, 
Videos 32.1 and 32.2.

It is important to clarify the orientation of the 
VC visualization on US versus FL which can be 
confusing because the right VC is displayed on 
the right of the screen on both studies, although 
the arytenoids are on the opposite sides of the 
screen. On VCUS, the arytenoids are on the infe-
rior portion of the screen, and on FL it is on the 

mailto:carneiro@musc.edu
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superior portion of the screen. This orientation of 
VC visualization between both studies is further 
explained on Video 32.3.

32.3  Technique and Material

The patient’s position for VCUS is similar to the 
cervical hyperextension used for scanning of the 
thyroid gland (Fig. 32.2). The probe is placed just 
inferior to the thyroid cartilage angling superi-
orly (Fig. 32.3). Ample gel should be used to 
obtain ideal probe contact with the trachea and 
thyroid cartilage.

Ultrasound probe for small parts scanning 
with capability to decrease its frequency from 15 
to 12 MHz to 8–9 MHz is necessary to improve 
the visualization of TVC. Higher frequencies will 
decrease the ability to visualize the arytenoids 
and the hyperechoic TVC, especially posteriorly. 
Furthermore, the gain should be increased to 
enhance the visualization of the structures poste-
rior to the thyroid cartilage.

TVCs can be visualized during passive breath-
ing and phonation; however, localization and 
rapid evaluation of bilateral VC movement can be 
accomplished by asking the patient to perform a 
Valsalva maneuver. During Valsalva, the TVC 
will adduct on the midline allowing the ultraso-
nographer to easily localize the VC by slightly 
moving the probe superiorly and inferiorly. When 
the TVCs are found closed on the midline, the 
patient is asked to take a normal breath and TVC, 

Fig. 32.1 Laryngeal anatomy on ultrasonography

Fig. 32.2 Patient’s position for vocal cord ultrasonography

Fig. 32.3 Probe position on the patient’s neck for VCUS
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FVC and arytenoids will abduct, therefore con-
firming bilateral vocal cord mobility as seen on 
Videos 32.4 and 32.5.

Usually when a TVC is paralyzed, ipsilateral 
FVC and arytenoid cartilage are also immobile as 
seen on Video 32.6 where the right TVC is para-
lyzed. A valuable hint of vocal cord dysfunction 
is the asymmetry of the arytenoids as seen on this 
clip. Video 32.7 shows left immobile TVC dem-
onstrating similar findings. On both videos, ary-
tenoid cartilage asymmetry and immobility of 
TVC, FVC, and arytenoid are easily visualized.

Frequently, not all structures can be visual-
ized at the same time which might be one of the 
reasons for the variation TVC visualization 
rates among ultrasonographers. It is more chal-
lenging to demonstrate the TVC than the FVC 
and arytenoids. While the arytenoids are ana-
tomically accurate predictors of TVC function, 
Wong et al. have shown that FVC movement on 
US also predicted the TVC mobility [13]. 
Further studies are needed to validate this find-
ing since FVC can be hyperfunctioning when 
there is a TVC paralysis. In the author’s opin-
ion, arytenoid cartilages asymmetry is an accu-
rate marker of abnormal vocal fold movement 
and it should raise the suspicion for VC mobil-
ity dysfunction; however, immobility of TVC 
and/or arytenoids should be used as diagnostic 
of VC paralysis.

32.4  Pearls and Pitfalls of Vocal 
Cord Ultrasound

VCUS has significant limitations which are 
mainly associated with inability of vocal folds 
visualization in patients with thyroid cartilage 
calcification (TCC) (Fig. 32.4). Because most 
men have thyroid cartilage ossification, VCUS 
has a very low visualization rate in men.

Although some studies have shown decreased 
visualization of VC on US in older and in obese 
patients, these finding were not reproduced in 
other studies.

For VCUS some basic US skills are neces-
sary; however, the learning curve with proper 
training is steep.

Technical tips include the decrease of fre-
quency to lower ranges such as 8–9 MHz and 
increase in the gain. These two scanning techni-
cal factors could be the reason for discrepancies 
in vocal visualization rates available in the 
literature.

VCUS is not as accurate in identifying paresis 
and mild changes in vocal cord mobility. As the 
ultrasonographer becomes more experienced, 
subtle abnormalities of mobility can be seen, 
however, not as accurately as vocal cord paraly-
sis. For identification of vocal fold paresis, aryte-
noid asymmetry is the easiest landmark to point 
out VC dysfunction.

32.5  Conclusion

Flexible laryngoscopy remains the gold stan-
dard study to evaluate vocal cord mobility; 
however, vocal cord ultrasonography is accurate 
in predicting VC paralysis in most patients, 
especially in females. True vocal cord ultraso-
nography can be a great asset to surgeons and 
endocrinologists performing cervical US rou-
tinely. This technique can potentially prevent 
FL in most patient who require FL before neck 
reexploration and to confirm TVC mobility 
postoperatively. VCUS is a great screening test 

Fig. 32.4 Demonstrate thyroid cartilage calcification
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which can guide the clinician to obtain an FL 
only selectively on patients with higher risk for 
vocal cord paralysis, poor VC visualization on 
US, or significant VC dysfunction.

References

 1. Wong KP, Woo JW, Li JY, Lee KE, Youn YK, Lang 
BH. Using Transcutaneous Laryngeal Ultrasonography 
(TLUSG) to assess post- thyroidectomy patients’ vocal 
cords: which maneuver best optimizes visualization 
and assessment accuracy? World J Surg. 2016;40:652.

 2. Wong KP, Lang BH, Lam S, Au KP, Chan DT, 
Kotewall NC. Determining the learning curve of 
transcutaneous laryngeal ultrasound in vocal cord 
assessment by CUSUM analysis of eight surgical resi-
dents: when to abandon laryngoscopy. World J Surg. 
2016;40:659.

 3. Wong KP, Lang BH, Chang YK, Wong KC, Chow 
FC. Assessing the validity of transcutaneous laryngeal 
ultrasonography (TLUSG) after thyroidectomy: what 
factors matter? Ann Surg Oncol. 2015;22(6):1774–80.

 4. Vats A, Worley GA, de Bruyn R, Porter H, Albert DM, 
Bailey CM. Laryngeal ultrasound to assess vocal fold 
paralysis in children. J Laryngol Otol. 2004;118(6): 
429–31.

 5. Amis RJ, Gupta D, Dowdall JR, Srirajakalindini A, 
Folbe A. Ultrasound assessment of vocal fold paresis: 
a correlation case series with flexible fiberoptic laryn-
goscopy and adding the third dimension (3-D) to 
vocal fold mobility assessment. Middle East 
J Anaesthesiol. 2012;21(4):493–8.

 6. Wang CP, Chen TC, Yang TL, Chen CN, Lin CF, Lou 
PJ, et al. Transcutaneous ultrasound for evaluation of 
vocal fold movement in patients with thyroid disease. 
Eur J Radiol. 2012;81(3):e288–91.

 7. Carneiro-Pla D, Miller BS, Wilhelm SM, Milas M, 
Gauger PG, Cohen MS, et al. Feasibility of surgeon- 
performed transcutaneous vocal cord ultrasonography 
in identifying vocal cord mobility: a multi- institutional 
experience. Surgery. 2014;156(6):1597–602. discus-
sion 602-4.

 8. Carneiro-Pla D, Solorzano CC, Wilhelm SM. Impact 
of vocal cord ultrasonography on endocrine surgery 
practices. Surgery. 2016;159:58.

 9. Cheng SP, Lee JJ, Liu TP, Lee KS, Liu CL. Preoperative 
ultrasonography assessment of vocal cord movement 
during thyroid and parathyroid surgery. World J Surg. 
2012;36(10):2509–15.

 10. Dedecjus M, Adamczewski Z, Brzezinski J, Lewinski 
A. Real-time, high-resolution ultrasonography of the 
vocal folds--a prospective pilot study in patients 
before and after thyroidectomy. Langenbecks Arch 
Surg. 2010;395(7):859–64.

 11. Lai PK, Wang YA, Welsh AW. Reproducibility of 
regional placental vascularity/perfusion measurement 
using 3D power Doppler. Ultrasound Obstet Gynecol. 
2010;36(2):202–9.

 12. Sidhu S, Stanton R, Shahidi S, Chu J, Chew S, 
Campbell P. Initial experience of vocal cord evalua-
tion using grey-scale, real-time. B-mode ultrasound. 
ANZ J Surg. 2001;71(12):737–9.

 13. Wong KP, Woo JW, Youn YK, Chow FC, Lee KE, 
Lang BH. The importance of sonographic landmarks 
by transcutaneous laryngeal ultrasonography in post- 
thyroidectomy vocal cord assessment. Surgery. 
2014;156(6):1590–6. discussion 6.

D. Carneiro-Pla



355© Springer International Publishing Switzerland 2017 
M. Milas et al. (eds.), Advanced Thyroid and Parathyroid Ultrasound, 
DOI 10.1007/978-3-319-44100-9_33

The Role of Ultrasound 
in Determining Eligibility 
for Remote Access/Robotic 
Surgery and Cosmetic Incision 
Placement

William S. Duke and David J. Terris

W.S. Duke, M.D., F.A.C.S. 
D.J. Terris, M.D., F.A.C.S., F.A.C.E. (*) 
Department of Otolaryngology—Head and Neck 
Surgery, Augusta University, 1120 Fifteenth Street, 
BP-4109, Augusta, GA 30912-4060, USA
e-mail: William.Duke@multicare.org;  
dterris@augusta.edu

33

33.1  Introduction

Advances in surgical techniques and technology 
have revolutionized endocrine surgery over the 
last several decades. These improvements have 
decreased operative morbidity and ushered in an 
era of individualized thyroid and parathyroid sur-
gery, in which the procedure is customized to 
each specific patient and their disease. At the 
same time, the rise of minimally invasive surgery 
and corresponding evolution of patient expecta-
tions have mandated that surgeons give increas-
ing attention to the cosmetic outcome of these 
procedures. Ultrasound plays a key role in the 
evaluation of structural endocrine disease in the 
neck, and helps the surgeon determine if the 
patient is a candidate for a cosmetically favorable 
small-incision minimally invasive procedure or 
for a remote access operation.

33.2  Ultrasound for Incision 
Planning

33.2.1  Thyroid

Incisions for thyroid surgery have traditionally 
been placed either a specified distance from a 
fixed reference point (such as 2 cm or 2 finger-
breadths above the sternal notch or below the 
cricoid cartilage) or in a more variable but still 
rigidly defined location, such as at the midpoint 
between the cricoid cartilage and sternal notch 
[1–5]. The incisions are generally placed in the 
center of the neck, although laterally based inci-
sions have also been described for unilateral or 
reoperative thyroid surgery [3]. Incisions may 
be placed higher on the neck if difficulty access-
ing the superior pole is anticipated [6, 7]. 
Although an incision too low in the neck 
increases the risk of hypertrophy or keloid for-
mation [8], incisions high in the neck are more 
difficult to conceal with clothing or the shadow-
ing from the natural hollow between the sterno-
cleidomastoid muscles. It is now recognized 
that the optimal location for a thyroidectomy 
incision is centered on the midline in a naturally 
occurring skin crease that is selected with the 
patient in a neutral upright position (Fig. 33.1) [9]. 
This location offers the best balance between 
access to the thyroid gland and minimizing the 
cosmetic impact of the scar.
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Since the ideal location of the scar is primarily 
determined by the patient’s skin creases, the 
ultrasonographic findings do not generally alter 
the recommended position of the thyroidectomy 
incision. Although a slightly higher incision may 
be contemplated to improve the exposure of the 
superior aspect of the gland, it is often more cos-
metically favorable to extend the incision within 
an ideal skin crease than to increase the visibility 
of the scar by creating a shorter incision higher in 
the neck in an unfavorable skin crease.

Ultrasound is more helpful in determining the 
type of surgical approach utilized and the length 
of the incision [10], particularly when directly 
performed by the surgeon [11]. Patients with 
small nodules (≤30 mm) and normal size glands 
(volume ≤ 20 mL) with no substernal or extrathy-
roidal extension on ultrasound may be candidates 
for a minimally invasive video-assisted thyroid-
ectomy approach (Fig. 33.2) [12]. This procedure 
is routinely performed through a 20 mm incision, 
and is associated with less postoperative pain, 
a faster recovery, and improved cosmetic out-
comes when compared to conventional thyroid 
surgery [13, 14]. Depending on their body habi-
tus and associated conditions such as thyroiditis 
(Fig. 33.3) or prior central neck surgery, patients 
with larger nodules or glands, or with extrathy-
roidal or substernal extension on ultrasound may 
need larger incisions.

Ultrasound is also particularly useful in evaluat-
ing for metastatic lymphadenopathy in the central 
and lateral neck in patients with known or suspected 
thyroid cancer. Suspicious lymph nodes can be biop-
sied using ultrasound guidance, and if metastatic 
disease is confirmed the incision can be adjusted as 
necessary to permit dissection of these nodal com-
partments at the time of the initial thyroid surgery.

Fig. 33.1 Marking the incision in a naturally occurring 
skin crease while the patient is in an upright position 
ensures optimal positioning of the scar. Reproduced with 
permission from: Terris DJ. Novel surgical maneuvers in 
modern thyroid surgery. Operative Techniques in 
Otolaryngology. 2009;20:23–28

Fig. 33.2 Thyroid nodule (white arrow) that is suitable for 
minimally invasive video-assisted thyroidectomy approach

Fig. 33.3 Ultrasound appearance of Hashimoto’s thyroid-
itis. This condition makes minimally invasive video- assisted 
and remote access thyroidectomy approaches challenging

W.S. Duke and D.J. Terris
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33.2.2  Parathyroid

Parathyroid surgery has historically necessitated 
a long cervical incision and bilateral neck explo-
ration to evaluate all four parathyroid glands, 
even though the majority of cases of primary 
hyperparathyroidism are caused by a solitary 
adenoma. Advances in intraoperative parathyroid 
hormone (PTH) assessment and preoperative 
imaging techniques have rendered many patients 
with primary hyperparathyroidism eligible for 
minimally invasive, single gland surgery.

This image-directed approach relies largely 
on complementary information provided by 
technetium- 99m (99mTc)-sestamibi (sestamibi) 
scanning and ultrasound (Fig. 33.4). If both the 
sestamibi and ultrasound co-localize an abnor-
mal parathyroid gland in the same central neck 
quadrant, the operation may be performed 
through an inconspicuous 20 mm (or less) mid-
line incision [15, 16]. As in thyroid surgery, this 
small incision is hidden in a preexisting neck 
crease to optimize the long-term cosmetic out-
come of the procedure. Both sides of the neck 
are accessible through these small central inci-
sions, so failure to localize the adenoma with 
preoperative ultrasound is not a contraindication 
to small incision surgery.

Alternatively, some authors prefer a laterally 
based incision for parathyroid surgery depending 
on the imaging results [17]. While this incision 
placement may offer a more direct approach for 
superior adenomas and avoid some of the central 
scar tissue when pursuing reoperative proce-
dures, it sacrifices the cosmetic symmetry of a 
centrally placed incision, and requires a second 
incision if contralateral disease is suggested by 
intraoperative PTH assessment.

33.3  Ultrasound for Remote 
Access Approaches

Remote access thyroid surgery removes the inci-
sion from the visible portion of the anterior neck, 
concealing the scar in a distant, hidden location. 
These approaches generally access the thyroid 
compartment using axillary, chest, or postauricu-
lar incisions. While these procedures were ini-
tially performed using endoscopic assistance, the 
application of robotic surgical technology has 
increased their global popularity. The two most 
commonly performed robotic-assisted remote 
access thyroid operations are the robotic axillary 
thyroidectomy (RAT) and the robotic facelift thy-
roidectomy (RFT) (Fig. 33.5) [18, 19].

Fig. 33.4 Concordant sestamibi (a) and ultrasound (b) imaging showing a right inferior parathyroid adenoma (arrow), 
appropriate for minimally invasive parathyroid surgery

33 The Role of Ultrasound in Determining Eligibility…
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Ultrasound is critical in determining a patient’s 
candidacy for remote access thyroid surgery. 
While there are no uniform selection criteria for 
RAT [20, 21], the procedure was initially reserved 
for patients with benign nodules ≤5 cm or malig-
nant lesions ≤2 cm [18, 22]. RFT requirements 
are more firmly defined, recommending that nod-
ules be <4 cm and presumed benign for consider-
ation [23]. For both approaches, ultrasound 
findings of extrathyroidal, substernal, or retro-
pharyngeal extension exclude patients from con-
sideration [18, 23]. A history of or ultrasound 
findings consistent with Hashimoto’s thyroiditis 
are also contraindications to remote access thy-
roid surgery [23], and RFT is not indicated in the 
setting of metastatic disease [23]. Total thyroid-
ectomy through a single incision has been 
reported using RAT [24]. With RFT, bilateral 

thyroidectomy may be accomplished [25]; 
however, we prefer a staged bilateral procedure if 
the ultrasound shows bilateral disease.

The location of the nodule on ultrasound also 
influences the decision to perform remote access 
robotic-assisted thyroid surgery. An ideal nodule 
is located in the midportion of the lobe 
(Fig. 33.6). This allows the superior pole to be 
easily grasped to manipulate the gland, permits 
safe transection of the isthmus, and makes it 
easier to work around the inferior aspect of the 
lobe. Lesions located in the dorsal aspect of the 
gland may be challenging to dissect, particularly 
with the RAT approach [26]. These posterior 
nodules, especially in the setting of malignancy, 
may be associated with proximity to the recur-
rent laryngeal nerve, which may be adherent to 
or even focally invaded by the tumor.

33.4  Conclusion

Ultrasound provides critical anatomic informa-
tion in patients undergoing thyroid and parathy-
roid surgery. The size and extent of the structural 
disease, findings suggestive of metastatic nodal 

Fig. 33.5 Comparison of the incision location and 
approach for the robotic facelift thyroidectomy (RFT) and 
the robotic axillary thyroidectomy (RAT). Reproduced 
with permission from Duke WS, Terris DJ. Alternative 
approaches to the thyroid gland. Endocrinol Metab Clin N 
Am. 2014;43:459–474

Fig. 33.6 The ideal nodules for remote access surgery 
are positioned within the midportion of the thyroid gland, 
as demonstrated in this longitudinal view
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disease, and the likelihood of Hashimoto’s 
thyroiditis all influence the decision to offer 
patients small-incision, minimally invasive pro-
cedures or remote access surgery. Ultrasound is 
most beneficial for surgical planning when per-
formed directly by the operating surgeon.

References

 1. Khatri V, Asensio J. Thyroidectomy. In: Khatri V, 
Asensio J, et al., editors. Khatri: operative surgery 
manual. 1st ed. Philadelphia, PA: Saunders; 2003. 
p. 3–9.

 2. Sturgeon C, Corvera C, Clark O. The missing thyroid. 
J Am Coll Surg. 2005;201(6):841–6.

 3. Pinchot S, Chen H, Sippel R. Incisions and exposure 
of the neck for thyroidectomy and parathyroidectomy. 
Oper Tech Gen Surg. 2008;10(2):63–76.

 4. Lai S, Mandel S, Weber R. Management of thyroid 
neoplasms. In: Flint PW, Haughey BH, Lund VJ, 
Niparko JK, Richardson MA, Robbins KT, Thomas 
JR, et al., editors. Flint: cummings otolaryngology: 
head & neck surgery. 5th ed. Philadelphia, PA: 
Mosby; 2010. p. 1750–72.

 5. Smith P, Salomone L, Hanks J. Thyroid. In: Townsend 
CM, Beauchamp RD, Evers M, Mattox KL, et al., 
editors. Townsend: Sabiston textbook of surgery. 
19th ed. Philadelphia, PA: Elsevier Saunders; 2012. 
p. 886–923.

 6. Gil Z, Fliss DM. Hemi and total thyroidectomy. In: 
Gil Z, Fliss DN, et al., editors. Atlas of head and neck 
surgery. New Delhi: Jaypee Brothers Medical 
Publishers; 2013. p. 332–44.

 7. Sinha P, Inabnet WB. Cancer of the thyroid. In: 
Matteotti R, Ashley SW, et al., editors. Minimally 
invasive surgical oncology: state-of-the-art cancer 
management. Heidelberg: Springer Science & 
Business Media; 2011. p. 331–54.

 8. Kim JH, Sung JY, Kim YH, et al. Risk factors for 
hypertrophic surgical scar development after thyroid-
ectomy. Wound Repair Regen. 2012;20(3):304–10.

 9. Duke WS, Bush CM, Singer MC, et al. Incision plan-
ning in thyroid compartment surgery: getting it per-
fect. Endocr Pract. 2015;21(2):107–14.

 10. Daly AP, Romanelli-Gobbi M, Miller JL, et al. Using 
ultrasonic preoperative thyroid volume to determine 
incision length for minimally invasive thyroid sur-
gery. Ear Nose Throat J. 2015;94(8):346–52.

 11. Coltrera MD. Clinician-performed thyroid ultrasound. 
Otolaryngol Clin North Am. 2014;47(4):491–507.

 12. Miccoli P, Berti P, Raffaelli M, et al. Minimally inva-
sive video-assisted thyroidectomy. Am J Surg. 
2001;181(6):567–70.

 13. Miccoli P, Berti P, Raffaelli M. Comparison between 
minimally invasive video-assisted thyroidectomy and 
conventional thyroidectomy: a prospective random-
ized study. Surgery. 2001;130:1039–43.

 14. Miccoli P, Berti P, Materazzi G, Minuto M, Barellini 
L. Minimally invasive video-assisted thyroidec-
tomy: five years of experience. J Am Coll Surg. 
2004;199:243–8.

 15. Barczyński M, Cichoń S, Konturek A, Cichoń 
W. Minimally invasive video-assisted parathyroid-
ectomy versus open minimally invasive parathy-
roidectomy for a solitary parathyroid adenoma: a 
prospective, randomized, blinded trial. World J Surg. 
2006;30(5):721–31.

 16. Miccoli P, Berti P, Materazzi G, et al. Endoscopic 
bilateral neck exploration versus quick intraoperative 
parathormone assay (qPTHa) during endoscopic para-
thyroidectomy: a prospective randomized trial. Surg 
Endosc. 2008;22(2):398–400.

 17. Shindo ML, Rosenthal JM. Minimal access parathy-
roidectomy using the focused lateral approach: tech-
nique, indication, and results. Arch Otolaryngol Head 
Neck Surg. 2007;133(12):1227–34.

 18. Kang SW, Lee SC, Lee SH, et al. Robotic thyroid 
surgery using a gasless, transaxillary approach and 
the da Vinci S system: the operative outcomes of 
338 consecutive patients. Surgery. 2009;146: 
1048–55.

 19. Terris DJ, Singer MC, Seybt MW. Robot facelift thy-
roidectomy: II. Clinical feasibility and safety. 
Laryngoscope. 2011;121:1636–41.

 20. Kuppersmith R, Holsinger F. Robotic thyroid surgery: 
an initial experience with North American patients. 
Laryngoscope. 2011;121:521–6.

 21. Lin H, Folbe A, Carron M, et al. Single-incision trans-
axillary robotic thyroidectomy: challenges and limita-
tions in a North American population. Otolaryngol 
Head Neck Surg. 2012;147(6):1041–6.

 22. Kang SW, Jeong JJ, Yun JS, et al. Robot-assisted endo-
scopic surgery for thyroid cancer: experience with the 
first 100 patients. Surg Endosc. 2009;23:2399–406.

 23. Terris D, Singer MC, Seybt MW. Robotic face-
lift thyroidectomy: patient selection and techni-
cal considerations. Surg Laparosc Percutan Tech. 
2011;21(4):237–42.

 24. Ryu HR, Kang SW, Lee SH. Feasibility and safety of 
a new robotic thyroidectomy through a gasless, trans-
axillary single-incision approach. J Am Coll Surg. 
2010;211(3):e13–9.

 25. Byeon HK, Holsinger FC, Tufano RT. Robotic total 
thyroidectomy with modified radical neck dissection 
via unilateral retroauricular approach. Ann Surg 
Oncol. 2014;21:3872–5.

 26. Kang SW, Jeong JJ, Nam KH, et al. Robot-assisted 
endoscopic thyroidectomy for thyroid malignancies 
using a gasless transaxillary approach. J Am Coll 
Surg. 2009;209:e1–7.

33 The Role of Ultrasound in Determining Eligibility…



361© Springer International Publishing Switzerland 2017 
M. Milas et al. (eds.), Advanced Thyroid and Parathyroid Ultrasound, 
DOI 10.1007/978-3-319-44100-9_34

Intraoperative Use of Ultrasound 
in Thyroid, Parathyroid, 
and Cervical Lymph Node Surgery

Vikram D. Krishnamurthy, Eren Berber, 
and Joyce J. Shin

V.D. Krishnamurthy, M.D. (*) • E. Berber, M.D.  
J.J. Shin, M.D., F.A.C.S. 
Department of Endocrine Surgery, The Cleveland 
Clinic, 9500 Euclid Ave, F20, Cleveland,  
OH 44195, USA
e-mail: krishnv3@ccf.org; berbere@ccf.org;  
shinj2@ccf.org

34

34.1  Introduction

In the operating room surgeons have greatest 
access to their armamentarium, including ultra-
sonography. Intraoperative ultrasound (IOUS) 
has proven to be useful for localization, planning 
extent of surgery, and analyzing completeness of 
intervention in procedures including hepatec-
tomy, ablation of metastatic neuroendocrine 
tumors to the liver, pancreatic resections, and 
laparoscopic adrenalectomy [1–4]. Surgeons can 
use this technology in a similar fashion during 
thyroid, parathyroid, and cervical lymph node 
operations. Using ultrasound requires a baseline 
proficiency to optimize its full potential during 
an operation. The ultrasound should be per-
formed after the patient has been administered 
anesthetics and the neck is gently hyperextended 
(Fig. 34.1). This exposes the neck contents and 
allows for gentle pressure with the probe, poten-
tially providing more information than the ultra-
sound in the office setting. This chapter provides 
examples and suggestions for how ultrasound 

can be implemented in both an extracorporeal 
and intracorporeal capacity during operations 
for the thyroid, the parathyroid glands, and 
lymph nodes.

