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Preface

wV d’ eãei¢non men zwn, dia tou¢ ton de¢ ãalw¢ V zwn.
(Plou¢tarcoV 75 p. C)

Plutarch wrote that Alexander the Great once said that
he owed his life to his father but he owed learning how
to live well to his teacher,Aristotle.

This book is a tribute to my teacher in surgery Jon
van Heerden. “Jon,” for his many friends, yet always
“Dr. van Heerden” for me (who never managed to
overcome the anxiety I felt, as a chief resident, when
interrupting a golf game to discuss patient problems)
has inspired many surgeons worldwide.

It is not accidental that in this book most of the
renowned participants have been directly or indirectly
students, and/or friends, of Jon van Heerden. The
remaining contributors who are not surgeons have
known, respected and admired him for his contribu-
tion to the field of adrenal surgery.

The magic of JvH, as he is affectionately known in
the surgical community, is his keen insight into a com-
plicated subject and his ability to transform complex-
ity into simplicity. And thus even the complexities of
some esoteric adrenal diseases are today readily un-
derstood by both generalists and specialists. One of
his favorite quotes is in fact:“If it is not awfully simple,
it is usually simply awful.”

Skills can be sharpened, knowledge acquired,
but what is even more important is the fact that 
some people transfer their knowledge to others.
It could be argued that greatness in the intellect of a
person is only surpassed by the ability to inspire
greatness in others; this then is the essence of JvH,
who once stated “The greatest satisfaction in surgery
lies in the achievements which others are inspired to
perform.”

JvH was a Consultant at the Mayo Clinic for 31 years
and has influenced and stimulated innumerable
trainees to perform the Art of Surgery with integrity
and humility. Many, many more surgeons have bene-
fited from his devotion to teaching, educating, knowl-

edge sharing, and technical pearls at meetings locally,
nationally, and internationally.

As impeccable as he was in his lectures,he was even
more meticulous in the operating room.His operating
rooms at Mayo were models of decorum, punctuality,
expert teamwork, attention to minutiae, the abhor-
rence of blood loss, and ultimate respect not only for
tissues, but most importantly for the patient. He truly
believed in the aphorism:“The most important person
in the operating room is the patient – not the surgeon.”
Jon van Heerden was just and understanding but he
was not lenient or flexible with members of the oper-
ating team and there was no margin for error.

In this book, integrity, skill, validity and reliability
are among the qualities the authors have aspired to as
they tackle the captivating “mysteries”that shroud the
adrenal glands. Precision and concision were strived
for in all chapters, which are both up to date and in-
formative. With concrete data on the different aspects
of adrenal anatomy,physiology and pathology,and the
practical and appropriate application of the surgical
treatment, the reader can expect to be challenged and
enlightened, surprised as well as comforted, and fore-
most – educated.

I cannot stress adequately how indebted I feel to 
the gracious contributions from the world-renowned
physicians and surgeons who rose to the challenge 
of producing this ambitious project with enthusiasm.
Without their contribution this would have never been
a possibility, since neither the editors nor the publish-
ers would accept anything less than the very best avail-
able. A note of special thanks is due to Ms. Stephanie
Benko,from Springer-Verlag,and to my assistant Mary
Kostopoulou, who were both enthusiastic and tireless
in their organizational skills.

Dimitrios A. Linos, MD, FACS



Preface

The medical/surgical world is shrinking due to im-
proved and rapid communications and ease of travel.
The contributors to this volume represent many dif-
ferent countries, which is most gratifying. We believe
that this international flavor will only increase in the
future and that this increase is good for all concerned,
patients in particular.

We are deeply indebted to all of the contributors
to this publication, be they physicians, surgeons, ra-
diologists,anesthesiologists,artists,or publishers.They
have unselfishly given us and you not only their ex-
pertise but their most precious possession – their time.

Lastly, both of us stand on the shoulders of our
teachers and our role models, who have enabled us to
see a little further than perhaps they did. Humbly, we
thus thank Jim Priestley,Bill Remine,Dick Welbourne,
Sheldon Sheps, and Bill Young.You, our revered teach-
ers, collectively exemplify to us the thoughts elo-
quently expressed by Halsted.

It is our sincere wish that you,who have honored us
by reading this introduction and what follows,will de-
rive a modicum of pleasure as you peruse Adrenal
Glands: Diagnostic Aspects and Surgical Therapy. If
you per chance read something that may benefit pa-
tient care, this educational endeavor will have been
well worth the effort and our wishes shall have been
granted and fulfilled.

Jon van Heerden

You, our readers, are justified to ask “Why is there a
need for yet another textbook on a rare aspect of en-
docrine surgery?” We, your editors, albeit biased, feel
that the answer is an affirmative one and is based on
a number of closely interrelated factors.

Much has changed in the understanding, elucida-
tion, and identification and management of almost all
aspects of diseases that affect the adrenal glands. We
have, indeed, come a long way since Thomas Addison
in 1855 succinctly stated “It will hardly be disputed
that at the present moment, the function of the supra-
renal capsules, and the influence they exercise in the
general economy are almost or altogether unknown.”

Similarly, the surgical approach to these retroperi-
toneal glands has undergone an amazing revolution in
the most recent decade.We wonder if Hugh-Young, fa-
mous for developing and popularizing the posterior
open approach to the adrenal glands,could have,in his
wildest dreams, ever imagined outpatient laparoscop-
ic adrenalectomy.We think not!

Today,and in the future, the emphasis is going to be
on teamwork with close cooperation and communica-
tion between many disciplines when caring for pa-
tients with adrenal pathology. Surgeons, in particular,
will need to change their daily vocabulary from I to we.
This is an essential factor which this textbook hope-
fully clearly emphasizes and exemplifies, and the var-
ious disciplines are indeed well represented by our
contributors.
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1.1 Introduction

The adrenal glands were first depicted by Bartholo-
maeus Eustachius in 1552. They were drawn onto
copper plates, Eustachius being the first anatomist to
use this method, and reproduced in print in 1563 [1].
The early anatomists such as da Vinci,Galen and Vesal-
ius had overlooked the glands, first named “glandulae
renibus incumbents” (glands lying on the kidneys) 
by Eustachius. Successive names include “glandulae
renales”, coined by Thomas Wharton, physician to 
St. Thomas’ Hospital, London, in 1656 [2], and
“capsulae suprarenales”, used by Jean Riolan of Paris
in 1629 [3]. The terms cortex and medulla, to describe
the two component parts of the adrenal,were first used
by Emil Huschke, anatomist and embryologist at Jena,
in 1845.

The function of the adrenals was the subject of
much speculation in the 19th century with the sugges-
tion that they might release “a peculiar matter into the
blood,”or conversely “absorb humid exudates from the
large vessels nearby”. The fundamental, but contro-
versial, proposal that the adrenal glands produced
‘internal secretions’ (‘secretion interne’) was made by
the Parisian physiologist Claude Bernard in 1855 [4].

Remarkably, in the same year, Thomas Addison de-
scribed 11 patients showing clinical features attribut-
able to adrenal insufficiency, namely anemia, debility,
feebleness of the heart, irritability of the stomach, and
a change in skin color. The autopsy findings were

adrenal destruction by unilateral or bilateral tubercu-
losis, metastatic carcinoma, or simple atrophy. These
observations were presented to the South London
Medical Society in 1849, focusing on the anemia com-
ponent of the syndrome, but the classical description
of Addison’s disease (the eponym being ascribed by
Armand Trousseau [5]) was published 6 years later as
a monograph, On the Constitutional and Local Effects
of Disease of the Suprarenal Capsules [6]. Although 
the publication stimulated much interest, some con-
troversy, and important experimental work, the syn-
drome of Addison’s disease was not universally
accepted for many years.

Charles Édouard Brown-Séquard concluded that
the adrenals were essential for life (essentials à la vie)
after carrying out a series of experiments on dogs,cats,
hares and guinea pigs in which bilateral adrenalecto-
my always resulted in death in a few hours and even
unilateral adrenalectomy was often fatal [7].

William Osler was the first to attempt treatment 
of adrenal insufficiency in 1896, using an extract of
pig’s adrenal [8]. The isolation of epinephrine by Abel
in 1897 [9], following Oliver and Schäefer’s work with
adrenal extract in 1894 [10], had attracted great inter-
est,and the absence of this chemical was thought to be
responsible for the weakness and low blood pressure
of Addison’s disease and the fatal consequences of
adrenalectomy. Epinephrine was used at the Mayo
Clinic in 1920 to treat a patient with symptoms of
Addison’s disease following nephrectomy [11].
Although administration of epinephrine resulted in
temporary relief of the patient’s weakness, he later
succumbed. Others reported the lack of efficacy of
this medullary hormone,and it soon became clear that
Addison’s disease affected the adrenal cortex only.

In 1926, cortical extracts were used successfully in
adrenalectomized animals, but it was not until the
1940s that cortisone was isolated and synthesized,
work led by Edward Kendall of the Mayo Clinic[12],
and Tadeus Reichstein of Basle [13], later to be award-
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ed the Nobel Prize for their remarkable achievements.
It was realized that the adrenal cortex produced sever-
al steroids, with deoxycorticosterone being the first to
be synthesized. Aldosterone, initially called electro-
cortin, was discovered later by James Tait and Sylvia
Simpson in London [14],and was found to exert influ-
ence over electrolyte fluxes.

Development of techniques to measure urinary and
plasma steroids subsequently facilitated the assess-
ment of adrenal gland function and paved the way for
the precise identification and investigation of a whole
range of pathological conditions of the adrenals, in-
cluding Cushing’s syndrome, Addison’s disease and
Conn’s syndrome.

In common with the investigation of most dis-
orders of the endocrine glands, once the hormonal
dysfunction has been confirmed it became necessary 
to localize the site of the pathological lesion. With re-
gards to the adrenals there was an initial dependence
upon the insensitive method of plain abdominal radi-
ography. The first attempt of specific adrenal imaging
was by retroperitoneal gas insufflation [15]. This tech-
nique was not reliable and many preferred pyelogra-
phy.Caval venous sampling, first performed in 1955 to
assay catecholamines, was a significant breakthrough
[16]. The refinement of selective adrenal venous sam-
pling subsequently aided localization of adrenal
pathology, and indeed remains a most valuable diag-
nostic tool today [17]. Phlebography, whilst being a
sensitive technique,was associated with complications
such as adrenal rupture or gland infarction [18], and
never really gained favor. Scintigraphy, developed by
Beierwaltes and colleagues at Ann Arbor, Michigan
[19], employed radiolabeled cholesterol and was use-
ful to diagnose hyperplasia and functioning tumors of
the adrenal cortex.

Cross-sectional imaging with computed tomog-
raphy (CT) was first used in 1975 [20], and along with
magnetic resonance imaging (MRI) [21] remains the
mainstay of localization investigation today.

1.2 Milestones in the Surgical Treatment 
of Adrenal Disease

Despite a growing understanding of adrenal anatomy
and physiology and several reports of surgical removal
of pathologically enlarged adrenal glands it is believed
that no adrenal tumor was precisely diagnosed preop-
eratively before 1905 [22].

Knowsley Thornton is thought to have performed
the first successful adrenalectomy for suprarenal

tumor in London in 1889, reported in 1890 [23]. The
patient, a 36-year-old woman with hirsutism second-
ary to the tumor, survived 2 years, until the disease re-
curred. The tumor weighed in excess of 20 lbs, neces-
sitating concomitant nephrectomy.

Although Harvey Cushing (Fig. 1) had defined 
the fundamental role of the pituitary basophil cell in
Cushing’s disease [24], others soon recognized that
the development of Cushing’s syndrome required the
presence of the adrenal cortex [25]. Therefore explo-
ration of the therapeutic avenue of surgical adrenal-
ectomy for this disorder was the next logical step.

Results of ten adrenalectomies for Cushing’s syn-
drome, performed by Walters and Priestley, were pub-
lished in 1934 [26]. They found four carcinomas, one
adenoma, three cases of hyperplasia, and two normal
glands. Even when subtotal adrenalectomy was per-
formed there was 30% mortality [27]. The outlook for
patients undergoing adrenalectomy for Cushing’s syn-
drome was dramatically transformed once cortisone
became available for therapeutic replacement. The
first recorded perioperative use of cortisone in adrenal-
ectomy for Cushing’s syndrome was in 1949 at the
Mayo Clinic and the mortality rate fell to zero for the
subsequent 18 reported cases [27].Replacement corti-
sone therapy was then continued postoperatively, a
procedure which of course today is routine practice.
This development had a major impact on endocrine
surgery, not only making adrenalectomy a safe proce-
dure but also facilitating the operation of total hy-
pophysectomy.

Two years after the discovery of aldosterone the
syndrome of primary aldosteronism,characterized by
hypertension and hypokalemia, was reported by
Jerome Conn in 1955 [28] (Fig. 2). His patient was a 
34-year-old woman suffering from tetany, periodic
paralysis, paresthesia, polyuria, polydipsia and hyper-
tension. She was thought to have bilateral adrenal
hyperplasia, but at exploration of the right adrenal,
a 4-cm cortical adenoma was discovered, removal of
which cured the patient of her hypertension and meta-
bolic abnormalities. Conn subsequently published
details of 108 collected patients with aldosterone pro-
ducing adenomas [29]. Seventy-nine of these under-
went surgery, and hypertension was cured in 66%, im-
proved in 20% but remained unchanged in 14%.

With the initial enthusiasm for diagnosing Conn’s
syndrome it was thought that the condition might
account for a significant proportion of hypertensives,
but by 1980 it was apparent that less than 1% of the hy-
pertensive population suffered from this surgically
treatable disorder.
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Adrenaline was the first adrenal hormone to be dis-
covered, but its crucial role in the clinical syndrome
caused by pheochromocytoma was not defined until
many years later when the hormone was extracted
from adrenal tumors [30]. Fränkel provided the first
report of a patient with a probable pheochromocy-
toma, an 18-year-old female suffering from intermit-
tent palpitations, tachycardia and anxiety attacks [31].
She died after a severe episode of chest pain and dys-

pnea, and at autopsy was noted to have highly vascu-
lar bilateral adrenal tumors.The term pheochromocy-
toma was coined by Pick [32] in 1912 and the first suc-
cessful removal of a pheochromocytoma was by Cesar
Roux in Lausanne in 1926 [33] followed by Dr. Charles
Mayo in Rochester,Minnesota,the following year [34].

It soon became apparent that surgery for this con-
dition was extremely hazardous with a high mortality
related to the uncontrolled preoperative hypertension,
severe hypertensive surges during intraoperative tumor
manipulation and postoperative hypotension. With
improving anesthetic techniques and a greater under-
standing of the pathophysiology of the disease, allied
to the use of agents such as phentolamine and nora-
drenaline to control blood pressure, Priestley was able
by 1956 to report a remarkable series of 51 patients un-
dergoing surgery without any mortality [35].

Further advances in diagnosis with HPLC (high
pressure liquid chromatography) methods for cate-
cholamine assay, localization with CT, MRI or MIBG
([131I]meta-iodobenzylguanidine),improved pharma-
cological control of blood pressure, evolving surgical
methods and a multidisciplinary approach have now
rendered the surgical treatment of pheochromocy-
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Fig. 1. a Henry Cushing as depicted in a portrait at the Peter
Bent Brigham Hospital. b Cushing’s surgical notes on a pa-
tient with the syndrome that bears his name, pituitary tumor.
Taken from Endocrine Surgery (Linos 1984). c Minnie G., the
first patient seen by Dr.Cushing,with the obvious signs of the
disease that carries his name

Fig. 2. Dr. Jerome Conn, Professor of Medicine at the Univer-
sity of Michigan. (From Endocrine Surgery, Linos 1984)



toma a relatively safe event with a low morbidity and
virtually zero mortality.

In the 1960s it had become apparent that pheochro-
mocytoma could also occur in association with other
endocrine tumors, including medullary thyroid carci-
noma, within a familial setting as part of the MEN IIa
and IIb syndromes [36, 37, 38]. The search for the
underlying genetic defect coincided with spectacular
advances in molecular biology and culminated in the
identification of the RET proto-oncogene mutations
on chromosome 10 [39]. These dramatic develop-
ments paved the way for genetic screening of family
members predisposed to the hereditary forms of the
disease.

The increasing application of abdominal cross-sec-
tional imaging with CT and MRI resulted in adrenal
lesions being discovered when investigations were
performed for unrelated reasons. The vast majority of
these so-called incidentalomas are non-secreting
adrenocortical adenomas.The precise management of
these lesions still remains somewhat controversial,but
it is agreed that the key issues to be considered before
making a decision to perform surgery are biochemical
evaluation of possible hormonal secretory excess and
assessment of malignant potential [40]. The advent of
minimally invasive techniques for adrenalectomy,with
their attendant minimal morbidity and mortality, has
introduced the risk of changing the indications for
performing adrenalectomy in these circumstances.

1.3 The Development of the Surgical
Technique of Adrenalectomy

The first adrenalectomy was performed through a 
T-shaped subcostal incision similar to that previously
described in 1882 by Carl von Langenbüch for chole-
cystectomy [41]. Most of these early operations on the
adrenal were for the removal of large tumors, but be-
cause the incisions employed, whether anterior trans-
peritoneal, lateral or retroperitoneal, were essentially
similar to those used for renal surgery it was found that
these approaches were frequently too low to permit
adequate access.Therefore surgeons began to site their
incisions at a progressively higher level usually resect-
ing the 11th or 12th ribs. In 1932 Lennox Broster of
London devised an operation which provided almost
ultimate access to the adrenal, utilizing a transpleural,
trans-diaphragmatic approach through a long, poste-
rior intercostal incision [42]. In 1927, Charles Mayo
used a flank incision when performing the first
adrenalectomy in the United States for pheochromo-

cytoma [34]. Various anterior, lateral and retroperi-
toneal incisions became established each with their
own merits and problems.

Anterior incisions, roof-top (bilateral subcostal) or
midline permitted a full exploration of the abdominal
cavity,especially important when operating for lesions
such as pheochromocytoma which might be multiple
or ectopic, before the development of accurate local-
ization studies. The anterior approach still has special
utility when operating for large tumors such as
adrenocortical carcinoma. It is possible to gain excel-
lent access by subcostal extension and on rare occa-
sions even converting to a thoraco-abdominal expo-
sure.

Lateral incisions with 11th rib removal gave
excellent access, but bilateral pathology such as Cush-
ing’s syndrome due to hyperplasia required the pa-
tient to be turned to allow access to the contralateral
side.

Hugh Young designed a posterior approach, re-
moving the 12th rib, which would also permit bilater-
al simultaneous exposure of both adrenals [43].
Although an excellent method for removal of smaller
tumors such as Conn’s adenomas, access could often
be difficult and totally inadequate for dealing with
larger lesions over 5 cm in diameter.