34.2  Thyroid

Surgeons often review cervical ultrasonography 
results, whether performed by the surgeon them-
selves or by another provider, prior to an opera-
tion. However, useful information can be obtained 
when the surgeon repeats the ultrasound in the 
operating room for several reasons. The surgeon 
can re-familiarize herself or himself with the 
unique anatomy of the patient’s gland including 
size, location of the poles and isthmus, and 
involvement of adjacent structures such as the 
trachea, esophagus, or strap muscles. In addition, 
the surgeon can assess the gland’s firmness and 
vascularity, which is helpful when operating on 
patients with Graves’ disease or Hashimoto’s 
thyroiditis. Moreover, ultrasound has high sensi-
tivity for identifying vascular anomalies associ-
ated with a nonrecurrent laryngeal nerve, such as 
an aberrant right subclavian artery [5]. 
Re-familiarization with the anatomy is useful for 
shaping intraoperative expectations and tailoring 
the operative approach.

Furthermore, the surgeon may detect new 
findings when repeating the ultrasound in the 
operating room. With the patient’s neck 
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 hyperextended, the central neck is better visual-
ized, enhancing the detection of enlarged lymph 
nodes. Additionally, if there has been a signifi-
cant time interval between the preoperative ultra-
sound to the operation or if there is particularly 
aggressive malignant behavior, the ultrasound 
may demonstrate advancement of disease. Lastly, 
the ultrasound findings can influence where and 
how large to make the incision. Ideally, the inci-
sion is centered over the gland and/or isthmus, is 
appropriately sized to access all poles, and is 
placed in a natural skin crease. The surgeon can 
mark all natural skin creases in the preoperative 
holding area with the patient sitting upright and 
awake (Fig. 34.2), and once the patient is under 
anesthesia and the neck is extended, the ultra-
sound is used to identify which crease will be 
most favorable given the patient’s unique gland 
anatomy (Fig. 34.3).

34.3  Parathyroid

Surgeon-performed ultrasound is a highly 
sensitive preoperative localization study for 
patients with primary hyperparathyroidism [6]. 

Occasionally, repeating the ultrasound in the 
operating room after the patient has been opti-
mally positioned can identify parathyroid adeno-
mas that were not visible in the office (Fig. 34.4). 
The necessary amount of pressure with the trans-
ducer can be obtained because the patient has 
received anesthetics. Applying pressure with the 
transducer on the neck can distinguish the rela-
tionship of parathyroid adenomas to the thyroid, 
elucidating the likely embryologic origin of the 
gland and producing real-time information to tar-
get the dissection. Similar to IOUS of the thy-
roid, repeating the exam can re-familiarize the 
surgeon with the patient’s unique anatomy to 
identifying the relationship of enlarged parathy-
roid adenomas to the thyroid gland, tubercle of 
Zuckerkandl, vasculature, thymus, and sternothy-
roid muscle. In the event that no abnormal para-
thyroid gland is found during exploration, IOUS 
can be performed to scrutinize the remainder of 
the neck, especially regions historically known 
to harbor ectopic glands. For example, IOUS can 
reidentify thyroid nodules and their laterality, 
prompting the consideration of an intrathyroidal 
parathyroid adenoma if the intraoperative find-
ings warrant this possibility (Fig. 34.5).

Perhaps the most valuable use of IOUS for 
parathyroid operations is in setting of a previous 
neck operation, referred to as reoperative para-
thyroidectomy. Reoperative parathyroidectomy 
is a challenging clinical scenario, and many 
 surgeons require more than one preoperative 
localizing study to plan parathyroidectomy. 

Fig. 34.1 Positioning: The neck hyperextended after 
potential sites for the incision were mapped in the preop-
erative holding area

Fig. 34.2 Incisional mapping: The patient’s natural skin 
creases are marked in the preoperative holding area

V.D. Krishnamurthy et al.



Fig. 34.3 Individualized incision-making: (a) The choice 
of incision location is influenced by intraoperative ultra-
sound, which reveals each patient’s unique anatomy. The 

incision that grants adequate access and also enhances the 
cosmetic result is used. (b) The appearance of the incision 
after closure

Fig. 34.4 Parathyroid adenoma identified on intraopera-
tive ultrasound: (a) During ultrasound in the office set-
ting, no parathyroid adenomas were identified in the neck. 
The subsequent nuclear medicine imaging (not shown) 

was also negative. (b) In the operating room, the patient 
received anesthetics and the neck was hyperextended. 
After gentle pressure with the transducer, a parathyroid 
adenoma was identified posterior to the right thyroid lobe
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Cervical ultrasound is 55–69 % successful in 
identifying the offensive gland in patients with 
persistent or recurrent disease [7, 8]. If the 
patient’s offending gland was identified on pre-
operative ultrasound, repeating the ultrasound in 
the operating room can facilitate targeted dissec-
tion in the scarred, reoperative field.

Similar to thyroid operations, IOUS can influ-
ence where to make the incision during parathy-
roid explorations. Surgeons who plan to perform 
a focal (single-gland) parathyroid exploration 
can use IOUS to guide placement of the incision 
[9]. Surgeons who plan to perform a comprehen-
sive (four-gland) parathyroid exploration can use 
IOUS to make an incision that is centered over 
the thyroid or equidistant from the suspected 
location of all four parathyroid glands. For both 
operative approaches, ultrasound helps minimize 
the size of the incision.

34.4  Lymph Nodes

Preoperative lymph node mapping by ultra-
sound is recommended for all patients undergo-
ing thyroidectomy for suspected malignant 
disease, especially to identify suspicious lateral 

neck lymph nodes [10]. Suspicious lateral neck 
lymph nodes should undergo preoperative 
biopsy, as the results will affect the extent of 
surgery (i.e., concurrent total thyroidectomy 
and lateral neck dissection). IOUS can enhance 
the completeness of lateral neck dissections by 
detecting additional nodes that were missed by 
visual inspection or palpation, specifically in 
levels II, IV, and V [11]. Additionally, suspi-
cious central neck lymph nodes that were not 
seen in the office might now be identified on 
IOUS after the patient’s neck is hyperextended. 
These nodes should then be addressed during 
thyroidectomy.

Ultrasonographic surveillance following thy-
roid cancer treatment is performed to identify 
non-palpable persistent or recurrent structural 
disease. If persistent/recurrent thyroid cancer is 
detected and large enough to be removed, repeat-
ing the ultrasound in the operating room greatly 
enhances the correct identification of the struc-
tural target within the scarred field [12]. Many 
series have described how IOUS (by itself or in 
combination with injections of methylene blue 
dye, charcoal, a localizing wire, or a radiotracer) 
facilitated successful resection of structural tar-
gets [13–16].

Fig. 34.5 Intrathyroidal parathyroid adenoma: During para-
thyroid exploration, the operative findings and intraoperative 
PTH levels indicated persistent disease. A hypoechoic lesion 
in the right thyroid lobe was identified during ultrasound. A 

right thyroid lobectomy was performed, which resulted in an 
appropriate decline of the intraoperative PTH level. Frozen 
section examination and final pathology confirmed intrathy-
roidal parathyroid adenoma
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Intraoperative ultrasound is also helpful for 
incision planning in neck dissections. IOUS 
helps reveal the location and amount of disease 
burden, which can influence the location and 
size of the incision. In select cases, counter-inci-
sions can made for high-level nodal disease 
(e.g., bulky level II nodes in a patient with a 
long neck) to minimize the size of the primary 
cervical incision.

34.5  Conclusions

IOUS provides many advantages in thyroid, 
parathyroid, and lymph nodes operations. A more 
complete ultrasound can be obtained when the 
patient’s neck is optimally extended. IOUS facili-
tates incision planning, shapes intraoperative 
expectations, and improves operative success, 
especially in reoperations.
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of this chapter (doi:10.1007/978-3-319-44100-9_35) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-3-319-44100-9_35.

35.1  Background/Introduction

Alcohol ablation is an image-guided, chemical 
ablation technique used to treat benign and malig-
nant tumors [1–4]. Other terms for alcohol abla-
tion are percutaneous ethanol injection (PEI) and 
ethanol ablation (EA), the latter being recom-
mended by the Society of Interventional Radiology 
[5]. Cell dehydration and protein denaturation, 
resulting in coagulative necrosis and fibrotic 
changes, are the immediate toxic effect induced by 
instillation of ethanol into the target tissue. 
Furthermore, small vessel thrombosis due to endo-
thelial cell necrosis severely impairs microcircula-
tion with secondary ischemic damage [6]. At a 
histological level, hemorrhagic infarcts and reac-
tive fibrosis are the most common changes 
reported after tissue exposure to ethanol [7, 8].

This chapter mainly focuses on EA applica-
tion to treat thyroid cysts and nodules. The initial 

reports of ethanol injection into thyroid lesions 
dealt with sclerotherapy of thyroid cysts [9], and 
subsequently, this technique gained worldwide 
attention as an alternative tool to surgery and 
radioiodine in the treatment of “toxic” and “pre- 
toxic” nodules [10–13]. However, while the use 
of EA for autonomous functioning nodules 
(AFTNs) in the last 10–15 years has progres-
sively declined, EA has established its position as 
first-line treatment for thyroid cysts [14, 15]. The 
role of EA in the treatment of other neck lesions, 
such as hyperfunctioning parathyroid glands, and 
metastatic lymph nodes, is also briefly addressed.

35.2  Alcohol Ablation of Thyroid 
Cystic Lesions

35.2.1  US-Guided Percutaneous 
Alcohol Injection: 
The Technique (See Also Video 
35.1)

The patient is required to lie in a supine position, 
with a pillow under the shoulders to facilitate the 
hyperextension of the neck. A pair of glasses is use-
ful to prevent any accidental contact of ethanol 
with the patient’s eyes, while protection from 
external contamination is provided by the follow-
ing simple, yet important, measures: (a) accurate 
disinfection of the neck skin; (b) placement of a 
sterile blanket over the patient’s chest; (c) regular 
use of sterile devices (e.g., probe cover, ultrasound 
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(US) gel and gloves). Local anesthesia is not rou-
tinely necessary. Nevertheless, it may be beneficial 
in selected cases to diminish local discomfort, 
especially when using larger (e.g., 16–18 gauge) 
needles. The EA procedure on thyroid cysts is per-
formed on four stages: (a) needle insertion; (b) 
drainage of the fluid content of the cyst; (c) ethanol 
instillation into the cyst cavity; (d) needle extrac-

tion. The entire procedure, from needle insertion 
down to needle extraction, must be performed rig-
orously under US guidance (Fig. 35.1).

35.2.1.1  Needle Insertion
The needle may be either introduced through a 
guiding device connected to the US transducer 
(Fig. 35.1b), or alternatively, inserted free-hand 

Fig. 35.1 US-guided ethanol ablation of a thyroid cyst. 
Basal US image of a left lobe thyroid cyst (B-mode, trans-
verse view) (a). Needle insertion into the cyst using a 
needle track (b). Once the needle has been inserted, the 
needle track is removed from the screen image (c). 

Aspiration of fluid content of the cyst—the cyst shrinks—
(d). Ethanol instillation—ethanol is visible as hyperechoic 
material—(e). The so called “mirror image” artifact of the 
needle can be observed. The thyroid cyst at the end of the 
procedure (f)

P. Tsamatropoulos and A. Frasoldati



369

and cautiously directed into the lesion with con-
tinuous US imaging and probe adjustment to 
maintain the needle in the field of view 
(Fig. 35.1c). Neither approach is superior to the 
other in terms of results: however, the free-hand 
procedure is more widespread and offers the con-
venience of repositioning the needle along a 
wider range of spatial axes throughout the 
maneuver, a valuable option when treating large 
and complex cysts.

35.2.1.2  Drainage of the Fluid 
Content

After extraction of the needle stylet, a 20 ml 
syringe is connected to the needle for fluid drain-
age and collection. The use of two devices may 
quite effectively facilitate this phase: a syringe 
holder (e.g., the Cameco pistol) and a catheter 
(20–25 cm length) connecting the needle and the 
syringe. Both devices contribute to facilitating 
drainage of the fluid content, as well as the subse-
quent alcohol instillation; at the same time, the 
connecting tube prevents the transmission of 
abrupt traction and strain movements to the nee-
dle (Fig. 35.2). This is particularly relevant if we 
consider that the change of shape and size of the 
cyst during fluid drainage may result in needle tip 
mispositioning that requires correction by the 

operator. The aspiration of the cystic fluid should 
be slow, smooth and constant in order to mini-
mize the risk of ex-vacuum hemorrhaging. 
Obviously, large cysts may require the use of 
more than 1–2 syringes. All the materials likely 
to be needed for each procedure should be readily 
available.

35.2.1.3  Ethanol Instillation
The 95 % sterile ethanol, usually contained in 
10 ml syringes, is cautiously injected into the 
cyst. Other sclerosing agents that have been pro-
posed for thyroid cysts are polydecanol [16], 
arginine hydrochloride [17], and sodium tetra-
decyl sulfate [18]; however none of these sub-
stances has proved to be superior to alcohol. 
During instillation, ethanol is usually visualized 
on US as a hyperechoic dense material that refills 
the anechoic empty chamber of the cyst. Since 
the needle may get occluded either during the 
fluid aspiration or the ethanol instillation phases, 
effective reaming may be achieved by repeatedly 
passing a stylet through the needle. In most 
instances, the volume of the ethanol injected cor-
responds to 50–70 % of the fluid volume drained 
from the cyst. However, the “right” ethanol 
amount should be chosen on individual basis, 
considering a number of factors: (a) the pattern of 

Fig. 35.2 Equipment for the ethanol ablation of a thyroid 
cyst (from the left): a 20- or a 22-gauge spinal needle with 
stylet; 2 % lidocaine for local anesthesia (seldom necessary); 
95 % sterile alcohol; saline solution for washing the needle 

at the end of the procedure; a 20 mL syringe for alcohol 
injection; a 5 mL syringe for the administration of lidocaine 
in case of local anesthesia; a flexible extension tube (bottom) 
for connecting the hub of the needle to the tip of syringe

35 Alcohol Ablation of Thyroid and Parathyroid Lesions and Lymph Nodes
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ethanol diffusion, (b) the degree of resistance 
applied to the tubing connection and the syringe, 
and (c) the subjective feedback from the patient. 
If the patient signals the sudden onset of intense 
pain or if there is resistance during ethanol injec-
tion, the administration of alcohol must be dis-
continued, and the position of the needle tip 
carefully checked.

After alcohol instillation, two alternative strate-
gies have been used: (a) completely evacuate etha-
nol a short-time (3–10 min) after its instillation; (b) 
leave the cyst refilled with ethanol in order to pro-
long its sclerotic effect. Although the results 
obtained with these two modalities are similar [19] 
the latter strategy is probably preferred by most 
operators because is less cumbersome. 
Theoretically, the rationale for aspirating the etha-
nol-mixed fluid is to minimize the risk of ethanol 
leakage outside of the cyst into the surrounding tis-
sue, an event that may lead to paraglandular fibro-
sis. Furthermore, there is a possible risk of 
post-surgical hypoparathyroidism and/or laryngeal 
nerve palsy in those patients previously submitted 
to PEI who are candidates for thyroid surgery [20].

35.2.1.4  Needle Extraction
At the end of the procedure, the needle is washed 
with saline solution to avoid minimal ethanol 
leakage to subcutaneous tissues and subsequent 
transient pain. Then, the needle is rapidly 
extracted. Firm compression and use of an ice 
pack for 5–10 min minimize bleeding. When the 
fluid is more viscous, the use of a larger bore 
needles (e.g., 18-gauge) should be considered for 
the drainage. For thyroid cysts with thick colloid 
material that cannot be easily aspirated, various 
authors have proposed modified EA techniques. 
The first strategy is a two-step approach: first, a 
small amount of ethanol is injected in an attempt 
to make the dense content more fluid. Then, 
2–4 weeks later, a second aspiration with ethanol 
injection can be attempted [21, 22]. A second 
approach is the drainage of the dense colloid by 
means of a 16-gauge needle which is inserted 
into the nodule through a trans-isthmic approach 
and connected to a suction pump with a vacuum 
of 10–100 mmHg. If the content of the nodule 
cannot be aspirated, the 16-gauge needle is 

exchanged for an 8.5-French pigtail catheter. 
After more than 90 % of the viscous cystic con-
tent is aspirated, 99 % sterile ethanol is injected 
through the same needle or catheter. The amount 
of injected ethanol corresponds to 50 % of the 
aspirated fluid. After 10 min with the needle or 
catheter in place, the injected ethanol is removed 
completely [23]. This one-step EA method for 
viscous thyroid cysts is reported to produce vol-
ume reductions at 1 and 6 months of 
78.4 % ± 14.4 % and 93.6 % ± 6.8 % respectively. 
Recently, a third option for the treatment of vis-
cous cysts has been proposed utilizing a newly 
developed open-window needle that could effi-
ciently aspirate dense gelatinous material from 
thyroid cysts [24].

35.2.2  Clinical Outcomes

A recently published Cochrane review concluded 
that, EA for cystic thyroid nodules results in a sig-
nificant volume decrease, defined as a ≥50 % 
reduction, and improves pressure symptoms and 
cosmetic complaints with the only drawback of 
light pain after the procedure [25]. EA is consid-
ered the first-line treatment for thyroid cystic 
lesions [14, 15]. “Pure” thyroid cysts are exceed-
ingly rare (<1 % of all thyroid nodules), and the 
majority of cystic thyroid lesions, about the 
25–30 % of all thyroid nodules, correspond to 
mixed cystic solid lesions [26, 27] composed of 
an inhomogeneous fluid content of colloid, blood, 
and cell debris. Hemorrhagic cysts typically pres-
ent as a suddenly visible neck lump which causes 
tenderness and pain, and is occasionally associ-
ated with hoarseness and dysphagia. Although 
these lesions may completely recede spontane-
ously or after fine-needle aspiration, they are quite 
likely to recur [28–31]. Studies comparing results 
of EA to simple fluid aspiration indicate that etha-
nol sclerotherapy offers a twofold higher chance 
of a long-term improvement with a 83 and 44 % 
of subjects achieving a significant reduction of the 
lesion volume after EA and aspiration alone, 
respectively [25, 32, 33]. Most  studies report a 
low (<15–20 %) recurrence rate of thyroid cysts 
after ethanol sclerotherapy and recurrence rates of 
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3.4 % and 6.5 % at 5 years and 10 years, respec-
tively [34, 35].

Interestingly, in spite of technical variations of 
the EA procedure, the results obtained across dif-
ferent studies report similar success rates, rang-
ing from about 70 to 95 %, with a mean volume 
decrease between 65 and 90 % (Figs. 35.3 and 
35.4) [32–37]. Resolution of local symptoms and 
cosmetic complains occurs in about 75–95 % of 
patients submitted to EA, although the quantifi-
cation of symptom reduction is limited by the 
absence of standardized measurement tools. In a 
recent study, subjective symptoms were rated on 
a 10-cm visual analog scale [38]. Ethanol sclero-
therapy was associated with a significant reduc-
tion of both symptom and cosmetic scores from 
3.92 ± 1.54 to 0.39 ± 0.69 and from 3.31 ± 0.90 to 
1.17 ± 0.56, respectively [38].

In another recently published series, a non- 
validated questionnaire including ten items 
related to goiter symptoms (visible enlargement, 

pressure in the neck, pain, difficulty in swallow-
ing, shortness of breath and hoarseness, etc.) was 
created. Severity of each symptom was scored 
between 1 and 5 and a total score was calculated. 
EA reduced symptoms score from 22 ± 8 to 13 ± 5 
(p < 0.05) [39].

The efficacy of EA depends on a number of 
factors, e.g., the initial volume of the lesion, the 
amount of ethanol instilled, the proportion of the 
solid component of the mixed cystic solid lesion. 
The efficacy of EA in exceedingly large (e.g., 
>40–50 ml) cysts has long been debated [32, 40] 
but a negative prognostic role of a higher initial 
cystic volume on the final outcome has not yet 
been clearly demonstrated [20, 41, 42]. The type 
of the nodule structure is a more likely determi-
nant of the final result. While EA is commonly 
used for treating “pure” cystic thyroid nodules 
(liquid component >90 %) as well as “mixed” nod-
ules with a predominant (50–90 %) fluid compo-
nent, the latter ones usually achieve a maximum 

Fig. 35.3 A 6 mL right thyroid cyst before (a transverse view, b longitudinal view) and 2 weeks after (c transverse 
view, d longitudinal view) ethanol ablation. The thyroid cyst shrunk to 3 mL (50 % volume reduction)
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volume reduction of 60–65 %, less than the 
90–95 % reduction achieved with “pure” cysts 
[43–48]. In “pure” cysts and in mixed nodules that 
are predominantly cystic, the final outcome is cor-
related to the volume of the fluid extracted, and to 
the amount of the instilled ethanol [20, 36]. 
Another, less predictable, obstacle to a successful 
PEI procedure is the finding of a viscous and dense 
cystic content [20, 36, 38]. A recent study based on 
62 patients indicates that complete aspiration of 
the cystic content is the most important factor for 
achieving a successful EA in benign cystic thyroid 
nodules, as incomplete aspiration may signifi-
cantly reduce the concentration of the injected 
ethanol [45]. Ethanol sclerotherapy has also been 
adapted, with encouraging results, to the treatment 
of thyroglossal duct cysts (TDC), a congenital 
neck abnormality deriving from the embryonic 
thyroglossal duct structures, located along the 
midline, between the hyoid bone and the thyroid 
gland [49–53].

35.2.3  Side Effects

EA of thyroid cystic lesions is a safe procedure 
and no relevant side effects are usually recorded 
[25]; nevertheless, because of the potential risk of 
recurrent laryngeal nerve (RLN) injury, vigilance 
with needle tip visualization is always required 
throughout the procedure. Ethanol injection into 
the cystic cavity is not likely to cause any major 
increase of pressure within the lesion and the 
integrity of the fibrous capsule surrounding the 

cyst should be fully preserved, thus preventing 
ethanol leakage into the perinodular tissues. As 
mentioned in the paragraph describing EA tech-
nique, the sudden pain during the phase of ethanol 
injection may signal improper alcohol diffusion 
outside the lesion. There are no reported differ-
ences in the risk profile of either complete aspira-
tion of the ethanol-mixed fluid or leaving the 
ethanol within the lesion [19]. In one study, dys-
phonia, persistent nerve paralysis, and paranodular 
fibrosis were correlated to the use of larger ethanol 
doses while the occurrence of thyrotoxicosis and 
hyperpyrexia were unrelated to the amount of the 
instilled ethanol [54]. Most patients complain of a 
mild to moderate pain typically lasting a few min-
utes after the needle extraction. Pain, which can 
irradiate to the  mandible angle or to the ear and 
rarely to the shoulder or to the back, may due to 
the contact of the needle tip with the subcutaneous 
tissues. Rinsing the needle with saline before its 
extraction may partially alleviate the discomfort 
but does not completely prevent it.

35.3  Alcohol Ablation of Thyroid 
Solid Nodules

35.3.1  Autonomously Functioning 
Thyroid Nodules

In the 1990s, several papers had enthusiastically 
proposed EA for the treatment of autonomously 
functioning thyroid nodules (AFTNs) as a reliable 
and cost-effective alternative to surgery and 

Fig. 35.4 Cystic thyroid nodule before (a) and 18 months after PEI (b). The thyroid cyst volume has been reduced from 
9 to 0.06 mL (99.3 % volume reduction) with disappearance of patient’s compressive and aesthetic problems

P. Tsamatropoulos and A. Frasoldati



373

radioiodine [10, 55, 56]. An initial optimistic suc-
cess rate of EA (about 90 %), defined as complete 
or partial restoration of normal thyroid function, 
was reported in over 400 patients with AFTNs in 
various studies from different institutions [10, 12, 
13, 57, 58]. Improvement of thyroid functional 
data was associated with an impressive decrease 
(58.5–90 %) of the volume of the nodules [10, 12, 
13, 57–59]. Patients presenting with pre-toxic 
nodules were far more likely to respond to ethanol 
sclerotherapy as compared to overtly hyperthy-
roid patients (83.4 % vs. 66.5 %) as shown by a 
multicentric Italian study [59]. Furthermore, bet-
ter results were apparently obtained in smaller 
nodules although a variable range of cut-off vol-
ume values (15–40 ml) has been suggested by dif-
ferent authors [60–62]. Nodule composition is 
also a critical factor for EA outcome in AFTNs, 
with a >30 % fluid component associated with a 
long-term treatment success, unrelated to the 
degree of baseline thyroid dysfunction [35]. 
Importantly, although EA of cystic nodules is usu-
ally accomplished in 1–2 sessions, EA of AFTNs 
routinely requires a higher number of sessions.

Only a minority of the initial studies reported 
more than a 1-year follow-up. Subsequently, 
studies examining long-term effects of EA for 
AFTNs have demonstrated a 13–35 % recurrence 
rate for hyperthyroidism [63, 64]. This finding is 
not surprising because scintigraphic studies 
showed the persistence of autonomous function 
tissue in 30–50 % of cases performed ethanol 
sclerotherapy of AFTNs [65, 66].

The side effects of ethanol sclerotherapy for 
AFTNs also limit its use. RLN palsy has been 
reported in 0.7–3.9 % of patients, and although 
often transient, its complete resolution cannot 
be reliably predicted [58, 62, 64]. Other less 
common but serious adverse events reported 
after EA in AFTNs include hematomas, ipsilat-
eral facial dysesthesia, jugular vein thrombosis, 
septic complications, worsening of thyrotoxi-
cosis, and transient Horner’s syndrome [67]. In 
addition, the later occurrence of Graves’ dis-
ease in patients previously submitted to EA has 
been linked to possible induction of anti-thyroi-
dal autoimmune response by the toxic action of 
ethanol in the thyroid tissue [68].

Controversy about long-term beneficial effects 
of EA, in conjunction with serious side effects 
induced by the leakage of alcohol outside the 
lesion, has resulted in the abandonment of EA as 
a treatment for AFTNs [14, 15, 25, 69, 70]. The 
role of EA is presently confined to selected cases 
not amenable to treatment by first-line therapies; 
for instance, a multimodal therapeutic approach 
combining EA and radioiodine administration 
has been proposed in selected cases of large 
AFTNs as an option to reduce the required 
amount of 131I [65].

35.3.2  “Cold” Thyroid Nodules

Decreased nodule size has been reported after EA 
for benign nonfunctioning solid thyroid nodules 
[71, 72]. In a randomized, prospective study of 
50 patients, EA achieved better results as com-
pared to l-thyroxine (LT4) administration with a 
47 % vs. 9 % mean volume reduction [72], while 
in a retrospective series on about 200 nodules a 
75.1 % ± 12.3 (mean ± SD) volume reduction was 
reported [40]. The response of solid “cold” nod-
ules, however, is less impressive than for cysts. 
Furthermore, repeated treatments are required 
with more frequent adverse effects [36, 54]. 
Thus, EA is not recommended for the treatment 
of solid cold thyroid nodules [14, 15, 25, 69, 70]. 
Today other more effective US-guided interven-
tional techniques (e.g., laser thermal ablation and 
radiofrequency ablation) are available.

35.4  Alcohol Ablation in Other 
Neck Lesions

35.4.1  Parathyroid Lesions

EA of parathyroid (PT) lesions has been mainly 
applied in two clinical settings: treatment of non 
functional, large parathyroid cysts [73–75] and 
sclerotherapy of enlarged, hyperfunctioning PT 
glands in patients with chronic renal failure and 
tertiary hyperparathyroidism [76–79]. Cystic 
lesions of parathyroid origin may correspond 
either to a PT adenoma featuring a large fluid com-
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ponent or to nonfunctional “true” parathyroid cyst 
[80, 81]. A cystic PT adenoma is usually associ-
ated with primary hyperparathyroidism and sono-
graphically demonstrates typically a solid, 
markedly vascularized portion in addition to a cys-
tic area. Instead, non functional cysts have a “pure” 
fluid structure comprised of a watery, colorless 
fluid aspirate [73, 74, 81]. “True” PT cysts, which 
derive from embryological remnants [82, 83] are 
not as rare as once believed. Their incidence is 
underestimated because PT cysts are a rare cause 
of neck swelling, due to their usual deep location, 
posterior to the thyroid gland. Usually, PT cysts 
are incidentally detected during a neck US per-
formed for various reasons, and they may be easily 
confused with a cystic lesion of thyroid origin [84, 
85]. US-guided FNA with parathyroid hormone 
(PTH) assay in the aspiration fluid is useful for a 
correct diagnosis as well as recognition that an 
aspirate clear colorless fluid is almost pathogno-
monic for parathyroidal as opposed to thyroidal 
origin [3, 86, 87]. Similar to thyroid cysts, PT 
cysts frequently recur after FNA; therefore, etha-
nol and other sclerosing agents (e.g., tetracycline) 
are an effective alternative to surgery (Fig. 35.5) 
[73, 75–77, 88]. Although no major complications 
have been reported in published series, precaution 
should be taken to avoid ethanol leakage out of the 
cyst, because of close proximity to the laryngeal 
nerve in the tracheoesophageal groove. Severe ter-
tiary hyperparathyroidism can be safely controlled 
using EA in patients with chronic renal failure 
[76–79, 89, 90]. Ethanol sclerotherapy of PT ade-

nomas causing primary hyperparathyroidism 
should be restricted to patients at high-surgical 
risk [90, 91].

35.4.2  Alcohol Ablation of Metastatic 
Lymph Nodes

Ethanol sclerotherapy of metastatic lymph nodes 
from differentiated thyroid cancer was first per-
formed as a palliative procedure at the Mayo 
Clinic in the 1990s [92, 93]. Based upon results 
from the first published series of 14 patients 
treated from 1993 to 2000, Lewis and colleagues 
concluded that EA was a valuable tool for patients 
who were not candidates for further surgical or 
radioiodine therapy, and that the procedure was 
safe, less invasive than reoperation and could be 
repeated without major problems [93]. The appli-
cation of EA to thyroid cancer recurrences has 
gained popularity with papers from international 
centers reporting their experience [94–100]. EA 
of metastatic lymph nodes is no longer confined 
to the palliative setting but also is now regarded as 
potentially curative in patients with localized 
neck persistence of disease [98]. In a recent 
review article, an 87.5 % success rate was reported 
in 168 patients treated with EA for lymph node 
metastasis in different institutions with a very low 
(1.2 %) risk of complications [101]. Four pub-
lished series of patients with papillary thyroid 
cancer [95–98] report a 16.5–66.0 % rate of com-
plete regression of the treated lesions and a 

Fig. 35.5 A right, inferior, functional parathyroid cyst before (a) and after (b) ethanol ablation
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remarkably low incidence of major complica-
tions. While EA of metastatic neck lymph nodes 
in the lateral neck compartments does not usually 
pose major concerns to the operators, apart from 
lesions strictly adjacent to large vessels, ethanol 
injections of lesions located in the central com-
partment may involve risk to the recurrent laryn-
geal nerves. The composition (solid vs. cystic) of 
the target lesion does not seem to influence the 
final outcome of the treatment. Furthermore, in 
the majority of patients treated by EA, subsequent 
progression of neck disease was not observed. 
Periodic measurement of serum thyroglobulin 
levels and US surveillance with color Doppler 
parameters are used to monitor the response to EA 
treatment. In conclusion, neck recurrences from 
thyroid cancer can profitably be treated by EA, 
after a careful risk- to- benefit balancing of the 
other therapeutic options. Future studies will help 
clarify  advantages and limitations of ethanol 
sclerotherapy versus surgery and other interven-
tional techniques in patients with neck recur-
rences from thyroid cancer [102–104].
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36.1  Introduction

Interventional thyroidology encompasses mini-
mally invasive ultrasound-guided techniques 
to treat diseases of the endocrine neck (i.e., 
diseases of thyroid and parathyroid glands). 
Radiofrequency ablation (RFA) and high- 
intensity focused ultrasound (HIFU) ablation are 
two of these techniques, used to destroy thyroid 
nodules and tumors using hyperthermia without 
surgical removal. Indications of RFA and HIFU 
ablation for the treatment of endocrine neck dis-
eases include: symptomatic benign cold thyroid 
nodules, autonomously functioning thyroid nod-
ules, and recurrent thyroid cancer. Both thermal 
techniques have also been used for the treat-
ment of parathyroid adenomas, but with several 
drawbacks.

The advantages of in situ tumor ablation are 
reduced costs, the possibility of performing pro-
cedures on outpatients, and the possibility of 
treating patients who are poor candidates for sur-
gery due to age or comorbidity. RFA and HIFU 
are performed by endocrinologists, interven-
tional radiologists, and surgeons.

36.2  Radiofrequency Ablation

36.2.1  Principles

The aim of RFA is to induce thermal damage to 
the tissue through electromagnetic energy depo-
sition. Passage of alternating high-frequency 
current, between 200 and 1200 kHz, through tis-
sue causes agitation of ions, and consequently 
frictional heat [1]. In the monopolar mode, 
which is the one most commonly used in thyroid 
RFA, the patient is part of a closed-loop circuit 
that includes a radiofrequency generator, an 
electrode needle, and a large dispersive elec-
trode (two grounding pads, one attached to each 
thigh) (Fig. 36.1). The discrepancy between the 
small surface area of the needle and the large 
area of the grounding pads causes the heat gen-
erated to be concentrated around the needle elec-
trode inserted into target area. A typical RFA 
treatment produces temperatures of 90 °C, 
resulting in coagulative necrosis of the tissue, 
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tissue desiccation, and consequent rise of imped-
ance [2]. Small vessels are completely destroyed 
and larger vessels up to 0.3 cm in diameter are 
thrombosed. Internally cooled tip needles main-
tain temperatures around 90 °C in order to pre-
vent tissue carbonization.

36.2.2  Devices

For monopolar thyroid RFA straight, internally 
cooled, short (7- or 10-cm), thin (18- or 19-gauge) 
electrode needles are currently used. The active 
tips of the electrode needles may have a different 
length (0.5–2.0 cm) according to the desired abla-
tion area [3, 4]. Experience with bipolar radiofre-
quency electrode needles has not been reported 
for thyroid ablation. In the past other types of 
electrode needles (e.g., multi-tined expandable 
electrodes) had been used for thyroid RFA, but 
their use is no longer recommended [5–7].

36.2.3  Technique (See Video 36.1)

Thyroid RFA is performed as an outpatient pro-
cedure in an interventional suite. Patients should 
be fasting. The patient is placed on an operation 

bed in the supine position with hyperextended 
neck, and a venous catheter is inserted in a fore-
arm vein. A multiparametric monitor is con-
nected to the patient displaying a continuous 
single lead electrocardiogram, pulse oximetry, 
blood pressure, and respiratory rate. Conscious 
sedation is obtained with intravenous (i.v.) mid-
azolam (2–5 mg) in fractionated boli in order to 
decrease the patient’s anxiety, swallowing, 
cough, and movements. Local anesthesia with 
2 % ropivacaine pericapsular infiltration 
(2–5 mL) is performed under US assistance with 
thin (27-gauge) needles.

In the RFA monopolar technique, the patient 
is part of a closed-loop circuit: ground pads (dis-
persive electrodes) applied to both thighs are 
connected to a radiofrequency generator and the 
generator is connected to an electrode needle. 
These electrode needles are straight, internally 
cooled, 7-cm, 18-gauge and have active tips of 
usually 1.0 cm for most thyroid nodules.

The ablation is performed according to the 
“moving shot” technique: the nodule is divided 
into multiple conceptual areas and thereafter the 
nodule is ablated unit-by-unit by moving the 
electrode tip (Fig. 36.2) [1, 8–10]. The ablation 
starts from the deepest portion of the nodule with 
a transisthmic approach. The needle is inserted 

Fig. 36.1 Thyroid monopolar RFA system. The patient is 
part of a closed-loop circuit that includes a radiofrequency 
generator, an electrode needle for ablation, a pump for 
cooling the electrode needle, and a large dispersive elec-

trode (ground pads). Upper left: multiple ellipsoid abla-
tion areas around are obtained by moving the active tip of 
electrode needle (moving shot technique)
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transisthmically at the higher level according to 
patient anatomy. This insertion allows the reposi-
tioning of the needle as much as 60–90° with 
respect to the entry point in order to achieve abla-
tion of more medially located tissue. This maneu-
ver does not increase side effects, particularly 
vocal cord palsy, because while continuously tilt-
ing the probe, careful surveillance of the area 
medial to the needle is required to detect US 
signs of heating (gas microbubbles) when the 
needle is inserted close to the tracheoesophageal 
groove where the inferior laryngeal nerve runs 
(the so-called “danger triangle”). When a hyper-
echoic area appears and when impedance 
increases the tip is moved backward to an 
untreated more superficial area. The maneuver is 
repeated with repositioning the needle, until all 
areas are ablated (Fig. 36.3). Usually RF power 
starts with 30 W and 5-W upward adjustments 
are made up to 60 W. Higher RFA power is used 
in Korea [11]. The successful ablation of a unit is 
confirmed by the appearance of a hyperechoic 
area—due to microbubbles—and the abrupt 
increase of impedance (the so-called “break 
point”) registered on the RF generator monitor.

To treat mixed nodules, the cystic fluid is first 
aspirated and then the ablation is performed. 
However, sometimes, bleeding occurs during 
cyst aspiration. To control the bleeding, 99 % 
ethanol can be injected into the evacuated cystic 
cavity [12]. The injected volume of ethanol 

corresponds to approximately 50 % of the 
aspirated fluid volume. Ethanol causes direct 
coagulative necrosis and local small vessel throm-
bosis, stopping the bleeding. After 2 min of etha-
nol retention, as much of the injected ethanol as 
possible is removed, and RFA may finally start.

Immediately after the RFA procedure, methyl- 
prednisolone 20 mg i.v. bolus may be adminis-
tered in order to prevent pain. Patients are then 
brought to the recovery room and are kept under 
observation for 2 h. The day following the RFA 
procedure, patients can be started on oral methyl- 
prednisone taper of 16 mg daily for 5 days, 8 mg 
daily for 4 days, and 4 mg daily for 3 days. Oral 
proton pump inhibitors are administered for 
12 days [10].

36.2.4  Indications

RFA can be used to treat [3, 4]:

 – Nonfunctioning, benign, solid or predomi-
nantly solid, thyroid nodules in patients pre-
senting with local symptoms or cosmetic 
complaints when surgery is contraindicated or 
declined.

 – Autonomously functioning thyroid nodules 
(AFTNs) causing problems related to thyro-
toxicosis when surgery or radioiodine are con-
traindicated or declined.

 – Recurrent thyroid cancers located in the thy-
roid bed as well as metastatic lymph nodes 
when surgery is contraindicated and radioio-
dine is ineffective.

RFA is not recommended for the treatment of 
primary thyroid cancers because there is no evi-
dence of its efficacy for malignancy. Similarly it 
is not recommended for treatment of nodules 
with follicular neoplasm cytology since, about 
15–30 % of cases labelled as follicular neoplasm 
prove to be malignant [13].

Finally, there is very limited experience of 
treating primary hyperparathyroidism [14, 15] 
and secondary hyperparathyroidism [16] with 
RFA, and thus no recommendation can be made.

Fig. 36.2 The moving shot technique. According to the 
moving shot technique the electrode needle delivers 
energy and a hyperechoic area is seen along the track of 
the needle (sagittal view, B-mode)
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36.2.5  Clinical Results in Benign Cold 
Thyroid Nodules

At present, the most important indication for 
RFA in the thyroid gland is to reduce the volume 
of benign cold thyroid nodules in patients with 
local pressure symptoms or cosmetic complaints. 
Benignity of thyroid nodules is usually confirmed 
by at least two separate fine needle aspiration 
(FNA) biopsies. The first study suggesting the 
use of RFA to treat symptomatic thyroid nodules 
was published in 2006 [17]. Since then, many 
studies have confirmed the efficacy and safety of 
treating benign thyroid nodules with RFA. 
Recently, two systematic reviews with meta- 
analyses have confirmed that RFA is effective in 
both reducing the volume of thyroid nodules and 
improving the related compressive symptoms 
and aesthetic problems, without causing thyroid 

dysfunction or serious complications [18, 19]. 
Moreover, RFA of symptomatic thyroid nodules 
improves patients’ health-related quality of life 
[10]. Some authors have found that the efficacy 
of thyroid RFA is similar to that of thyroid sur-
gery [20, 21].

The reduction in thyroid nodule volume after 
RFA ranges from 50 to 90 % [22–28]. The het-
erogeneity of results among studies can be 
explained by a number of factors: (a) different 
types of electrodes used; (b) a single treatment 
versus repeated RFA sessions; (c) different initial 
volume of treated nodules; (d) different composi-
tion (solid, cystic, or mixed) of the target nod-
ules. Nodule volume reduction is gradual and 
final results are achieved approximately 1 year 
after RFA or even more in case of large lesions 
(Fig. 36.4). The goal of thyroid RFA is to perform 
the procedure only once. Additional ablation can 

Fig. 36.3 A large (33 mL) spongiform thyroid nodule 
before RFA (a) and immediately after the procedure in 
B-mode (b) and with color Doppler (c). After RFA the 

nodule is unstructured and not vascularized. The color 
spot of (c) (lower left) is the common carotid artery

P. Tsamatropoulos and R. Valcavi



383

be performed if results are partial or in case of 
thyroid nodule regrowth [29–31]. In a 4-year fol-
low-up study thyroid nodule regrowth was 
recorded in only 5.6 % of the patients (7/126) 
[31]. Importantly, RFA does not affect eventual 
subsequent thyroid surgery [32].

RFA does not alter the thyroid function [10]. 
This is also true for extended thyroid tissue ther-
mal ablation. Indeed, in patients with previous 
lobectomy, RFA does not affect blood thyroid 
hormone levels [33]. Similarly, the thyroid func-
tion of patients treated with RFA for bilateral 
benign nodules is also preserved [34]. We need to 
keep in mind that an ablated thyroid nodule 
becomes hypoechoic, inhomogeneous, and avas-
cular on color Doppler ultrasonography [35]. 

Therefore, it is important not to confound a 
treated thyroid nodule with a thyroid cancer.

Ethanol ablation (EA) is the first-line treat-
ment for benign, symptomatic, cystic (cystic por-
tion >90 %) or predominantly cystic (cystic 
portion less than 90 % and greater than 50 %) thy-
roid nodules [36–38]. Notwithstanding, RFA is 
also effective in treating cystic or predominantly 
cystic thyroid nodules, but is more expensive 
than EA and requires more sessions [39–41]. 
Despite the effectiveness of EA, some patients 
may have unsatisfactory results, mostly because 
of the solid component of the nodule which does 
not respond to alcohol. In this case, RFA has been 
used successfully to solve persistent clinical 
problems after an EA session [42, 43].

Fig. 36.4 US follow-up images of a mixed thyroid nod-
ule treated with RFA. The nodule had a volume of 10 ml 
(a). Before RFA application the fluid component was 
drained. The day after RFA there was no fluid component 

and the nodule measured 7.4 ml (b). After 6 months the 
nodule measured 1.2 ml (c). After 1 year the nodule had 
shrunk to 0.65 ml (d). The ablated nodule shrinks over 
time and becomes inhomogeneous and hypoechoic
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36.2.6  Clinical Results in Benign 
Autonomous Functioning 
Thyroid Nodules

The first case report of the successful treat-
ment of an autonomous functioning thyroid 
nodule (AFTN) was published in 2008 [44]. 
Subsequently, additional reports demonstrate that 
RFA is effective in patients with AFTNs since it 
reduces the nodule volume and controls hyper-
thyroidism [6, 8, 45]. RFA ablation of AFTNs 
requires a complete ablation, as untreated periph-
eral areas tend to regrow, causing relapse of 
hyperthyroidism. It has been shown that for the 
treatment of AFTNs more than one RFA session 
may be necessary. However, there are no studies 
comparing RFA to radioiodine for the treatment 
of AFTNs.

36.2.7  Clinical Results in Recurrent 
Thyroid Cancer

Occasionally well-differentiated thyroid cancer 
(DTC) may recur, mainly in the thyroid bed or in 
lymph nodes [46]. In this case, surgical removal 
is recommended, sometimes followed by radioio-
dine [38]. However, repeated neck dissection is 
difficult due to distortion of normal tissue planes 
by scar tissue formation, and such operations are 
associated with a higher rate of complications 
such as recurrent laryngeal nerve injury, hypo-
parathyroidism, and skin scar formation [47]. In 
2001, RFA was proposed as a treatment for 
regional recurrence from DTC [48]. Subsequently, 
other studies have also confirmed the efficacy of 
RFA for treating thyroid cancer recurrences to 
cause volume reduction or complete disappear-
ance of tumor in some cases, decrease of serum 
thyroglobulin concentrations, and improvement 
of clinical symptoms if present. The RFA tech-
nique used for the treatment of DTC recurrences 
is similar to that used for benign thyroid nodules, 
but has additional precautions. First, the lesion 
has to be confirmed to be malignant by US-guided 
FNA biopsy and FNA thyroglobulin measure-
ment. Second, since these lesions are usually 
small, use of electrode needles with a shorter 

active tip (i.e., 0.5 or 0.7 cm) is generally more 
appropriate. RFA starts with low power (5 W) 
and the power is gradually increased until a 
hyperechoic area forms. Thermal damage to 
nerves, especially recurrent laryngeal nerve and 
vagus nerve, during RFA treatment is of more 
concern than damage to blood vessels, as blood 
flow within the vessels dissipates the heat (the so- 
called heat sink effect). On the other hand, there 
is the possibility that the heat sink effect might 
reduce RFA efficacy if treating lesions close to a 
large vessel (common carotid artery or internal 
jugular vein) because of the cooling effect of 
blood flow. In order to avoid thermal injury of 
neck nerves during RFA, sterile water or 5 % dex-
trose solution can be injected with a 23-gauge 
needle between the expected location of these 
vital structures and the tumor (hydrodissection 
technique). Thus, a protective barrier displaces 
the target from critical structures (not only 
nerves, but also trachea and esophagus). Saline 
solution is not recommended for hydrodissection 
in RFA because it conducts electricity. During 
hydrodissection technique, if a continuous infu-
sion of fluid is deemed necessary, the tip of the 
hydrodissection needle should be placed at least 
1 cm away from the tip of the RF applicator. 
Another strategy that prevents thermal injury is 
the use of the electrode needle as a lever to 
increase the distance between tumor and critical 
structures. Using this technique, tumor is pulled 
away from vital structures by tilting the electrode 
needle during ablation under continuous US 
guidance [49–56].

36.2.8  Complications of Thyroid 
Radiofrequency Ablation

Various complications may occur during thyroid 
RFA. A large multicenter Korean study reported 
an overall complication rate of 3.3 % associated 
with the RFA treatment of benign thyroid nod-
ules [57]. In order to minimize complications, it 
is important to have a thorough knowledge of 
sonographic anatomy of the neck [58].

Intraoperative pain is usually well controlled 
by means of local anesthesia with ropivacaine 
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and conscious sedation with midazolam [10]. 
Notwithstanding, in case of intense pain, local 
or radiating to the jaw, teeth, chest, or back, the 
RF generator is turned off. Subsequently, the 
electrode needle is repositioned in a more central 
area of the nodule and the ablation can proceed. 
Intranodular bleeding during needle insertion may 
occur and is seen as a rapidly expanding hypo/
anechoic signal within nodular tissue. It can be 
stopped by swift needle-electrode insertion and 
heat administration. Intranodular bleeding does 
not prevent ablation procedure. Thyroid peri-
capsular bleeding is seen as a hypoechoic layer 
surrounding the thyroid. Pericapsular hematomas 
can be controlled by compression of the neck for 
a few minutes. Neck bruising may follow a few 
days later, and it disappears in about 3–4 weeks. 
A rarely reported complication is vasovagal reac-
tion which presents with bradycardia, hypoten-
sion, vomiting and defecation. If this reaction is 
observed, the bed is tilted in Trendelenburg posi-
tion and maneuvers are temporarily interrupted 
until spontaneous recovery, which occurs in a 
few minutes. Vasovagal syncope is due to vagus 
nerve stimulation as the nodule may displace the 
common carotid artery and the internal jugu-
lar vein. For this reason, knowledge of cervical 
vagus nerve localization is of paramount impor-
tance in thyroid RFA [59]. Cough during thermal 
ablation is due to trachea stimulation and the tip 
of the needle should be pulled back.

Nodule rupture presents with sudden neck 
bulging and pain during the early follow-up 
period (2–4 weeks) [60]. The rupture might occur 
due to volume expansion because of intranodular 
bleeding. An initial conservative treatment with 
compression is recommended. Another cause for 
tumor rupture may be liquefaction which occurs 
typically 2–4 weeks after RFA procedure. 
However, in case of deterioration of symptoms, 
drainage or excision may be required. Infection 
or abscess formation is rare, since the skin is ster-
ilized with povidone–iodine solution. Skin burns 
have been reported at the electrode needle punc-
ture site. Application of an ice bag during abla-
tion or injection of fluid between the nodule and 
skin may prevent skin burns. Voice change is a 
serious complication of thyroid RFA which is due 

to thermal injury of the recurrent laryngeal nerve. 
This phenomenon may be prevented by under-
treating the area near the danger triangle (i.e., the 
tracheoesophageal groove which contains the 
recurrent laryngeal nerve). Finally, RFA may 
cause the new appearance of thyroid antibodies 
(anti-thyroglobulin, anti-thyroid peroxidase, or 
anti-thyrotropin receptor antibodies), but no sub-
sequent clinical consequences (hypothyroidism 
or hyperthyroidism) have been reported.

36.2.9  Comparison Between RFA 
and Other Nonsurgical 
Techniques for Benign 
Thyroid Nodules

There are no head-to-head comparisons between 
RFA and other US-guided nonsurgical tech-
niques for the treatment of benign thyroid nod-
ules. However, a recent systematic review 
including traditional pooling and Bayesian net-
work meta-analysis found that RFA is superior 
to laser ablation in reducing benign solid thy-
roid nodule volume, despite the smaller number 
of treatment sessions without major side effects 
[61]. It is clear that interventional thyroidology, 
and especially RFA, is playing an increasing 
role in the management of thyroid nodule 
pathology [62].

36.3  High-Intensity Focus 
Ultrasound

36.3.1  Device and Technique

High intensity focused ultrasound (HIFU) abla-
tion is an extracorporeal thermal treatment that 
is used in the endocrine neck diseases for treat-
ing benign thyroid nodules (cold or hot) and 
parathyroid adenomas or hyperplastic parathy-
roids since 2010. High intensity ultrasound 
beam, as opposed to the low energy field used 
for ultrasound imaging, when absorbed by tis-
sue, creates a rise in temperatures (approxi-
mately 80–95 °C) with subsequent nodular 
coagulation and cavitation. The ultrasound beam 
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is focused, and for this reason the tissue ther-
mal injury is confined only to a well delimited 
area, minimizing the effects on surrounding 
structures. At the present time, the only avail-
able system for HIFU treatment of thyroid and 
parathyroid lesions is the EchoPulse 
(Theraclion, Paris, France). The EchoPulse 
device is composed of a mobile electronic unit 
with energy generator, a robotic articulated arm 
with a visualization and treatment unit (VTU) 
and a touch-screen monitor for ablation plan-
ning and follow-up (Fig. 36.5). The VTU con-
tains both the ultrasound imaging transducer 
(7.5 MHz) and the HIFU transducer (3 MHz) 
for delivering the energy to the target 
(Fig. 36.6). A cooling circuit specific for the 
device lowers the temperature between consec-
utive pulses. The HIFU pulse produces an abla-
tion area of 9 mm in length and a 2-mm 
diameter. After manually drawing the area to 
treat on the touch screen monitor, multiple 
pulses are automatically delivered to carry out 
the ablation. The safe margins of the treated 
area are 3 mm from trachea, 2 mm from carotid 
artery, and 5 mm from skin. The maximum 
treatable depth from the skin surface is 28 mm. 
The procedure is usually performed under con-
scious sedation and seldom local anesthesia is 
required.

36.4  Clinical Results

Initial HIFU experimental studies on animal thy-
roid ablation were published in 2004 [63] and 
2009 [64]. The first case report of a successful 

Fig. 36.5 The 
EchoPulse HIFU device 
is composed of an 
electronic mobile unit 
with energy generator, a 
robotic articulated arm 
with a visualization and 
treatment unit (VTU), 
and a touch-screen 
monitor for ablation 
planning and follow-up

Fig. 36.6 The VTU contains both the ultrasound imaging 
transducer (7.5 MHz) and the HIFU transducer (3 MHz) 
for delivering the energy to the target. A cooling circuit 
specific for the device turns down temperature among 
consecutive pulses
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HIFU ablation of a human AFTN was published 
on 2010 [65]. Since then, a few studies of a rela-
tively limited number of patients have assessed 
the HIFU treatment efficacy and safety profile for 
the ablation of cold and hot thyroid nodules 
[66–71] and of parathyroid lesions linked to pri-
mary and secondary hyperparathyroidism 
[72–75]. The results of these studies are encour-
aging, but the HIFU procedure still carries some 
limiting factors. The procedure is time consum-
ing. The patient has to remain still during the 
entire ablation time since if he or she moves, the 
treatment planning has to be restarted from the 
beginning. In addition more treatments are neces-
sary to treat large lesions and deep lesions cannot 
be ablated since the maximum treatable depth is 
only 28 mm from the skin. If there are skin scars 
or moles between the probe and the skin, HIFU 
ablation is not possible. Larger studies are needed 
to integrate HIFU ablation of neck diseases into 
clinical practice.
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37.1  Introduction

The use of laser energy was first proposed in 
1983 for the treatment of tumors [1] and later, in 
the 1990s for the nonsurgical management of 
benign symptomatic thyroid nodules [2–4]. 
Ultrasound-guided percutaneous laser ablation 
is now an evaluated and accepted minimally 
invasive procedure in several thyroid referral 
centers for the treatment of selected patients 
with thyroid lesions.