Open removal of the adrenal was unchallenged un-
til 1992, when Gagner [44] described a transperitoneal
laparoscopic approach to the gland. This exciting new
method was enthusiastically embraced by the endo-
crine surgical community and others described a
posterior retroperitoneal endoscopic approach [45].
These methods have a wide range of application espe-
cially for Conn’s tumors, Cushing’s syndrome and
pheochromocytoma, offering the patient very real
benefits with respect to postoperative pain, speed of
recovery and ultimately cosmesis. Laparoscopic tech-
niques, however, are not generally appropriate for the
removal of larger tumors >8 cm in diameter,malignant
and potentially malignant tumors.However, it must be
appreciated that this question of size and malignancy
remains something of a gray area with divided opinion.
The international body of evidence in favor of mini-
mally invasive adrenalectomy for small, benign, func-
tioning adrenal lesions suggests that this method is
now the new surgical ‘gold standard’.
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2.1 Introduction

The small paired adrenal glands have a grand history.
Eustachius published the first anatomical drawings of
the adrenal glands in the mid-sixteenth century [17].In
1586, Piccolomineus and Baunin named them the
suprarenal glands. Nearly two-and-a-half centuries
later, Cuvier described the anatomical division of each
gland into the cortex and medulla. Addison would
describe the classical symptoms of the condition still
bearing his name in 1855,igniting intense interest in the
gland [1]. The next year, Brown-Séquard proved the
vital necessity of the glands by performing adrenalec-
tomies in animals [3]. Harvey Cushing described
hypercortisolism in 1912, and Conn detailed primary
hyperaldosteronism in 1955 [4, 6]. The first successful
resections for pheochromocytoma were performed in
1926 by Charles Mayo in America and Roux in Switzer-
land [5]. Because of the relative frequency of adrenal
disorders, endocrine surgeons must have a sound
knowledge regarding appropriate management [11].
A solid understanding of adrenal anatomy lays the
groundwork for future chapters in this textbook.

2.2 Morphology

The paired retroperitoneal adrenal glands are found 
in the middle of the abdominal cavity, residing on 
the superior medial aspect of the upper pole of each
kidney (Fig. 1). However, this location may vary
depending on the depth of adipose tissue.By means of
pararenal fat and perirenal fascia, the adrenals contact
the superior portion of the abdominal wall. These
structures separate the adrenals from the pleural re-
flection, ribs, and the subcostal, sacrospinalis, and
latissimus dorsi muscles [2]. Posteriorly, the glands lie
near the diaphragmatic crus and arcuate ligament [10].
Laterally, the right adrenal resides in front of the 12th
rib and the left gland is in front of the 11th and 12th
ribs [2]. Each adrenal gland weighs approximately
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3–6 g and measures roughly 5¥2.5¥0.5 cm [10].Adre-
nal weight may increase by nearly 50% during periods
of stress and pregnancy and pathologic glands may
reach 700 g [12, 16].

The pyramid-shaped right adrenal gland (Fig. 2),
sometimes called the “witch’s hat,” lies posterior 
and lateral to the inferior vena cava; it often touches
the right diaphragmatic crus and bare area of the liver.
The semilunar left adrenal gland (Fig. 2) is larger and
flatter.It is located just lateral to the aorta,immediately
posterior to the superior border of the pancreas,
and medial to the superior pole of the kidney [8].
A thick, collagenous capsule sends deep trabeculae
into the cortex and contains an arterial plexus supply-
ing branches to the adrenal gland [9].

The adrenal cortex is a characteristic bright chrome
yellow with a finely granular surface and firm consis-
tency, allowing it to be readily differentiated from
surrounding adipose tissue [2, 5]. The cortex is divid-
ed into three zones (Fig. 3) [9]. The zona glomerulosa
secretes the mineralocorticoid aldosterone,which reg-
ulates salt and water homeostasis.The zona fasciculata
secretes the glucocorticoid cortisol, which regulates
carbohydrate metabolism. It comprises 75% of the
cortical region [15]. The zona reticularis secretes 
sex steroids (progesterone, estrogen precursors, and
androgens). The adrenal cortex is derived from the
urogenital portion of the coelomic mesoderm [10].
The central medulla is dark red or pearly gray,
depending on the blood content, and is rather friable.
It secretes catecholamines which modulate the fight-
or-flight response to stress [2, 5, 9, 14]. It originates
from neural crest ectoderm and accounts for approxi-
mately one-tenth of the gland [9, 10]. It is completely
enclosed by the adrenal cortex,except at the hilum [9].

True accessory adrenal glands contain both cortical
and medullary tissue – these are very rare. However,
nodules of adrenal cortical tissue are not uncommonly
located in periadrenal fat, and ectopic cortical tissue
may be found in the spleen, below the kidneys, or with
the testes or ovaries [10]. Three percent of the general
population has macroscopic adrenal nodules [12].

2.3 Relationship of the Adrenal Glands 
to the Kidneys

The adrenal glands are enclosed with their corre-
sponding kidney via Gerota’s (perirenal) fascia and are
embedded in perirenal fat (Fig. 4) [10]. A transverse
lamella separates the adrenals from the kidneys, en-
abling separate removal of either organ.The glands are

attached to the diaphragm via ventral and dorsal layers
of renal fascia, allowing them to move with the dia-
phragm, occasionally causing difficult hemostasis [2].

2.4 Blood Supply, Innervation,
and Lymphatics

2.4.1 Arterial

The arterial supply of the adrenal gland is contributed
by 12 small arteries from the aorta, inferior phrenic,
renal and intercostal arteries.These tributaries branch
to form a subcapsular arteriolar plexus from which
capillaries enter the cortex in a radiating, spoke-like
fashion (Fig. 5) [7, 10]. The adrenal arteries are also
referred to as suprarenal arteries in many textbooks.
The superior adrenal artery is a branch of the inferior
phrenic artery and is located along the superior medial
margin of the gland. The middle adrenal artery origi-
nates from the abdominal aorta. The inferior adrenal
artery arises from the renal artery and is found along
the inferior-medial margin of the gland [8, 16]. These
arteries anastomose over the surface of the gland,
and small unbranched arteries descend through 
the capsule. The right adrenal is mainly supplied by 
the superior and inferior adrenal arteries,whereas the
left adrenal is mostly supplied via the middle and
inferior adrenal arteries.Arterial and venous capillar-
ies within the gland integrate the function of the cortex
and medulla. Cortisol-rich effluent flows from the
cortex to the medulla, where it stimulates the synthe-
sis and activity of phenylethanolamine-N-methyl
transferase, leading to the conversion of norepineph-
rine to epinephrine. Extra-adrenal chromaffin tissues
lack this mechanism,thereby secreting mostly norepi-
nephrine [16].

2.4.2 Venous

In contrast to the intricate arterial network, there is a
single central vein exiting at the hilum of the adrenal
glands (Fig. 5) [18]. Blood percolates within the gland
from the medulla to the central medullary system,
forming the large adrenal vein. Many accessory adre-
nal veins follow the course of the arteries and empty
into the inferior phrenic vein, renal vein, or a venous
arc in connection with the azygous system and
posterior gastric veins. These collaterals form a caval
or portal shunt and can enlarge with significant
tumors [2].
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2.4.3 Innervation

Innervation of the adrenal glands is via visceral affer-
ent fibers arising from the celiac, aorticorenal, and
renal ganglia. These fibers connect with the posterior
vagus nerve, phrenic nerve, and greater and lesser
splanchnic nerves (Fig. 6). They provide sensory or
indirect vasomotor innervation as they pass through
the cortex. They terminate in the medulla as pregan-
glionic sympathetic fibers. It should be remembered
that the adrenal medulla is a postsynaptic sympathetic
nerve, belonging to the nervous system as such [2].

2.4.4 Lymphatic

The lymphatic drainage of the adrenal glands arises
from a plexus deep in the adrenal capsule and a plexus
in the adrenal medulla,emptying into the renal lymph
nodes (Fig. 7). They follow the large vessels in three
main pathways. On the right, a pathway terminates in

the right lateral lumbar (aortic) nodes in front of the
right diaphragmatic crus,proximal to the celiac trunk.
A second pathway ends in the right lateral aortic nodes
proximal to the junction between the left renal vein
and vena cava. A third pathway ends in the thoracic
duct or in the posterior mediastinal nodes after pierc-
ing the crura of the diaphragm. This is an important
route for metastatic spread of adrenal cortical tumors.
Of note, lymphatic vessels drain only the cortex, not
the medulla [2].

2.5 Left Adrenal Gland Relationships

The left adrenal gland is related to the left hemi-
diaphragm, tail of the pancreas, splenic artery, and left
renal vein (Fig. 8A, B). The visible relationships of
the left adrenal gland during a laparoscopic approach
contrast with those during an open surgical approach
(Figs. 4, 9). This gland is crescentric, being convex
medially and concave laterally. The superior border is
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sharp and the inferior border is rounded.In contrast to
the right adrenal gland,the superior half of the anterior
surface of the left adrenal gland is covered anteriorly
via peritoneum of the lesser sac (Fig.10) [18].This sep-
arates the gland from the cardia of the stomach and the
posterior pole of the spleen.Inferiorly,where the gland
contacts the pancreas and splenic artery, there is no
peritoneum [9,18].The left adrenal vein emerges at the
hilum of the gland.A ridge divides the posterior surface
into a lateral area adjoining the kidney and a smaller
medial region contacting the left crus of the diaphragm.
The medial border is convex and related to the infero-
medial left celiac ganglion and to the left inferior
phrenic and left gastric arteries, which ascend on the
left diaphragmatic crus [9].

The ventral aspect of the left adrenal gland is
attached to the dorsal viscera of the stomach and to the

medial border of the spleen and the body of the pan-
creas. Both the splenic vein and the splenic artery are
inferior to the left adrenal gland. The avascular seg-
ment of the gastrocolic ligament is commonly divided
during surgery on the left adrenal gland. The trans-
verse mesocolon attaches along the inferior border of
the pancreas; it is retracted inferiorly and medially for
operative exposure [2].

The left adrenal gland is located in front of the
origin of the celiac trunk but it is separated from the
aorta by a space of several millimeters [2]. The left ad-
renal vein is approximately 2–3 cm long, passing infe-
riorly from the lower pole of the gland, receiving the
inferior phrenic vein, then taking an oblique down-
ward course to enter the left renal vein (Fig. 5) [2, 8].
Occasionally, the vein empties into the left inferior
phrenic vein (which then enters into the left renal vein)
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or crosses over the aorta to enter directly into the infe-
rior vena cava [10]. The length of the left adrenal vein
allows for ready vascular control during left adrena-
lectomy [2].

2.6 Right Adrenal Gland Relationships

The right adrenal gland is posterior to the inferior
vena cava and right hepatic lobe and anterior to the
diaphragm and superior pole of the right kidney
(Fig. 11A, B) [9]. The anatomical relationships of the
right adrenal gland appear quite different in a laparo-
scopic versus an open surgical approach (Figs. 12, 13).
The anterior surface, which faces slightly laterally, has
a narrow vertical medial area devoid of peritoneum
which is posterior to the inferior vena cava. The ante-
rior surface is nearly totally covered by the bare area of
the liver (Fig.10) [10,18].The upper portion of the lat-
eral triangular area is also devoid of peritoneum and
contacts the inferomedial angle of the bare area of the
liver. The inferior portion of the lateral part may be

covered by peritoneum reflected from the inferior
layer of the coronary ligament; the duodenum may
overlap this region as well. Below the apex, near the
anterior border of the gland, is the short hilum where
the right adrenal vein emerges to join the inferior vena
cava [9].

The ventral-lateral region of the right adrenal gland
is overlapped by the peritoneum between the liver,
kidney, and hepatic flexure of the colon [18]. The ven-
tral-medial area is behind the inferior vena cava,
separating the gland from the epiploic foramen ante-
riorly and the third portion of the duodenum and pan-
creatic head posteriorly.The body of the pancreas sep-
arates the adrenal gland from the lesser sac (omental
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bursa) and stomach [2]. The posterior surface is divid-
ed into upper and lower areas via a curved transverse
ridge: its upper area, slightly convex, rests on the di-
aphragm, while the lower concave area contacts the
superior pole and adjacent anterior surface of the 
right kidney. The thin medial border is related to the
right celiac ganglion and the right inferior phrenic
artery [9].The medial border contacts,and may extend
posteriorly towards, the inferior vena cava and is
sometimes tucked behind it [10, 18]. If the inferior
layer of the right coronary ligament is high, the right
adrenal gland may partially reside in the right para-
colic gutter (Morrison’s pouch) where it contacts the
peritoneum [18].

The right adrenal vein exits the hilum on the antero-
medial surface of the gland (Fig. 5) [18]. It emerges for

a mere 1 cm and takes a short,almost transverse route,
at a 45° angle, to empty into the posterior segment of
the inferior vena cava [8, 18]. The right adrenal vein
cannot be exposed until the adrenal gland is mobilized
[18]. The origin of this vein may be obscured by an en-
larged gland. This is extremely important since acci-
dental nicking of the inferior vena cava during adrena-
lectomy may cause fatal hemorrhage [2,13].Therefore,
expert care is necessary when dissecting the right ad-
renal vein [12]. The right inferior phrenic vein is usu-
ally very small and is a direct tributary of the inferior
vena cava [18]. Additional smaller veins are found in
5–10% of right adrenal glands. Rarely, aberrant veins
may drain into the right hepatic vein or right renal vein.
Knowledge of such anomalies is essential to avoid ac-
cidental ligation of the renal vein [12].
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2.7 Summary

The adrenal gland represents two endocrine systems –
the cortex and the medulla.Although these regions are
small in comparison to many organs, they can lead to
significant pathology from either primary or meta-
static hyperfunctioning neoplasia or hyperplasia. The
details of various adrenal disorders will be discussed
in subsequent chapters. From the miraculous work of
renowned surgeons like Mayo, Thorton and Young,
adrenalectomy became a safe and effective therapy for
adrenal disorders [12]. Because adrenal surgery is of-
ten the primary treatment modality for a multitude of
adrenal conditions,a strong working knowledge of ad-
renal anatomy is essential.
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3.1 Introduction

The hypothalamic-pituitary-adrenal (HPA) axis out-
lines the tight hormonal coupling of the hypothala-
mus, the anterior pituitary and the adrenal cortex
(Fig. 1). A linear progression characterizes the down-
stream activation of the axis while reciprocal feedback
loops exist at each level to fine-tune the potency of the
response and ensure optimal hormone secretions.The
HPA axis is a vital component of the stress system and
mediates a variety of adaptive responses to stressors
that threaten body homeostasis. Basal and stress-
related homeostasis depend on the integrity of the
HPA axis, which additionally exerts profound regula-
tory effects on other systems (immune,endocrine and
metabolic) in order to orchestrate a response that will
allow endurance against any imposed challenge and
preserve the internal milieu. Dysfunction at any level
of the HPA axis can cause either prolonged or inade-
quate activation and leads to syndromal states that
consistently share various degrees of impaired re-
sponse to stress.

3 Hypothalamic-Pituitary-Adrenal Axis

Ioannis Kyrou, Constantine Tsigos

Fig. 1. A schematic representation of the components of the
hypothalamic-pituitary-adrenal axis and their hormonal in-
teractions. Stimulatory effects are represented by solid lines
and inhibitory effects by dashed lines (CRH, corticotropin-
releasing hormone; AVP, arginine vasopressin)



3.2 HPA Axis:
A Multilevel Endocrine System

3.2.1 Hypothalamus: Corticotropin-Releasing
Hormone and Arginine Vasopressin

The hypothesis that pituitary corticotropin (ACTH)
secretion is controlled by a hypothalamic factor was
first suggested in the late 1940s.A decade later, in vitro
studies supported the existence of such a hypothala-
mic corticotropin-releasing factor by demonstrating
that hypothalamic extracts could stimulate pituitary
corticotroph cells to secrete ACTH. In 1981, Vale and
his colleagues announced the sequence of a 41-amino-
acid peptide from ovine hypothalami, designated cor-
ticotropin-releasing hormone (CRH), which showed
greater ACTH-releasing potency in vitro and in vivo
than any other previously identified endogenous or
synthetic peptide.

Following the isolation of CRH, data from anatom-
ic, pharmacologic, and behavioral studies made evi-
dent that CRH not only triggers the hormonal cascade
of the HPA axis but also plays a complex role in the
response to stressors. The wide distribution of CRH
receptors in many extrahypothalamic sites of the
brain, including parts of the limbic system and the
central arousal-sympathetic systems in the brain stem
and spinal cord, suggests the implication of CRH in a
broader spectrum of neural circuits that control the
stress response. In addition, experimental studies
proved that central administration of CRH sets into
motion a coordinated series of physiologic and be-
havioral responses, which apart from the activation 
of the pituitary-adrenal axis and the sympathetic
nervous system, also include enhanced arousal, sup-
pression of appetite and sexual behaviors, hypothala-
mic hypogonadism, and changes in motor activity, all
characteristic of stress behaviors [95, 105, 110]. Con-
versely, central administration of CRH peptide antag-
onists suppresses many aspects of the stress response.
Finally, CRH type 1 receptor knockout mice are char-
acterized by a striking failure to properly answer to in-
duced stress [108].

An intricate neuronal network regulates the secre-
tion of hypothalamic CRH from parvicellular neurons
of the paraventricular nucleus (PVN) (Fig. 2). These
neurons have axons that terminate in the median em-
inence and secrete CRH into the hypophyseal portal
system and axons that terminate in the locus ceruleus
(LC)/norepinephrine (NE) sympathetic system neurons
in the brainstem [28, 101]. Neurons of the latter sys-
tems send projections, mostly noradrenergic, to the

PVN [30]. Thus, a reverberatory neural circuit is
formed between the CRH neurons and those of the
LC/NE sympathetic systems, with CRH and nor-
epinephrine stimulating each other (Fig. 2) [16, 125].
Furthermore, CRH activates an ultra-short negative
feedback loop on the CRH neurons [18], while a
similar loop exists in the LC/NE-sympathetic system
neurons,with norepinephrine inhibiting its own secre-
tion via collateral branches and inhibitory a2-nor-
adrenergic receptors [1, 41]. In addition, neurotrans-
mitters from parallel neuronal systems, like serotonin,
acetylcholine,catecholamines (a1-receptors) and neu-
ropeptide Y, stimulate CRH secretion [18, 44], whereas
the GABA/benzodiazepine system and endogenous
opioids exert inhibitory effects [17, 82]. Regulatory
opioid peptides are also produced by arcuate nucleus
proopiomelanocortin (POMC) neurons that produce
ACTH, a-MSH, and b-endorphin, all of which are
inhibitory to CRH secretion [17, 82], and by CRH and
arginine vasopressin (AVP) neurons which co-secrete
dynorphin along with CRH and AVP [97].A significant
long negative feedback loop is also mediated by the
glucocorticoids released from the adrenal cortex in
response to ACTH in order to inhibit the prolongation
of pituitary ACTH secretion and the activation of the
hypothalamic CRH neurons and the LC/NE sympa-
thetic systems [18,71].It is obvious that CRH secretion
is tightly interweaved in the neurocircuitry of stress,
which utilizes a complex network of interacting path-
ways in order to initiate and orchestrate an effective re-
sponse to stressors.