37.2  Why Ultrasound-Guided 
Laser Ablation for Thyroid 
Nodules?

Thyroid nodules are a clinical finding frequently 
encountered in clinical practice. Solid or cystic 
thyroid lesions are revealed by ultrasound (US) 
evaluation in 20–70 % of the general population 
[5–11], with a prevalence that is now similar to 
that formerly described at post-mortem assess-
ment [12]. Most of these lesions are clinically 
insignificant because they are benign, small and 
unchanging over time [13]. A minority of them, 
from 15 to 20 %, progressively increase in size 
and some may induce pressure symptoms, con-
cern and, finally, surgical consultation as no use-
ful medical treatment can be presently offered 
[14, 15]. However, the expenses related to thy-
roid surgery, the risk of surgical complications, 
and the consequences on the quality of life should 
be carefully considered when this widespread 
clinical problem is approached [16, 17]. Patients’ 
quality of life may be adversely influenced by the 
permanent requirement of thyroid hormone and/
or calcium substitution therapy, and by cervical 
cosmetic damage [17]. Due to these reasons, 
nonsurgical image-guided ablation techniques 
have been extensively investigated over the last 
two decades and are now increasingly used for 
the management of symptomatic benign thyroid 
nodules [18].
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37.3  Minimally Invasive 
Techniques

Minimally invasive image-guided percutaneous 
techniques are used for the treatment of selected 
focal malignancies in various organs [19]. 
Numerous studies over the last two decades have 
defined the basic principles of ablative therapies 
and research is currently focused on new devices 
especially suited for energy delivery to specific 
tumors [20]. Various modalities for minimally 
invasive treatment, directed at the ablation of the 
target lesion with the smallest damage to the sur-
rounding tissues, and without necessity of gen-
eral anesthesia are currently available. Among 
them, thermal ablation procedures appear as the 
most thoroughly evaluated, widely used and easi-
est to master. Either US or computed tomography 
(CT) or magnetic resonance imaging (MRI) may 
be employed to guide the proper placement of 
applicators and to monitor the progression of the 
coagulation zone during ablation [20].

37.4  Basic Principles

Laser light (“light amplification by stimulated 
emission of radiation”) is coherent and mono-
chromatic may be carefully focused and allows 
the transmission of a considerable quantity of 
energy at long distance. Laser light may be trans-
mitted from the source to the target tissue through 
an “optical fiber,” which consists of a silica-based 
core with a surrounding cladding also made of 
silica or a hard polymer material. These flexible 
optical fibers are 400–600 μm in diameter and 
convey laser light to the tip of the fiber optic, 
which is directly inserted into the tissue to be 
treated. So laser light is a fast-delivered, precise, 
and relatively tissue-insensitive energy [20–22]. 
When laser light interacts with biological tissues, 
scattering and absorption occur, followed by 
thermal injury [21].

A variety of laser sources and wavelengths 
are available and different types of fibers, modi-
fied tips, and applicators can be used. Nd:YAG 
lasers, operating at 1064 nm, seem most suited 
for procedures in deep-seated organs because of 

their superior penetration and absorption proper-
ties in perfused soft tissues. Currently, the major-
ity of laser procedures use either Nd:YAG or 
diode lasers (λ = 800–980 nm) operating in the 
range of 2–40 W.

Thermal ablation destroys the tissues by 
increasing their temperature so as to induce irre-
versible cellular damage. Complete destruction 
by thermal ablation requires that the entire tar-
get lesion, ideally including an additional 0.5–
1.0- cm safety margin (ablative margin) of 
normal surrounding parenchyma, is subjected to 
cytotoxic temperatures: “The extent of coagula-
tion zone induced in a lesion is equal to the 
energy deposited, modified by local tissue inter-
actions, minus the heat lost before inducing 
thermal damage”[23]. However, achievement of 
an elevated mean temperature within the lesion, 
may not result in a complete destruction of a 
tumor due to some heterogeneity of heating 
throughout the different areas of the volume 
subjected to the procedure.

With a temperature increase to approximately 
40 °C, cellular homeostasis is usually not 
affected. When the temperature level arrives at 
42–45 °C (hyperthermia), the cells become sus-
ceptible to damage induced by various agents 
(e.g., irradiation or chemotherapy) [24]. At these 
temperatures, however, cell function and tumor 
growth may endure even after a protracted expo-
sure [23, 25–28]. Irreversible cellular damage 
occurs only when cells are heated to 46 °C for 
60 min, and the injury takes place with increasing 
rapidity as the temperature level rises [29, 30]. 
When temperature is increased to between 60 
and 100 °C, there is a fast coagulation of the pro-
teins that permanently injuries cytosolic and 
mitochondrial enzymes and nucleic acid proteins. 
As this damage causes cellular death over the 
course of several days [26, 31–38] an early (24 h) 
post-treatment percutaneous biopsy will provide 
an adequate assessment of the ablation. Critical 
temperature at the edge of the coagulative zone 
has been shown to range from 30 to 77 °C for 
normal tissue and from 41 to 64 °C for neoplastic 
tissues [39–41], with relevant variation of the 
thermal dose required to induce cell death in dif-
ferent tissues [39]. On the basis of an  experimental 
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study [30] that demonstrated tissue coagulation 
after tissue heating to approximately 50 °C for 
less than 5 min, these parameters are used as the 
standard surrogate endpoint for thermal ablation 
therapies in current clinical paradigms. Finally, 
temperatures over 105–110 °C induce tissue car-
bonization and vaporization. These changes may 
hamper a complete ablation because of an insu-
lating effect on energy diffusion in radiofre-
quency (RF) or LA-based systems [30, 42–45]. 
In microwave systems, on the other hand, high- 
grade temperatures do not interfere with the 
deposition of energy, although microwave energy 
is inherently more difficult to distribute than laser 
or RF energy.

37.5  Technique and Devices

Treatment algorithms and laser equipment differs 
among centers. The laser source is either a con-
tinuous diode laser of varying power and wave-
length [46–59] or a continuous wave Nd:YAG 
laser with optical fibers and applicators of differ-
ent gauge [60–69]. Operators may insert the 
applicator(s) in the appropriate area of the tar-
geted lesion and terminate the procedure when 
the area of echogenicity (identifiable by “white 
spots” caused by evaporation), generated by 
energy delivery, is stationary in size [49, 54–59]. 
The energy may be also delivered continuously 
while retracting the applicators [47, 70]. The 
most frequently used laser is continuous wave 
Nd:YAG 1064 nm with an output power of 3–5 W 
and flat-tipped quartz fibers of 300 μm. Energy is 
directed towards the tissue using a 21 G needle 
[61]. LA sessions may be performed either under 
US guidance (US-g) or assistance using a com-
mercially available US system equipped with a 
high-frequency linear transducer (7.5–15 MHz).

The patient is placed on an operating table in 
the supine position with hyperextended neck. 
The majority of operators perform the treatment 
after local anesthesia, both at the entry site and on 
the thyroid capsule, and under conscious seda-
tion. Under US-guidance, the introducer needles 
are inserted into the target thyroid nodule along 
its longest axis. Treatments are preferentially per-

formed with a fixed-power protocol (usually 
3 W) while the illumination time changes case by 
case. Each illumination time ranges from a mini-
mum of 400 s to a maximum of 600 s to deliver a 
total energy from 1200 to 1800 J per fiber. The 
use of thin (<1 mm in diameter) needles, posi-
tioned on planes as parallel as possible to the 
horizontal plane of the nodule, permits the safe 
positioning of one or more needles depending on 
the size, shape, and location of the nodule. The 
applicators, when multiple, must be inserted one 
at a time, spaced least 0.8 cm apart and next to 
each other on the same plane. Placement on the 
same plane allows simultaneous monitoring in 
real time (see Video 37.1 included). The tip of the 
optical fiber should be positioned at a safety dis-
tance of 10–15 mm from the critical structures of 
the neck, such as the epiaortic vessels and the tra-
chea, and this safety criterion should be carefully 
checked by means of biplanar ultrasound imag-
ing. Depending on the size of the nodule, from 
one to three consecutive illuminations are per-
formed with a “pullback” technique during the 
same treatment session. A reliable assessment of 
the actual extent of the ablated area is obtained a 
few hours after treatment, when the hyperechoic 
spots due to gas microbubbles within the tissue 
are disappeared, with the intravenous injection of 
a second-generation ultrasound contrast medium 
(SonoVue, Bracco, Italy). The area of coagulative 
necrosis achieves its maximum extension 72 h 
after treatment [71] because the cellular injury 
and the microvascular occlusion of the vessels 
that supply the tissue progress during the days 
following the procedure.

37.6  Indications for Laser 
Treatment

Laser treatment for nodule volume reduction 
should be considered if all the following condi-
tions are met: (a) evidence at ultrasound exami-
nation of a single nodule or of a dominant lesion 
clearly detectable in a multinodular goiter; (b) 
hypo- (“cold”) or iso- (“warm”) active appear-
ance at radioisotope thyroid scintiscan; (c) 
serum TSH and thyroid hormones within normal 
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range; (d) two benign cytological diagnoses 
(class II of the Bethesda classification system) 
[72] obtained by ultrasound guided fine-needle 
aspiration performed within the last 6 months; 
(e) presence of either local pressure symptoms 
or cosmetic concern.

For an optimal treatment, nodules to be ablated 
should be solid or nearly completely solid, with a 
<20 % cystic component. Solid lesions with a 
large fluid component should be evaluated case 
by case by the operator, who may aspirate the 
fluid component immediately before the laser 
treatment of the remaining solid parenchyma 
[59] or may perform the procedure after a few 
weeks, following the liquid drainage and the per-
cutaneous ethanol injection of the cystic 
component.

Anticoagulant or antiplatelet therapy should 
be stopped for 72 h prior to the procedure. 
Routine coagulation tests, including prothrombin 
time, partial thromboplastin time, and complete 
blood cell count, should be anyway performed 
before the procedure. We also recommend that 
patients should undergo a pre procedure direct 
laryngoscopy.

The risk of overlooking a thyroid malignancy 
should be carefully assessed. Subjects with a 
family history of thyroid cancer and those who 
have undergone previous neck radiation therapy 
for any reason should have a careful sonographic 
examination to identify high suspicion thyroid 
nodules. The presence of suspicious US findings 
is a partial contraindication to laser ablation even 
in case of benign cytological findings. Finally, 
the patient should be informed that regular US 
follow-up is recommended even after a success-
ful minimally invasive treatment and the disap-
pearance of local symptoms.

37.7  Clinical Results

37.7.1  Hypo- or Iso-functioning 
Thyroid Nodules

After a series of preliminary in vivo studies on 
animal models [33] and ex-vivo tests on resected 
thyroid glands [4], the initial feasibility study in 

humans on the use of image-guided percutaneous 
thermal ablation for the treatment of thyroid nod-
ules was published in 2000 [4]. Since then, 
numerous case reports [48, 55], non-randomized 
series [47, 49, 54, 60, 61, 65, 66], and random-
ized cohort studies [57, 63, 64, 67] have validated 
on the clinical use of US-guided laser ablation. 
Even though the treatment plan and the equip-
ment differ in the various centers, this large body 
of data has established the clinical effectiveness 
and substantial safety of laser thermal ablation 
for thyroid lesions. The range of reported volume 
reductions ranges from 43 to 84 % [64, 68] at 
1 year (Table 37.1), while follow-up studies at 
three [66] and 5 years [58] report a persistent 
mean nodule volume decrease of 48 % and 51 %, 
respectively. A recent multicenter prospective 
randomized trial, performed with a single abla-
tion session and fixed treatment parameters, dem-
onstrated nodule volume reduction ranging from 
49 to 60 % 36 months after a single LA session 
[67]. Of note, only 9 % of these patients showed 
an initial regrowth after 3 years after treatment 
[66]. Moreover, the majority of LA-treated 
patients reported a significant and persistent 
improvement in their local pressure symptoms or 
discomfort using a visual-analogue questionnaire 
[57, 58, 64, 67].

Finally, in 2015, an externally monitored 
multicenter retrospective study of 1531 patients 
confirmed both the efficacy and the safety in clin-
ical practice of the multiple thin needle ablation 
technique [2, 3] for the nonsurgical management 
of benign symptomatic thyroid nodules. Because 
this population included those who both received 
multiple treatments for large nodules and had 
complex lesions, the results demonstrated an up 
to 80 % decrease of thyroid nodules.

The histopathologic changes on the basis of 
nodule shrinkage in humans are the same as in 
experimental models [4]. Cytological and histo-
logical samples obtained in 15 cold thyroid nod-
ules 12 months after multiple LA procedures 
demonstrated coagulative necrosis, degenerative 
changes, and signs of inflammatory reaction in 
the ablated areas [73]. No malignant change has 
been reported even in nodules resected 24 months 
after laser ablation [53].
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37.7.2  Hyper-Functioning Thyroid 
Nodules

Reports evaluating the efficacy of LA for therapy 
of hyperthyroidism due to hyperfunctioning nod-
ules have less consistent results. A few small 
series of hyper-functioning thyroid nodules 
treated with laser ablation report normalization 
of thyroid function and the resolution of the pre-
viously hyperfunctioning area at post-treatment 
radioisotope scan [50, 55, 60]. Others demon-
strated that LA was not invariably effective, and 
that multiple LA sessions were required to nor-
malize TSH levels [48, 61, 74]. Finally, a ran-
domized trial on 30 solitary hot nodules with 
extraglandular suppression, treated either with a 
single LA session or one radioiodine dose, dem-
onstrated that LA and 131I therapy had a similar 
effect on nodule volume reduction. However in 
contrast to 131I, LA was less likely to results in a 
normal serum TSH (only 50 % of patients) [75]. 
Overall, these results demonstrate the effective-
ness of LA when treating small, solitary and 
mildly hyperfunctioning nodules [65, 74]. In 
toxic nodular goiters or large autonomously 
functioning thyroid nodules, LA therapy results 
are more inconsistent and the normalization of 
thyroid function usually requires repeated treat-
ment sessions [48] (Table 37.2). A recent pilot 
study [76] compared outcomes in patients large 
toxic nodules treated with LA followed by 131I 
with those treated by 131I only, and demonstrated 
that combined treatment induced a more rapid 
and substantial improvement in local and sys-
temic symptoms compared to 131I only. In addi-
tion, for three patients, no 131I treatment was 
needed after LA. This approach seems a possible 
alternative to thyroidectomy in patients who 
refuse surgery.

37.7.3  Cystic Lesions

In a recent report, 44 subjects with predominantly 
cystic thyroid nodules were randomly assigned to 
aspiration alone or to fluid drainage immediately 
followed by laser ablation [59]. At 6 month 
 follow- up, both clinically significant volume 
decrease and improvement of local symptoms 

were observed in 15 of 22 (68 %) of cases in the 
thermal ablation group compared to only 4 of 22 
(18 %) cases in the fluid drainage group. Laser 
ablation significant decreased the solid compo-
nent of the cystic lesion (from 1.8 to 1.0 mL), 
while in the drainage alone group, the solid part 
was not reduced. No side effects were reported 
and thyroid function was maintained.

Even if the outcomes of laser ablation for cys-
tic nodules are favorable, percutaneous ethanol 
injection still remains the first-line minimally 
invasive treatment for predominantly cystic 
lesions due to its low cost, safety, and easiness 
[77]. Laser ablation should be considered only 
for the management of complex lesions with a 
relevant solid component because it will both 
prevent fluid recurrence and reduce of the solid 
part of the nodule.

37.8  Complications and Side 
Effects

Laser ablation is a fairly well tolerated proce-
dure. Mild to moderate cervical pain, minor neck 
swelling and a low-grade fever may occur after 
treatment and commonly last 1 or 2 days. These 
side effects may be controlled with the oral 
administration of acetaminophen.

Minor complications are infrequent and 
include persistent cervical pain that radiates to 
the ear, lower jaw or chest that does not dissipate 
after the laser ablation procedure. Pain subsides 
spontaneously but may last up to 24 h is done 
[61, 62]. Subcapsular hematoma and skin burns 
are extremely rare [52, 69]. Severe neck swelling 
due to subcutaneous edema, and cystic transfor-
mation have been occasionally reported [66]. The 
occurrence of transitory hyperthyroidism or late 
hypothyroidism is rare in patients with normal 
thyroid function [66].

Clinically significant damage or fibrosis have 
not been reported in the tissues contiguous to the 
area of treatment in subjects who subsequently 
underwent thyroidectomy because of unrelated 
problems [53, 73]. A single case of damage to the 
trachea wall was caused by the erroneous placing 
of the optical fiber by an inexperienced operator 
and required a surgical repair after 1 month [78]. 
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In a series of 122 patients treated by operators in 
the initial part of their learning curve, recurrent 
nerve damage was reported in 1.6 % of patients 
[66]. On the other hand, a recent study carried out 
by four centers demonstrated a very low risk of 
major complications if treatment is performed by 
adequately trained operators [67]. Only one case 
(<1 %) of vocal cord paresis that spontaneously 
resolved within 1 month, was reported while the 
use of analgesics was required in about 5 % of 
cases [67]. The very low incidence (0.5 %) of 
minor and major complications has been reported 
in a recent multicenter retrospective study on 
1534 thyroid nodules treated with the same pro-
cedure [69]. The risk of vocal cord paresis was 
extremely low and occurred during the training 
period of operators and with treatment of nodules 
in close proximity to the trachea wall.

As a general rule, the occurrence of pain dur-
ing the laser treatment is a useful warning symp-
tom that may prevent the risk of procedural 
complications and the procedure should be halted 
to check and reposition the fiber tip within the 
target lesion [61, 68, 69, 74, 79].

37.9  Costs

The price of a state-of-the art ultrasound equip-
ment with a built-in laser source is about $120,000, 
while a separate diode or Nd-YAG laser source is 
much less expensive (about $15–20,000). The 
expense for a complete kit including the fiber-
optics and other required disposables is about 
$400 for a single treatment. The cost of local anes-
thetic, dressings, and antiseptics must be included. 
Treatments, which require about 30 min, may be 
performed as either an outpatient or day hospital-
ization by an operator and a sonographer.

37.10  Conclusions for Clinical 
Practice

Percutaneous laser ablation is indicated for the 
treatment of solid, or predominantly solid, non- 
functioning cytologically benign thyroid nodules 
that progressively enlarge and become symptom-

atic or cause cosmetic concern. Laser-induced 
nodule volume reduction usually persists over 
several years and may be repeated in case of late 
regrowth without risk of cosmetic damage or loss 
of thyroid function.

If the procedure is properly performed with 
experienced operators, the risk of periprocedural 
complications is low.

Laser ablation may be used for the treatment 
of small hyperfunctioning thyroid nodules that 
do not cause suppression of the perinodular thy-
roid tissue. In these pre-toxic nodules, especially 
in young patients, normalization of serum TSH is 
attained without radiation exposure or risk of late 
hypothyroidism. In large hyperfunctioning nod-
ules, laser ablation may not be cost-effective 
compared with 131-I treatment. Before treat-
ment, efficacy, complications and side-effects of 
traditional management options should be dis-
cussed with the patient and compared with those 
of LA. Specifically, the possibility of late 
regrowth and the need of follow-up after thermal 
ablation should be clearly stated.

Percutaneous ethanol injection remains the 
treatment of choice for relapsing large-volume 
cystic nodules due to its excellent clinical results, 
absence of permanent complications and nearly 
negligible cost.
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38.1  Introduction

Surgeon-performed ultrasound is a necessary tool 
in the evaluation of patients with thyroid and 
parathyroid disease. On a daily basis, I am able to 
demonstrate to my residents and fellows key deci-
sions that hinged upon the ultrasound evaluation 
performed by the surgeon that were not apparent 
by review of images or reports. For a surgical 
practice, both the indications for surgery as well 
as the extent of the surgical procedure are driven 
by the findings on ultrasound evaluation. This 
benefit is apparent when applied in the clinic as 
well as in the operating room setting. In addition 
to the ability to identify structural lesions, fine 
needle aspiration under ultrasound guidance is an 
invaluable adjunct for clinical decision-making.

38.2  Adaptation of Ultrasound 
into Surgical Practice

Prior to the 1990s, ultrasonography was almost 
exclusively the purview of the radiologist. With 
the development of higher quality ultrasound 
machines and, in particular, ultrasound probes 

for use in the operating room, it became apparent 
that intraoperative ultrasonography had areas of 
particular clinical advantage. One key area is in 
the identification of liver tumors in patients 
undergoing hepatic surgery. Intraoperative ultra-
sound was able to identify tumors that were not 
apparent on preoperative CT scan imaging and 
thus had a direct effect on intraoperative decision- 
making. In addition, it was realized that ultra-
sound could be used repeatedly during the 
procedure to identify the relationship between 
the tumor and the surrounding vasculature and 
thus guide the resection. Early papers also dem-
onstrated the advantage of intraoperative ultra-
sound in identifying pancreatic islet tumors.

In my surgical training, I was exposed to two 
studies that drove home the value of ultrasound 
technology. First was a study that used intraop-
erative ultrasound at the completion of a carotid 
endarterectomy devote to assess the anatomy, in 
particular intimal flaps as well is to study the flow 
dynamics. It became apparent that a repair that 
appeared perfect from visual examination of the 
external vessel wall did not necessarily correlate 
with an adequate restoration of internal flow. The 
second study was the use of transabdominal ultra-
sound to diagnose patients with suspected acute 
appendicitis. This was an era where history, labo-
ratory studies and importantly physical examina-
tion was the key to determining whether surgical 
exploration was warranted. This  preceded routine 
CT scan and the use of diagnostic laparoscopy. 
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Having made the decision to operate, it was ini-
tially frustrating as part of this study to have to call 
the radiology resident to perform an abdominal 
ultrasound while waiting to take the patient to the 
operating room. In observing these studies being 
performed, I became aware of the advantages of 
this preoperative evaluation. Obviously imaging 
a clearly inflamed appendix, typically with an 
appendicolith, clearly established the diagnosis. It 
was also apparent that ultrasound was a dynamic 
study as the point of maximal tenderness could 
be reproduced with graded compression of the 
transducer. The conduct of the operation was also 
facilitated by knowing in advance the anatomic 
relationship of the appendix to the cecum and sur-
rounding structures.

Although the organ systems may be different, 
these principles apply equally well to the man-
agement of patients with thyroid and parathyroid 
disease. What is not apparent on physical exami-
nation becomes clearly defined when viewed 
sonographically. Diagnoses can be confirmed 
with a high degree of accuracy and operative 
strategy is thus directly affected.

In the 1990s, incorporation of ultrasound into 
surgical practice was challenging. At the local 
level, there was opposition to non-radiologists 
performing “radiologic” studies. Pathways for 
training were also challenging. Despite these 
obstacles, there was a group that recognized that 
surgeon-performed ultrasound held particular 
value for patient care. This was despite the fact 
that in this era, there was no financial incentive 
for the surgeon. Other countries, in particular 
Germany had recognized the value of surgical 
sonography and had incorporated it into resident 
training and clinical care. In 1992, in collabora-
tion with German colleagues, I was able to estab-
lish an early course in surgical sonography. This 
included office ultrasound evaluation of the thy-
roid and parathyroid, as well as techniques for 
ultrasound guided fine needle aspiration. 
Surgeons were able to learn these skills quickly. 
Having an intimate knowledge of the three 
dimensional anatomy, correlating this to the two- 
dimensional grayscale ultrasound image was 
intuitive. In fact when performing an ultrasound 
study, I imagine the three dimensional color 
structures that live beneath the skin.

38.3  Overall Philosophy 
of Surgeon-Performed 
Ultrasound

The value of ultrasound in an endocrine surgical 
practice is the identification of structural disease, 
appropriate diagnosis to determine whether sur-
gical intervention is warranted, determination of 
the appropriate extent of surgery. It has been 
repeatedly stated, with great truth, that ultrasound 
is an extension of the physical exam. In the office 
setting, physical examination skills are enhanced 
by performing a subsequent ultrasound evalua-
tion. When sonographic lesions are not appreci-
ated on initial physical examination, it reinforces 
the more subtle examination skills such as head 
position, intensity of palpation, and swallowing 
to appreciate more subtle lesions.

The value of a real-time ultrasound examina-
tion cannot be over emphasized. Almost all 
patients coming to the office with thyroid disease 
and many with parathyroid disease have had prior 
ultrasound imaging. Review of the printed reports 
alone, in many cases, would not have led to 
appropriate clinical decision-making. In addi-
tion, even review of the static images typically 
yields far less diagnostic information than pre-
forming the evaluation yourself.

I feel the reasons for this are multifactorial. 
Typically, the sonographer performing the initial 
evaluation is hindered by having a very limited 
clinical history. As a surgeon, I have assembled 
the history of the patient’s condition, reviewed 
medications and laboratory studies, as well as the 
prior imaging. After performing a physical exam-
ination, the ultrasound is then performed in a 
much richer clinical context. The ultrasound is 
therefore performed in a more strategic fashion to 
determine the best clinical course of action. 
Specific examples as they pertain to thyroid, 
parathyroid, and fine needle aspiration are dis-
cussed below.

An additional limitation in reviewing prior 
ultrasound reports and images is lack of com-
pleteness of the exam. Thyroid nodules may 
lack a description of key characteristics such as 
calcification or blood flow. Typical spongiform 
nodules may be described only as complex. 
Even when suspicious thyroid nodules are iden-
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tified, nodal surveys are often not done. Many 
centers lack familiarity with the subtleties of 
parathyroid localization. What is important, par-
ticularly for thyroid evaluation, is that lesions 
have been identified and documented to require 
further evaluation.

38.4  Know How to Use Your 
Equipment

Modern ultrasound machines perform complex 
computerized digital image processing to pro-
duce the images we see on the screen. Although 
many standard functions are quite similar from 
manufacturer to manufacturer, there are many 
subtleties available to enhance the quality of the 
images. We tend to rely quite heavily on prepro-
grammed settings that are suitable for most rou-
tine studies. Although laborious to read through 
the supplied instruction manuals, I have found it 
helpful, particularly in more unusual clinical situ-
ations. A patient technician who will take the 
time to demonstrate some of the more subtle fea-
tures of the equipment is also valuable.

There is an initial tendency to prefer images 
with greater contrast. Many important structures 
are best appreciated with a more subtle grayscale. 
With larger goiters, it is useful to decrease the 
ultrasound frequency to achieve a deeper depth 
of penetration. The size of larger lesions are often 
challenging to measure. Most machines allow for 
2B mode images to be placed side-by-side such 
that the lesion spans both images. Angulation of 
the transducer, often helped with the use of a 
curved array probe, may allow the long axis of a 
nodule to fit on a single screen, making this dis-
tance easier to measure. Many linear array probes 
may allow for a “trapezoidal” view such that with 
a subtle compromise in resolution a wider field of 
view is obtained. Understanding these settings to 
optimize color flow Doppler imaging is also 
essential. To evaluate color flow signal within a 
thyroid nodule is important to understand how to 
obtain highly sensitive settings on a particular 
model of ultrasound machine. Most machines 
also have a “power flow” mode where increased 
sensitivity is obtained with the loss of flow direc-
tion information (see Figs. 38.1 and 38.2).

38.5  Optimizing the Use 
of Ultrasound in the Office

The vast majority of patients presenting to a sur-
gical practice have had prior ultrasound evalua-
tions. Findings on that study often prompted the 
surgical consultation. It is essential to review 
those prior reports and images so as to fully 
understand the issues to address at that consulta-
tion as well as to better hone in on what needs to 
be evaluated during that office ultrasound.

 – The patient with Hashimoto’s thyroiditis may 
be referred due to suspicion of multiple thy-
roid nodules. The prior imaging may demon-
strate the measurement of multiple small 
lesions within the thyroid gland. Upon your 
ultrasound evaluation, you appreciate that on 
the real-time examination these findings 
reflect the heterogeneity within the thyroid 
parenchyma rather than true nodules, often 
called pseudonodules.

 – In patients with multinodular goiter, the size 
of purported nodules may have increased over 
a short period of time. Careful comparison of 
prior images to the real-time examination may 
reveal that different nodules were reported 
from one examination to another or, as is often 
the case, two adjacent nodules may be subse-
quently reported as one much larger nodule. 
Reported increase in size of the thyroid also 
needs to be carefully evaluated.

 – A patient with the length of a thyroid lobe 
reported as 5 cm on one examination may sub-
sequently be reported as having increased to 
6.5 cm. This may simply reflect, as the thyroid 
parenchyma gradually tapers out at its superior 
and inferior most aspect, that the  placement of 
the measurement calipers may vary signifi-
cantly. For this reason, the overall width and 
depth of a thyroid lobe are much more reliably 
followed on serial examination (Fig. 38.3).

 – The patient referred with a worrisome thyroid 
nodule due to multiple “fine calcifications” 
many in fact be a typical benign spongiform 
nodule with inspissated colloid within the cys-
tic areas mimicking calcifications. An under-
standing of these discrepancies will allow for 
an appropriate clinical decision to be made.
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Patients typically come into the office very 
concerned that there have been untoward changes 
in their thyroid and are typically told that they 
need biopsy and/or surgery. I find it quite useful 
at the completion of the ultrasound examination 
to show the patient their findings in real time on 
the ultrasound screen. This provides better reas-
surance, typically, that intervention is not 
required at this point and gives them an under-
standing as to any discrepancy between prior 
imaging and the current evaluation. To reassure 
these patients that important findings have not 

been overlooked, I will typically see them back 
for a follow-up evaluation. To this end, it is 
extremely useful to have the ability to capture 
images into the hospitals electronic medical 
record. This is key for image comparison both on 
a follow-up office visit and in the operating room.

The technique and conduct of the ultrasound 
evaluation is key for extracting the maximal 
amount of information from the examination and 
arriving at the proper clinical decision. Although 
aware of prior examination and imaging findings, 
it is important to keep an open and unprejudiced 

Fig. 38.1 Understanding how to use the variety of fea-
tures on a modern ultrasound machine will optimize 
imaging ability. A rectangular image is unable to fully 

encompass the width of the thyroid, whereas using the 
trapezoidal imaging feature of the same probe allows the 
entire gland to be seen

Fig. 38.2 The 
measurement of a large 
lesion may not be 
possible if it exceeds the 
width of the ultrasound 
probe. By “fusing” two 
images side-by- side, the 
length may be accurately 
measured
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frame of mind while conducting the examination. 
Prior documentation of a benign thyroid nodule 
by FNA should not dissuade careful examination 
of the contralateral lobe nor of lymph nodes dem-
onstrating worrisome sonographic features. 
Parathyroid adenomas may occasionally be iden-
tified in patients without prior suspicion of pri-
mary hyperparathyroidism.

In performing a thyroid ultrasound, it is 
important to conduct the examination in a stan-
dard fashion as well as to perform image capture 
and annotation systematically. There is no abso-
lute right or wrong way to form this study, but 
establishing a routine will guarantee that a thor-
ough examination has been performed and that 
essential elements are not omitted due to atten-
tion being focused on a major finding. It is also 
essential to understand that although we may use 
the term “thyroid” ultrasound, what this means in 
the surgeon’s office is a comprehensive neck 
ultrasound. Although our initial attention may be 
directed at a thyroid nodule that prompted surgi-
cal consultation, careful evaluation must be per-
formed of the contralateral lobe, potential 
cervical adenopathy or other unexpected ana-
tomic findings that may be key to directing nee-
dle aspiration or indication for surgery.

I prefer to start with a transverse view cen-
tered over the thyroid isthmus. This gives me a 
“lay of the land” in terms of the overall thyroid 
appearance as well as determining whether the 
trachea remains in the midline. By determining 
the shift from the midpoint of the transducer cen-
tered over the trachea to the sternal notch, quanti-
tative measurement of tracheal deviation is 
included in the ultrasound report.

I then perform transverse imaging of one lobe 
with care to examine all of the central neck com-
partment tissue from well above to well below 
the limits of the thyroid parenchyma itself. This 
includes attention to any central neck lymph 
nodes. I then perform longitudinal imaging of the 
same region. Any thyroidal or extra thyroidal 
abnormalities are then assessed with color flow 
Doppler (Fig. 38.4).

As is typically done, axial measurement of 
nodule length is done on longitudinal imaging 
with width and depth done on transverse imag-
ing. Capturing these images on a side-by-side 
view so that all three measurements are displayed 
in a single image is particularly helpful to avoid 
confusion with subsequent imaging, especially if 
multiple nodules are being measured.

I find it useful to document nodule character-
istics in a systematic, essentially templated, fash-
ion. Also useful are dynamic assessments of a 

Fig. 38.3 Although the longest dimension of a thyroid 
lobe, the exact length may not be easily appreciated given 
tapering of the thyroid parenchyma. This results in poten-
tial variability on serial studies that may be misinterpreted 
as a true increase in size

Fig. 38.4 Pathologic lymph nodes with partial tumor 
replacement will show more subtle features such as sub-
capsular areas of microcalcification with corresponding 
increase in color flow Doppler signal
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nodule. With graded compression of the ultra-
sound probe, deformability of a nodule can hint 
at whether it is more firm or softer in texture. 
Also useful is to have the patient swallow while 
imaging a nodule longitudinally. Lack of motion 
of the nodule distinct from the overlying strap 
muscles or from the posterior tissues may predict 
gross extra-thyroidal extension.

After assessing the contralateral lobe in an 
identical manner, careful examination of the mid-
line structures is then performed. Although typi-
cally covered while assessing each lobe, 
particular attention is paid at this point to subtle 
lesions within the thyroid isthmus. Key points to 
focus attention to at this time are anterior tracheal 
nodes, prominent pyramidal lobes or even unex-
pected thyroglossal duct cysts. An assessment of 
vocal cord function can also be made in most 
patients. I still assess any patient with voice 
changes, high-risk lesions or reoperative cases 
with direct laryngoscopy.

Careful examination is then done both trans-
versely and longitudinally for any lateral neck 
lymph nodes. This evaluation will reimage any 
notes in the central neck as well. More prominent 
nodes are typically encountered just beneath the 
salivary glands. These may have been reported as 
“concerning” on a prior ultrasound study. If they 
are of a benign sono-morphology, and in particu-
lar bilateral and symmetric, needle biopsy is 
rarely warranted. The classic pathologic lymph 
node completely replaced with tumor is easily 
spotted: typically round, lacking a hyperechoic 
stripe, often with micro calcifications and 
increased color flow doppler signal. Attention 
must be paid to the node with partial tumor 
replacement. These findings are more subtle, 
often with a cluster of micro calcifications at the 
periphery of a somewhat more prominent node 
that otherwise has benign sonographic features.

Almost subconsciously, I assess the presence 
of a carotid subclavian junction on the right side. 
Although arch abnormalities are uncommon, this 
finding would predict the presence of a nonrecur-
rent laryngeal nerve on the right side.

For patients who have undergone surgery for 
thyroid cancer, a key component of oncologic 
surveillance is periodic neck ultrasound, in par-

ticular to assess abnormal lymph nodes, the most 
common site of recurrence. The algorithm for 
performing the study is the same as when the thy-
roid is in place. Examination of the central neck 
compartment may be less sensitive at the carotid 
arteries with shadowing from their edges obscur-
ing a key area of interest. This is helped by graded 
compression of the transducer with the intention 
of displacing the carotid laterally. In addition, the 
anterior tracheal area requires special attention as 
it is a common sight of recurrence; however, the 
quality of the image may be impaired by being so 
close to the transducer. When first learning to 
perform this examination, trainees often focus 
their attention on the obvious structures such as 
the carotid artery and jugular vein. What must be 
taught is to retrain your focus to those soft tis-
sues, which bear the lymph nodes, surrounding 
the obvious structures.

Parathyroid localization is also an important 
component of a surgical practice. This examina-
tion should be comprehensive to include the thy-
roid and lateral neck nodes as well. It is very 
common to identify previously unsuspected thy-
roid pathology that may directly impact the 
extent of any planned operation. I find that the 
most common indication for an unplanned thy-
roid fine needle aspiration is in a patient being 
evaluated for primary hyperparathyroidism.

As with any ultrasound examination, a sys-
tematic approach is important. As with the thy-
roid, I perform transverse and longitudinal 
imaging on each side of the neck. Attention is 
initially placed on the typical anatomic locations 
for parathyroid glands. Following this, the ecto-
pic sites are evaluated. For lower glands, it is 
important to assess the areas of the cervical 
 thymus inferior to the lower poles of the thyroid. 
Proper neck hyperextension and angulation of 
the transducer are employed to image as much of 
the upper mediastinum as possible. The upper 
parathyroid glands very commonly are found in a 
descended location along the tracheal esophageal 
groove. Compression with the transducer is an 
important component of this examination. It 
allows displacement of the esophagus that com-
monly reveals glands hidden behind this organ. It 
may not be immediately apparent whether a 
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suspected structure is in fact a parathyroid located 
beyond the margins of the thyroid versus a nod-
ule at the periphery of the thyroid. With compres-
sion of the transducer, the structure may be seen 
to move separately from the thyroid, particularly 
in the transverse orientation, thus confirming that 
it is a parathyroid.

Although the typical hypoechoic parathyroid 
with a hyperechoic rim and teardrop configura-
tion is easily recognized, parathyroid appearance 
may be variable. Hyperplastic glands may appear 
more heterogeneous given their multinodular 
makeup. Parathyroids may also have cystic areas 
or even areas of calcification. Being aware of this 
variable appearance will improve localization 
accuracy. Some very large glands are missed as 
they spanned the entire width of the transducer 
and are not recognized as a distinct structure.

38.6  Optimizing Fine Needle 
Aspiration Results

The ability to perform accurate fine needle aspi-
rations is a key diagnostic tool for the endocrine 
surgeon. As a commitment to providing quality 
patient care, the practitioner should monitor their 
rate of inadequate aspirations. If higher than 
desired, additional training or proctoring should 
be undertaken.

Variable techniques have been described per-
forming the aspiration. Training and personal 
preference will establish the best technique for 
an individual provider. I prefer to perform my 
diagnostic examination standing to the patient’s 
right, but perform the fine needle aspiration 
standing to the patient’s left. This allows my 
right hand holding the syringe and my left hand 
holding the transducer to be in the same field of 
view as the ultrasound screen. I find this to be a 
more natural ergonomic positioning. Although 
diagnostic examinations are performed with a 
linear transducer, I perform almost all aspira-
tions with a small footprint curved array probe. I 
find that this provides increased degrees of free-
dom of movement of the probe, particularly use-
ful when aspirating lesions in the central neck. 
There is also a shorter length of tissue that the 

needle must traverse before coming into view on 
the ultrasound screen.

Discussions of needle diameter and aspiration 
technique and number of needle passes constitute 
a complex area. I find it to be the most emotion-
ally charged and dogmatic area with near reli-
gious conviction to a given technique. Given this 
variability, it may imply that, in the end, there is 
little difference in outcome, with operator depen-
dency, the key variable. Regardless of technique, 
it is essential to clearly identify the tip of the 
needle within the target lesion. It is important to 
collaborate with the cytologist to provide smears 
and/or suspensions so as to get an optimal 
reading.

The indications to perform a fine needle aspi-
ration on a given thyroid lesion based on sono-
graphic criteria have been detailed in other 
chapters. A key determination of whether to per-
form an aspiration hinges on whether it will alter 
the treatment course for the patient. A given 
lesion, in and of itself, may meet criteria for aspi-
ration; however, the patient’s clinical context 
would make performing an aspiration of no value 
in clinical decision making. In a patient with a 
bilateral nodular goiter and no worrisome ade-
nopathy, where total thyroidectomy is the planned 
procedure, fine needle aspiration will not affect 
the clinical course. At the time of surgery, atten-
tion is paid to enlarge nodes and these should be 
sampled, if identified. The same procedure would 
be followed whether the aspiration were benign 
or malignant. The only exception would be for 
those groups who choose to perform routine pro-
phylactic central neck dissection in malignant 
cases. Similarly, patients with a history of exter-
nal beam radiation treatment and multiple  thyroid 
nodules typically need total thyroidectomy given 
the high rate of malignancy and thus do not 
require fine needle aspiration.

In addition to cytology, measurement of thyro-
globulin, calcitonin, or parathyroid hormone in 
the appropriate clinical setting provides very use-
ful adjunctive information. I routinely send all 
aspirated lymph nodes for thyroglobulin measure-
ments. Any structure aspirated in a patient with 
known medullary cancer is sent for calcitonin. In 
patients with primary hyperparathyroidism, 
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I routinely send any suspected thyroid nodules for 
parathyroid hormone measurement. I have had 
many intrathyroidal masses return with high PTH 
values and a sonographic appearance atypical for 
a parathyroid gland. Armed with this information 
preoperatively is key to avoiding what otherwise 
would be a prolonged parathyroid exploration. 
Any aspiration of a suspected parathyroid should 
be sent for PTH as the cytology on the cells mim-
ics a thyroid follicular neoplasm.

38.7  Use of Ultrasound 
in the Operating Room

Prior to thyroid or parathyroid surgery, I rou-
tinely ultrasound the patient when they are 
asleep in the operating room and properly posi-
tioned. For patients with thyroid disease, this 
confirms the presence and features of the index 
lesions. Additional unsuspected pathology may 
be identified such as lymph nodes that will have 
a direct impact on the extent of the planned pro-
cedure. For patients with parathyroid disease, 
the greater degree of compression that may be 
applied can identify previously unsuspected 
glands. Knowing the exact anatomic relation 
between the localized parathyroid and the sur-
rounding structures facilitates its removal. 
Knowing that a gland is located just inferior to 
lower pole of the thyroid versus tucked just pos-
terior to the lower pole, directs the surgeon to the 
abnormal gland with minimal dissection. I often 
refer to this as an “ultrasound guided parathy-
roidectomy.” The ultrasound is also useful at 
judging the optimal level at which to place the 

surgical incision, particularly in obese patients 
when the thyroid may not be palpable.

There is also an important educational benefit 
for trainees. Is entirely non-threatening for the 
trainee to perform the examination and to have 
the instructor give direction or take over move-
ment of the probe with a patient being asleep. It 
clearly reinforces ultrasound findings to image 
the lesion preoperatively then to directly observe 
the pathology several minutes later.

In certain complex situations, there is a value 
to performing true intraoperative ultrasonogra-
phy with the probe placed within the surgical 
wound. Particularly in reoperative situations with 
extensive neck scarring, the location of a nodal 
recurrence in the central neck or enlarged para-
thyroid may not be apparent at initial exploration. 
Bringing the ultrasound probe, covered by a ster-
ile see-through bag, into the wound allows clear 
identification of the pathology and therefore a 
more focused dissection.

38.8  Conclusion

Ultrasound is an indispensable tool in the prac-
tice of an endocrine surgeon. With equipment 
costs decreasing, availability of excellent training 
courses, and limited resistance by radiologists of 
surgeons performing these procedures, barriers 
to incorporating this into a surgical practice are 
limited. That said, there is a time commitment 
and learning curve. Once adopted, however, the 
value of surgeon-performed ultrasound becomes 
apparent in improving diagnostic accuracy and 
appropriate clinical decision-making.
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39

39.1  Pro

39.1.1  Convenience and Efficiency 
of Patient Care

Imagine the patient who must travel 3–4 h from a 
small town for an appointment for a suspected 
thyroid mass. Appropriate imaging and up-to- 
date cytology are not possible near or within the 
local community. The receiving physician at our 
tertiary medical center would perform a standard 
examination and the patient scheduled for a 
return visit to radiology for ultrasound. Often, the 
radiologist will ask the patient to come back yet 
again for an ultrasound-guided biopsy.

After the cytology is confirmed, a fourth visit 
to the head and neck surgeon would be required 
to round out the preoperative program.

Consider the same patient circumstances but 
availability of office-based ultrasound at the  initial 
visit. Upon receipt of referral with a t hyroid mass, 

the scheduler sets several elements in motion for 
the initial visit. A complete history and physical are 
performed along with a complete diagnostic ultra-
sound of the thyroid and head and neck. An FNA 
with cytology is accomplished with or without an 
on-site cytotechnologist. If lymphoma is suspected, 
an aspirate can be placed in special media at the 
outset. With thyroid masses, all elements of thyroid 
surgery are discussed with the patient including 
risks and complications and consents are signed. 
The cytology results are reported to the patient and 
referring physician by telephone in the ensuing 
week as well as any unexpected changes in surgical 
management. This scenario is followed with every 
routine thyroid patient and reduces the patient 
inconvenience from 4 visits to 1. For head and neck 
tumor (non-thyroid) patients, the efficiency of 
obtaining imaging and tissue biopsy at the first visit 
can translate into reduced time to staging and ini-
tiation of treatment. Head and neck cancer patients 
face many challenges in obtaining multidisci-
plinary consultations, and point-of-care ultrasound 
has greatly improved the way I “package” the 
patient prior to treatment planning.

39.1.2  Comprehensive Attention 
to Relevant Details

The surgeon who performs his/her own ultra-
sound has the opportunity to look at more areas 
and details than that by a radiography technician. 
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Static images described by someone else with a 
different set of views and annotation are often 
difficult to interpret. Ideally, appropriate cine 
loops are the best way to recall important dynamic 
information and not every radiology study 
includes them.

39.1.3  Use in Operating Room

Frequently, the study needs to be repeated pre or 
even intraoperatively and the same surgeon will 
be better equipped to do the repeat study rather 
than expecting another radiologist to offer effi-
ciency and an accurate assessment. Pre-incision, 
surgeon-performed ultrasound has become the 
ultimate “time-out”, confirming the correct side, 
correct patient, correct procedure, and ensuring 
that no additional pathology has developed in the 
interim.

39.1.4  Continuity of Care

Follow-up of a mass for change in dimension 
and/or character is ideally accomplished by the 
same examiner on the same machine. Surgeon-
performed ultrasound eliminates the errors in 
communication that occur when the imaging 
study is performed off-site and by non-treating 
sonographers. It also engages the patient in a 
direct conversation with the treating physician 
about the implications of any change in findings.

39.1.5  Comfort with Use of Invasive 
Procedures

Occasionally, a core biopsy is preferable to an 
FNA with cytology. The surgeon experienced 
with obtaining core samples is best suited to 
make this decision. In fact, it is frequently 
obtained at the time of initial visit to the office, 
increasing efficiency of treatment. Some lesions 
which are reasonable candidates for core under 

ultrasound guidance are anaplastic thyroid carci-
noma, Reidel’s struma, and neck and large thy-
roid lymphoma.

39.1.6 Low-Resource Settings

Head and neck pathology often requires imaging 
studies to best make diagnosis and management 
decisions. However, in many parts of the world, 
there is a paucity of imaging equipment and radi-
ologists, as well as surgeons. Portable ultrasound 
brings imaging capabilities to patients who other-
wise would not have access to such care. Patients 
with head and neck tumors who live in rural, 
remote, or low-resource settings can enjoy the 
benefits of immediate imaging and tissue pro-
curement, with a much smaller investment in 
infrastructure and personnel than a traditional 
radiology department requires. The World Health 
Organization recognized the unique value of 
ultrasound imaging in basic health care, and pub-
lished its first manual of ultrasound technique in 
1995. Surgeon-performed ultrasound closes the 
loop between diagnosis and treatment without 
requiring a radiologist and/or technician.

39.2  Con

39.2.1  Ongoing Education Needs

Head and neck ultrasound requires a continual 
self-education and hands-on experience. The 
individual who is not committed to properly 
developing the examining skills, proper reporting 
language, and interpretation of images will do a 
disservice to patients.

39.2.2  Time Challenges

For the first few months, this will add time to the 
outpatient visit. The surgeon must adjust the 
schedule accordingly with the expectation that 
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over time the frustration associated with this pro-
longation will diminish substantially and the 
study can be accelerated to an acceptable level.

39.3 Conclusions

This is an overview of the relevance of ultrasound 
to the arsenal of the head and neck surgeon. 
Generally, surgeons enjoy applied anatomy; ultra-
sound offers the consummate opportunity to 
examine structures in real time. Arguments have 
been rendered concerning potential conflict with 
referring endocrinologists and radiologists who 
perform other imaging studies on rush request. 
The surgeon wants to retain their friendship and 
lines of referral. It is helpful to discuss mutual 
interests with the endocrinologist, emphasizing 
that a full screening and mapping of lymph nodes 
is critical to the design of the procedure as well as 
defining long term follow-up issues. Patients who 
have previously been studied with ultrasound in 
the radiology department should nevertheless 
have the study repeated by the surgeon. Of course, 
if the study is available in a PACS system with 
cine loops this step can be omitted. Regardless, no 
charge should be submitted by the surgeon. The 
relationship with radiology will depend to some 
degree on expertise. Learning their preferred con-
struction of a report and specific terminology will 
give the surgeon credibility. Providing a DVD or 
PACS image of interesting images for the radiol-
ogy teaching file will be appreciated and will dem-
onstrate that a spirit of collegiality can exist.

R.S. Lastly, after my surgical career terminated I 
have continued to enjoy the care and manage-
ment of endocrine surgery of the head and neck 
through ultrasound. It has allowed me to perform 
appropriate imaging, perform biopsies, and fol-
low patients. And it really is fun. I have been part 
of the National Ultrasound Faculty of the 
American College of Surgeons since 2001 and 

Chairman of the Thyroid and Parathyroid Module 
for 10 years ending in 2013. We have sponsored 
introductory courses at the American College of 
Surgeons (ACS) Congress and American 
Association-Head and Neck Surgery (AAO- 
HNS) and numerous exported courses to univer-
sities, resort, and hotel courses. These are all 
designed to teach the didactic elements of ultra-
sound to include hands-on skills. This is just the 
beginning as it does not guarantee any degree of 
quality. Accreditation of expertise from an inde-
pendent agency is now available and I predict 
under mandate in the future as insurance carriers 
and government agencies will insist on parame-
ters of ability. The American Institute of 
Ultrasound in Medicine (AIUM) in conjunction 
with the AAO-HNS has been able to develop the 
opportunity for surgeons, residents, and radiolo-
gists to submit cases to a Review Board. The 
AIUM website with head and neck concentration 
is clear and the only means of obtaining 
Accreditation at the present. Managing this pro-
cess has become my current primary medical 
activity. Hopefully, individuals who complete the 
ACS courses and continue performing ultrasound 
will want to pursue Accreditation for the reasons 
outlined above.

M.S. As I incorporated point-of-care ultrasound 
into my head and neck surgery practice, I found 
that ultrasound became the “stethoscope” for my 
fingers in examining my patients. The longer I 
have had a machine in my office, the more appli-
cations I find. It has invigorated my practice and 
career tremendously: my patients welcome the 
convenience and enhanced information, my stu-
dents and trainees enthusiastically embrace ultra-
sound practice, and I’ve taken point-of-care head 
and neck ultrasound around the globe to bring 
imaging capabilities into remote settings. The 
network of surgeon sonographers is growing rap-
idly, thanks to the vision and leadership of Dr. 
Sofferman and other pioneers in the field.
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Ultrasound for Endocrinologists: 
What I Learned from Lifetime 
Practice

Susan J. Mandel

Reflections on ultrasound imaging of the thyroid 
and the neck over more than two decades of use 
as an endocrinologist trigger both exhilaration 
and humility, which are persistently coupled as I 
continue to practice of the art of imaging. 
Throughout my career, I have been fortunate to 
partner with and learn from skilled and dedicated 
colleagues from multiple specialties to provide 
optimal care for my patients.

40.1  Exhilaration

40.1.1  What You Can See

Anatomy is awesome. There is the thrill of visu-
alizing the intricacies and three-dimensional rela-
tionships of the neck structures which may 
particularly resonate with those physicians in dis-
ciplines where these spatial relationships have 
not been encountered since first year medical 
school anatomy. Ultrasound (US) demonstrates 
transverse processes of the cervical vertebrae, 
vagal nerves, the esophagus, great vessels and 
smaller ones, the vocal cords, salivary glands, the 

thymus, the origin of the superior thyroidal artery 
from the carotid and the inferior thyroidal artery 
the traverses the great vessels to originate from 
the thyrocervical trunk. And US allows unfore-
seen detection of nonthyroid pathology—sar-
coidosis based upon lymph node appearance, 
Sjogren’s because of heterogeneity of the sali-
vary glands, thyroglossal duct cysts, lymphomas, 
and other malignancies associated with meta-
static cervical adenopathy.