In the hormonal cascade of the HPA axis activation,
CRH exerts its effect on pituitary ACTH secretion via
high-affinity transmembrane CRH receptors on the
corticotrophs that couple to guanine nucleotide-
binding proteins and stimulate the release of ACTH by 
a cAMP-dependent mechanism [2]. In addition to
enhancing ACTH secretion, CRH also stimulates the
de novo biosynthesis of POMC, the ACTH precursor,
in corticotrophs resulting in a biphasic release of
ACTH [71]. Two distinct CRH receptor subtypes
(CRH-R1 and CRH-R2) have been characterized,
encoded by distinct genes that are differentially ex-
pressed [21, 121]. CRH-R1 is the most abundant sub-
type found in anterior pituitary and is also widely
distributed in the brain. The CRH-R2 subtype is ex-
pressed mainly in the peripheral vasculature and the
heart, as well as in subcortical structures of the brain
[132]. It is notable that CRH availability is also regu-
lated by specific binding of the peptide to CRH bind-
ing protein [83], with which it partially colocalizes in
various tissues [84].

Ioannis Kyrou, Constantine Tsigos20



At the level of the anterior pituitary, CRH is the
most potent but not the sole regulator of the corti-
cotroph ACTH secretion. AVP, a nonapeptide also
produced by parvicellular neurons of the PVN and
secreted into the hypophyseal portal system, is con-
sidered the second most important modulator of
pituitary ACTH secretion [9]. Whereas CRH appears 
to directly stimulate the ACTH secretion, AVP and
other factors, such as angiotensin II, have synergistic
or additive effects [45, 94, 124]. AVP shows synergy
with CRH in vivo, when the peptides are coadminis-
tered in humans [67].Furthermore,physiologic eleva-
tions of plasma AVP in response to hyperosmolality,
apparently produced by magnocellular neurons of
the PVN, have additive rather than synergistic effects
with CRH on stimulating ACTH secretion [91]. AVP
interacts with a V1-type receptor (V1b, also referred 
as V3) and exerts its effects through calcium/phos-
pholipid-dependent mechanisms [8]. In nonstressful

situations, both CRH and AVP are secreted in the por-
tal system in a pulsatile fashion, with approximately
80% concordance of the pulses [7, 40]. It has been
shown that during stress, the amplitude of the pulsa-
tions increases, whereas, if the magnocellular AVP-se-
creting neurons are involved, continuous elevations 
of plasma AVP concentrations are seen.The aforemen-
tioned data support a reciprocal positive interaction
between hypothalamic CRH and AVP at the corti-
cotrophs.It is noteworthy that oxytocin,a nonapeptide
produced by parvicellular neurons of the PVN like AVP,
has no significant ACTH-releasing action in humans 
in vivo, while in the rat it appears to be an important
coregulator of ACTH secretion [92]. Finally, it should 
be mentioned that catecholamines stimulate CRH se-
cretion but have no direct effects on human pituitary
ACTH secretion, while ghrelin, a novel GH secreta-
gogue factor, appears to stimulate predominantly the
AVP secretion [6, 64].
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Fig. 2. A simplified, schematic representation of the intricate neuronal network that regulates the secretion of hypothalamic
corticotropin-releasing hormone (CRH) from parvicellular neurons of the paraventricular nucleus (PVN). The HPA axis is
tightly integrated with the main central nervous systems involved in the stress response.Activation is represented by solid lines
and inhibition by dashed lines (CRH, corticotropin-releasing hormone; ACTH, corticotropin; POMC, pro-opiomelanocortin;
LC/NE, locus ceruleus/norepinephrine-sympathetic system; AVP,arginine vasopressin; GABA,g-aminobutyric acid; BZD,ben-
zodiazepine)



3.2.2 Anterior Pituitary: Adrenocorticotropin

The signal of the initial HPA axis activation is trans-
ferred to the systemic circulation by adrenocorti-
cotropin (ACTH). ACTH is a 39-amino-acid peptide
secreted from the basophilic corticotrophic cells of the
anterior pituitary which are distributed in the median
wedge, anteriorly and laterally, and posteriorly adja-
cent to the pars nervosa.ACTH is a proteolytic product
of a 266-amino-acid precursor,pro-opiomelanocortin
(POMC) [38]. In the human anterior pituitary, POMC
is processed into ACTH and two large polypeptides,
N-terminal peptide and b-lipotropin, cosecreted in 
the circulation in approximately equimolar amounts
[65,79].Subsequently,normal or abnormal regulation
of ACTH secretion could be inferred by changes in the
secretion of co-secreted products. Small, variable
amounts of b-endorphin may also be produced and
secreted by the human pituitary,but further processing
of ACTH to smaller fragments, such as a-MSH and
corticotropin-like intermediate lobe peptide (CLIP),
does not occur in humans [65, 106]. It is of interest that
the POMC precursor peptide is secreted in detectable
amounts [115].

The regulatory influence of CRH on pituitary ACTH
secretion varies diurnally and changes during stress
[66]. The plasma ACTH concentration peaks at 6 a.m.
to 8 a.m., and the lowest concentrations are found at
about midnight. Episodic bursts of secretion appear
throughout the day [58, 128]. The central mechanisms
responsible for the circadian release of CRH/AVP/

ACTH in their characteristic pulsatile manner are not
completely defined,but appear to be controlled by one
or more central pacemakers [37].Plasma cortisol con-
centrations generally follow those of ACTH,but owing
to differences in bioavailability and pharmacokinetics
between the two hormones, the correlation between
their plasma concentrations is not perfect [54, 130].
The diurnal variation of ACTH and cortisol secretion
is disrupted when a stressor is imposed or by changes
in zeitgebers, e.g. lighting and activity.

The adrenal cortex is the principal target organ for
ACTH, which acts as the major regulator of cortisol
and adrenal androgen production by the zonae fascic-
ulata (central zone) and reticularis (inner zone),
respectively. ACTH is also essential for aldosterone
biosynthesis from the zona glomerulosa (outer zone),
although aldosterone secretion is primarily under the
control of the renin-angiotensin axis [4, 111]. The
biologic activity of ACTH resides in the N-terminal
portion, with the first 24 amino acids necessary for
maximal activity. ACTH interacts with specific high
affinity cell membrane receptors (melanocortin re-
ceptor 2, MC2), expressed in all three cortical zones
that couple to G-proteins to stimulate adenylyl cyclase
and generate cAMP [76]. The latter activates a cAMP-
dependent protein kinase, which stimulates choles-
terol ester hydrolase, the key enzyme in the adreno-
cortical response of steroidogenesis to ACTH [51]. In
addition, ACTH increases the uptake of cholesterol
from plasma lipoproteins, enhances later steps in the
steroidogenesis and has a trophic effect on the adrenal
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Fig. 3. The pathway of steroidogenesis in the three zones of the adrenal cortex



cortices (Fig. 3) [58]. It should be noted that ACTH
when hypersecreted stimulates the melanocytes via
the skin a-MSH receptor (MC1) [76], causing skin
hyperpigmentation.

3.2.3 Adrenal Cortex: Glucocorticoids

At the level of the adrenal cortex, glucocorticoids syn-
thesized in the zona fasciculata are the final effectors
of the HPA axis and direct the stress response toward
the goal of maintaining homeostasis. Cortisol, the
main endogenous glucocorticoid in humans, is secret-
ed by the adrenals into the circulation to reach the
peripheral target tissues, where it exerts its effects via
specific cytoplasmic receptors. In the unbound/inac-
tive state, the glucocorticoid receptors are found as
hetero-oligomers with heat shock protein (hsp) 90 
and other proteins,which include hsp 70 and immuno-
phillin [100, 107]. The ligand-bound receptors disso-
ciate from the hetero-oligomer, homodimerize, and
translocate into the nucleus, where they interact with
glucocorticoid responsive elements (GREs) of the
DNA to transactivate appropriate hormone-respon-
sive genes [85].The activated glucocorticoid receptors
also interact at the protein level with the c-jun compo-
nent of the activator protein-1 (AP-1) transcription
factor,preventing this factor from exerting its effect on
AP-1-responsive genes [57, 133].

Glucocorticoids play a key regulatory role on the
basal control of HPA axis activity and on the termina-
tion of the stress response by acting at suprahypotha-
lamic centers, the hypothalamus, and the pituitary
gland [31, 42, 63]. The presence of a direct glucocorti-
coid negative feedback is crucial for the attenuation of
the ACTH secretory response, in order to conserve the
capacity of the HPA axis to respond to subsequent
stressors. In addition, this negative feedback loop
limits the duration of the total tissue exposure to
glucocorticoids,thus minimizing the catabolic,antire-
productive, and immunosuppressive effects of these
hormones. Interestingly, a dual receptor system exists
for glucocorticoids in the central nervous system,
including the glucocorticoid receptor type I, or miner-
alocorticoid receptor, which responds to low levels of
glucocorticoids and is primarily activational, and the
classic glucocorticoid receptor (type II), which re-
sponds to higher levels of glucocorticoids and is damp-
ening in some systems and activational in others [31].

3.3 HPA Axis: Other System Interactions

3.3.1 HPA Axis: Immune System

Over the last few decades compiling evidence has re-
vealed a variety of interactions between the HPA axis
and the immune system, suggesting an alliance of
these systems against immune challenges. In states of
inflammatory or immune stress, the overall adaptive
mobilization of the organism can be described as a
combination of the immune system activation and the
typical stress response. Cytokines and other humoral
mediators of inflammation have been proven as potent
activators of the central stress response and can be re-
garded as the afferent limb of a feedback loop that
mediates the immune system and HPA axis crosstalk
(Fig. 4).

The three main inflammatory cytokines, tumor
necrosis factor-alpha (TNF-a), interleukin-1, and
interleukin-6, are secreted in inflammatory sites in 
a cascade-like fashion, with TNF-a appearing first
followed by IL-1 and IL-6 in tandem [5]. Although
TNF-a and IL-1a are primarily auto/paracrine regu-
lators of inflammation, both can be found in the gen-
eral circulation along with IL-1b and IL-6, the main

3 Hypothalamic-Pituitary-Adrenal Axis 23

Fig. 4. A simplified, schematic representation of the interac-
tions between the hypothalamic-pituitary-adrenal axis and
the immune system. Stimulatory effects are represented by
solid lines and inhibitory effects by dashed lines (CRH, corti-
cotropin-releasing hormone; ACTH,corticotropin; IL-1, inter-
leukin-1; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a)



endocrine inflammatory cytokines [88]. All three in-
flammatory cytokines are able to directly and indi-
rectly enhance the synthesis and secretion of CRH and
AVP at the level of the hypothalamus and their effects
are synergistic [13, 78, 102]. In addition, several
eicosanoids and other inflammatory mediators such
as platelet-activating factor (PAF), bradykinin, and
serotonin show strong CRH-releasing properties [12,
44, 26]. Most striking has been the ability of
interleukin-6 to acutely and chronically activate the
HPA axis in humans [117]. The acute ACTH response
to a single subcutaneous dose of IL-6 has been the
highest ever seen in response to any stimulus, while
antibodies to IL-6 almost completely block the stimu-
latory effect of bacterial lipopolysaccharide on the
HPA axis [75,14].IL-6 seems to be the critical cytokine
regulator in the immune stimulation of the HPA axis
in chronic inflammatory stress.It is not clear,however,
which of the above effects are endocrine and which are
paracrine. Presence of cytokinergic neural pathways
and local involvement of eicosanoids and PAF in CRH
secretion are certain. Direct effects, albeit delayed, of
most of these cytokines and mediators of inflamma-
tion on pituitary ACTH secretion also have been
shown [43], and direct effects of these substances on
adrenal glucocorticoid secretion also appear to be
present [99,131].Finally,indirect activation of the HPA
axis is also mediated through cytokine induced stim-
ulation of the central noradrenergic stress system.

Conversely,activation of the HPA axis has profound
inhibitory effects on the inflammatory immune re-
sponse, because virtually all the components of the
immune response are inhibited by cortisol (Fig. 4).
Glucocorticoids act as potent anti-inflammatory and
immunosuppressive factors by influencing the traffic
of circulating leukocytes and inhibiting vital functions
of the immune cells. Furthermore, they decrease 
the production of cytokines and other mediators of
inflammation (e.g. platelet-activating factor, nitric
oxide, prostanoids), induce cytokine resistance and
inhibit the expression of adhesion molecules and their
receptors on the surface of immune cells [77, 26]. It is
interesting that glucocorticoids and catecholamines
secreted during stress exert an immunomodulative
effect by suppressing the T-helper 1 (Th1) response
and causing a Th2 shift, thus protecting the tissues
from the potentially destructive actions of type 1 pro-
inflammatory cytokines and other products of acti-
vated macrophages [39].

An interesting aspect of the immune response is
that CRH is also secreted peripherally at inflammatory
sites (peripheral or immune CRH) by postganglionic

sympathetic neurons and by cells of the immune sys-
tem (e.g.macrophages, tissue fibroblasts) [61].The se-
cretion of immune CRH has been examined both in
experimental animal models of inflammation [61] and
in patients with rheumatoid arthritis [29] and
Hashimoto’s thyroiditis [112].Immune CRH secretion
is suppressed by glucocorticoids and somatostatin
[61].Mast cells are considered as the primary target of
immune CRH where,along with substance P, it acts via
CRH type 1 receptors causing degranulation. Subse-
quently, histamine is released, causing vasodilation,
increased vascular permeability and other manifesta-
tions of local inflammation.Thus,locally secreted CRH
has proinflammatory properties,whereas central CRH
alleviates the immune response [26, 39].

3.3.2 HPA Axis: Other Endocrine Axes

The HPA axis is closely linked to the endocrine axes
that control reproduction and growth. The survival 
of the individual and the species in general requires
adequate nourishment, growth and reproduction,
which are achieved through biologically costly path-
ways that threaten the stability of the internal milieu.
Under conditions of serious danger to survival, the
stress-dependent HPA axis activation intervenes to ex-
ert multilevel inhibitory effects on the gonadal and
growth axes, until the imposed challenge is counter-
acted.

3.3.2.1 Gonadal Axis

The reproductive axis is inhibited at all levels by
various components of the HPA axis (Fig. 5) [72, 86,
95]. At the hypothalamic level, CRH suppresses the
gonadotropin hormone releasing hormone (GnRH)
neurons of the arcuate nucleus. CRH-induced b-en-
dorphin secretion by the arcuate POMC neurons
mediates this suppression,but direct inhibitory action
of CRH is also suggested [25]. In addition, gluco-
corticoids exert inhibitory effects on the hypothalam-
ic GnRH neuron, the pituitary gonadotroph, and the
gonads themselves and render target tissues of sex
steroids resistant to their actions [86]. Hypothalamic
functional amenorrhea is a typical example of stress
induced inhibition of the female reproductive axis,
while suppression of the gonadal function by chronic
HPA axis activation has been also demonstrated in
highly trained athletes of both sexes and in individu-
als with anorexia nervosa or sustaining starvation [52,
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68, 62]. It is interesting that during inflammation,
circulating cytokines suppress the reproductive func-
tions by activating the hypothalamic secretion of CRH
and POMC-derived peptides,by enhancing the adreno-
cortical secretion of glucocorticoids and by inhibiting
steroidogenesis at both ovaries and testes [93, 119].

Finally, a reciprocal interaction between CRH and
the sex hormones is suggested by the presence of
estrogen responsive elements in the promoter area of
the CRH gene and by the direct stimulatory effects that
estrogen exerts on CRH gene expression [126]. This
finding implicates the CRH gene and consequently the
HPA axis as a potentially important target of ovarian
steroids and a potential mediator of gender related dif-
ferences in the stress response and HPA axis activity.

3.3.2.2 Growth Axis

Growth is also sacrificed in order to preserve homeo-
stasis under stressful conditions through a variety of
inhibitory effects mediated by the HPA axis (Fig. 5)

[34,96].Prolonged activation of the HPA axis results in
increased circulating levels of glucocorticoids which
suppress the secretion of growth hormone (GH) and
inhibit the action of somatomedin C and other growth
factors on their target tissues [15, 122, 57]. However,
it should be noted that at the onset of the stress re-
sponse or after acute administration of glucocorti-
coids an acute elevation of growth hormone concen-
tration in plasma may occur, presumably as a result 
of GH gene stimulation by glucocorticoids through
glucocorticoid-responsive elements in its promoter
region [19]. At the level of the hypothalamus, CRH
stimulates the secretion of somatostatin, which is the
most potent inhibitor of the growth hormone secre-
tion by the somatotroph cells of the anterior pituitary,
providing a centrally acting mechanism of growth
suppression by the HPA axis.

The anabolic function of the thyroid gland is also
interrupted by the activated HPA axis in order to
conserve energy during stress. Increased circulating
levels of glucocorticoids suppress the pituitary pro-
duction of thyroid-stimulating hormone (TSH) and
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Fig. 5. A schematic representation of the regulatory effects of the hypothalamic-pituitary adrenal (HPA) axis on the repro-
ductive axis, the growth axis and the metabolism. Dysfunction of the HPA axis may lead to osteoporosis and manifestations
of the metabolic syndrome. Stimulatory effects are represented by solid lines and inhibitory effects by dashed lines (CRH, cor-
ticotropin-releasing hormone; ACTH, corticotropin; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone;
FSH, follicle-stimulating hormone; STS, somatostatin; GHRH, growth hormone-releasing hormone; GH, growth hormone;
SmC, somatomedin C)



inhibit the conversion of the relatively inactive thy-
roxine to the more biologically active triiodothyronine
in peripheral tissues (the “euthyroid sick” syndrome)
[11, 36]. Inhibition of TRH and TSH secretion by 
CRH-stimulated increases in somatostatin might also
participate in the central component of thyroid axis
suppression during stress. Especially in the case of
inflammatory stress, inhibition of TSH secretion is
attributed in part to the direct action of cytokines on
the hypothalamus and the pituitary [112, 117].