Sonographic imaging of the thyroid enhances 
our understanding of pathophysiology. We can 
diagnose autoimmune thyroid disease based 
upon parenchymal heterogeneity and detect thy-
roid nodules that we otherwise cannot palpate, 
measuring a few millimeters to over 3 cm. The 
compendium of literature informs us about the 
association of a nodule’s malignancy risk with its 
sonographic appearance. For patients undergoing 
thyroid surgery, imaging of cervical lymph nodes 
can optimize the surgical procedure by detecting 
nonpalpable metastatic disease.

As an educator, sonographic imaging com-
plements physical diagnosis. US delineates the 
anterior contour of the thyroid gland, making 
evident what should be detected on a physical 
examination. An irregular thyroid contour as 
found in Hashimoto’s thyroiditis translates to the 
firm gritty sensation felt on exam. And US makes 
it clear that the 2 cm nodule thought to be pal-
pable by another clinician is clearly not because 
there is no forward displacement of the anterior 
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surface of the thyroid. Conversely, US confirms 
that the 8 mm isthmus nodule located only 6 mm 
below the skin surface should be evident on a 
physical examination.

40.1.2  What You Can Do

Ultrasound guided fine-needle aspiration biop-
sies (US FNA) of thyroid nodules and lymph 
nodes. Using ultrasound guidance, it is techni-
cally possible for a skilled operator to target 
lesions as small as 5 mm, although we now know 
this is generally not clinically indicated (see 
below). Ultrasound facilitates accurate targeting 
of posterior nodules or those located lower or 
deeper in the neck as well as the solid areas of 
cystic nodules, otherwise inaccessible for palpa-
tion FNA. Furthermore, by taking advantage of 
the sector imaging properties of a lower fre-
quency curvilinear versus a linear probe, it is 
possible to target suspicious lymph nodules 
located posterior to the great vessels in the infe-
rior lateral neck.

40.1.3  Whom You Can Work With

Ultrasound imaging and FNA of thyroid and 
neck structures transcend specialties, endocrinol-
ogy, radiology, cytology, head and neck surgery 
and endocrine surgery, with opportunities for 
multidisciplinary collaboration, research, patient 
care, and education—all of which have resulted 
in cross discipline collegiality and friendships. In 
fact, the concept of this textbook originated at an 
ultrasound course 4 years ago, where Mira Milas, 
Jill Langer, and I were faculty. We reflected upon 
how the synergy of our disciplines broadened our 
understanding of imaging, physiology and patho-
physiology and how this could benefit learners of 
US. Both the Endocrine Society and American 
Thyroid Association US courses for continuing 
medical education (CME) include surgeons, 
endocrinologists, cytologists, and radiologists 
from the United States and from abroad. 
Furthermore, as US workshops have become 
increasing refined to become more effective 

learning venues, opportunities for international 
education have increased.

There are two collaborative endeavors that 
have most contributed to my professional satis-
faction as an endocrinologist. The first is the 
multidisciplinary Thyroid Nodule Clinic at my 
own institution. Here, I work with Jill Langer, 
our Ultrasound section chief, Zubair Baloch, a 
cytologist known for his thyroid expertise, and 
their colleagues to optimize efficient and quality 
care for patients with thyroid nodules. A patient 
undergoes a diagnostic ultrasound exam, fol-
lowed by US-guided fine needle aspiration 
(FNA) when clinically indicated, with onsite 
cytology examination and discussion of prelimi-
nary cytology results. The synergistic learning 
over the last two decades has enhanced all of our 
careers. The second is my partnership with the 
endocrine faculty at Chris Hani Baragwanath 
Hospital in Soweto, South Africa to initiate a 
multidisciplinary thyroid nodule clinic that 
started in 2014. This clinic has directly impacted 
quality of care, decreasing the time from diagno-
sis of thyroid cancer to surgery from 3 months to 
as little as 2 weeks.

40.2  Humility—So Much Still 
to Learn

40.2.1  What You See May Not 
Be What It Is

Studies investigating interobserver reproducibil-
ity for identification of both individual features 
and composite sonographic patterns report that at 
most, agreement just reaches the lower limit of 
what is considered as good. Some of the variabil-
ity has been attributed to operator experience or 
US equipment. Working with high end radiology 
machines, and with years of experience, daily I 
confront challenges in classification of what are 
even considered basic features, such as composi-
tion and echogenicity. The same nodule may 
appear isoechoic on one static image and 
hypoechoic on another and this may be influ-
enced by probe angle or adjacent structures on 
that view. In addition, high frequency linear 
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probes are generally used for diagnostic imaging 
and we have observed that a nodule that images 
as uniformly solid may appear to have a more 
mixed cystic solid composition with a lower fre-
quency curvilinear or sector probe, subsequently 
abrogating the recommendation for FNA. The 
classifications of borders that are not smooth as 
infiltrative or microlobulated versus just poorly 
defined, and the classifications of bright reflec-
tors as either more (microcalcifications) or less 
worrisome, are frequent grey areas in image 
interpretation. And this all directly affects patient 
care by impacting FNA decision making.

40.2.2  Not Everything You See Merits 
a Needle

I began my career as a thyroidologist in the era of 
palpation FNA, with the pervasive mantra of 
aspiration of all nodules over 1 cm. So in the 
1990s, I recommended US FNA for all such 
sonographically detected nodules—so many 
FNAs. I would aspirate up to four nodules in a 
single patient. In fact, the first version of the ATA 
Guidelines for management of thyroid nodules, 
published only 10 years ago, recommended FNA 
for all supracentimetric nodules [1]. The first 
refinement to my FNA practice was the incorpo-
ration of risk stratification using sonographic fea-
tures, which then determined variable size cutoffs 
for FNA. But still many nodules were submitted 
to FNA because our mission objective remained 
cancer detection.

Now, we recognize that the almost exponen-
tial rise in thyroid cancer incidence over the last 
decade epitomizes the concept of cancer overdi-
agnosis [2]. This trend is strongly correlated 

with increased use of imaging pervasive in 
medicine that leads to incidental detection of 
nodules, with subsequent FNA. The cancers we 
are currently diagnosing are significantly 
smaller than 15 years ago and many are low risk 
or indolent [3, 4]. Therefore, confronted with 
the burgeoning number of detected thyroid nod-
ules, FNA should be reserved for nodules with 
the potential to be clinically more aggressive 
cancers, and surveillance is appropriate for 
smaller sonographically suspicious nodules 
1 cm or less, confined to the thyroid, without 
metastatic adenopathy. Furthermore, given the 
very low cancer risk of <3 % associated with cer-
tain sonographic patterns such as spongiform, 
FNA can be deferred even for large nodules. 
Therefore, at this stage of my career, I adhere to 
a more holistic approach to FNA decision mak-
ing, where knowing more may actually mean 
doing less. And this model is currently promoted 
internationally by leading practitioners of sonog-
raphy, be they radiologists, endocrinologists or 
surgeons, as we strive to maximize benefit to 
patients, while minimizing harm.
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Ultrasound for Radiologists: What 
I Learned from Lifetime Practice

Jill E. Langer

The rapid expansion of technology has caused 
most radiology practices to focus on the so-
called “high-tech” diagnostic radiology exams, 
such as magnetic resonance imaging (MRI), 
computed tomography (CT), and positron emis-
sion tomography (PET). There is likely a sub-
conscious bias among most radiologists (and 
perhaps non- radiologists), that these complex 
and expensive exams with hundreds, and some-
times over a thousand images, displayed from 
multiple imaging planes with the aid of advanced 
reconstruction platforms, must always be supe-
rior for diagnosis as compared to the low-tech 
radiology exams. As a subspecialist radiologist 
in diagnostic and interventional sonography for 
the last 25 years, I can proclaim with pride that 
for imaging of the thyroid and cervical nodes, 
sonography completely outperforms all other 
exams. The superficial location of the majority 
of the structures in the neck affords an unhin-
dered view with the ultrasound probe and the 
spatial resolution of sonography surpasses that 
of MR and CT, uniquely allowing the detection 

of subtle and critically important findings such 
as microcalcifications and infiltrative margins 
within thyroid nodules and tiny cystic regions in 
cervical nodes. The real time nature of sonogra-
phy allows for dynamic assessment which can 
be useful for diagnosis but more importantly 
provides the safest and most efficient guidance 
for biopsies and other interventions in the neck. 
Sonography is unquestionably the most essential 
imaging tool for the care of patients with thyroid 
(and in many cases, parathyroid) disease. I must 
admit that it is a sort of a moral victory that my 
dedication to and passion for the practice of 
sonography is affirmed by the superiority of 
sonography in this clinical context.

The practice of sonography is incredibly 
appealing to me because the field ranges broadly 
across nearly all aspects of health care. This chal-
lenges me to be knowledgeable and current about 
so many different medical and surgical subspe-
cialties in order to provide meaningful interpreta-
tion of the images, as well as being skillful in the 
performance of the exam and biopsy procedures. 
More importantly, the practice of sonography 
offers the ability to provide direct patient care. 
The sonography exam and the performance of an 
ultrasound-guided procedure are among the most 
intimate patient care experiences in the practice 
of radiology both from the patient perspective 
and (in my practice) from the physician perspec-
tive. It is a hands-on encounter with an opportu-
nity for the radiologists to truly care for a patient, 
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by listening to them, examining them and having 
dialogue about the findings, an experience quite 
similar to a typical physician office visit.

41.1  The Art of Sonography

Technologic advances in the last several years 
have allowed for the development of good qual-
ity, portable and inexpensive sonographic instru-
ments that can be used in the office setting and in 
the operating room. This availability has moti-
vated a variety of subspecialties that care for 
patients with thyroid and parathyroid abnormali-
ties to encourage physicians and other care pro-
viders to learn to become adept at examining the 
neck with ultrasound and incorporate sonography 
as a routine part of their practice.

It is wonderful to witness the ever expanding 
role of sonography in the care of patients. The 
challenge is that, unlike CT and MR, the sono-
graphic exam is not an automated process; it is 
an exam that needs to be created by the sonolo-
gist (noting that term sonologist refers to the per-
son operating the ultrasound equipment without 
distinction by medical background or training) 
by using skillful manipulation of the probe and 
sonographic controls. The sonologist must pay 
incredible attention to small details while adher-
ing to imaging protocols to be thorough, but 
must also be prepared appropriately to expand 
the exam to assure that they have fully investi-
gated the entire neck when abnormalities are 
noted. Therefore, it remains essential that all 
sonologists recognize that, in order to provide 
optimal patient care, the exam needs to be both 
expertly performed and expertly interpreted. It is 
incumbent upon the sonologist to maintain a 
healthy respect for the challenges that the perfor-
mance of high quality sonography presents and 
an appreciation that the recognition of incredible 
subtleties will dramatically alter the diagnosis. 
In the radiology practice model, the ultrasound 
lab is responsible for performing a complete and 
comprehensive diagnostic exam of the neck 
whereas in the non- radiology practice model it is 
acceptable to use sonography in a more limited 

capacity or so- called point-of care sonography. 
In most radiology practices in the USA, the 
images are typically acquired by ultrasound 
technologists (sonographers), who are highly 
trained medical professionals who need to be 
certified and work within an institution accred-
ited to perform sonography. It is the responsibil-
ity of the sonographers to take a brief patient 
history, to perform the real time exam, and cap-
ture the required images as stipulated by practice 
guidelines. The thoroughness with which the 
neck is interrogated, the number of captured 
images and the diagnostic quality of the captured 
images will vary greatly depending on the skill 
and experience of the sonographer. I have 
worked with a number of outstanding technolo-
gists who are not only extremely skilled at the 
technical aspect of their craft but who are dedi-
cated and caring professionals. They have strived 
to become educated about both the imaging find-
ings and the clinical presentations of the disease 
processes of their patients in an effort to provide 
optimal patient care. Their diagnostic excellence 
has indeed been essential in the care of many 
patients seen in our ultrasound lab and I am 
incredibly indebted to all of them. There are too 
many technologists that I would like to publi-
cally recognize to list all by name, but I would 
like to give special recognition to a few. Caren 
Levine, RDMS, assumed the role as our first lead 
technologist in our multidisciplinary thyroid 
clinic. Caren is the consummate perfectionist in 
her scanning, consistently providing images of 
the highest quality and often capturing the most 
subtle abnormalities that I am sure would go 
undetected under another’s watch. Her expertise 
and compassionate care have made her the most 
sought after technologist for our returning 
patients, many of whom will only schedule their 
appointment with the knowledge that Caren will 
be there to perform their scan. Christopher 
Iyoob, RDMS (our ultrasound supervisor) and 
Bonnie Brake, RDMS, RVT (our lead technolo-
gist for interventional ultrasound) have provided 
the leadership and mentorship necessary to make 
sure all of our technologists meet our lab’s high 
expectations for diagnostic quality.
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41.2  The Role of the Radiologist

The role of the radiologist is to (a) provide medi-
cal and technical guidance to the sonographers, 
(b) assure that the lab is adhering to practice 
guidelines in the performance of the sonographic 
exams and the maintenance standards of its 
equipment, (c) accurately interpret the images, 
and (d) generate a radiology report that describes 
the pertinent findings, and when appropriate, pro-
vide recommendations for further testing or fol-
low- up evaluation. Certainly the interpretation of 
the images and the generation of the report 
require the most expertise on the part of the radi-
ologist. Similar to the expected variances of diag-
nostic expertise in all medical disciplines, the 
diagnostic skill of the physicians interpreting 
ultrasound exams will vary, and an interpretation, 
even among the most skilled, may be compro-
mised by technically limited or incomplete imag-
ing. Certainly my diagnostic skills and knowledge 
base have evolved over the course of my training 
and throughout my career. I am fortunate to prac-
tice in an outstanding academic institution where 
I have had the benefit of working with and learn-
ing from some of the most gifted and knowledge-
able physicians in the fields of Endocrinology, 
Head and Neck Surgery, Oncologic Surgery, 
Anatomic Pathology and Cytopathology over my 
career at the University of Pennsylvania. A major 
turning point in our institution’s quest for clinical 
and research excellence in the care of patients 
with thyroid disease was the recruitment of Susan 
Mandel, MD, MPH in 1998. Under her guidance 
and leadership as an endocrinologist specializing 
in thyroid disease, an open line of communica-
tion and a culture of mutual respect were estab-
lished with our radiology department as well as 
with all clinicians caring for her patients. Our 
institution and more importantly, the patients for 
whom we all provide care, have greatly benefited 
from this respectful spirit of clinical collabora-
tion. These colleagues have made me a better 
diagnostician by respectfully discussing what 
pertinent information the radiologist needs to 
provide to them to optimize the care of our 
patients. In fact, it has been our (Mira Milas, 
Susan Mandel, and myself) collective experience 

to recognize that when the pathologist, radiologist, 
endocrinologist, and surgeon, all communicate 
their findings, clinical impressions, and diagnos-
tic dilemmas to each other, this exchange 
translates into optimal patient care. This was the 
inspiration and motivation for writing this book, 
to share expertise among all subspecialties caring 
for these patients.

In just the last decade, the leading national and 
international organizations of thyroidologists 
have dramatically changed their recommenda-
tions for the management of thyroid nodules 
from a lesion size approach to one which is nearly 
entirely based on the sonographic appearance of 
the nodule, especially in the most common sce-
nario of detection of nodules in patients without 
risk factors for thyroid cancer. Sonographic 
assessment has become the single most important 
determinant in the management of the thyroid 
nodules and in determining the extent of thyroid 
surgery, which makes accurate assessment and 
reporting of sonographic findings essential. I cau-
tion those who trivialize the interpretation of the 
thyroid or parathyroid ultrasound exam as sim-
plistic. The technologists and physicians in our 
lab find the nuances of sonographic assessment 
of the thyroid, parathyroid glands, and lymph 
nodes in the neck among our most challenging 
work. After reviewing the images acquired by our 
sonologists, it is at the discretion of the interpret-
ing physicians as to whether additional imaging 
is necessary or if the exam is considered com-
plete. Among all of the varied, highly complex 
exams we perform, it is far and away the neck 
exam that requires the most physician involve-
ment prior to discharging the patient from our 
lab. Our physicians are diligent about scanning 
patients themselves to be sure they can properly 
characterize the type of echoic foci in a thyroid 
nodule as suspicious or nonsuspicious and that a 
hidden, hyperplastic parathyroid gland can be 
coaxed into view by having the patient swallow 
or changing to a lower frequency probe and 
severely angling into the upper mediastinum. I 
realize that an academic practice affords me the 
luxury of being on-site to trouble shoot and work 
dynamically with our excellent sonographers. In 
other practices, the radiologist may be off-site 
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during the acquisition of the exam, such that it is 
paramount that the radiologist and the sonogra-
phers work together to understand the nuances 
and diagnostic pitfalls of the neck ultrasound 
exam and develop imaging protocols that help to 
improve diagnostic accuracy. The most effective 
radiologist is one who not only has a keen eye for 
detecting abnormalities, but one who understands 
their relevance and what necessary information 
needs to be conveyed in the report.

41.3  Radiologist as Gate Keeper

Over the last few years, there has been much 
appropriate discussion about the necessity or lack 
of necessity to biopsy all detected thyroid nod-
ules. The remarkable sensitivity of sonography, 
and to a lesser extent CT and MR, leads to the 
identification of thyroid nodules in many adults, 
and in older individuals, thyroid nodules will be 
seen in the majority of those examined by imag-
ing, especially by sonography. A majority of 
these nodules are detected by the radiologist out-
side of the context of clinical evaluation for 
known or suspected thyroid cancer and are there-
fore termed incidental thyroid nodules (ITNs). 
Fortunately, only a very small minority of inci-
dentally detected nodules will show obvious 
imaging signs of malignant or aggressive behav-
ior at the time of detection. For the vast majority 
of nonsuspicious appearing ITNs, medical deci-
sion making as to the need for further evaluation 
and the specifics of that evaluation will need to be 
addressed. What is the radiologist’s role in the 
decision making and medical management of 
these ITNs?

The majority of the ITNs are noted in patients 
referred for imaging exams by non- 
thyroidologists. These clinicians therefore are 
looking for guidance from the radiologist about 
how to manage the incidental finding. It is com-
mon to see incidentally detected lesions in 
almost all organs among patients undergoing 
diagnostic evaluation by CT, MR and sonogra-
phy. Referring clinicians rely on the radiologists 
to perform a careful assessment of imaging fea-
tures of the incidentally detected lesion and 

based on evidence- based guidelines, provide a 
management recommendation for the need or 
lack of need of follow-up in the radiology report. 
Similar to thyroid nodules, the vast majority of 
these incidentally detected lesions are also 
benign and therefore follow-up imaging is not 
recommended in many instances. It is not the 
expectation that this approach will detect all 
malignant lesions but that unnecessary addi-
tional testing and, in some instances, surgery can 
be avoided in the majority of patients due to a 
very low probability of malignancy among the 
entire patient group. The recent American 
Thyroid Association (ATA) guidelines have 
embraced this strategy by recommending against 
follow-up of nodules under 10 mm with a very 
low suspicion sonographic appearance in low-
risk patients [1]. Certainly it is possible that not 
100 % of these nodules are benign but the risk of 
malignancy is deemed exceedingly low such that 
it is not practical to perform surveillance sonog-
raphy on a huge number of patients to detect 
very few cancers. I believe that this is an appro-
priate and medically responsible strategy, and 
one that can be extrapolated to the incidental 
detection of small nodules on CT or MR in adult 
low risk patients. The impetus to abandon nod-
ule size of 10 mm or greater as the sole indica-
tion for biopsy, and instead place a greater 
emphasis on the analysis of sonographic appear-
ance of ITNs in medical decision making was 
brought forth by The Society of Radiologists in 
Ultrasound (SRU) at a consensus conference in 
2004 and published in 2005 [2]. At first, this con-
cept was met with resistance by some, concerned 
that malignant thyroid nodules over 10 mm 
would go undetected, but now this is the corner-
stone of all nodule evaluation algorithms. The 
concept of imaging-based risk stratification of 
thyroid nodules and the need to less aggressively 
pursue evaluation of nonsuspicious appearing 
nodules is fully now supported by the non-radi-
ology community. The ATA has recently adopted 
a more conservative approach in the manage-
ment of very low suspicion pattern nodules over 
20 mm, now allowing for sonographic surveil-
lance rather than recommending biopsy in all 
patients. This more closely aligns with the 
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recommendations of the SRU for low risk adults 
as well. Certainly, any clinician may elect to pur-
sue a different management plan for any inciden-
tal or nonincidental finding than that 
recommended by the radiologist, based on risk 
factors potentially not known at the time of the 
radiology report, abnormal physical exam or 
laboratory findings, or personal preference of the 
physician. The future likely holds an expanding 
role of sonography in medical decision making 
about thyroid nodules. As we accumulate more 
knowledge about the natural history of benign 
(or presumed benign) thyroid nodules of larger 
size, our concepts regarding for the need for 
biopsy or sonographic follow-up to exclude 
malignancy from nodules that have a very low 
suspicion pattern may also change.

Overall, I am proud and enthusiastic about the 
central role that sonography has come to play in 
the sphere of thyroid and parathyroid disease. 
Sonography is an incredibly patient-friendly 
imaging tool that can provide remarkably high- 

resolution images. It is wonderful to see so many 
clinicians from so many varied disciplines not 
only acknowledge but ardently support the use of 
sonography in the care of patients.
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42.1  “Top 10” Favorite Ultrasound 
Pearls

 1. Most thyroid glands should be evaluated using 
a high frequency, linear array transducer.

 2. In the acute care setting, it is helpful to place 
the patient in a supine position with a pillow 
under the patient’s shoulders to help extend 
the patient’s neck.

 3. Begin the scan by orienting the transducer so 
that the indicator marker is pointing towards 
the patient’s right side.

 4. Do not mistake the longus colli muscles or 
esophagus for nodules.

 5. Do not mistake the four hypoechoic parathy-
roid glands for cysts or masses.

 6. Nodules seen in only one plane are likely 
“pseudonodules.”

 7. Pay close attention to microcalcifications, or 
punctate echogenic foci seen within the thy-
roid gland. Microcalcifications are very spe-
cific for thyroid malignancy.

 8. While many handheld and basic point-of- 
care ultrasound machines do not have time- 
gain compensation, in some, users can 
selectively change near and far-field gain.

 9. In morbidly obese patients, it may be necessary 
to use a low-frequency curvilinear probe to 
penetrate deep enough to appreciate the entire 
thyroid gland and surrounding structures.

 10. Know your machine: while many basic 
point-of-care machines will not have as 
many knobs and buttons for fine adjust-
ments, there are usually several “soft key” or 
“auto” options to optimize images.

42.2  “Top 10” Lexicon Terms

 1. Acoustic shadowing: When the ultrasound 
beam hits a strong reflector (like calcium), 
the reflective surface can block the beam 
from reaching deeper structures. Structures 
distal to the reflector will not be imaged, and 
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a dark, acoustic shadow is seen farfield to the 
reflective material.

 2. Comet-tail artifact: Echogenic focus with 
reverberation artifact.

 3. Eggshell calcification: Hyperechoic, bright 
white enhancement of the peripheral rim of a 
nodule or mass typically secondary to cal-
cium deposition.

 4. Hypoechogenic areas (HEAs): Term specifi-
cally describing hypoechoic regions in the 
thyroid associated with subacute thyroiditis.

 5. Irregular: A thyroid nodule that is not ovoid, 
round or taller-than-wide.

 6. Macrocalcifications: Hyperechoic calcifica-
tions large enough to cause posterior acous-
tic shadowing.

 7. Microcalcifications: Punctate hyperechoic 
calcifications that are too small to cause pos-
terior acoustic shadowing.

 8. Edge-artifact: Thin acoustic shadows may 
appear behind the edges of cystic structures. 
Sound waves that bounce off a cystic wall or 
a curved surface at a tangential angle are 
scattered and refracted, leading to energy 
loss and formation of an edge shadow.

 9. Reverberation: When sound waves bounce 
back and forth between two layers before 
traveling back to the transducer. This is inter-
preted by the probe as a prolonged travel 
time so an additional reverberated image is 
produced in the adjacent, deeper tissue layer.

 10. Taller-than-wide: When the anteroposterior 
diameter of a nodule is longer than its trans-
verse diameter in either the transverse or lon-
gitudinal plane.

42.3  Background

Over the past decade, there has been a dramatic 
increase in the number of health care providers 
learning how to incorporate point-of-care ultra-
sound (POCUS) into their clinical practices. 
Multiple medical specialties have integrated 
clinician- performed sonography into the assess-
ment, evaluation, and management of patients at 
the bedside. As the number of bedside ultrasound 
applications continues to grow, specialties such 
as surgery, pediatrics, internal medicine, family 

practice, and emergency medicine are now begin-
ning to develop policies and procedures on how 
to obtain, interpret, and integrate point-of-care 
thyroid ultrasonography into patient care 
pathways.

The integration of point-of-care thyroid 
sonography is still a relatively novel application 
in both the primary care and acute care settings. 
As such, it is important to recognize that early 
adopters of point-of-care thyroid ultrasound will 
have varying amounts of experience and exper-
tise. Over the past few years, there has been a 
concerted movement to introduce point-of-care 
ultrasound education into both medical school 
curricula and post-graduate residency and fel-
lowship training. Recent reports suggest that sev-
eral medical schools are now graduating 
physicians with 4 years of integrated ultrasound 
experience [1, 2], while in 2012 over 62 % of cur-
ricula at responding medical schools contained at 
least some ultrasound component, with 78 % of 
schools agreeing that ultrasound should be a part 
of the undergraduate medical curriculum [3]. At 
the Graduate Medical Education level, Emergency 
Medicine and Pulmonary Critical Medicine now 
have ultrasound-related ACGME program 
requirements, and accrediting bodies such as 
American College of Emergency Physicians have 
published guidelines on required ultrasound 
training via Residency-based or Practice-based 
pathways. In the USA, several Internal Medicine 
residency programs have also published data on 
introducing ultrasound curricula [4, 5]; however, 
in 2012 only 25 % of programs had formal ultra-
sound curricula [6]. Because point-of-care thy-
roid ultrasound is still quite novel, the clinicians 
currently performing bedside thyroid scans may 
have varying image acquisition and interpretation 
skills based on their experiences and training.