3.3.2.3 Metabolism

Glucocorticoids, the hormonal end-product of the
HPA axis, exert primarily catabolic effects as part of
a generalized effort to utilize every available energy
resource against the challenge posed by intrinsic or
extrinsic stressors. Thus, glucocorticoids increase
hepatic gluconeogenesis and plasma glucose concen-
tration, induce lipolysis (although they favor abdomi-
nal and dorsocervical fat accumulation) and cause
protein degradation at multiple tissues (e.g. muscle,
bone, skin) to provide amino acids that would be used
as an additional substrate at oxidative pathways.In ad-
dition to their direct catabolic actions,glucocorticoids
also antagonize the beneficial anabolic actions of GH,
insulin and sex steroids on their target tissues [27].
This shift of the metabolism toward a catabolic state
under the control of the activated HPA axis normally
reverses upon retraction of the enforced stressor.
Indeed, chronic activation of HPA axis would be dam-
aging as it is expected to increase visceral adiposity,
decrease lean body (muscle and bone) mass, suppress
osteoblastic activity and cause insulin resistance
(Fig. 5). Interestingly, the phenotype of Cushing’s syn-
drome, characterized by abdominal and trunk fat
accumulation and decreased lean body mass, in
combination with manifestations of the metabolic
syndrome (visceral adiposity, insulin resistance, dys-
lipidemia, hypertension), is present in a variety of
pathophysiologic conditions, collectively described as
pseudo-Cushing’s states. The pseudo-Cushing’s states
are presumably attributed to HPA-induced mild hy-
percortisolism or to adipose tissue-specific hypersen-
sitivity to glucocorticoids [27, 118].

The balance of metabolic homeostasis is also cen-
trally affected by the neuroendocrine integration of
the HPA axis to the CNS centers that control energy
expenditure and intake. Indeed, CRH stimulates the
POMC neurons of the arcuate nucleus which, via 
a-MSH release, elicit antiorexigenic signals and in-

crease thermogenesis [89].Conversely,glucocorticoids
at the hypothalamic level enhance the intake of carbo-
hydrates and fat and inhibit energy expenditure by
stimulating the secretion of neuropeptide Y, which is
the most potent appetite stimulator [20].

3.4 HPA Axis: Pathophysiology

Generally, the activation of the HPA axis is tightly
regulated and is intended to be acute or at least of
a limited duration. The time-limited nature of this
process renders the induced adaptive antireproduc-
tive, antigrowth, catabolic and immunosuppressive
effects temporarily beneficial rather than damaging
and prevents significant adverse consequences [114].
In contrast,prolongation of the HPA axis activation,as
documented in chronic stressful conditions, would
lead to the stress syndromal state that Selye described
in 1936 characterized by anorexia, loss of weight,
depression, hypogonadism, peptic ulcers, immuno-
suppression, adrenal enlargement and involution of
the thymus and lymph nodes [104]. Because CRH
coordinates behavioral, neuroendocrine and auto-
nomic adaptation during stressful situations, in-
creased and prolonged production of CRH could ex-
plain the pathogenesis of the syndrome [120].

The prototypic example of prolonged dysregulation
leading to hyperactivation of the HPA axis is mani-
fested in melancholic depression with dysphoric
hyperarousal and relative immunosuppression [46].
Indeed, cortisol excretion is increased and plasma
ACTH response to exogenous CRH decreased. Hyper-
secretion of CRH has been shown in depression and
suggests that CRH may participate in the initiation or
perpetuation of a vicious cycle. Thus, owing to chron-
ically hyperactive CRH neurons, patients with melan-
cholic depression may sustain several severe somatic
sequelae,such as osteoporosis,features of the metabol-
ic syndrome,varying degrees of atherosclerosis,innate
and Th-1-directed immunosuppression and certain
infectious and neoplastic diseases [26]. If untreated,
these patients have a compromised life expectancy
curtailed by 15–20 years after excluding suicides.

In addition to melancholic depression, a spectrum
of other conditions may be associated with increased
and prolonged activation of the HPA axis (Table 1) in-
cluding anorexia nervosa [47], obsessive-compulsive
disorder [56], panic anxiety [24], excessive exercising
[70], malnutrition [73], chronic active alcoholism
[129], alcohol and narcotic withdrawal [10, 90], dia-
betes mellitus [120], hyperthyroidism [59] and pre-
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menstrual tension syndrome [87]. Notably, patients
with central (upper body) obesity exhibit higher levels
of circulating inflammatory cytokines [116] while a
subpopulation of these patients were also found to
have mild hypercortisolism [81, 27].

Pregnancy is another condition characterized by
hypercortisolism of a degree similar to that observed
in mild Cushing’s syndrome, severe depression and
anorexia nervosa. Gestation is the only known physi-
ologic state in humans in which CRH circulates in
plasma at levels high enough to cause activation of the
HPA axis [103]. Although circulating CRH, which is 
of placental origin, is bound with high affinity to 
CRH-binding protein [69, 83], it appears that the cir-
culating free fraction is sufficient to explain the ob-
served hypercortisolism. Hypercortisolism of preg-
nancy is associated with suppression of hypothalamic
secretion of CRH, persisting in the postpartum [49].

On the other side of the spectrum of HPA axis dys-
regulation, another group of states is characterized 
by hypoactivation, rather than sustained activation,

in which chronically reduced secretion of CRH may
result in pathologic hypoarousal (Table 1). Patients
with seasonal depression and the chronic fatigue
syndrome fall into this category [32, 127]. Similarly,
patients with fibromyalgia have decreased urinary free
cortisol excretion and frequently complain of fatigue
[50]. Hypothyroid patients also have clear evidence of
CRH hyposecretion and often present depression of
the “atypical” type [60]. It is interesting that in Cush-
ing’s syndrome, the clinical manifestations of hyper-
phagia,weight gain,fatigue,and anergia are consistent
with the suppression of the hypothalamic CRH neu-
rons by the associated hypercortisolism [48].

It is believed that an excessive HPA axis response 
to inflammatory stimuli would mimic the stress or
hypercortisolemic state and would lead to increased
susceptibility of the individual to a host of infectious
agents or tumors as a result of Th-1 suppression, but
enhanced resistance to autoimmune/inflammatory
disease [39]. In contrast,a defective HPA axis response
to such stimuli would reproduce the glucocorticoid-
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Table 1. Pathophysiology of the hypothalamic-pituitary-adrenal axis (HPA) axis

HPA axis activity

Increased Decreased Disrupted

Severe chronic disease +
Melancholic depression +
Anorexia nervosa +
Obsessive-compulsive disorder +
Panic disorder +
Chronic excessive exercise +
Malnutrition +
Diabetes mellitus +
Chronic alcoholism +
Hyperthyroidism +
Central obesity +
Pregnancy +
Atypical depression +
Seasonal depression +
Chronic fatigue syndrome +
Fibromyalgia +
Hypothyroidism +
Post glucocorticoid therapy +
Post stress +
Postpartum +
Rheumatoid arthritis +
Cushing’s syndrome +
Glucocorticoid deficiency +
Glucocorticoid resistance +
Congenital adrenal hyperplasia +
ACTH resistance +



deficient state and would lead to relative resistance 
to infections and neoplastic disease,but increased sus-
ceptibility to autoimmune/inflammatory disease,such
as Hashimoto’s thyroiditis or rheumatoid arthritis
[26]. Thus, an increasing body of evidence suggests
that patients with rheumatoid arthritis have a mild
form of central hypocortisolism [22]. Dysfunction of
the HPA axis may actually play a role in the develop-
ment or perpetuation of autoimmune disease, rather
than being an epiphenomenon [109]. The same ra-
tionale may explain the high incidence of autoimmune
disease in the period after cure of hypercortisolism,as
well as in glucocorticoid underreplaced adrenal insuf-
ficiency [74].

Disruption of the HPA axis may present as a result
of destructive processes involving the hypothalamus,
pituitary, or adrenal glands, leading eventually to
adrenal insufficiency (Table 1). On the other hand,
eutopic or ectopic autonomous production of CRH,
ACTH, or cortisol results in the development of
Cushing’s syndrome and suppression of the hypothal-
amic CRH neuron and normal pituitary corticotroph.
It is interesting that the HPA axis of patients cured
from Cushing’s syndrome or after discontinuation of
chronic glucocorticoid therapy requires a period of
6 months to 2 years to normalize [35]. It appears that
the locus of such chronic glucocorticoid-induced
adrenal suppression is primarily suprapituitary in-
volving the CRH neuron [49].

Finally, genetic defects can cause disruption of the
HPA axis. These include the various types of congeni-
tal adrenal hyperplasia due to enzymatic defects at
different steps of steroidogenesis and the rare syn-
dromes of ACTH and glucocorticoid resistance,
whereby the defect lies in the ACTH and glucocorti-
coid receptor gene, respectively [55, 113]. All these
hereditary abnormalities lead to attenuation or com-
plete loss of the glucocorticoid negative feedback,
resulting in compensatory increases of CRH and
ACTH secretion [23].
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In this chapter an attempt is made to show that the
neuroectodermally derived adrenal medulla and the
mesodermally derived adrenal cortex are organized
into a single gland despite their different embryonic
origin, and have achieved a phylogenetically unified
function. In concert with the sympathetic nervous
system they operate functionally as a coherent whole
to maintain homeostasis in the resting state and to
activate appropriate cellular mechanisms in response
to different stresses.

4.1 The Anatomical Basis of the Interplay
Between the Adrenal Cortex,
the Adrenal Medulla 
and the Sympathetic Nervous System

4.1.1 Circulatory and Structural Relationships
Between the Adrenal Cortex and Medulla

The adrenal glands, each weighing approximately 4 g
in the unstressed adult,are highly vascular,having one
of the highest blood flows of any tissue in the body.
They receive, usually, arterial supply directly from the

inferior phrenic arteries, the aorta, the renal arteries
and frequently other small arteries. This may be
looked upon as a protection of adrenal blood supply,
as the failure of any single artery has little effect upon
the total blood supply reaching the gland. Multiple
small arterial branches pierce the capsule of the cor-
tex and divide repeatedly into smaller vessels forming
an extensive network in the capsule, the capsular arte-
rial plexus, or enter the cortex to form an extensive
subcapsular arterial plexus. From the capsular-sub-
capsular plexus the arteries which supply the entire
cortex arise.The cortical arterioles feed into a complex
reticular capillary network in the glomerulosa and
reticularis but with straighter centripetal components
in the fasciculata with more numerous cross-connect-
ing channels in the deeper regions.All of these vessels
then converge towards the smallest of the collecting
veins in the medulla that empty into the central adre-
nal vein. Thus, the central vein collects blood from
both the cortex and the medulla (Fig. 1). From the
capsular-subcapsular plexus the medullary arteries
arise which penetrate the cortex without branching to
pass into the medulla.There they divide into arterioles
and capillaries. The capillary network in the medulla
feeds into smaller branches of the medullary veins or
into the capillaries of the reticularis.Thus,the medulla
receives two types of blood. A small fraction of its
blood is supplied directly by the capsular-subcapsular
plexus, via the arteriae medullae, but most, at least
under conditions of stimulation, must come from the
cortex [34]. Blood flow within the adrenal gland is
distinctly heterogeneous. In conscious, not unduly
stressed dogs [18], blood flow to the adrenal medulla
is approximately fivefold greater (per unit mass) than
blood flow to the adrenal cortex.But,since the medulla
comprises a small portion (about 10%) of the total
gland, total adrenal blood flow is only slightly greater
than cortical blood flow.

At the corticomedullary border cortical and
medullary tissues are closely interwoven. Chromaffin
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cell formations intruding into the cortex are observed
in different mammalian species,including humans [7].
Cordlike structures in continuity with the medullary
tissue, medullary rays, extend through the entire
cortex up to the capsular zone. Ultrastructural studies
show that there is no difference in the characteristic
features of the medullary ray cells and those of the
medulla [20]. Moreover, larger and smaller islets of
chromaffin cells are located within all the three corti-
cal zones and cortical tissue invades the medulla.
Cytoplasmic extensions and direct contact can be seen
between adjacent medullary and cortical cells, indi-
cating a close functional relationship between the two
cellular types [6, 7, 20]. In addition, the sinuses of the
cortex and medulla are continuous and structurally
indistinguishable; there is a continuity between vessels
at the interface between cortex and medulla [34]. In
this region confluent cortical and medullary capillar-
ies feeding into collecting veins form a portal-like net
(Fig. 1). This distinctive vascular connection between
cortical and medullary tissue may signify a route along
which medullary products could reach cortical cells.

The structure of the adrenal capillaries throughout
the whole gland is sinusoidal; the capillary wall is very
frail, consisting of only the endothelium and basal
lamina. The extreme delicacy of the structure of the
endothelium of the sinusoids throughout the gland
strongly suggests that the system normally operates
under low-pressure conditions, and internally the
tissue is exposed to significantly lower pressures than
the arterial pressure. This in turn suggests that a pres-

sure barrier may be encountered before the internal
vessels are reached.Such a barrier may be provided by
the vessels of the capsural-subcapsular plexus. These
vessels are the only adrenal vessels which show a suit-
able wall structure for adjusting blood flow over a very
wide range of flow rates [34].

As will be discussed below, changes in blood flow
rate are an important component of the secretory re-
sponse of the whole adrenal gland.The common blood
supply of the mesodermally derived cortex and the
neuroectodermally derived medulla, intimately asso-
ciated in one organ, as well as the ultrastructural
features of neighboring cortical and medullary cells,
imply functional interrelations. This may explain how
the functions of these two distinct organs of diverse
embryogenetic origin are interconnected.

4.1.2 Central and Peripheral Neural Pathways
Involved in the Regulation 
of the Adrenal Cortex and Medulla

The spinal cord is the most distal site of the central
nervous system generating patterns of sympathetic
activity. The preganglionic cell bodies of the nerve
fibers innervating both the adrenal cortex and the
adrenal medulla are mainly located in the intermedio-
lateral column of the thoracic part of the spinal cord
[10].Preganglionic cholinergic axons exiting the spinal
cord pass through the lower thoracic, upper lumbar
and collateral ganglia (celiac, superior mesenteric) to

A. Souvatzoglou34

Fig. 1. Schematic drawing of the adrenal circulation. The medulla receives blood both via the cortex and from its direct sup-
ply through the medullary arteries

medulla

cortex

capsula capsular-subcapsular plexus

cortical arteries

cortical capillaries

medullary artery

confluent capillaries
at the interface between
cortex and medulla

medullary capillaries

medullary veins

central vein



reach the adrenal medulla directly via multiple pre-
vertebral plexuses, or synapses in these ganglia. Post-
ganglionic noradrenergic fibers arising from the trunk
and the collateral ganglia form the different preverte-
bral plexuses providing the splanchnic neural inner-
vation of the adrenal cortex (Fig. 2). As in most sym-
pathetically innervated organs, all visible small nerve
fibers toward the adrenal glands run parallel and ad-
jacent to small arteries supplying the glands.The post-
ganglionic catecholaminergic fibers enter the adrenal
capsule and disperse predominantly into the zona
glomerulosa along blood vessels innervating parenchy-
mal cells and vessels [26].Branches from the capsular-
glomerulosa catecholaminergic nerve fibers surround
the fasciculata cells or transverse the inner cortical
zones sporadically (Fig. 2). Catecholaminergic vari-
cosities are present in the zona fasciculata and reticu-
laris [35]. Accordingly, the medulla seems to be pre-
dominantly innervated by preganglionic fibers and the
cortex essentially by postganglionic fibers mainly
associated with cortical blood vessels. However, ex-
perimental results in the rat imply a direct innervation
of the adrenal cortex by neurons present in the inter-
mediolateral column of the spinal cord [10] and indi-
cate that apart from the preganglionic, a postgan-
glionic sympathetic, innervation of the medulla is
present as well [25].

It is generally acknowledged that the chromaffin
cells of the adrenal medulla are modified postgan-
glionic sympathetic neurons.However,besides the two
types of chromaffin cells in the adrenal medulla, nor-
adrenaline and adrenaline cells, ganglion neurons can
also be found (Fig. 2). These medullary neurons have
been thought to represent postganglionic neurons
innervating the chromaffin cells; they may also project
their axons to the cortex and retrogradely into the
splanchnic nerve (Fig. 2), thus possibly representing 
a feedback system [13]. The intramedullary ganglion
neurons providing an intrinsic innervation of the
medulla and the cortex as well are of two types: type I
cells are noradrenergic and neuropeptide Y (NPY)-pos-
itive,whereas type II cells are positive for vasoactive in-
testinal polypeptide (VIP) and may be cholinergic [13].

The outflow of impulses from preganglionic sym-
pathetic neurons in the intermediolateral column of
the spinal cord innervating the adrenals is regulated by
a complex system of hierarchical circuits located in
cortical and subcortical centers.There is anatomic and
functional evidence for a polysynaptic connection
between cortical and hypothalamic centers and the
adrenal glands that involves the autonomic division of
the paraventricular nucleus of the hypothalamus and

the interomediolateral column of the spinal cord as
relay structures. Neurons from the medial part of the
nucleus suprachiasmaticus (Fig.2) but also from other
hypothalamic and subcortical regions (medial pre-
optic area, arcuate nucleus, bed nucleus of the stria
terminalis,anterior hypothalamic and retrochiasmatic
area, dorsomedial and ventromedial hypothalamus,

4 The Sympathoadrenal System 35

PVN

SCN

OC

ACTH

CRH

LC

Hypothalamus

Pons

DRG ILC

Spinal cord

S

PG

PG
PG

PPG

POG

C

C

SN

GN

GN

M

M

Fig. 2. Schematic drawing of neural pathways involved in
the regulative mechanisms of the sympathoadrenal system
(C, adrenal cortex; DRG, dorsal root ganglia; GN, ganglion
neurons; ILC, intermediolateral column; LC, locus ceruleus;
M, adrenal medulla; OC, optic chiasm; PG preganglionic
fibers; POG, postganglionic fibers; PPG, pre-, paravertebral
ganglia; PVN, paraventricular nucleus; S, sensory fibers;
SCN, suprachiasmatic nucleus; SN, splanchnic nerve)



magnocellular reticular nucleus and central amyg-
dala) project to regions of the brainstem (rostroven-
trolateral medulla, locus coeruleus) and the hypothal-
amic paraventricular nucleus [10].From these centers,
especially from the autonomic parts of the nucleus
paraventricularis, neurons project directly to the pre-
ganglionic cell bodies in the intermediolateral column
of the thoracic part of the spinal cord, which, as de-
scribed before, innervate the adrenal glands (Fig. 2).
Similarly from the autonomic parts of the nucleus
paraventricularis corticotrophin-releasing hormone
(CRH) neurons project to the median eminence of the
hypothalamus [10], releasing CRH (corticotrophin-
releasing hormone) into the hypothalamic-hypophy-
seal portal system to stimulate the secretion of ACTH
(adrenocorticotropic hormone) (Fig. 2).

As already mentioned, the most prominent cate-
cholaminergic innervation is present in the capsular-
zona glomerulosa area. In the inner cortical zones cat-
echolaminergic nerve fibers are sparse. Axon termi-
nals are primarily seen in close proximity to blood
vessels but also to the glomerulosa cells without mak-
ing synaptic contacts [26,35].The appearance of sym-
pathetic nerves in the adrenal cortex is reminiscent of
classical descriptions of autonomic innervation
whereby a small number of nerves can have a wide-
spread influence. Both sympathetic control of blood
flow entering the adrenal cortex and paracrine signal
are potential mechanisms by which a relatively sparse
local innervation could affect the function of many
cells. Many adrenal cortical cells contact their neigh-
boring cells with distinctive cytoplasmatic formations
[19]. Thus, adrenocortical cells affected by neuro-
transmitters released from adjacent nerve terminals
may affect, in a paracrine manner,many other cortical
cells that they contact.Immunocytochemical evidence
[35] indicates that all catecholaminergic nerve profiles
in the adrenal cortex are noradrenergic. In addition,
in the cortical cells of the three zones receptors specif-
ic for b-adrenergic agonists have been demonstrated
[31]. Thus, it has been suggested that the catechol-
aminergic innervation of the adrenal cortex may in-
fluence adrenocortical steroidogenesis.

The adrenal cortex and the adrenal medulla receive
not only a spinal sympathetic motor (efferent) inner-
vation (Fig. 2), but also a spinal sympathetic sensory
(afferent) innervation. Experimental evidence is pres-
ent to show that the adrenal gland of the guinea pig
and the rat receives a relatively rich afferent sympa-
thetic innervation from neurons located in the dorsal
root ganglia at segments T3–L2 [29]. Furthermore, in
the same animals a sensory parasympathetic, vagal,

innervation of the adrenal gland has been demon-
strated.Additionally, in the guinea pig, efferent motor
neurons from the dorsal motor nucleus of the vagus
project to the adrenal gland [11]. The sensory nerve
endings are found predominantly in the adrenal
medulla and ultrastructurally resemble the baro-
receptors found in the carotid sinus [29]. They may
serve to monitor capsular or vascular distension
caused by raised arterial pressure or increased blood
flow (baroreceptor function) and to monitor intra-
medullary concentrations of catecholamines and dif-
ferent vasoactive peptides (chemoreceptor function).

4.2 Functional Integration of Neural 
and Humoral Activity:
The Sympathoadrenal System

4.2.1 Main Integrative Mechanisms

The functional integrity of the sympathoadrenal
system involves hormonal messages, neural signals
and cellular mechanisms acting in concordance. The
primary regulatory mechanisms of this system are
production and secretion of corticosteroids by the
adrenal cortex, regulated by ACTH released from the
pituitary and biosynthesis and release of catecho-
lamines by the medullary chromaffin cells controlled
by sympathetic nerve activity.However,for the biosyn-
thesis of catecholamines both sympathetic nerve input
and glucocorticoid secretion are concomitantly neces-
sary. In essence, the activity of tyrosine hydroxylase,
a rate limiting enzyme in the biosynthesis of cate-
cholamines converting tyrosine to dopa, is mainly
neurally controlled whereas the activity of dopamine
b-hydroxylase, the enzyme converting dopamine to
noradrenaline, is affected by both nerve activity and
glucocorticoids. The activity of phenylethanolamine
N-methyltransferase, the rate limiting enzyme con-
verting noradrenaline to adrenaline, is controlled
mainly by glucocorticoids. In acute stress the activity
of tyrosine hydroxylase is rapidly elevated in the adre-
nal medulla but remains low if the sympathetic
impulse transmission is disrupted [4]. In addition,
experiments in rats [36] showed that after removal 
of the pituitary, adrenal weight, as well as adrenaline
content and phenylethanolamine N-methyltransferase
activity of the adrenals, dropped dramatically in a few
days.A gradual reduction of tyrosine hydroxylase and
dopamine b-hydroxylase activity in the adrenal
medulla has also been observed. Thus, the chromaffin
cells of the adrenal medulla constitute a target organ
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for the glucocorticoids elaborated by the adrenal
cortex under ACTH stimulation. For the normal re-
sponse of the adrenal medulla both the integrity of the
hypophysial-adrenal cortex axis and the unimpaired
sympathetic nerve function are essential. It seems that
there are two components to the reflex response of the
adrenal medulla. The rapid component requires an
intact nerve supply to the adrenal gland, but is inde-
pendent of adrenocortical response.The delayed com-
ponent,on the other hand,requires an intact pituitary-
adrenocortical axis, but is independent of the motor
nerves to the adrenal gland [12].

In addition to sympathetic nerve signaling and
sufficient intramedullary glucocorticoid concentra-
tion, the response of the adrenal medulla requires a
minimum “permissive” concentration of circulating
angiotensin II [27].Specific angiotensin II receptors of
the subtype AT1 are found predominantly in the zona
glomerulosa and in moderate densities in the adrenal
medulla.In the zona fasciculate and reticularis AT1 re-
ceptors occur in minimal concentrations [38].It seems
that at least in the dog a part of the stimulatory effect
of angiotensin II on the adrenal medulla is indirect,
through its steroid-secretagogue action on the adrenal
cortex. The reflex release of catecholamines is not
mediated by the activation of the renin-angiotensin
system [27].

The stimulatory action of sympathetic nerves on
steroidogenesis has been shown in experiments with
pigs [6, 16], dogs [17, 37], and calves [15] using the
isolated in-situ-perfused adrenal system. Infusion of
catecholamines or sympathetic nerve activation pro-
voked a significantly increased release of cortico-
steroids (cortisol, corticosterone, aldosterone, andro-
stendione, 11-deoxycortisol) without, it should be
noted,exerting any detectable effect on cortisol output
in the absence of ACTH [15]. A direct selective stimu-
lation of 11-b-hydroxylase activity by sympathetic
neural impulse enhancing cortisol production has
been postulated [17]. Catecholamines also influence
steroidogenesis on a molecular level. Incubation 
of bovine adrenocortical cells with catecholamines
resulted in an increase in mRNA encoding the P450
enzymes of adrenal steroidogenesis [22]. Further-
more, it has been suggested that increases in adrenal
catecholamine secretion due to sympathetic neural
input activation most likely results in the exposure of
adrenocortical cells to increased circulating concen-
tration of catecholamines. Catecholamines would act
on the adrenal cortex to elicit a steroidogenic response.
Based on experimental findings, a modulating effect
on steroidogenesis by noradrenaline and dopamine

released from noradrenergic non-synaptic varicose
axon terminals adjacent to steroid secreting cells has
been discussed [35].The noradrenergic varicose nerve
terminals in the adrenal cortex may be able to take up,
and accumulate, noradrenaline and dopamine origi-
nating from the circulation. They release noradrena-
line and dopamine in the space between them and
adjacent cortical cells during axonal firing stimulating
b-adrenergic [31] and dopaminergic receptors of the
cortical cells [35].In addition,catecholamines released
from noradrenergic nerve terminals may have local
modulatory effects on the steroid producing cortical
cells.

Frequency and amplitude of the normally occur-
ring episodic bursts in the secretion of steroids by the
adrenal cortex is mainly regulated by the secretory
activity of the CRH-ACTH axis. The suprachiasmatic
nucleus through neuronal connections with the hypo-
thalamic CRH releasing neurons (Fig.2) includes a cir-
cadian variation in this signal resulting in the episodic
secretion of cortisol. However, the ACTH secretion
patterns correspond only partly to those of cortisol.
Numerous experimental observations implicate extra-
pituitary mechanisms influencing the sensitivity of
the adrenal cortex to ACTH. In rats, splanchnic neural
activity may exert an inhibitory effect on pulse fre-
quency of corticosterone secretion by decreasing the
adrenocortical responsiveness to ACTH [23, 24]. Pitu-
itary-adrenal cortex secretory rhythms may be affect-
ed by a suprachiasmatic nucleus-adrenal cortex path-
way (Fig. 2) via preganglionic neurons in the thoracic
spinal cord reaching the adrenal cortex directly [10].
This pathway may provide an explanation for the ob-
servations that depressed patients often do not show
any correlation between plasma ACTH and corre-
sponding cortisol values.

Compensatory growth of the remaining gland fol-
lowing unilateral adrenalectomy is mediated by a
neural loop including afferent and efferent limbs
between the adrenal glands and the ventromedial
hypothalamus [14]. Activation of neuronal efferents
from the ventromedial hypothalamus may upregulate
a serine protease in the remaining adrenal after uni-
lateral adrenalectomy.This specific protease is capable
of cleaving the N-terminal fragment of pro-opiome-
lanocortin after its secretion from the pituitary into a
potent mitogenic fragment [5]. Thus, neural impulses
and hormonal secretion seem to be necessary for
adrenocortical growth, illustrating a further aspect of
the functional interrelation between neural and hor-
monal activity in the regulation of the adrenocortical
function.
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4.2.2 Intra-adrenal Regulatory Mechanisms

Humoral and neural regulatory mechanisms originat-
ing in the adrenal medulla significantly modulate both
the adrenocortical and the medullary hormonal pro-
duction and secretion. Experimental evidence indi-
cates that the adrenal medulla may exert a paracrine
control on the secretory activity of the adrenal cortex
by releasing catecholamines and several other regula-
tory peptides that may act either directly on adreno-
cortical cells or on the gland vasculature. The mor-
phological background of this paracrine mechanism
may be the close proximity of medullary to the corti-
cal cells and, in addition, the presence of abundant
cytoplasmic extensions of cortical cells forming wide
gap connections with sympathetic nerve terminals.
Adrenergic and peptidergic nerve fibers of medullary
origin traverse the cortex up to the capsule. A variety
of regulatory neuropeptides have been identified in
nerve endings within the adrenal cortex and the
medulla and in medullary chromaffin cells as well.The
medullary chromaffin cells originating from neural
crest cells obviously retain a cellular machinery which
is able to synthesize and release different neuro-
endocrine active substances.Met-, leu-enkephalin and
their precursors, neuropeptide Y [33], vasoactive in-
terstinal peptide, oxytocin and vasopressin [3], and
pro-opiomelanocortin derived peptides including
ACTH, CRH and its receptor [9], have been found in
medullary chromaffin cells, nerve fibers and nerve
terminals in medulla and cortex. Pituitary adenylate-
cyclase activating peptide [30], adrenomedullin [2],
and cerebellin [1,28] are also found in medullary cells.
It seems that these peptides exert a stimulatory effect
on noradrenaline and adrenaline release, which in
turn may stimulate aldosterone secretion probably in
a paracrine manner.

4.2.3 Blood Flow

The vascular response to stimulation is an important
component of the whole secretory response of the
adrenal gland. Increased blood flow influences both
the rate of delivery of stimulant to the adrenal cells and
the release of secretory products into the bloodstream.
It has been shown that cortisol secretion rate is better
correlated with the ACTH presentation rate than with
the ACTH concentration in the circulation [32]. Also,
flow itself can greatly influence hormonal secretion
rate even when the stimulant concentration in the
circulation is held constant.

ACTH has clear stimulatory effects on blood flow
rates through the adrenal gland [21].At the same time
as the rate of corticosteroid production is stimulated
by ACTH, blood flow through the whole gland and
blood content of the gland are greatly increased. In
contrast electrical splanchnic nerve stimulation and
reflex stimuli selectively increased blood flow to the
adrenal medulla while the blood flow to the adrenal
cortex remained unchanged [8, 18]. Neural mecha-
nisms, which influence catecholamine output, may
also play an important role in regulation of blood flow
to the adrenal medulla without affecting blood flow 
to the adrenal cortex. Large increases in secretion of
catecholamines are associated with increases in blood
flow to the adrenal medulla.
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5.1 Introduction

Clinically inapparent adrenal masses (incidentaloma,
adrenaloma) are discovered inadvertently during
abdominal imaging for several clinical conditions not
related to adrenal disease. By definition, the term inci-
dentaloma excludes patients undergoing localization
for suspected hormonal excess or those undergoing a
staging work-up for previously diagnosed cancer [26].

When detected, these adrenal tumors raise chal-
lenging questions for physicians and patients. Not all
incidentalomas are of clinical importance and there-
fore candidates for treatment. After a careful clinical,
biochemical and radiological evaluation patients need
to be selected for surgery. The indication for surgical

treatment and the type of surgical approach depend
on hormonal activity,tumor size, localization and sus-
pected malignancy.

Independent of their size, functioning or subclini-
cally autonomous adrenal tumors are candidates for
surgery,while non-functioning tumors are not (Fig.1).
According to the literature the indication for the sur-
gical treatment of non-functioning adrenal lesions de-
pends on their size and indirect signs of malignancy.
Non-functioning tumors smaller than 30 mm are usu-
ally followed up. In instances of radiologically docu-
mented growth they become candidates for operation.
Non-functioning tumors between 30 and 50 mm pres-
ent a relative indication for surgery, since malignancy
rarely occurs.The patient’s age,co-morbidities and the
patient’s concern influence therapy. Non-functioning
tumors larger than 50 mm need a total histological
work-up since malignancy increases dramatically with
size.

5.2 Fine-Needle Aspiration

The poor prognosis of adrenocortical carcinoma
(ACC) makes early diagnosis very important. A reli-
able histopathological diagnosis from adrenal biopsy,
by fine-needle aspiration (FNA) or adrenal core biopsy,
would be desirable but is controversial because of
its questionable accuracy and its risks.Whereas sensi-
tivity is high with adrenal metastases (particularly
lung, breast and kidney), its accuracy is questionable
in the context of primary adrenal tumors (adenomas
versus ACC). An overall sensitivity for malignancy 
of 94.6% and specificity of 95.3% was documented 
in a recently published ex vivo adrenal core biopsy
study [67], when sufficient biopsy specimens were
obtained. Comparing the sensitivity and specificity in
detection of malignancy of 75Se-selenonocholesterol
scintigraphy (75Se-NCS; for further details see below),
computed tomography (CT), magnetic resonance im-
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aging (MRI) and FNA, 75Se-NCS and FNA were 
more sensitive than CT and MRI [13, 46]. However,
in clinical practice it remains to be shown whether 
the benefits of FNA outweigh the risks of the proce-
dure. Pheochromocytoma must always be excluded
before FNA of any adrenal mass is attempted in order
to avoid the risk of a life-threatening hypertensive
crisis. A benign FNA cytological diagnosis does not
exclude malignancy because of the high rate of false-

negative rates. FNA has well-documented side effects
such as hemorrhage, pneumothorax or needle track
seeding.

The development of semiquantitative adrenal im-
aging techniques (CT, MRI) has reduced the necessity
for cytological differentiation of adrenal lesions [9].
They may help to differentiate between benign and
malignant adrenal lesions. Therefore their results
strongly influence further treatment (observation or
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Fig. 1. Treatment algorithm of adrenal tumors depending on hormone function and size (*followed by CT or MRI every
6 months for 2 years)

Table 1. Endoscopic adrenalectomy: indications and contraindications

Indication Relative indication Contraindication
Functioning/ Functioning/ Adrenocortical cancer
non-functioning tumors non-functioning tumors

£6 cm ≥6 cm
Metastasis Suspected malignancy
Very obese patients
Major upper abdominal surgery in history 



extirpation) and the surgical strategy (open or endo-
scopic) in patients selected for surgery.

Endoscopic adrenalectomy represents the “New
Golden Standard” in the surgical treatment of benign
adrenal lesions up to 60 mm [51, 62]. Open adrenalec-
tomy is recommended for patients with suspected
malignant disease and for tumors larger than 60 mm
(Fig. 1, Table 1). Whether endoscopic adrenalectomy
should be proposed for larger (>60 mm) or potential-
ly malignant tumors remains controversial [12,15,29].

5.3 Angiography

Angiography has lost its former importance [16] in
classifying adrenal tumors and assessing their rela-
tionship to adjacent tissue. Angiography of an un-
known pheochromocytoma can cause life-threatening
hypertensive crisis [16].Several morphological (ultra-
sonography, computed tomography, magnetic reso-
nance imaging) and functional imaging studies (se-
lective hormonal venous sampling,scintigraphic tech-
niques) may be applied. In specific clinical situations
a combination of morphological and functional
adrenal imaging studies is mandatory to answer the
following important questions which influence the
therapeutic strategy.

5.4 Questions Regarding Adrenal Imaging

1. What is the size of the tumor?
2. Is the lesion solitary or multiple in the affected

adrenal gland?
3. Is the contralateral adrenal gland normal or affected?
4. Are there indirect signs of malignancy (prediction

of the status by taking into account the appearance
of the lesion (homogeneous? inhomogeneous?
necrotic areas? fat content? enhancement of the
contrast medium?)?

5. Are there direct signs of malignancy (rapid growth
in follow-up examinations? infiltration of adjacent
organs/structures? tumor-thrombus in the inferior
vena cava or the renal vein?)?

5.5 Tumor Size and Malignancy

The size of the adrenal mass, best documented by 
CT or MRI, is a good but not the best indicator for 
the prediction of the histological status of an adrenal
lesion. The prevalence of ACC is clearly related to the

size of the tumor: ACC are usually large (>50 mm in
diameter) and adrenal adenomas are usually small
(£50 mm); nevertheless relatively small adrenal
cancers and large benign tumors occur with measur-
able frequency [2]. ACC accounts for 2% of tumors
£40 mm, 6% of tumors from 41 to 60 mm, and 25% of
lesions greater than 60 mm [26]. As shown recently,
according to their biochemical profile, 144 (91%) of
158 adrenal lesions were classified as benign and 14
(9%) malignant [62]; 124 (78%) lesions were smaller
than 60 mm, 34 (22%) larger than 60 mm, respective-
ly; 25 (17%) of 144 benign lesions were larger than
60 mm; 5 (36%) of 14 malignant tumors were less than
60 mm (i.e. 4% of all lesions smaller than 60 mm);
9 (64%) of 14 malignant lesions were larger than
60 mm and 9 (26%) of 34 tumors larger than 60 mm
were classified as malignant. On histopathological
examination 74% of all tumors larger than 60 mm
were classified as benign. Therefore, the initial size of
a lesion alone cannot predict the biological behavior 
of an adrenal lesion and cannot influence the selection
of the surgical strategy.Endocrine surgeons and endo-
crinologists must also take into account that CT and
MRI at times underestimate the true size of adrenal
tumors [37, 38, 41, 42]; thus the size has to be inter-
preted with caution [38].

Considering size alone when choosing the surgical
access would lead to an endoscopic removal of up to
36% of adrenal malignant tumors [2, 10, 62], which
might lead to a high recurrence rate. Therefore addi-
tional imaging criteria are mandatory [2].