It is important to note that most point-of-care 
ultrasound is performed using simple, compact, 
and portable ultrasound machines that have dif-
ferent settings frequently encountered on 
machines used in sonography suites and thyroid 
clinics (Fig. 42.1 (GE V-Scan, Wauwatosa, WI, 
USA), and Fig. 42.2a (SonoSite M-turbo), 
Fig. 42.2b (SonoSite X-porte), and Fig. 42.2c 
(SonoSite EDGE) (SonoSite, Bothell, WA)). 
Many of these portable ultrasound machines have 
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automatically set focal zones and lack time gain 
compensation (TGC), which makes image acqui-
sition easier for the novice, but can also impair 
ultimate image quality. Most point-of-care scans 
of the thyroid gland and surrounding structures 
are performed in B-mode, using basic standard 
settings. Color Doppler and power Doppler can 
be applied to help evaluate surrounding vascula-
ture and to determine if there is increased blood 
flow to the target organ.

Point-of-care ultrasound of the thyroid is typi-
cally utilized to answer a specific set of questions 
at the bedside. Most practitioners who are per-
forming POCUS of the thyroid have imposed 
time constraints that prohibit the acquisition and 
interpretation of a comprehensive thyroid ultra-
sound that is typically obtained in radiology or 
thyroid centers. When focused, point-of-care thy-
roid ultrasounds are being performed at the bed-
side, the clinician is usually interested in 
answering the following questions:

 1. Does the patient have an enlarged thyroid 
gland?

 2. Does the patient have a focal or discrete thy-
roid mass?

 3. Does the patient’s ultrasound demonstrate 
findings suggestive of thyroiditis?

 4. Does the patient have a goiter?

Clinicians who are performing these point-of- 
care ultrasound examinations of the thyroid have 
been trained to obtain useful sonographic infor-
mation at the bedside that can be used to help tai-
lor future treatment, management, and follow-up 
options for the patient.

42.4  Technique

As with other point-of-care ultrasound examina-
tions, clinicians in the primary care and acute 
care settings are performing focused, goal- 
directed imaging of the target structures. During 
a point-of-care ultrasound of the thyroid, the 
patient is placed in a supine position with the 
neck in slight hyperextension. Using a high- 
frequency linear transducer, the clinician will 
typically start by obtaining an image of the tra-
chea in the midline and note the right and left 
thyroid lobes adjacent to the thyroid. An image 
of the thyroid isthmus is typically recorded in 
this transverse plane. It is important to confirm 
that the orientation is in the conventional posi-
tion: for transverse views (the patient’s right side 
is displayed on the left of the monitor as physi-
cian faces monitor); for longitudinal views, the 
superior thyroid pole is on monitor left. This is 
easiest to do with finger pressing one edge of the 
probe’s flat footprint to detect where the motion 
displays on the monitor; alternately the marker 
facing the patient’s right side can be helpful but 
this varies with machines and can change when 
machine settings are changed. The clinician will 
then scan through each thyroid lobe and the isth-
mus in both the longitudinal and transverse 
planes. During the scan, the clinician will sweep 
entirely through both glands and adjust the depth 
to ensure adequate imaging of posterior and far 
field structures.

Some clinicians practice a basic “eyeball” or 
global evaluation of the thyroid echotexture and 
size and will recommend referral for comprehen-

Fig. 42.1 A dual-probe handheld ultrasound unit is used 
in the linear, nonvascular setting to visualize a young 
woman’s thyroid in a primary care clinic. GE V-Scan used 
with permission of GE Healthcare, Wauwatosa, WI, USA
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sive imaging if any obvious abnormalities are 
noted. Others will perform a more comprehen-
sive and detailed ultrasound evaluation of the 
thyroid gland at the bedside. Clinicians perform-
ing point-of-care ultrasound evaluations of the 
thyroid as a regular part of their practice will 
often seek to obtain transverse images of the 
superior, mid, and inferior portions of the right 
and left thyroid lobes. In addition, images will be 
recorded of the medial, mid, and lateral portions 
of both lobes in a longitudinal fashion. The size 
of each thyroid lobe is generally recorded in three 
dimensions: anteroposterior, transverse, and lon-

gitudinal, and color or power Doppler examina-
tion can also be used to supplement grayscale 
evaluation of any focal or diffuse abnormalities 
noted. It is often useful to extend the scan to 
include the soft tissue above the isthmus (e.g., to 
evaluate a possible pyramidal lobe congenital 
abnormalities such as a thyroglossal duct cyst, or 
if any superior palpable abnormality is noted.)

It is important to obtain both still images and 
to record short video clips for archiving, docu-
mentation and billing purposes. These still 
images and video clips should include standard-
ized images of the entire thyroid gland in both 

Fig. 42.2 A basic point-of-care ultrasound machine is 
used by an Emergency Medicine resident to practice thy-
roid ultrasound during ultrasound rounds. (a) SonoSite 

M-turbo; (b) X-porte; and (c) EDGE. Used with permis-
sion of SonoSite, Bothell, WA, USA
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longitudinal and transverse planes, and also 
recordings of any abnormalities noted in the 
gland and surrounding structures. Current 
research is underway to delineate which abnor-
mal sonographic findings are likely non- 
pathologic (i.e., nodules <1 cm with no findings 
associated with malignancy), in comparison to 
those that require urgent or expedited follow up 
with comprehensive thyroid imaging with dedi-
cated specialists.

42.5  Thyroid Ultrasound 
in the Non-acute Care 
Setting

The thyroid examination is a classic component 
of the complete physical examination, and despite 
profound technological advancements and innu-
merable changes in medicine, it is still deemed 
important enough to be listed as #1 on the 
Stanford Medicine 25 [7]. However, when com-
pared with postmortem thyroid weight and sono-
graphically determined thyroid volume, palpation 
has been shown to be highly inaccurate for esti-
mating thyroid size [8]. In surveys of medical 
students, interns, residents, and attending inter-
nists detecting a thyroid nodule had one of the 
lowest self-confidence scores of 15 key physical 
examination skills, along with one of the highest 
perceived utility scores [9].

Below are some cases encountered in the clin-
ical setting where a portable thyroid ultrasound 
can be useful in the patient’s assessment and 
management.

42.5.1  Case 1: Why Is Her Heart 
Racing?

While on a medical service trip in extremely rural 
Haiti a 32-year-old woman presents with a chief 
complaint of heart racing. The only available 
diagnostic tools are your stethoscope and your 
portable ultrasound.

On examination her heart rate is about 110 
beats per minute, she has an enlarged, smooth 

thyroid, and a very soft bruit. The rest of her 
exam is unremarkable. With handheld ultrasound 
you confirm thyromegaly (Fig. 42.3, Video 42.1). 
To further assess her tachycardia you perform 
focused cardiac ultrasound to rule out congenital 
or acquired heart disease, and assessed volume 
status via inferior vena cava ultrasound. These 
studies are unremarkable.

Your clinical diagnosis is Graves’ disease; 
however, with no other diagnostic or treatment 
capabilities you are only able to advise travel 
to the nearest clinic which is 2h away, and 
some money, as they only perform basic test-
ing and will likely have to refer her onward via 
ferry to Port-au-Prince, which you know she 
cannot afford.

Thyroid ultrasonography for goiter prevalence 
assessment in developing countries has been 
shown to be feasible [10], and has been used to 
assess iodine deficiency via World Health 
Organization recommended surveillance meth-
ods in rural/mountain areas as well [11]. This 
case demonstrates the utility of point-of-care 
ultrasound in resource-limited settings for detect-
ing thyroid pathology in addition to simple 
screening/prevalence assessment purposes.

Fig. 42.3 An enlarged right lobe of the thyroid as cap-
tured on a handheld ultrasound unit. This measures 2.6 cm 
in depth as demonstrated by the yellow annotation
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42.5.2  Case 2: Does She Have 
a Thyroid Nodule?

A healthy 24-year-old medical student presents 
to your primary care clinic after learning the thy-
roid examination in her Endocrine clinical skills 
lab. She has been more anxious lately, always 
“runs hot,” and has self-diagnosed Irritable 
Bowel Syndrome, but thinks her bowel move-
ments have been more loose lately. She is con-
cerned she found a thyroid nodule on herself, 
though her clinical skills teacher on further 
examination did not appreciate this. However, 
she asserts that she does have some symptoms of 
hyperthyroidism, and worries she could have a 
“hot” nodule that her clinical skills teacher could 
not palpate.

You are up to date on clinical recommenda-
tions and well aware that the American Thyroid 
Association (ATA) recommends formal thyroid 
sonography for all patients with known or sus-
pected nodules, while at the same time acknowl-
edging that high-resolution thyroid ultrasound is 
able to detect thyroid nodule in 19–67 % of indi-
viduals [12]. You recall your own erroneous self- 
diagnosis of hypothyroidism in the setting of 
fatigue from studying long hours and being per-
sistently cold (while in Boston for the winter!). 
You ask yourself “Am I really going to order a 
formal ultrasound for a suspected thyroid nodule 
that the most respected clinician at the university 
could not palpate?” Thankfully, the answer is no, 
as you have been attending ultrasound training 
sessions for years and incorporated point-of-care 
ultrasound in your practice for reasons just like 
this, along with a plethora of other clinical indi-
cations. You are actually one of the proponents 
for point of care ultrasound incorporation into the 
medical school curriculum.

Her traditional physical examination is com-
pletely normal, as is her thyroid ultrasound 
(Fig. 42.4), which you are able to demonstrate to 
her as you perform. Seeing the normal thyroid 
parenchyma seems to appease her, however she 
still convinces you to get thyroid function tests, 
just in case.

42.5.3  Case 3: What Is the Etiology 
of His Throat Pain?

A 55-year-old man with a history of hyperten-
sion, stage III chronic kidney disease, and well- 
controlled type-2 diabetes mellitus on insulin 
presents to your Urgent Care clinic with progres-
sive anterior neck pain. He notes a mild cold last 
week, followed by muscle aches, alternating 
chills with hot flashes (no thermometer at home), 
fatigue and this neck pain that has progressed to 
the point that it hurts when he swallows or turns 
his head too far. Acetaminophen has helped a bit, 
but he is still very uncomfortable and worries he 
might have strep throat again, although he does 
note that this pain, while as severe, is different in 
nature than his past strep infection.

On exam his vital signs are notable for a 
temperature of 100 °C Fahrenheit, and heart 
rate of 110 bpm. His posterior oropharynx is 
completely unremarkable, and he has an exqui-
sitely tender, enlarged thyroid. Your suspicion 
is for subacute thyroiditis and you are consider-
ing prednisone given his kidney disease barring 

Fig. 42.4 In this transverse view of a normal R thyroid 
lobe the isoechoic (grey) thyroid tissue (t) is seen below 
the strap muscles (sm) and between the carotid artery (ca) 
and trachea (tr)
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use of nonsteroidal anti-inflammatory agents 
(NSAID) and pain severity; however, with dia-
betes you are reticent to start corticosteroids 
without additional  confirmation of disease. You 
order thyroid function tests, but know that they 
get sent out to the hospital lab and will not be 
back for a few days.

You recall that thyroid ultrasound can also 
be helpful in subacute thyroiditis in addition to 
nodules and hyperthyroid states, so you grab 
the machine usually used for musculoskeletal 
purposes, knowing you are looking for enlarge-
ment (confirmed on physical examination) and 
more importantly, hypoechogenic areas (HEA) 
[13, 14]. On ultrasound examination you find 
multiple bilateral HEAs with normal-appear-
ing thyroid parenchyma interspersed, and 
reduced flow on color Doppler (Fig. 42.5, 
Video 42.2).

With point of care ultrasound findings sup-
porting your clinical impression you proceed 
with prednisone treatment more confidently, in 
addition to increasing his morning insulin NPH 
dose and setting up primary care follow-up in 
1 week.

42.6  Thyroid Ultrasound 
in the Acute or Emergent 
Setting

Disorders of the thyroid may be difficult to 
diagnose in the acute care or emergency setting. 
Patients may not know that they have an underly-
ing thyroid disorder, and signs and symptoms of 
hyper or hypothyroidism can often manifest in 
varying manners. A thyroid ultrasound can be 
performed quickly at the bedside where valuable 
information can be obtained without exposing 
the patient to any radiation or delay in their diag-
nosis and treatment. Many urgent care centers 
and emergency departments have portable ultra-
sound machines that the practitioner will use dur-
ing the initial assessment of patients presenting 
with a potential thyroid disorder. Acute care cli-
nicians are being trained to evaluate the thyroid 
for size, presence of focal or discrete masses, 
increased vascular flow, and global appearance of 
the thyroid tissue on bedside ultrasound.

42.6.1  Case 4: Fever, Palpitations, 
and Diaphoresis

A 50-year-old female presents to the emergency 
department with a chief complaint of fever, palpi-
tations and diaphoresis. Over the past few weeks, 
she has been feeling more “jittery” and she has 
recently developed some nausea, vomiting, and 
diarrhea. She is unemployed and has not been 
able to see a physician for “quite some time.” She 
denies any past medical history and is not taking 
any medications.

She presents to the emergency department, 
tachycardic, hypertensive, febrile, and vomiting. 
Her initial physical exam is otherwise notable for 
a slender woman of stated age, with who appears 
in moderate distress from her symptoms. During 
her initial assessment, the team is concerned 
about a potential infection and risk for sepsis. A 
peripheral intravenous line is placed, blood tests 
are drawn for analysis, and a chest X-ray and 
electrocardiogram are obtained. As part of the 

Fig. 42.5 In this longitudinal view of a diffusely abnor-
mal thyroid one can appreciate an increased depth of 
2.05 cm along with poorly defined hypoechogenic areas 
(two are highlighted with arrows)
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patient’s emergency department evaluation, a 
bedside, point-of-care ultrasound evaluation is 
performed to evaluate the patient’s heart, lungs, 
and thyroid.

The patient is noted to have a small pericardial 
effusion, mild pulmonary edema with bilateral 
pleural effusions, and an enlarged thyroid gland 
with increased heterogeneity and Doppler flow 
on bedside ultrasound (Fig. 42.6). Based on her 
findings, a thyroid stimulating hormone (TSH) 
and Free T4 are added onto the initial blood tests, 
and aggressive supportive measures are started. 
The patient receives IV beta-blockade, glucocor-
ticoids, potassium iodide, and methimazole or 
propylthiouracil (PTU). The diagnosis of thyro-
toxicosis is made in the acute care setting and the 
patient’s treatment is expedited based on the 
point-of-care ultrasound findings.

42.7  Conclusion

As technology progresses and becomes more 
readily available at the bedside, an increasing 
number of health care practitioners will begin to 
incorporate thyroid ultrasound into the assess-
ment, treatment, and management of their 
patients. It will be important to define the types of 

thyroid and parathyroid abnormalities that may 
be optimal for evaluation in the primary and 
acute care settings, and to determine the appro-
priate follow-up and subsequent imaging required 
for these findings. The incorporation of thyroid 
ultrasonography into the initial assessment and 
management of patients at the bedside can pro-
vide invaluable information, and its use and inte-
gration has the potential to improve time to 
diagnosis and treatment for patients in multiple 
health care settings.
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43.1  Introduction

The use of ultrasound (US) in the practice of 
clinical medicine has expanded rapidly in the 
past two decades, and now encompasses multi-
ple clinical specialties. This is in part due to the 
portability of newer US machines and a signifi-
cant increase in image quality even in the 
smaller US machines, which has encouraged 
clinicians to adopt point of care (POC) US [1]. 
Currently, US comprises almost 25 % of all 
imaging in the world [2]. US imaging is now an 
integral part of specialties ranging from anes-
thesia to trauma surgery to sports medicine. In 
consequence, there is a growing demand for 
undergraduate medical education to include 

teaching and training in US. Early exposure to 
this modality will facilitate skills in image 
acquisition and interpretation likely to be neces-
sary in residency and beyond.

43.2  Ultrasound 
in Undergraduate Medical 
Education

In addition to preparing medical students for 
mastering US skills during residency, early train-
ing in US has been shown to enhance students’ 
mastery of anatomy and physical diagnosis skills 
[3, 4].

43.3  Gross Anatomy

US training was first incorporated into the under-
graduate medical curriculum at Hannover 
Medical School, Hannover, Germany in 1996 
[3]. US was used in conjunction with the gross 
anatomy course to better understand and visual-
ize organ systems. The course combined cadaver 
dissections, radiology sessions, and clinical 
cases. In addition, the students practiced US on 
live models (volunteer students); each student 
would have a turn performing a series of US 
examinations of the abdomen, with instructors 
correcting their form. Students reported that their 
skills in ultrasound improved with just a 2 h 
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course. Importantly, they also reported enhanced 
understanding of abdominal anatomy with the 
addition of the US module.

Ultrasound provides a unique window on 
human anatomy. Many undergraduate medical 
schools have found that teaching US is 
 incorporated smoothly with their gross anat-
omy course. A variety of methods are being 
used to accomplish this goal such as practicing 
US on live models and reviewing sonographic 
images. One school found it useful to teach US 
using a live model while in the anatomy lab so 
students would have a better understanding of 
the anatomy before they were to dissect on the 
cadaver [5]. When US was used in combination 
with anatomy courses, 98 % of students were 
able to correctly identify vascular anatomy on 
sonographic images [4].

43.4  Physical Diagnosis

As basic physical examination skills are taught 
during medical school, US should be as well 
since it is proving itself to be a useful adjunct to 
the physical exam.

Wayne State University (WSU) in Detroit, MI, 
incorporated US training into their first and second 
year curriculum in physical diagnosis (PD) [4]. 
The first year curriculum emphasized basic image 
acquisition skills in abdominal, cardiovascular, 
musculoskeletal, and genitourinary systems as 
well as basic US physics and knobology. In the 
second year, both cardiovascular and abdominal 
ultrasounds were incorporated into the PD course 
using standardized patients. Significant improve-
ments in image recognition were documented. In 
addition, 89 % of the students felt that US is a 
valuable tool.

Interestingly, multiple studies have shown that 
medical students using US are better at diagnos-
ing certain conditions than seasoned physicians 
who are only using their physical exam skills. 
Students trained in US were able to better iden-
tify cardiac abnormalities with the US than cardi-
ologists were able to with just their bedside 
physical exam skills [6]. Students were also able 
to use US to diagnose hepatomegaly more 
a ccurately than internists who only used their 

physical exam skills [7]. US, of course, is not 
intended to replace the physical examination, but 
rather to enhance it, much as the stethoscope has 
done. By incorporating US with the physical 
exam, accuracy is improved and diagnostic capa-
bilities are increased. Hence it seems a wise 
investment to teach medical students how to use 
US so that they have attained some degree of pro-
ficiency prior to entering residency training.

43.5  Ultrasound Guided 
Procedures

One of the key advantages of US is that it is both 
diagnostic and therapeutic. Many basic proce-
dures such as central line placement, thoracen-
tesis, paracentesis, abscess drainage, and biopsy 
are routinely performed using US guidance. 
When trained in medical school, students are 
more confident in using US for procedures than 
students who did not learn US in medical school 
[1]. Students introduced to US in the first year 
of medical school were also more likely to want 
to continue their use of US throughout their 
practice [8].

43.6  Ultrasound Curriculum 
for Undergraduate Medical 
Education

The incorporation of US into medical school cur-
ricula has taken several different forms. These 
include a vertical (or longitudinal) curriculum in 
which US education starts in the first year and 
continues throughout all 4 years, in only select 
years, as an elective, or in a seminar format. The 
most popular approach is the vertical integration 
of the US curriculum [9].

In the vertical approach, the curriculum is 
divided into preclinical and clinical years. During 
the preclinical years, students are taught about the 
physics behind US, how to use the probes, and 
normal anatomy as seen on US. Many programs 
incorporate US into the gross anatomy course as 
well. In the first 2 years, students’ skills can be 
assessed with standardized patients during an 
objective structured clinical examination (OSCE).
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In the clinical years, US is used to identify 
abnormal anatomy and pathological condi-
tions. Ultrasound is also used in teaching stu-
dents how to perform procedures such as 
central lines,  thoracentesis, and liver biopsy. 
Students are taught US skills specific to their 
clinical rotation such as identifying hypertro-
phic pyloric stenosis on pediatrics and gall-
stone on a general surgery rotation. As US is 
invaluable in many of the specialties, students 
are exposed to US during multiple rotations 
throughout third and fourth year. It is impor-
tant to know the common pathology seen in 
different specialties such as hypertrophic 
pyloric stenosis in pediatrics or gallstones in a 
general surgery rotation. Recognition of the 
pros and cons of using US and applying it in 
the correct situation is also a goal of the clini-
cal years. These are the basic premises of the 
vertical curriculum although variations exist 
between the different schools.

In the USA, one of the first medical schools to 
use a formalized 4 year US curriculum was the 
University of South Carolina (USC) in 2006. The 
curriculum is divided into preclinical and clinical 
applications. The preclinical US is focused on 
image acquisition related to anatomy, physiology 
and pathology. The clinical applications are 
focused on using US as part of clinical decision 
making in various case scenarios [10]. US profi-
ciency is tested by an OSCE. The curriculum is 
highly rated by students: over 90 % felt that the 
integration of US in the preclinical curriculum 
was a valuable addition and improved their 
understanding of the basic sciences [11]. 
Subsequently, several other medical schools have 
implemented a fully integrated 4 year US curric-
ulum similar to that of USC.

WSU began giving first year students a portable 
US device in 2006 [12]. The majority of students 
found the US sessions to be effective teaching 
tools. Students continued to use US throughout all 
4 years. Thyroid ultrasound is part of the curricu-
lum at USC, with training modules and a library 
of cine-clips; even the main page display of their 
website features an ultrasound probe positioned 
to image the thyroid in longitudinal mode (http://
ultrasoundinstitute.med.sc.edu/UIlearning.asp; 
www searched June 6, 2016).

Ohio State University uses a vertical approach 
with the first 2 years focused on basic science and 
using the US machine [13]. The last 2 years are 
focused on the indications for US and interpret-
ing images.

University of California Irvine has also inte-
grated a 4 year US curriculum with special fea-
tures such as podcasts, iPAD centric curriculum, 
and hands-on skills lab. Instructors at UC Irvine 
have also experimented with teaching US in 
remote locations via the internet with live feed-
back from instructors [14].

Rather than use an integrated vertical curricu-
lum, some medical schools have opted to focus on 
US education in certain years such as the University 
of Chicago and the Mayo clinic who teach students 
in their fourth year how to perform echocardiogra-
phy. Some programs do a 3 day course (Thomas 
Jefferson) and the National US Curriculum has 
developed a 3 day course outline. US can also be 
taught as a fourth year elective [15].

To encourage US education, some schools 
have started an intercollegiate competition to 
help students learn US [10]. This competition 
gives students time to practice using US then 
allows students to compete against students from 
other schools in categories such as identifying 
anatomy and measuring structures. In a different 
creative way to expose students to US, schools 
have started US interest groups and are also 
teaching US via internet based modules [16]. A 
formal professional society with annual meetings 
(World Congress on Ultrasound in Medical 
Education) serves to advance these themes of 
ultrasound training and networking between 
institutions who have or hope to develop ultra-
sound curricula (http://www.wcume.org/).

43.7  The Future of Ultrasound 
Training in Undergraduate 
and Graduate Medical 
Education

Currently, there is no standardized curriculum for 
US in medical education or even milestones for 
teaching US in undergraduate medical education. 
For this reason, US is being taught (or not taught) 
in many different ways. A national survey of 
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 allopathic medical schools showed that of the 
curriculum administrators who responded, 62 % 
stated US was part of their school’s curriculum 
[17]. A survey of incoming interns at the 
University of Birmingham, in 2012 and 2013, 
showed one-fourth of survey participants had 
never performed a bedside US scan [13].

At the University of Arizona College of 
Medicine Phoenix, US education is incorporated 
as part of the simulation center and is taught both 
individually and in small group sessions 
(Figs. 43.1, 43.2, and 43.3). Education in ultra-
sound is provided to both medical students and 
residents. Several faculty members at the 
University of Arizona—Phoenix are also mem-
bers of their respective professional society lead-
ership panels on clinician- performed ultrasound, 
especially in surgery and emergency medicine. 
Therefore, the curriculum for residents and med-
ical students who rotate on these services is rich 
in clinical ultrasound exposures in real-time set-
tings. A separate simulation center for skills 
training is present both at the hospital campus 
(Banner-University Medical Center Phoenix) 
and the medical school campus.

In the national survey of curriculum adminis-
trators, the most common reasons for not imple-
menting US were time in the curriculum and 
money. US machines are not inexpensive, with 
even the smaller, basic machines costing 

20,000–55,000. Also as medical schools pres-
sured pressure are pressured to cut down the 
amount of hours spent in the classroom, it seems a 
daunting task to add more material to an already 
overloaded curriculum. Just as curriculum 
administrators are having a hard time finding 

Fig. 43.1 Early exposure to ultrasound techniques 
improves understanding of both anatomy and pathophysi-
ology. These ultrasound skills can also be readily trans-
ferred to clinical practice during the latter part of medical 
training and throughout a medical career

Fig. 43.2 Faculty 
member practicing 
ultrasound with third 
year medical students at 
the University of 
Arizona College of 
Medicine, Phoenix. 
These students are about 
to begin their clinical 
rotations

E. Watters and A. Sisley



441

time in the curriculum to teach US, students also 
report that time is a barrier in learning US [8].

A well-run US program requires faculty fully 
committed to US and teaching. It also requires a 
significant commitment on the part of the adminis-
tration as the US machines and servers for image 
archives are costly to purchase and maintain [8].

However, it is necessary for students to be 
exposed to US early since the abilities of the US 
user correlates positively with the number of 
scans performed [14]. US skills must also be fre-
quently practiced and reinforced, or they dimin-
ish significantly [18].

43.8  Conclusion

Ultrasound is an increasingly important imaging 
modality which has become an integral part of 
many clinical specialties. It functions as a 
screening, diagnostic, and procedural tool. As 
the technology continues to advance and US 
becomes ever more accessible, the demand 
for US proficiency will continue to increase. 

US training should begin in medical school so 
that students can better understand and learn 
anatomy, can have supervised practice of US 
use, increase student satisfaction in learning 
anatomy, and improve physical exam skills. 
Significantly, early exposure and development of 
US skills ensures that students are familiar with 
the basic components of US by the time they 
reach residency and, during residency, this 
enhances the potential to incorporate US in sub-
sequent professional careers.

References

 1. Lane N, Lahham S, Joseph L, Bahner DP, Fox 
JC. Ultrasound in medical education: listening to the 
echoes of the past to shape a vision for the future. Eur 
J Trauma Emerg Surg. 2015;41(5):461–7.

 2. McLachlan JC, Bligh J, Bradley P, Searle 
J. Teaching anatomy without cadavers. Med Educ. 
2004;38(4):418–24.

 3. Teichgräber UK, Meyer JM, Poulsen Nautrup C, von 
Rautenfeld DB. Ultrasound anatomy: a practical 
teaching system in human gross anatomy. Med Educ. 
1996;30(4):296–8.

 4. Afonso N, Amponsah D, Yang J, Mendez J, Bridge P, 
Hays G, et al. Adding new tools to the black bag—
introduction of ultrasound into the physical diagnosis 
course. J Gen Intern Med. 2010;25(11):1248–52.

 5. Swamy M, Searle RF. Anatomy teaching with porta-
ble ultrasound to medical students. BMC Med Educ. 
2012;12:99.

 6. Kobal SL, Trento L, Baharami S, Tolstrup K, Naqvi 
TZ, Cercek B, Neuman Y, et al. Comparison of effec-
tiveness of hand-carried ultrasound to bedside cardio-
vascular physical examination. Am J Cardiol. 
2005;96(7):1002–6.

 7. Mouratev G, Howe D, Hoppmann R, Poston MB, 
Reid R, Varnadoe J, et al. Teaching medical students 
ultrasound to measure liver size: comparison with 
experienced clinicians using physical examination 
alone. Teach Learn Med. 2013;25(1):84–8.

 8. Brown B, Adhikari S, Marx J, Lander L, Todd 
GL. Introduction of ultrasound into gross anatomy 
curriculum: perceptions of medical students. J Emerg 
Med. 2012;43(6):1098–102.

 9. Gogalniceanu P, Sheena Y, Kashef E, Purkayastha S, 
Darzi A, Paraskeva P. Is basic emergency ultrasound 
training feasible as part of standard undergraduate 
medical education? J Surg Educ. 2010;67(3):152–6.

 10. Cook T, Hunt P, Hoppman R. Emergency medicine 
leads the way for training medical students in clinician- 
based ultrasound: a radical paradigm shift in patient 
imaging. Acad Emerg Med. 2007;14(6):558–61.

Fig. 43.3 Medical students practicing the Focused 
Assessment with Sonography in Trauma (FAST) exami-
nation on each other prior to their trauma surgery rotation 
at the University of Arizona College of Medicine, Phoenix

43 Ultrasound as a Component of Medical School Curriculum/Simulation Training



442

 11. Hoppmann RA, Fletcher S. An integrated ultrasound 
curriculum (iUSC) for medical students: 4-year expe-
rience. Crit Ultrasound J. 2011;3(1):1–12.

 12. Rao S, van Holsbeeck L, Musial JL, Parker A, 
Bouffard JA, Bridge P, et al. A pilot study of com-
prehensive ultrasound education at the Wayne 
State University School of Medicine: a pioneer 
year review. J Ultrasound Med. 2008;27(5): 
745–9.

 13. Bahner DP, Adkins EJ, Hughes D, Barrie M, Boulger 
CT, Royall NA. Integrated medical school ultrasound: 
development of an ultrasound vertical curriculum. 
Crit Ultrasound J. 2013;5(1):6.

 14. Winn S, McKeown P, Lotfipour S, Maguire GA, 
Youm JH, Wiechmann W, et al. Remote, synchronous, 
hands-on ultrasound education. Telemed J E Health. 
2015;21(7):593–7.

 15. Baltarowich OH, Di Salvo DN, Scoutt LM, Brown 
DL, Cox CW, DiPietro MA, et al. National ultrasound 
curriculum for medical students. Ultrasound Q. 
2014;30(1):13–9.

 16. Bahner DP, Jasne A, Boore S, Mueller A, Cortez 
E. The ultrasound challenge: a novel approach to 
medical student ultrasound education. J Ultrasound 
Med. 2012;31(12):2013–6.

 17. Bahner DP, Goldman E, Way D, Royall NA, Liu 
YT. The state of ultrasound education in US medical 
schools: results of a national survey. Acad Med. 
2014;89(12):1681–6.

 18. Gracias VH, Frankel HL, Gupta R, Malcynski J, 
Gandhi R, Collazzo L, et al. Defining the learning 
curve for the Focused Abdominal Sonogram for 
Trauma (FAST) examination: implications for cre-
dentialing. Am Surg. 2001;67(4):364–8.

E. Watters and A. Sisley



Part IX

Resources, Tools, and Tips  
for the Sonographer



445© Springer International Publishing Switzerland 2017 
M. Milas et al. (eds.), Advanced Thyroid and Parathyroid Ultrasound, 
DOI 10.1007/978-3-319-44100-9_44

44.1  Pattern Recognition and Risk 
Stratification

The modern approach to ultrasound image inter-
pretation that seeks to arrive at a global, holistic 
assessment of the thyroid diagnosis and relevant 
risks of thyroid malignancy based on multiple 
coordinated features of a thyroid abnormality, 
such as a thyroid nodule [1].

44.2  Knobology

The science of knowing control buttons on the 
ultrasound instrument console that adjust the 
function and settings of ultrasound applica-
tions [2].

44.3  Delphian Lymph Node

A lymph node located in the pre-cricoid area 
above the thyroid isthmus. The eponym relates to 
the expectation that an abnormal or enlarged 
lymph node in this area may predict the presence 
of thyroid cancer; hence, the reference is to fore-
telling of the future as did the Oracle of Delphi 
from ancient Greek mythology. Enlarged lymph 
nodes in this area may also be benign and seen in 
Hashimoto’s thyroiditis [3].

44.4  Tubercle of Zuckerkandl

This is a knuckle of thyroid tissue projecting 
from the deep border of a thyroid lobe, typically 
at the posterior midpoint. It represents an embry-
ologic remnant of the lateral cervical migration 
of thyroid cells, which later fail to involute and 
disappear. Thus, the Tubercle of Zuckerkandl is 
similar to the pyramidal lobe, an embryologic 
remnant of midline migration. The tubercle 
sometimes gives the impression that a “cleft” 
(hyperechoic bright line) separates it from the 
main thyroid lobe. Thus, it may be misinterpreted 
as a nodule and unnecessarily biopsied. It can 
range in size from a small round tissue fragment 
to 2–3 cm oval structure. Surgically, the Tubercle 
of Zuckerkandl can be a marker of the nearby 
trajectory of the recurrent laryngeal nerve. 
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Please see Videos 44.1, 44.2, and 44.3, and surgical 
thyroidectomy specimen photo (Fig. 44.1) [4].

44.5  White Knight

A hyperechoic (“white”) nodule in Hashimoto’s 
thyroiditis thought to represent regenerative 
benign tissue nodule appearing within the inflam-
mation of the thyroid. This entity is discussed 
also in Chap. 16 (Lupo) and described in detail in 
the following two publications. Please see Video 
44.4 [5, 6].

44.6  Starry Starry Night

A dense collection of microcalcifications that 
appear to “sparkle” like stars in the nighttime sky. 
This is a sonographic sign that is highly suspi-
cious for thyroid cancer. The microcalcifications 
represent psammoma bodies, which in turn are 
involuted and necrotic papillae of papillary thy-
roid cancer. Please see Video 44.5 [7].

44.7  Comet Tail Artifact

A reverberation of sound waves caused by inspis-
sated colloid and a marker of a benign process. 
This sonographic sign is often misinterpreted as 

microcalcifications. A key feature to recognize is 
that colloid fragments precipitate in cystic struc-
tures. In contrast, microcalcifications associated 
with thyroid cancer occur in solid nodules. Please 
see Videos 44.6 and 44.7 [8–10].

44.8  Giraffe Pattern

A sonographic pattern seen with Hashimoto’s 
thyroiditis and described by Bonavita and col-
leagues as a “giraffe” pattern similar to the two- 
tone coloring of a giraffe (see cartoon example). 
The ultrasound appearance is described as globu-
lar, block-like, or plate-like areas of hyperecho-
genicity surrounded by linear thin areas of 
hypoechogenicity [5] (Fig. 44.2a–d).

44.9  Three Circle Sign

This lexicon terminology was first reported in the 
textbook, Diseases of the Parathyroid Glands, 
published by Springer in 2012. It describes the 
arrangement of circular cross-sections of the 
internal jugular vein (IJ), common carotid artery 
(CA), and the enlarged parathyroid gland when 
viewed by ultrasound in a transverse orientation. 
Figure 44.3 illustrates this orientation. The unique 
aspects of the “three circle sign” include the fol-
lowing: the uniform hypoechoic echogenicity of 

Fig. 44.1 Tubercle of 
Zuckerkandl: surgical 
specimen with arrows 
pointing to bilateral 
tubercles
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all three structures (a thyroid nodule may not 
exhibit this) and the absence of a rim of normal 
thyroid tissue between the endocrine gland and 
the carotid artery (a thyroid nodule will typically 
be within the gland parenchyma and the abnormal 
parathyroid gland is almost always extracapsular 

to the thyroid). The arrangement can be observed 
with both superior and inferior enlarged parathy-
roid glands. Video 44.8 demonstrates in color 
Doppler mode a very small caliber IJ at the left of 
the screen, the CA in the center of the video and 
the hypoechoic enlarged parathyroid gland at the 

Fig. 44.2 (a–d). Giraffe pattern. Images are courtesy of the personal image collection of Dr. John S. Abele, Sacramento, 
California. (e) Giraffe skin pattern

44 The Ultrasound Lexicon: Common Terminology for Thyroid and Parathyroid Sonography
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right of the screen. Video 44.9 illustrates all three 
round structures, with a valve seen fluttering 
within the IJ at the left of the screen [11].

44.10  Pseudonodules 
and Cobblestones

The presence of thyroiditis can distort the thyroid 
architecture into globular arrangements that may 
appear to be discreet nodules but are really a con-
glomerate of round shapes of varying sizes that 
reflect inflammation and compartmentalization 
of tissue. These round areas, especially if they 
represent the pattern of the entire thyroid gland, 
should not be viewed as discreet nodules and 
should not undergo biopsy. Please see Figs. 44.4 
and 44.5, and Videos 44.10, 44.11, 44.12, and 
44.13 [12, 13]

44.11  Spongiform/Honeycomb 
Nodule

The appearance of a thyroid nodule when at least 
50 % of its composition is cystic, including a pat-
tern with small cystic structures that mimics the 
scattering of holes in a sponge or a honeycomb 

Fig. 44.3 Three circle sign

Fig. 44.4 Pseudonodules, longitudinal

Fig. 44.5 Pseudonodules, transverse
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panel. This feature is described in detail in Chap. 
10 (Langer). It is highly associated with a benign 
pathology with minimal risk of thyroid cancer. 
Please see Fig. 44.6 and Video 44.14 [5].
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45.1  Introduction to the History 
of Ultrasound 
and Ultrasound Training

Since the proposal of the Theory of Sound in 
1877 and subsequent discovery of the 
Piezoelectric Effect in 1880, the potential for 
imaging using US was born. The first diagnostic 
application of US was reportedly in 1942 by Karl 
Dussik from Vienna, Austria, using amplitude 
(A) mode for diagnosis of brain tumors. US was 
first used in a therapeutic manner in the late 
1940s as a destructive treatment. Later on, with 
advances in computers, the development of 
brightness (B) mode US imaging was pioneered 
by Douglass Howry and Joseph Holmes at 
University of Colorado. With this technique, the 
development of a gray-scale display improved 
image quality and the ability to interpret images. 
Resolution, along with overall image quality and 
decreasing size of US machines continues to 
improve. In 1951, the technology was first used 
to describe the acoustic characteristics of breast 
tumors. During the 1960s research into breast 
ultrasound began in Australia, and in 1966 the 
first ultrasonic breast scanner in the world was 

installed at Royal North Shore Hospital in Sydney 
under endocrine surgeon Tom Reeve’s clinical 
supervision. It was a bistable machine capable of 
imaging in linear, sector, and compound scan-
ning modes. The combination of gray scale imag-
ing and focused array techniques enabled gray 
scale ultrasonography to be applied to all soft tis-
sue lesions. The Australian Society for Ultrasound 
in Medicine was established in 1970, another 
world first. In 1974, the breast scanner was then 
modified and applied to the thyroid, parathyroid, 
and testis. The increasing experience of this 
group with the clinical application of small parts 
US led to the 1978 sentinel publication on small 
parts US of breast, testicle, thyroid, and parathy-
roid. Two thyroid and parathyroid publications 
[3, 4] were among the first in the world to utilize 
the technology and set the scene for the use of US 
in endocrine practice for decades to follow. 
Hereafter, dissemination of the technique through 
various educational opportunities was imparted 
and has grown exponentially.

45.1.1  Expansion of Ultrasound  
Use Outside the Radiology 
Department into Specialty 
Practices

In the past 30 years, US has become an increas-
ingly important tool employed by clinicians as 
an extension of the physical examination. 
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These clinicians range from entry level ancil-
lary care  providers to physicians. Along with 
an increase in types of users and settings in 
which US technology is employed, there has 
been an expansion of diagnostic, therapeutic, 
and surveillance applications for US to endo-
crine disorders including thyroid, parathyroid, 
and cervical US.

Various avenues for training and dissemina-
tion of techniques for performing and interpret-
ing thyroid and parathyroid US have evolved 
over time. Non-physician sonographers work-
ing in radiology based settings are classically 
trained in image acquisition. Many radiologists 
do not perform their own ultrasound exams and 
instead interpret images acquired by sonogra-
phers. Important and many times subtle find-
ings may be less likely appreciated or common 
findings misinterpreted using this workflow, 
especially if key clinical information about the 
disease process is not available, communicated 
or familiar to the radiologist. A lack of under-
standing of current diagnostic and treatment 
algorithms, provided by professional endocrine 
societies, can limit the clinical utility of infor-
mation relayed to the managing physician. This 
in turn may lead to the need to repeat examina-
tions searching for additional findings or clari-
fication of reported findings. Clinicians of 
varying levels of expertise in many specialties, 
such as trauma, breast disease, emergency med-
icine, obstetrics and gynecology in addition to 
endocrinology have similarly identified the 
great utility of US technology and apply it out-
side the radiology suite. As an example, in the 
1990s surgeons and emergency medicine physi-
cians began to perform Focused Assessment 
with Sonography for Trauma (FAST) exams for 
trauma patients and noted equivalent sensitivity 
in identifying fluid within the peritoneal cavity 
[5–8]. The ability of trauma and emergency 
medicine physicians to perform FAST exams in 
sequence with the primary and secondary phys-
ical examinations in the trauma bay decreased 
the time to definitive treatment and need to 
involve additional personnel. Other specialties 
have noted similar advantages of performing 
bedside or in-office US exams.

45.2  Current Resources 
for Ultrasound Education 
and Training

A trained sonographer must be able to repeat-
edly and accurately acquire and interpret high 
quality images. A thorough understanding of US 
physics, methods for image optimization, 
knowledge of artifacts that may lead to a critical 
change in image interpretation, and bio-effects 
of US which may affect patient safety as well as 
any complications that may result from proce-
dures performed under US guidance is required 
and must be emphasized in any training course. 
The format for US education and training varies 
widely. Many basic US concepts can be taught 
as didactic lectures in various settings (class-
room, Internet-based modules, live versus 
taped, remote video feed). Following this, proc-
tored practical sessions are key to transfer 
knowledge gained and instruct students on 
simultaneously incorporating information 
learned from multiple lectures. Techniques for 
generating and optimizing an image are refined 
as much as possible in a given short period of 
time. Ideally, additional practice is pursued by 
the student after completing the course as com-
petence requires practice, especially with regard 
to image interpretation and invasive procedures. 
Additional study may include self-study and 
practice using phantom models for image acqui-
sition, fine needle aspiration of thyroid nodules, 
as well as supervision from an experienced 
sonographer during initial exams while the 
learner is on the learning curve [9].

45.2.1  Available Training Courses 
from Professional Societies

With the rapid expansion of US imaging tech-
nology to a wide variety of clinical specialties, 
numerous training opportunities exist in for-
mal and informal settings, with and without 
certification. Some courses are offered through 
practice specific societies [American 
Association of Clinical Endocrinologists 
(AACE), American College of Surgeons 
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(ACS), The Endocrine Society (ENDO), 
American Head and Neck Society (ANHS)] 
while others are more informal. Sisley has 
emphasized the importance of using the objec-
tive structured clinical examination (OSCE) in 
pre-course and post-course settings. OSCE can 
be used not only in evaluating the effectiveness 
of a course but also in assessing physician 
competency in performance and interpretation 
of the US exam [10].

45.2.2  Ultrasound Training 
During Medical School, 
Residency, Fellowship, Clinical 
Practice

Opportunities for incorporation of US technol-
ogy into the medical curriculum exist at earlier 
stages than ever before. Some medical schools 
incorporate US education into anatomy courses 
offered during the first and second years with 
additional training when students partake in 
third and fourth year clinical rotations [11–22]. 
While a good number of programs across many 
specialties also incorporate US training into 
residency and fellowship training, this is often 
informal with little didactic coursework or 
supervised practical sessions. Training as part of 
graduate medical education may range from 
incidental clinical contact to a single didactic 
lecture up to progressive vertical multi-year 
curricula depending on the training program. 
Most commonly, one resident teaches another, 
and appropriate education may not occur. In 
some situations, incorrect methods and interpre-
tation are perpetuated. Some clinicians opt to 
pursue training in new techniques after they 
begin their clinical practice. Most attend soci-
etal based courses; however, some receive 
instruction from a partner in their practice. It is 
currently unknown what the difference in com-
petency is between those who have had formal 
versus informal US training, and this issue is 
further expanded to US training while in clinical 
practice [23].

45.2.3  Remote Distance Learning 
Opportunities

For those unable to travel to more formal courses 
due to financial hardship, distance, length of the 
course, or other reasons, unique opportunities for 
remote learning are available. Transducer simu-
lators can be purchased to use in conjunction 
with online courses (Ex. SonoSim®). Simple 
didactic courses with the completion of formal or 
informal on-line materials may also be pursued 
for additional training. Live videoconferences 
may also be remotely attended.

45.2.4  Learning Curve

Literature from various sources has described 
the attempts to define a learning curve for tran-
sition to independence regarding performance 
and interpretation of US exams. Studies of 
learners in emergency department settings sug-
gest the need to perform 50–75 exams to reach 
minimum standards for image acquisition, 
although this varied with the type of exam being 
performed, from as little as 18 exams for soft 
tissue and up to 90 exams for structures of the 
right upper quadrant of the abdomen [24]. Some 
have suggested there is little to no learning 
curve for some types of US examinations. One 
group suggests the learning curve for some 
types of exams can be accomplished on a virtual 
reality simulator alone [25, 26]. The learning 
curve has neither been formally described for 
thyroid and parathyroid ultrasound nor for 
US-guided needle biopsy.

45.2.5  Adjuncts for Training

In addition to standard didactic materials such as 
books and articles, additional educational materi-
als are available. These include on-line resources 
and training courses, manufactured phantom 
models (Ex. Blue Phantom™), and homemade 
gelatin or animal-based models [27, 28]. More 
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complex training models and mannequins are 
also available. Cost ranges from pennies to thou-
sands of dollars.

45.3  Certification 
and Accreditation

45.3.1  What Does Certification 
Mean?

While participants of a program may receive a 
certification, in many instances it is solely a 
certification of attendance or medical educa-
tion credits. Some certifications, such as those 
offered by the American College of Surgeons 
require students to successfully pass a written 
test and practical exam, but this does not equate 
to proficiency in a clinical setting. The student 
is expected to pursue additional practice and 
obtain feedback from those who are proficient 
at their home institution. The quality and accu-
racy with which examinations are performed 
and interpreted after training has not been well 
studied, nor has the time or number of exami-
nations performed to be considered proficient 
or an expert. The AACE Endocrine Certification 
in Neck Ultrasound (ECNU) program requires 
successful completion of a comprehensive cer-
tification examination as well as completion of 
the validation of competency process which 
requires submission of 15 exams performed 
and reports generated for review, although 
long-term performance issues and quality con-
trol are left to the clinician. ECNU, currently 
the most involved level of certification avail-
able to nonradiologists performing thyroid and 
parathyroid US in the USA, is addressed in 
detail in an earlier chapter of this textbook. 
Certification again does not necessarily equal 
proficiency. While most organizations recom-
mend some sort of assessment of proficiency, 
the means to do this long-term and document 
continued proficiency is lacking. It is the indi-
vidual clinician’s responsibility to assess out-
comes and correct if necessary.

45.3.2  The Role of AIUM 
in and Beyond Radiology 
Based Practices

The AIUM is a recognized group that provides 
opinions regarding training in the application of 
ultrasound to various clinical areas by organ 
system or body area. Current recommendations 
for physicians who perform, interpret, and eval-
uate head and neck US examinations are the 
following:

 1. Completion of an Accreditation Council for 
Graduate Medical Education (ACGME)-
approved radiology residency program, fel-
lowship, or postgraduate training within the 
previous 36 months that included structured 
training in diagnostic head and neck ultra-
sound under the supervision of a qualified 
physician(s), during which the trainees had 
evidence of being involved with the perfor-
mance, evaluation, interpretation, and 
reporting of at least 150 diagnostic head and 
neck ultrasound examinations; and the phy-
sicians must be board certified or board 
eligible.

 2. Completion of an approved radiology resi-
dency and/or fellowship program that did not 
include structured training in diagnostic head 
and neck ultrasound or completion of a resi-
dency and/or fellowship program that involved 
such training more than 36 months ago and 
must have documented: supervision and/or 
performance, interpretation, and reporting of 
at least 150 diagnostic head and neck ultra-
sound examinations in the previous 36 months; 
and 12 AMA PRA Category 1 Credits™ dedi-
cated to diagnostic head and neck ultrasound 
within the previous 36 months.

 3. Completion of an ACGME-approved resi-
dency in otolaryngology or general surgery 
within the previous 36 months with struc-
tured didactic training in diagnostic head and 
neck ultrasound and evidence of being 
involved with the performance, evaluation, 
interpretation, and reporting of at least 150 
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diagnostic head and neck ultrasound exami-
nations under the supervision of a qualified 
physician(s); and the physicians must be 
board certified or eligible by the American 
Board of Otolaryngology or the American 
Board of Surgery.

 4. Completion of an approved residency in oto-
laryngology or general surgery more than 
36 months ago; and the physicians must be 
board certified or eligible by the American 
Board of Otolaryngology or the American 
Board of Surgery and provide documentation 
of the following: successful completion of the 
American College of Surgeons Postgraduate 
Course in Head and Neck Ultrasound; a pass-
ing grade on the American College of 
Surgeons Basic Pretest and Posttest for Head 
and Neck Ultrasound; and evidence of being 
involved with the performance, evaluation, 
interpretation, and reporting of at least 150 
diagnostic head and neck ultrasound examina-
tions under the supervision of a qualified 
physician(s) within the previous 36 months.

 5. All physicians performing diagnostic head 
and neck ultrasound examinations must be 
involved in the performance and/or interpreta-
tion and reporting of a minimum of 50 ultra-
sound examinations of the head and neck per 
year to maintain competence. All physicians 
performing diagnostic head and neck ultra-
sound examinations are required to obtain a 
minimum of 12 AMA PRA Category 1 
Credits™ in head and neck ultrasound every 
3 years.

While AIUM is often referenced as an authori-
tative body, it is unclear where the recommenda-
tion for 150 exams comes from or from where the 
CME recommendations originate. These require-
ments have decreased from 300 examinations 
and 100 h of category 1 CME dedicated to diag-
nostic US in the area of practice. Specialties 
beyond radiology aside from general surgery and 
otolaryngology are not recognized in these guide-
lines; however, AIUM does recognize the ECNU 
certification of medical endocrinologists offered 
by the American Association of Clinical 
Endocrinologists and surgeons are eligible for 

ECNU. Other societies (AAEP, SAGES, ASBS) 
have developed their own specialty specific certi-
fication and practice guidelines for performance 
and interpretation of US as they relate to these 
specialty fields (emergency medicine, laparo-
scopic and gastrointestinal surgeons, and breast 
surgeons, respectively).

45.3.3  Variations in Performance 
of Diagnostic Ultrasound 
and Reporting Practices 
Based on Clinical Specialty

What constitutes adequate training in thyroid and 
parathyroid US will be different for different spe-
cialties as information needed from assessment 
of one organ or region of the body may vary 
between specialties depending on the utility of 
that information as it pertains to the clinical issue. 
Various measurements or views obtained as 
required by one set of guidelines may have no 
bearing on the clinical care of the patient. Lack of 
assessment of various areas not required by cer-
tain groups or guidelines may lead to important 
missed findings and information. For example, 
thyroid and parathyroid surgeons often examine 
specific areas of the neck for findings that will 
impact the decision for and extent of surgery. 
These are not areas routinely evaluated by other 
specialists as that particular information does not 
impact their care of the patient. In a single patient, 
multiple US exams may need to be performed by 
multiple clinicians of differing backgrounds to 
gain information needed for the overall care of 
the patient. Inter- observer variation in acquisi-
tion and interpretation of US images also impacts 
patient care.

45.3.4  Safe Incorporation of New 
Ultrasound Techniques 
into Practice

New techniques utilizing US technology in some 
way naturally emerge over time. This has been 
the case with US guided fine needle aspiration, 
percutaneous US guided ethanol injection and 
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ablation of various targets (nodules, lymph nodes, 
etc.), US guided radiofrequency ablation, and US 
examination of the vocal cords [29–31]. One 
must be cautious in their exuberance for and 
acceptance of any new technique. Rigorous test-
ing must ensure at least equivalence in outcome 
and safety compared to the existing gold standard 
method. Opinions from multiple practitioners 
across multiple specialties must be sought to 
understand the true impact and relevance of a 
new procedure or technique.

45.4  Summary

US is no longer an emerging technology. It is a 
routinely employed diagnostic and therapeutic 
modality necessary for the optimal care of patients 
with thyroid and parathyroid disorders. 
Educational opportunities to gain fundamental 
and advanced skills in thyroid, parathyroid, and 
cervical US are abundant (Table 45.1). The ulti-
mate goal of the training, rigorousness of training, 
didactic work included, existence and means of 
post-course assessment as well as ongoing main-
tenance of skills should be examined carefully to 
ensure optimal training of the student. US educa-
tion should be incorporated into training programs 
at the earliest level possible as it has become a 

natural extension of the physical examination and 
is applicable to nearly every area of the body. It 
should be recognized that the extent of examina-
tion and need for information provided by US 
imaging will vary by clinician specialty.
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