5.6 Radiological Imaging

5.6.1 Ultrasonography

Ultrasonography (US) is inexpensive, detects adrenal
lesions and discriminates cystic from solid lesions.
However,ultrasound has a low sensitivity for detection
of small masses compared to other modalities (see
below). US poorly characterizes solid adrenal masses
and poorly detects extension into adjacent structures
or is, in the majority of situations, unable to exclude
distant metastases. Therefore US seems of no value in
answering the questions raised above, for follow-up,
for selection of patients who need further treatment,
or for planning any surgical procedure.
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5.6.2 Computed Tomography

Computed tomography (CT) is generally the preferred
primary modality for evaluation of the adrenal glands.
CT is fast, readily available, and offers the highest spa-
tial resolution. Helical scanning, using 3–5 mm thick
slices to reduce volume averaging, improves the accu-
racy of density measurement of small adrenal lesions.
The latest generation of CT machines (multidetector
CT) allows rapid acquisition of very thin slices with
excellent spatial resolution. An isotropic data set pro-
vides the basis for performance of multiplanar recon-
structions and thereby viewing adrenal masses in mul-
tiple planes. In addition, anatomic details and relation
of adrenal lesions to adjacent structures can be better
evaluated. This proves to be extremely helpful in the
current era of laparoscopic adrenalectomy.

Contrast CT and delayed images help to character-
ize enhancement of vessels in the region of the adrenal.
Unenhanced CT, however, is often the key series in the
evaluation of “incidentalomas”or potential adenomas
(Figs. 2, 3). Diagnosis of adenoma when the density is
<10 Hounsfield Units (HU) has a sensitivity of 74%
and a specificity of 96% [35]. Since many adrenal
lesions are incidentally detected on contrasted CT,
enhancement patterns of adrenal lesions have been
studied to help obviate the need for a separate non-
contrast CT,which would require imaging at a separate
visit. Immediate post-contrast density is variable and
non-discriminatory. Several authors have reported
high sensitivity and specificity for density readings 
on delayed post-contrast CT, but varying cut-off
values (25–37 HU) and delay times have been used
(15–60 min). In one study of 78 lesions, all adenomas
had CT <37 HU and all non-adenomas had a density
>41 HU with a 30 min delay after contrast [75]. This
yielded both a specificity and sensitivity for adenoma
of 100%, respectively. Another recent study showed
that no malignant lesions had densities of less than
25 HU at a 15 min delay [43]. This allows 100% speci-
ficity with only minimal interruption of the patient
flow in CT.The same study showed 96% sensitivity and
100% specificity for adenoma using a 40% washout
after a 15 min delay compared to immediate post-con-
trast images [36].

5.6.3 Magnetic Resonance Imaging

With the advent of dynamic gadolinium enhanced and
chemical shift (CSI) techniques, magnetic resonance
imaging (MRI) has become a well-accepted diagnos-

tic method for the characterization of adrenal masses.
Many studies have shown sensitivities and specificities
for differentiation of adenomas from non-adenomas
ranging between 81–100%, respectively [27, 34, 39, 40,
52, 69].

Korobkin et al. [35] and Outwater et al. [58] showed
that the presence of lipid in many of the examined
adenomas accounted for the low attenuation on un-
enhanced CT, causing a loss in signal intensity on
chemical shift MR imaging.

In addition,MRI has the best contrast resolution for
adrenal evaluation. The spatial resolution is adequate
for detection of lesions as small as 0.5–1.0 cm. MRI
adrenal studies should include T1-weighted axial
images for anatomic detail and T2-weighted axial
images [57]. Fat suppression is used so that heavily 
T2-weighted images are not degraded by chemical
shift artifact from the fat which surrounds the adrenals.
Contrast helps to characterize enhancement patterns,
and on delayed post-contrast MRI series washout
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Fig. 2a, b. Benign adrenal adenoma in CT. Twenty-seven-
year-old asymptomatic female patient: incidentally detected
40 mm non-functioning adrenal mass in the right adrenal
gland.Density of the lesion was 4 HU on unenhanced coronal
reconstructed CT scan (a) and 39 HU on delayed enhanced
CT scan (b) with a percentage wash-out of >50% – typical
characteristics of a benign adenoma



curves similar to that on delayed post-contrast CT can
be achieved.

By definition [52], an adrenocortical adenoma
appears hypo- or isointense relative to the liver on 
T1-weighted images and hyper- or isointense to the
liver on T2-weighted images, and has lost signal in-
tensity on opposed-phase images compared with in-
phase images (Fig. 3). In addition, a quick washout on
gadolinium-enhanced studies is considered more typ-
ical of benign than of malignant lesions [39].

Lesions with marked enhancement on delayed
gadolinium series are considered more likely to be
malignant (Fig. 4). The diagnosis of carcinomas and
metastases (Fig. 5) is based on findings from chemical

shift and gadolinium enhanced studies rather than on
the signal intensities of conventional techniques [52].

High signal intensity of homogeneous adrenal
masses on T2-weighted images and no signal loss on
opposed-phase images compared with in-phase images
is considered to indicate a pheochromocytoma (Fig.6)
[27, 30]. In addition, an atypical pheochromocytoma
may be of medium signal intensity on T2-weighted
images or may appear inhomogeneous, especially
when they are cystic pheochromocytomas [30].

Lesions appearing heterogeneous on T1 and het-
erogeneous on T2 and showing a peripheral nodular
enhancement and central hypoperfusion on contrast-
ed MRI were characterized as adrenal carcinoma. The
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Fig. 3a–e. Benign adrenal adenoma in CT and MRI. Fifty-six-year-old male patient with lung cancer: staging examinations
documented a non-functioning, 45 mm mass in the right adrenal gland. Density of the lesion was 6 HU on unenhanced coro-
nal reconstructed CT scan (a). On contrast-enhanced scans (b) the lesion showed minor enhancement (55–88 HU) and rapid
wash-out on delayed scans (c), indicating a benign lesion. On MRI (d, e) some spotty areas (arrows) of significantly decreased
SI were demonstrated on opposed-phase images (e) again indicative of a benign lesion



invasion of adjacent organs or the inferior vena cava
was also considered typical of adrenal carcinoma [30].

The presence of fat-containing areas that showed
signal intensity equal to those of subcutaneous and
retroperitoneal fat at all pulse sequences was the crite-
rion for myelolipoma. The suppression of fat-contain-
ing areas on fat-saturation MRI was also considered
typical of myelolipoma. [30]. The signal intensity of
cysts may depend on their content [30]; however,
round adrenal masses with sharp margins in which
there was no gadolinium enhancement were diag-
nosed as adrenal cysts.

In recently published series including a total of 229
adrenal masses in 204 patients, the sensitivity of MRI
for the differentiation of benign and malignant adre-
nal masses was 89%,the specificity 99%,and the accu-
racy 93.9%. This resulted in a positive predictive value

(PPV) of 90.9% and in a negative predictive value
(NPV) of 94.2% [27, 30].

To transfer this experience into daily surgical prac-
tice a prospective protocol was conducted to prove the
suitability of gadolinium-enhanced MRI with chemi-
cal shift studies (CSI) for predicting the status of adre-
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Fig. 4a, b. Adrenocortical cancer in MRI. Sixty-one-year-old
male patient with an incidentally 8 cm mass in the right
adrenal gland. T2-weighted images showed a sharply demar-
cated inhomogeneous mass (a).There was no evidence of a fat
containing lesion and on contrast-enhanced images the mass
showed a predominantly peripheral enhancement with
central necrosis (b)

Fig. 5a–c. Adrenal metastasis. Sixty-five-year-old female
patient with breast cancer: abdominal CT scan revealed a
20 mm mass in the right adrenal gland with a density of
38 HU on unenhanced scans (a), an increasing enhancement
on the arterial phase (b) and the 3 min delayed series (c),
indicating a malignant lesion (metastasis)



nal tumors irrespective of the tumor size [61] and for
planning the surgical procedure [62].

As summarized in Table 2, gadolinium enhanced
MRI with CSI diagnosed 120 of 137 tumors (88%) as
benign, and 5 (3%) and 12 (9%) of 137 tumors as
borderline (epithelial tumors with high malignant
potential) and malignant, respectively. During staging

examinations no distant metastases, or invasion 
into adjacent organs or vessels were diagnosed.
Histopathological examinations classified 120 (88%)
of 137 adrenal tumors as benign, 3 (2%) as borderline
and 14 (10%) as malignant. MRI correctly predicted
the dignity (benign, borderline and malignant) in 130
of 137 adrenal lesions (sensitivity: 95%). By MRI two
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Fig. 6a–d. Benign pheochromocytoma in MRI. Forty-two-
year-old female patient with severe hypertension MRI
showed a 9 cm predominantly solid mass in the right adrenal
gland with some cystic areas on T2-weighted sequence (a)
and with a hypertense structure on T1-weighted sequence,
indicating a hematoma (b). After i.v. Gd-DTPA, the mass
shows only a mild inhomogeneous enhancement (c) and
rapid wash-out (d)

Table 2. Results of MRI [“gadolinium enhanced”MRI with “chemical shift imaging (CSI)”] and histopathology in a prospective
study

Predicted status by MRI n (%) Histopathology of the adrenal tumor (size)

Benign 120 (87.6) 117 benign [98%]
2 ACC (25 mm; 50 mm)
1 malignant pheochromocytoma (90 mm)

Borderline 5 (3.6) 3 benign
2 borderline classification unclear

Malignant 12 (8.8) 1 borderline
7 ACC
3 metastasis
1 malignant pheochromocytoma

Total 137 (100) 120 benign [88%]
3 borderline [2%]
14 malignant [10%]



cortisol producing ACC (25 mm; 50 mm) and one
malignant pheochromocytoma (90 mm) were mis-
diagnosed as benign tumors. Both patients with the
ACC underwent an uneventful transperitoneal laparo-
scopic adrenalectomy. The patient with the malignant
pheochromocytoma was operated on using an open
approach.All three patients are free of disease at 12,38
and 48 months, respectively. One further tumor
(80 mm) diagnosed as benign on MRI had a border-
line tumor on histopathological examination and 
was removed by open adrenalectomy. Three tumors
(55 mm; 65 mm; 90 mm) were diagnosed as borderline
on MRI. Histopathology revealed adenomas with
degeneration.With improving endoscopic experience
nine patients with adrenal masses (five pheochro-
mocytomas, three non-functioning adenomas, one
schwannoma) larger than 6 cm and benign character-
istics on MRI were operated on laparoscopically.All of
these patients had an uneventful postoperative course

and histopathological examination proved benign dis-
ease in all patients [61].

In addition multiplanar imaging helps to detect
extension of the adrenal tumor into adjacent organs
and vessels (Fig. 7). These findings are very important
because they definitively document malignancy. If
surgery is indicated, an open approach has to be per-
formed. MRI proves to be an adequate alternative 
for imaging of adrenals without radiation exposure.
MRI is the first choice in patients with an allergy to
iodine contrast media and in patients with renal
insufficiency.

5.6.4 The Value of a Combined Use of CT and MRI
in Characterizing an Adrenal Mass

To differentiate a benign adenoma from ACC or from
a metastasis non-enhanced CT should be performed
after appropriate biochemical testing and the attenu-
ation of the mass should be quantified (Fig. 8). If
the attenuation of the adrenal mass is 10 HU or less,
the mass is an adenoma and the work-up can be
stopped. If the attenuation is over 10 HU, contrast-
enhanced CT should be performed and washout
calculated.A washout of over 50% on a 10-min delayed
CT implies an adenoma. If the mass remains indeter-
minate,MRI should be performed.The characteristics
of benign and malignant adrenal lesions in dynamic
gadolinium enhanced MRI with CSI are summarized
in Table 3. Adrenal lesions suspected to be malignant
have to be operated on.Adrenal biopsy could be help-
ful in the oncologic patient to document metastatic
disease, indicating an advanced disease that is some-
times not amenable to surgical resection and potential
cure.

5.6.5 Adrenal Venous Sampling

In 15–25% of patients hypercortisolism is ACTH in-
dependent (Cushing’s syndrome). In the majority the
cause is a primary adrenal neoplasm, usually a benign
adenoma rarely a carcinoma, greater than 20 mm in
diameter. In a small group of patients bilateral micro-
or macronodular hyperplasia is present.

Once the diagnosis of primary aldosteronism
(Conn’s syndrome) is confirmed the different thera-
peutic strategies make it important to separate pa-
tients with unilateral adrenal tumors (60–80%) 
from those with unilateral and bilateral adrenal hy-
perplasia (idiopathic aldosteronism). Primary aldo-
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Fig.7a,b. Malignant pheochromocytoma with tumor throm-
bus. Fifty-year-old male patient with right flank pain. MRI
revealed a 9 cm mass in the right adrenal gland appearing
very inhomogeneous on T2-weighted images (a) and showing
an infiltration of the VCI after Gd–DTPA administration (b),
indicating a malignant tumor



steronism has uncommonly been associated with 
ACC [44].

Appropriate treatment depends on a correct mor-
phological diagnosis. Therefore it is necessary to
employ radiological and/or scintigraphic localization
techniques. The final diagnosis of bilateral hyper-
plasia in Cushing’s syndrome and in Conn’s syndrome
depends on the determination of cortisol or aldo-
sterone in adrenal venous sampling [11]. In Conn’s
syndrome this is not only the oldest but also the most
precise localization technique available [47, 82], be-
cause the solitary lesions causing aldosteronism are

smaller than 10 mm in the majority of patients. Ma-
gilli [47] and Rossi [66] demonstrated that neither ad-
renal CT nor MRI is a reliable method to differentiate
primary aldosteronism from other adrenal tumors.
Adrenal vein sampling seems essential to establish the
correct diagnosis of primary aldosteronism [78].

5.7 Nuclear Medicine Imaging

Radiological imaging modalities such as CT and MRI
give excellent anatomic details due to their high image
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Fig. 8. Work-up algorithm to differentiate benign and malignant adrenal tumors (HU, Hounsfield units; CT, computed tomo-
graphy; MRI, magnetic resonance imaging)

Table 3. Characteristics of benign and malignant adrenal lesions in dynamic gadolinium enhanced MRI with CSI (SI, signal
intensity)

Malignant lesion Benign lesion

Enhancement of gadolinium Strong Moderate
Wash-out phenomenon Moderate Quick
CSI: decrease of SI on opposed phase images Weak Strong



resolution, which is very important in planning the
operation [5] but provides no information on the func-
tion of an adrenal mass.

Both adrenomedullary and adrenocortical scintig-
raphy of adrenal glands using specific radiophar-
maceuticals have the advantage of providing func-
tional metabolic information for lesion characteriza-
tion [24, 50].

Scintigraphic imaging may help to discriminate
between benign and malignant lesions [1]. In patients
with bilateral adrenal masses scintigraphy is able to
differentiate between unilateral cortical/medullary
tumors and bilateral hyperplasia [24,25].Finally,when
a malignancy is present,scintigraphic techniques have
the advantage of providing unique information con-
cerning the entire body with only one administration
of tracer without an additional radiation dose to the
patient [59].

Based on their different natures, radiological as 
well as scintigraphic techniques should be considered
complementary and both are necessary in the investi-
gation of the patients [24, 59].

5.7.1 Adrenocortical Scintigraphy with 
131I-6b-iodomethyl-norcholesterol (NP-59),
131I-19-iodocholesterol 
or 75Se-selenocholesterol

Adrenocortical scintigraphy with NP-59 provides
functional characterization of the adrenal glands due
to the uptake of the radiotracer by functioning adre-
nal cortical tissue (Fig. 9). After intravenous injection
this tracer is bound to low-density lipoproteins,which
are transported by the circulation to specific low-den-

sity lipoprotein receptors on tissues such as liver and
adrenocortical cells. Following the receptor mediated
uptake by adrenocortical cells, NP-59 is etherified 
and stored in the intracellular lipid droplets but is not
further metabolized [1, 22, 23]. NP-59 is well recog-
nized to evaluate both hypersecreting and non-hyper-
secreting adrenal abnormalities. The main clinical
questions for NP-59 scintigraphy in patients with hy-
percortisolism, hyperaldosteronism and hyperandro-
genism are whether the disease is due to adenoma, or
to bilateral hyperplasia or whether there is evidence of
malignancy [7, 18, 19, 21, 64].

The imaging pattern of NP-59 scintigraphy can be
compared with that of a thyroid scan, i.e. hormonally
hypersecretory and non-hypersecretory adrenocorti-
cal adenomas demonstrate NP-59 accumulation and
thus scintigraphic visualization on the side of the ra-
diologically known adrenal mass. This is based on the
fact that an adrenal adenoma is thought to represent
non-malignant proliferation of adrenocortical cells
able to accumulate greater amounts of NP-59. Non-
functioning malignancies (primary or secondary) as
well as other expansive lesions of the adrenal glands
demonstrate decreased or an absent uptake by the
affected gland [1, 7, 24, 56]. Bilaterally symmetrical 
NP-59 uptake is considered normal [14],while bilater-
ally increased uptake is consistent with bilateral hyper-
active disease [22, 25, 53]. A number of studies have
indicated that the degree of adrenocortical NP-59 up-
take correlates with the level of hormonal hypersecre-
tion [22, 24].

In patients with primary aldosteronism the overall
sensitivity of combined NP-59 scan and CT was 100%
[46]. Thus norcholesterol scintigraphy and CT seem
necessary to confirm exclusive unilateral adrenal
hyperfunction and, subsequently, establish the appro-
priate treatment [46].

Apart from NP-59, several other adrenocortical
radiopharmaceuticals such as 131I-19-iodocholesterol
and 75Se-selenomethyl-norcholesterol which have a
similar uptake mechanism are used for adrenocortical
imaging [25]. As shown recently [45], 75Se-seleno-
methyl-norcholesterol represents the most sensitive
and specific method of adrenal imaging study in
patients with Cushing’s syndrome compared to CT
and MRI.

5.7.1.1 Patient Premedication

Thyroid Blockade � Uptake of free 131I derived from in
vivo deiodination should be inhibited by oral adminis-
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Fig.9. 131I-NP59 (norcholesterol) scintigraphy in a patient with
primary aldosteronism demonstrating a focally increased
tracer accumulation in right adrenal gland (dorsal view)



tration of saturated potassium iodide (100–200 mg/day,
orally) starting 24 h prior to and throughout the imag-
ing sequences and should be continued for about
1 week. Inadequate thyroid blockade leads to scinti-
graphic visualization of the thyroid gland and a sub-
stantial radiation exposure [7, 20, 24].

Laxatives � To reduce potentially non-specific colonic
radioactivity, 2 days before the 1st day of planned im-
aging, a mild laxative (10 mg bisacodyl) can be given
[7, 22, 24, 70].

5.7.1.2 Interfering Drugs

Administration of drugs that might interfere with
scintigraphic studies have to be interrupted before 
and during scintigraphy to avoid misinterpretation of
the scintigraphic findings. This includes glucocor-
ticoids, diuretics, spironolactone, beta- and calcium
channel blockers, alpha-blockers and agents which
interfere with the hypothalamic-pituitary adrenal axis
and the renin-angiotensin–aldactone-system [7, 20,
22, 24, 53, 71].

In the case of aldosteronism, dexamethasone sup-
pression is necessary to optimize the sensitivity of
NP-59 scintigraphy. Dexamethasone suppresses the
normal ACTH sensitive adrenal cortical function of
corticoid production and has two important advan-
tages: firstly, and most importantly, is the distinction
between hyperplasia and adenoma, and, secondly, the
reduction of radiation exposure to the normal adrenal
gland. Dexamethasone is given at a dose of 0.5–1 mg 
4 times a day starting 7 days prior to the tracer dose
until the last day of the scintigraphy [7, 33, 64].

5.7.1.3 Scintigraphy

The usual dose of NP-59 is 1 mCi (37 MBq) adminis-
tered by slow intravenous injection.Scintigraphic eval-
uation is possible 3–7 days after NP-59 application
depending on the clinical situation.Planar images of a
posterior view with a 256¥256 matrix (high-energy
collimator,50,000–100,000 cts per image) are obtained
on day 3 or 4 in patients with hyperaldosteronism and
on day 5 after NP-59 administration in other clinical
scenarios. If needed, additional images can be ob-
tained on day 6 and 7 post NP-59 injection to give ad-
ditional anatomical information. In some patients,
additional acquisitions in a lateral projection may be
required to assist in adrenocortical localization. Like-

wise, 99mTc-DTPA or 99mTc-DMSA scintigraphy of the
kidneys may be necessary for a better anatomic iden-
tification of the tumor location, which can be done on
the 5th or 7th day of the study. If ectopic adrenocorti-
cal tumor or tissue remnants are suspected, whole-
body imaging has to be performed [7, 33, 64].

Although adrenocortical scintigraphy is able to
provide an important contribution to identifying
functional behavior of adrenal lesions, adrenocortical
scanning is a laborious,time-consuming investigation
and its results are dependent on the tumor size [81].
This method has a high overall sensitivity and speci-
ficity, although it is not able to give 100% true positive
results [22, 33, 68, 83].

5.7.2 Adrenomedullary Imaging with 131I-
or 123I-labeled Metaiodobenzylguandine

Chromaffin tumors can affect one or both adrenals
(pheochromocytoma) or are localized outside the
adrenal gland (paragangliomas). Paragangliomas can
be found from the base of the skull to the pelvic di-
aphragm [59, 77]. They can appear as sporadic lesions
or hereditary as part of the multiple endocrine neo-
plasia syndromes type 2A and 2B, Recklinghausen’s
neurofibromatosis,von-Hippel-Lindau disease or with
the Sturge-Weber syndrome [59, 64, 76].

Most sporadic adrenomedullary tumors are benign,
and are mostly localized in one adrenal [59].Hereditary
tumors are very often found in both adrenal glands.

Since appropriate therapy is highly dependent upon
reliable exclusion of multifocality or metastatic disease,
preoperative localization by scintigraphy is mandatory.
For this reason and because of the introduction of min-
imal invasive surgery in recent years, accurate clinical
staging of the disease is now of utmost importance. Of
these nuclear medicine modalities, 123I- or 131I-labeled
metaiodobenzylguanidine (MIBG) is a well-establish-
ed radiopharmaceutical sensitive and specific for
localization of phechromocytoma and paraganglioma
since its initial clinical introduction in 1981 [5, 72].

MIBG is a functional and structural analog of the
neurotransmitter norepinephrine that exploits the
amine precursor uptake mechanism and is incorpo-
rated into vesicles or neurosecretory granules in the
cytoplasm [31,72,74,79,80].MIBG intensity in MIBG-
avid tissue is a balance between uptake,storage capac-
ity as well as tracer turnover.These properties of MIBG
have led to the use of labeled MIBG to visualize chro-
maffin tumors (Fig. 10). This technique permits non-
invasive and safe localization of pheochromocy-
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toma and paraganglioma with several advantages over
anatomical radiological images. One significant ad-
vantage of MIBG scintigraphy over radiological imag-
ing techniques is the possibility of whole body evalu-
ation with a single administration of the radiotracer.
Other advantages of MIBG scintigraphy are the low
rate of false-positive, and when labeled with 123I, the
low rate of false-negative,results,and its high sensitiv-
ity and specificity in postoperative patients with dis-
torted anatomy [59]. After intravenous injection,
MIBG is distributed throughout the body. The normal
MIBG biodistribution includes depiction of salivary
glands, lacrimal glands, heart and spleen based on the
extensive sympathetic innervation of these tissues.
The distribution of radiolabeled MIBG within the
limbs shows modest diffuse activity within the mus-
cles and none within the long bones. Excretory organs
such as the kidneys,urinary bladder,liver and intestine
are also visualized.Of the radiolabeled MIBG,55–60%
is excreted through the kidneys in the first 24 h. The
normal adrenal medulla may be seen with 123I-labeled
MIBG; it is, however, only rarely visualized with 
131I-labeled MIBG [54, 55, 72]. Any focal MIBG accu-
mulation at sites not described above is strongly sus-
picious for MIBG-avid abnormal tissue.

The main clinical questions for MIBG scintigraphy
in patients with adrenomedullary hypersecretion are
whether the secreting tumor is localized in or outside
the adrenal gland,whether the tumor site is uni- or bi-
lateral or whether there is evidence of malignancy
(Fig. 11).

5.7.2.1 Patient Premedication

Thyroid Blockade � To avoid uptake of free iodine in
the thyroid, there is a need for thyroid blockade be-
cause of the iodine content of the radiolabeled MIBG.
Starting 2 days before administration of 131I-MIBG,
100–200 mg saturated potassium iodine/day should be
administered for 1 week. If 123I-MIBG is administered
for adrenomedullar scintigraphy, a thyroid blockade
for only 2 days starting the day before MIBG injection

can also be done with saturated potassium iodine
(100–200 mg/orally, daily).

Laxatives � For better evaluation of the abdomen, the
intake of laxatives (e.g.bisacodyl 10 mg) 1 or better still
2 days before scintigraphy is recommended.

5.7.2.2 Interfering Drugs

It is known that MIBG uptake is hampered by a large
number of drugs. Thus drugs known to interfere 
with MIBG uptake have to be interrupted to prevent
drug interference. These drugs include tricyclic anti-
depressants (amitriptyline, imipramine), sympatho-
mimetics (phenylephrine, phenylpropanolamine,
pseudoephrine, ephedrine and cocaine), and antihy-
pertensive/cardiovascular drugs (labetolol, reserpine
and calcium channel blockers). Another group of
drugs which in principle may also interfere with MIBG
has not yet been confirmed clinically or experimen-
tally [7, 32, 33, 72, 74].

5.7.2.3 123I-MIBG Scintigraphy

123I has better physical characteristics and higher pho-
ton efficiency with consequently better image quality
than 131I-MIBG and thus is the radiopharmaceutical of
choice. Due to the shorter physical half-life and lower
number of particulate emissions,123I-MIBG has a more
favorable radiation dosimetry, and approximately 
20 times higher diagnostic doses can be administered
when compared with 131I-MIBG [7]. 123I-MIBG per-

Bruno Niederle, Gertraud Heinz-Peer, Klaus Kaczirek, Amir Kurtaran52

Fig. 10. 123I-MIBG scintigraphy in a patient with a pheochro-
mocytoma in the left adrenal gland. Left dorsal view, right
ventral view

Fig. 11. 123I-MIBG scintigraphy in a 77-year-old female pa-
tient with a malignant pheochromocytoma 17 years after
primary surgery. Note the multiple MIBG-avid lesions in the
thorax and abdomen (LNN metastases). Patient selected for
131I-MIBG therapy



mits better localization and clearer delineation of
small lesions and also allows SPECT (single photon
emission computer tomography) imaging. 123I-MIBG
scintigraphy is performed 24 h after administration of
185–370 MBq 123I-MIBG, which should be adminis-
tered as a slow intravenous injection to avoid potential
side effects such as hypertensive crises or tachycardia.
If non-specific tracer accumulation is suspected in the
kidneys and/or in the intestine, a delayed image may
be necessary up to 72 hours postinjection. Although
123I-MIBG is the radiopharmaceutical of choice,its use
is limited because of the higher costs and due to the
fact that 123I-MIBG is not commercially available in all
countries [7, 33, 64, 72]. 131I-MIBG which is commer-
cially available also gives very good results despite its
suboptimal physical properties.

For better orientation whole-body acquisition
(10 cm/min) in anterior and posterior views with 
a low-energy collimator is helpful. Thoracic and
abdominal planar projections (anterior and posterior,
matrix 256x256) are obligatory. For each acquisition
300–800 Kcts are needed. The additional SPECT tech-
nique of the abdomen and/or other suspected regions
is important for recognition of small lesions and for
better correlation with radiological techniques.

5.7.2.4 131I-MIBG

Clinical imaging is performed 1, 2, and 3 days after
131I-MIBG administration of 17–37 MBq by intra-
venous injection. Gamma camera procedures have 
to be performed with planar views of the pelvis,
abdomen, thorax and skull in anterior and posterior
projections (matrix 265¥265) with a high energy colli-
mator. A quantity of 50–100 Kcts is needed for each
planar acquisition. In some cases, lateral views of a
region are important to define overlapping of organs.
If the anatomical localization of the lesions depicted 
is not possible with 131I-MIBG alone, simultaneous
scintigraphies such as those of bone scan; renogram;
or cardiac or liver scans may be helpful.Due to the long
half-life of 131I, scintigraphic evaluation is possible up
to 5–7 days after injection of 131I-MIBG, and this is
occasionally useful [72].

5.7.3 Positron Emission Tomography

18F-Fluorodeoxyglucose (FDG) positron emission to-
mography (PET) has been proposed in nuclear oncol-
ogy to evaluate tumor metabolism, especially provid-

ing functional information to characterize adrenal
masses [65]. However, limited dates are available re-
garding the role of FDG and 11C-metomidate PET in
patients with adrenal masses [6, 49]. Further studies
must be performed to define the role of PET in the
diagnostic algorithm of adrenal lesions.

5.8 The Value of Imaging Studies 
for the Surgeon

The radiological work-up of diseases affecting the ad-
renal gland should start with appropriate biochemical
screening tests followed by thin-collimation CT. If the
results of CT are not diagnostic, MRI and in selected
cases nuclear medicine imaging examinations should
be performed.

The probability of an adrenal mass being malignant
has been shown to increase significantly with its size
(greatest diameter). But not all growing lesions are
malignant [3, 4, 8, 48, 73].A malignant-to-benign ratio
of 8:1 has been reported in masses greater than 4 cm
in diameter, thus prompting the recommendation for
the systematic removal of a mass above that size 
and for enlarging lesions on follow-up examinations.
Management strategies based on adrenal tumor 
size alone are neither sensitive nor specific, and tend
to miss smaller and perhaps more surgically amenable
lesions. Recommendations have been made that all
lesions greater than 4 cm should be removed [45].
This approach would have the consequence that many
more benign than malignant masses would be sub-
jected to surgery, with attendant cost and risks. Many
studies show that (multidetector) CT and dynamic
gadolinium enhanced MRI with CSS are useful single
investigations to predict the status of adrenal tumors
in up to 95%. At least one of these investigations 
should be applied prior to planning the surgical
strategy (minimally invasive adrenal versus open
adrenal surgery) independent of the tumor size and
function for planning surgery. Unforeseen conversion
to open surgery and intraoperative complications
(laceration of tumor capsule) can be reduced or pre-
vented [28]. Tumor size alone is not suitable to predict
the status of adrenal lesions. Taking into account
tumor size and the results of preoperative imaging 
(CT or MRI),up to 70% of patients selected for surgery
are suitable for endoscopic adrenalectomy [62]. Even
tumors larger than 6 cm, classified as benign by CT or
MRI, may be removed laparoscopically by endocrine
surgeons experienced in endoscopic adrenalectomy
[15, 29, 60].
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In selected cases adrenocortical or adrenomedullary
scintigraphic imaging of the adrenal glands is manda-
tory to localize the tumor within the gland, to exclude
extra adrenal disease,multifocality or distant spread in
a single procedure [17, 59, 63].
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6.1 Introduction

Originally described by Harvey Cushing early in the
last century, Cushing’s syndrome is a multisystem dis-
order that results from sustained exposure to gluco-
corticoids, that when untreated results in a fivefold
elevation in the relative cardiovascular mortality risk
[12, 22]. The clinical spectrum of Cushing’s syndrome
is broad and although certain signs and symptoms
suggest its presence, most clinical manifestations are
nonspecific and are seldom pathognomonic. Further-
more,conditions of high prevalence such as hyperten-
sion,osteoporosis,depression and obesity may present
with laboratory abnormalities of the hypothalamic-
pituitary-adrenal axis (i.e., increased cortisol urinary
excretion rates and abnormal responses to dexam-

ethasone suppression) that do not reflect sustained
pathologic hypercortisolemia (“pseudo-Cushing’s
states”).

6.2 Etiology and Pathophysiology

Cortisol secretion is the result of an integrated re-
sponse involving suprahypothalamic centers, the hy-
pothalamus,the anterior pituitary and adrenal glands.
CRH released into hypophysial portal blood in the
median eminence is carried to the anterior pituitary
gland, where it stimulates the synthesis and pulsatile
release of ACTH. Cortisol, in turn, is secreted from
the zonae fasciculata and reticularis of both adrenal
glands under ACTH stimulation. ACTH and cortisol
secretion are highest in the early morning hours and
reach a nadir at midnight. Patients with Cushing’s
syndrome have elevated nocturnal cortisol levels. A
characteristic loss of the circadian hormonal rhythm
is the pathophysiologic hallmark of Cushing’s syn-
drome and results in chronic sustained exposure to
excessive circulating cortisol levels [23].

Cushing’s syndrome can be caused by exogenous
administration of glucocorticoids or by excessive
endogenous production of cortisol. In exogenous
Cushing’s syndrome, ACTH secretion is suppressed
(ACTH-independent) while in cases of endogenous
Cushing’s syndrome excess cortisol secretion may be
ACTH-dependent or -independent (Table 1).

Exogenous administration of glucocorticoids,
mostly iatrogenic,accounts for the majority of cases of
ACTH-independent Cushing’s syndrome. Prolonged
oral and injected administration of glucocorticoids
often causes Cushing’s syndrome while topical and
inhaled glucocorticoids rarely do so. Surreptitious or
factitious (self-induced) intake of a glucocorticoid can
occur and should be considered in the early stages 
of the diagnostic process. The detection of synthetic
glucocorticoids in the plasma or urine by high-pres-
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sure liquid chromatography is helpful in the diagnosis
of this disorder.

Once the diagnosis of endogenous Cushing’s syn-
drome is made, a determination of whether the pa-
tient has primary adrenal disease or an ACTH-secret-
ing tumor (ACTH-dependent vs.ACTH-independent)

should be made (Table 1).ACTH-dependent Cushing’s
syndrome accounts for about 85% of endogenous
cases. Approximately 80% of the cases of ACTH-
dependent Cushing’s syndrome are caused by au-
tonomous pituitary ACTH secretion (referred to as
Cushing’s disease). In the remaining 20% the source 
of ACTH (or rarely CRH) secretion is ectopic [28].
The molecular pathophysiology of ACTH-secreting
tumors remains elusive. Unlike the case of growth
hormone secreting adenomas, abnormalities of the 
G-proteins are not frequent in corticotropinomas.
Nonetheless,approximately 50% of these tumors over-
express the cytoplasmic form of the p53 tumor sup-
pressor gene.

ACTH-independent Cushing’s syndrome accounts
for approximately 15% of endogenous cases and is
more often caused by benign cortisol-secreting adre-
nal adenomas, adrenocortical carcinomas and, rarely,
ectopic (extra-adrenal) adrenocortical tumors [16].
Cortisol-secreting adrenal tumors are monoclonal 
in origin but their pathogenesis remains largely un-
known [10].Abnormalities of the p53 tumor suppres-
sor gene or of the inhibitory subunit of G-proteins and
overexpression of insulin-like growth factor II were
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Table 1. Classification of Cushing’s syndrome

Exogenous
ACTH-independent

Iatrogenic
Factitious

Endogenous
ACTH-dependent (85%)

Pituitary adenoma (80%)
Ectopic ACTH (20%)
Ectopic CRH (very rare)

ACTH-independent (15%)
Adrenal adenoma
Adrenal carcinoma
Micronodular adrenal disease (rare)
Massive macronodular adrenal disease (rare)
Ectopic adrenal adenoma (very rare)
Cortisol hypersensitivity (very rare)

Table 2. Adrenal tumors and genetic syndromes

Clinical presentation Inheritance Genetic defect

Multiple endocrine neoplasia Hyperparathyroidism Dominant Mutations of the 
(Type 1)a Pituitary tumors menin gene

Enteropancreatic tumors
Adrenal tumors (rare)

Carney’s syndromea Mucocutaneous lentigines Dominant Mutations of PRKAR1A
Multiple endocrine tumors
Adrenal hyperplasia (common)
Myxomas

Li Fraumeni syndrome Soft tissue sarcomas Dominant Mutations
Osteosarcomas TP53 gene and 
Leukemias the CHK2 gene
Brain tumors
Adrenal tumor
Breast cancer

Beckwith-Wiedemann syndrome Exomphalos Variable Microduplication 
Macroglossia of chromosome 11p15
Gigantism in the neonate
Hemihypertrophy

McCune-Albright syndromea Fibrous dysplasia Sporadic An activating somatic 
Café au lait spots Arg201Cys or Arg201His 
Sexual precocity mutation of the 

alpha-subunit of Gs

a Can cause Cushing’s syndrome.



identified in a subset of these neoplasms and might
be implicated in their pathogenesis. Several genetic
syndromes have been associated with adrenocorti-
cal tumors, including Carney’s complex, the multiple
endocrine neoplasia type 1 syndrome,the Li-Fraumeni
syndrome, Beckwith’s syndrome and the McCune-
Albright syndrome (Table 2).

6.3 Clinical Features

The typical clinical presentation of Cushing’s syn-
drome results primarily from excess glucocorticoids
(hypercortisolism) and to a lesser extent from excess
mineralocorticoids (hypermineralo-corticoidism)
and adrenal androgens (hyperandrogenism). The na-
ture and severity of symptoms depends on the degree
and duration of hypercortisolism and the underlying
cause of excess cortisol secretion.

The characteristic somatic changes include weight
gain and accumulation of visceral fat which results
from excess cortisol and insulin secretion and is
associated with the full expression of metabolic
syndrome X (hyperlipidemia, hypertension, insulin
resistance) and its long-term sequelae. Therefore,
even when subtle, excesses of cortisol may have
significant effects on glycemic control and blood
pressure, and may therefore be an important cause of
cardiovascular morbidity. Malignant adrenal and
ectopic ACTH-secreting tumors can cause symp-
toms such as weight loss instead of weight gain.
Other signs and symptoms include facial plethora,
menstrual irregularities, hirsutism, hypertension,
ecchymoses, depression, mucosal hyperpigmenta-
tion, muscle weakness and osteoporosis [25]. Hyper-
pigmentation is caused by increased secretion of
ACTH, and androgen excess occurs only in women
with adrenal tumors because hypercortisolism per
se does not cause hirsutism or acne. Thromboem-
bolic phenomena, including deep venous thrombo-
sis and pulmonary embolism, may occur and can
be part of the initial presentation of Cushing’s syn-
drome.

Establishing the differential diagnosis of Cushing’s
syndrome merely on clinical grounds can be challeng-
ing.Hypertension and obesity are commonly found in
the general population. Patients with HIV-related
lipodystrophy have physical and laboratory findings
that can easily be indistinguishable from Cushing’s
syndrome but do not have hypercortisolemia. More-
over, depressed patients can present with weight gain
and osteopenia.

6.4 Laboratory Diagnosis

6.4.1 Screening: Establishing the Diagnosis 
of Cushing’s Syndrome

Because signs and symptoms of Cushing’s are not spe-
cific, appropriate documentation and verification of
sustained endogenous hypercortisolemia is the corner-
stone for the detection and diagnosis of Cushing’s syn-
drome. The 1 mg overnight dexamethasone suppres-
sion test (DST),the 24-h urinary free cortisol excretion
rate,and the measurement of a late evening serum cor-
tisol are all reliable screening tests when appropriately
performed [17].

The 1 mg overnight dexamethasone suppression test
(DST) is a simple screening tool for Cushing’s syn-
drome, with a reported sensitivity of 95–98% and
specificity of 87% [8]. During this procedure, a
0900 hours plasma cortisol following a single dose of
1 mg dexamethasone taken at midnight is obtained.An
alternative screening method involves the determina-
tion of single plasma or serum cortisol level following
48 h of dexamethasone 0.5 mg 6 hourly. Overall, the 
2-day test and the overnight 1 mg DST can be done in
outpatients and appear to have comparable sensitivi-
ties. False-positive results can occur following weight
loss and after sleep deprivation, in patients with ob-
sessive-compulsive disorder, Alzheimer’s dementia,
or during acute alcohol withdrawal. Moreover, false
negatives occur in those treated with medications that
enhance the hepatic metabolism of dexamethasone
such as phenytoin,barbiturates,rifampicin and carba-
mazepine.

A 24-hour UFC collection produces an integrated
measure of serum cortisol and has a 95–100% sensi-
tivity and 94–98% specificity for the diagnosis of
Cushing’s syndrome. This test has superseded the
measurement of urinary cortisol metabolites (17-hy-
droxycorticosteroids or 17-oxogenic steroids [24]). To
confirm abnormal results, two or three 24-h urine
samples should be obtained. Values consistently in
excess of 300 µg/day are highly suggestive of Cushing’s
syndrome. Appropriate urine collection and determi-
nation of the creatinine excretion rate are essential for
the interpretation of this test. However, if a correction
for size needs to be made, one should correct for body
surface area.Additionally,UFC may be higher than the
normal limits in up to 40% of patients with depression,
anxiety disorder,obsessive-compulsive disorder,sleep
apnea, morbid obesity, polycystic ovary syndrome,
poorly controlled diabetes mellitus,familial resistance
to glucocorticoids, hyperthyroidism and alcoholism.
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Urinary cortisol excretion may also be falsely elevated
in those patients treated with cortisone or hydrocorti-
sone.

A measurement of late evening serum cortisol
(plasma cortisol between 11:00 p.m. and 12:00 p.m.)
documents the loss of the normal circadian rhythm 
of cortisol secretion in patients with Cushing’s syn-
drome. The sensitivity and specificity of this test in
distinguishing subjects with pseudo-Cushing’s states
from patients with Cushing’s syndrome varies from
95%, to 89% and 97–100% respectively [20, 21].
Normal subjects who have irregular sleeping patterns
or who have recently crossed many time zones may
have abnormal results (false positives). An alternative
to the serum midnight cortisol test is the bedtime
salivary cortisol (which measures the free hormone
fraction) which a sensitivity of ~93% and specificity 
of ~100% and the advantage of being an outpatient
procedure.

As previously stated, the diagnosis of Cushing’s
syndrome may be difficult given that hypercorti-
solism can occur in several disorders other than Cush-
ing’s syndrome (Table 3). The dexamethasone-CRH
stimulation test distinguishes patients with pseudo-
Cushing’s syndrome from those with Cushing’s syn-
drome. Thus, most patients with Cushing’s syndrome
(80–90%) show inadequate suppression to low-dose
(0.5 mg every 6 h for 2 days) dexamethasone, in con-
trast to the normal responses of pseudo-Cushing’s
patients. In addition, patients with Cushing’s disease
(85%) have a “normal” or exaggerated ACTH re-
sponse to CRH.When these tests are considered indi-
vidually their diagnostic accuracy in the differential
diagnosis of mild hypercortisolism does not exceed
80%. However, when utilized sequentially, dexa-
methasone suppression (0.5 mg every 6 h for 2 days)
and the ovine CRH (Dex-CRH) stimulation test can
distinguish Cushing’s disease from pseudo-Cushing’s
state.The criterion used for the diagnosis of Cushing’s
disease is a 15-min cortisol level of greater than
38 nmol per liter after the CRH injection. In a limited
number of patients with Cushing’s syndrome sensi-
tivity and specificity for the dexamethasone-CRH 
test were found to be 100%. However, the sensitivity
was lower (90%) when comparing normals to patients 
with Cushing’s syndrome. Moreover, the accuracy 
of the dexamethasone-CRH test in patients with
episodic hormonogenesis has not been tested. There-
fore, this test should be reserved for those patients
with mild hypercortisolemia who fail to suppress 
to 1 mg of overnight dexamethasone. Finally, gluco-
corticoid resistance is a rare familial or sporadic

condition caused by mutations of the glucocorticoid
receptor that results in generalized or partial end-
organ insensitivity to physiologic glucocorticoid
concentrations. The diagnosis should be considered
in patients with elevated urine and plasma cortisol
and ACTH levels that are not suppressed by dexa-
methasone. Plasma cortisol has a circadian rhythm
similar to that of normal subjects, albeit at elevated
concentrations, and responds normally to stress 
tests such as insulin-induced hypoglycemia. In addi-
tion these patients frequently have elevated plasma
and urinary adrenal androgens and mineralocorti-
coids resulting in hyperandrogenism and hyper-
tension.

In summary, Cushing’s syndrome is generally
excluded if the response to the single-dose dexa-
methasone suppression test and appropriately collect-
ed 24-h urinary free cortisol measurements is normal.
One should bear in mind, however, that cortisol
hypersecretion may be intermittent and periodic 
in 5–10% of patients with Cushing’s syndrome of
any etiology. Documenting the loss of diurnal varia-
tion of plasma cortisol would support the diagnosis 
of Cushing’s syndrome and vice versa. Obtaining
more than a single morning and evening blood
sample increases the diagnostic value of the test,
since a significant variability of cortisol levels may 
be present. Another strategy involves close monitor-
ing of the patient over the course of a few months.
While true hypercortisolism will persist and possibly
produce further symptomatology, the hypercorti-
solism of pseudo-Cushing’s states will be corrected
spontaneously or with anti-depressant therapy
(Fig. 1) [2].
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Table 3. Differential diagnosis of Cushing’s syndrome

Physiologic (adaptive) states
Stress
Pregnancy
Chronic strenuous exercise
Malnutrition

Pathophysiologic states
Psychiatric disorders

Melancholic depression
Obsessive-compulsive disorder
Chronic active alcoholism
Panic disorder
Anorexia nervosa
Narcotic withdrawal

Complicated diabetes mellitus
Glucocorticoid resistance
Obesity



6.4.2 Establishing the Cause: Differential
Diagnosis of Cushing’s Syndrome:
ACTH-Dependent vs. ACTH-Independent

Once the diagnosis of endogenous Cushing’s syn-
drome has been made, the source of excess cortisol
should be found.The plasma ACTH level distinguishes
ACTH-dependent from ACTH-independent Cushing’s
syndrome [9]. Because they may compromise the di-
agnostic accuracy of the tests, all adrenal-blocking
agents should be discontinued for at least 6 weeks
prior to testing. Circulating ACTH is typically sup-
pressed in adrenal cortisol-secreting tumors, micro-
nodular adrenal disease and autonomously function-
ing macronodular adrenals. In contrast,plasma ACTH
concentrations are normal or elevated in Cushing’s
disease and in those patients with ectopic ACTH and
CRH secretion.Serum CRH levels should be measured
if ectopic CRH secretion is suspected. Although the
determination of plasma ACTH level is often helpful,
normal ACTH levels can be found in a subset of
patients with Cushing’s disease, ectopic ACTH secre-
tion, and in those with adrenal tumors. Similar over-
lap of baseline ACTH levels may also be seen in
children and adolescents with Cushing’s syndrome.

The discrepancies in the diagnostic value of plasma
ACTH in the differential diagnosis of Cushing’s syn-
drome are probably a reflection of different assay
techniques.

6.4.3 Differential Diagnosis of ACTH-Dependent
Cushing’s Syndrome: Pituitary vs. Ectopic

The vast majority of ACTH-dependent Cushing’s syn-
drome is caused by ACTH-secreting pituitary neo-
plasms and less often by an ectopic neuroendocrine
(thoracic or intra-abdominal) tumor. The strategies
used to differentiate the subtypes of ACTH-dependent
Cushing’s syndrome include biochemical tests, imag-
ing tests (MRI, CT, radionuclide scans) and venous
angiography with sampling of the inferior petrosal
sinuses for ACTH before and after CRH administra-
tion. Because of its low prevalence, the pre-test proba-
bility of ectopic ACTH secretion is low. Therefore, one
must consider confirming the diagnosis with at least
two biochemical tests prior to proceeding with imag-
ing studies intended to localize the tumor. The CRH
stimulation test, the high dose dexamethasone sup-
pression test (Liddle’s test), and the overnight 8-mg
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dexamethasone suppression test (see below) are used
for this purpose.

The CRH stimulation test is based on the finding
that most patients with Cushing’s disease respond to
CRH with increases in plasma ACTH and cortisol,
while patients with ectopic ACTH production do not.
A mean cortisol increase at 30 and 45 min of greater
than 20% following a bolus infusion of ovine CRH
(1 µg/kg i.v.) has a sensitivity of 91% sensitivity and
88% specificity. Similarly, an increase of mean ACTH
concentrations at 15 and 30 min after CRH by at least
35% above the mean basal values achieves a sensitivity
of 91% and a specificity of nearly 100 [5].

The “standard” high dose dexamethasone suppres-
sion test (Liddle’s test) has been used extensively in the
differential diagnosis of ACTH-dependent Cushing’s
syndrome. Patients with Cushing’s disease are sensi-
tive to glucocorticoid inhibition only at the high doses
of dexamethasone (2.0 mg every 6 h for 2 days). In
contrast, patients with the ectopic ACTH syndrome or
cortisol-secreting adrenal tumors fail to respond to
the same dose. The classic Liddle criterion for a posi-
tive response consistent with Cushing’s disease is a
greater than 50% fall in 17-hydroxysteroid excretion
on day 2 of high-dose dexamethasone (80% diagnos-
tic accuracy).The diagnostic accuracy of the test,how-
ever, increases to 86% by measuring both urine free
cortisol and 17-hydroxysteroid excretion and by re-
quiring greater suppression of both steroids (greater
than 64% and 90%, respectively, for 100% specificity).

A simple, reliable, and inexpensive alternative to 
the Liddle’s dexamethasone suppression test is the
overnight 8-mg dexamethasone suppression test. The
advantages are its outpatient administration and the
avoidance of errors due to incomplete urine collec-
tions. The diagnostic accuracy of this overnight test
may be similar to that of the standard Liddle dexam-
ethasone suppression test.

6.4.4 Unusual Presentations 
of Cushing’s Syndrome

Occasionally, cortisol production in Cushing’s syn-
drome may not be constantly increased but may fluc-
tuate in a “periodic” infradian pattern, ranging in
length from days to months. This relatively rare phe-
nomenon of periodic, cyclic, or episodic hormonogen-
esis (periodic Cushing’s syndrome) has been described
in patients with Cushing’s disease, ectopic ACTH-se-
creting tumors,cortisol-secreting adrenal tumors and
micronodular adrenal disease.

Patients with periodic hormonogenesis may have
consistently normal 24-h urine free cortisol and para-
doxically “normal”responses to dexamethasone in the
presence of clinical stigmata of Cushing’s syndrome.
To establish the diagnosis in such patients, several
weekly 24-h urinary free cortisol determinations for a
period of 3–6 months may be necessary.

The occult ectopic ACTH syndrome can mimic the
clinical and biochemical behavior of Cushing’s dis-
ease. In some circumstances, despite extensive local-
ization studies, the source of ACTH secretion remains
elusive. In such cases, the absence of a central to
peripheral ACTH gradient before and after adminis-
tration of oCRH in BIPSS rules out Cushing’s disease.
After excluding an ACTH-secreting pituitary adenoma,
imaging studies with special emphasis on the lungs,
thymus,pancreas,adrenal medulla,and thyroid should
be obtained, as most described ectopic ACTH-secret-
ing tumors have been found in these organs. Thymic
vein sampling for measurement of ACTH concen-
trations can be of help in localizing the tumor to the
thorax, but not necessarily the thymus.

The physiologic changes that occur during preg-
nancy may make the diagnosis of Cushing’s syndrome
more complicated. In normal pregnancy human
placental CRH mRNA transcription and CRH plasma
levels increase significantly during the third trimester
of pregnancy.A small progressive rise in plasma ACTH
and a two- to threefold increase in plasma total and
free cortisol also occur. Urinary free cortisol is also
elevated during pregnancy, especially between the
34th and 40th weeks of gestation and the suppression
of cortisol by dexamethasone may be blunted. None-
theless, the diurnal rhythm in serum cortisol is main-
tained.

The glucocorticoid hypersensitivity syndrome (non-
hypercortisolemic endogenous Cushing’s syndrome)
characterized by increased tissue sensitivity to corti-
sol has been reported in two patients harboring the
phenotype of Cushing’s syndrome but with normal or
low cortisol secretion in whom iatrogenic corticos-
teroid administration was excluded. However, the
molecular mechanisms underlying this entity remain
elusive since mutational analysis of the glucocorticoid
receptor did not reveal any abnormalities.

6.5 Imaging Evaluation

Imaging techniques can help clarify the etiology of
hypercortisolism. These include usually MRI of the
pituitary and CT scanning of the adrenal glands. CT
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and MRI scans of the chest and abdomen and isotope
scans are also employed when tumors secreting
ectopic ACTH are sought.

Computed tomography is the preferred diagnostic
method in the detection of adrenal tumors. Most
adrenal adenomas causing hypercortisolism are larger
than 2 cm in diameter. An attenuation value of more
than 10 Hounsfield units (HU) in non-enhanced CT is
helpful in differentiating adrenal adenomas from non-
adenomas (“incidentalomas”) [18]. Tumors with di-
ameters greater than 6 cm, those containing areas of
necrosis and those with local spread should raise the
suspicion of malignancy.

MRI is as sensitive as CT for the visualization of
both normal and enlarged adrenal glands. T2-weight-
ed magnetic resonance images may prove helpful in
differentiating between malignant and benign adreno-
cortical neoplasms. Bilateral enlargement of the
adrenal gland with preservation of a relatively normal
overall glandular configuration is observed in both
Cushing’s disease and ectopic ACTH production.
Approximately 10–15% of patients with ACTH-de-
pendent Cushing’s syndrome demonstrate bilateral
nodules (macronodular hyperplasia).

Although the diagnostic accuracy of radionuclide
scanning with iodocholesterol is questionable, it can
occasionally be useful in localizing ectopic adrenal
tissue (adrenal rest) or an adrenal remnant causing
recurrent hypercortisolism after bilateral adrenalec-
tomy.

MRI scanning is the imaging procedure of choice 
to visualize pituitary adenomas. The large majority 
of pituitary ACTH-secreting tumors are microadeno-
mas with a diameter less than 10 mm. The ACTH-se-
creting adenomata are best demonstrated on coronal
T1-weighted images as foci of reduced signal intensity
within the pituitary gland.On unenhanced scans,how-
ever, ACTH-producing adenomas are detected in only
40% of patients with Cushing’s disease. An additional
15–20% of microadenomas are visualized with injec-
tion of contrast material (gadolinium-DTPA) and
repeat T1-weighted coronal scan immediately after 
the injection (combined MRI sensitivity 55–60%).
Although still experimental, spoiled gradient recalled
acquisition MRI might be superior to conventional
postcontrast spin echo MRI for detection of adreno-
corticotropin-secreting pituitary tumors. CT scanning
with infusion of contrast demonstrates pituitary micro-
adenomas in less than 20% of patients with bona fide
lesions on subsequent surgery. Thus, pituitary CT
should be performed if necessary only to demonstrate
bony anatomy prior to transsphenoidal surgery.

If suppression and/or stimulation tests are sug-
gestive of ectopic ACTH production, radiologic
imaging of the chest and abdomen should be under-
taken. ACTH-producing thymic carcinoids and
pheochromocytomas are generally found by CT
at the initial presentation of the patient. Patients
with a negative CT should undergo MRI of the chest
and abdomen using T2-weighted images. A body
scan following the injection of the radiolabeled so-
matostatin analogue octreotide might disclose the
tumor site, which can be re-examined by CT or
MRI. However, a significant number of small ectopic
tumors may remain elusive. In these cases, 3 to
6 monthly reassessments with MRI of the chest are
indicated.

Distinguishing Cushing’s disease from the ectopic
ACTH syndrome frequently presents a major diag-
nostic challenge. Both pituitary microadenomas and
ectopic ACTH-secreting tumors may be radiologically
occult and may have similar clinical and laboratory
features. Bilateral inferior petrosal venous sinus and
peripheral vein catheterization with simultaneous
collection of samples for measurement of ACTH
before and after CRH administration is one of the
most specific tests available to localize the source of
ACTH production.

Venous blood from the anterior pituitary drains
into the cavernous sinus and subsequently into the
superior and inferior petrosal sinuses. Catheters are
led into each inferior petrosal sinus via the ipsilateral
femoral vein. Samples for measurement of plasma
ACTH are collected from each inferior petrosal sinus
and a peripheral vein both before and after injection
of 1 µg/kg body weight of ovine or human CRH.
Patients with ectopic ACTH syndrome have no ACTH
concentration gradient between either of the inferior
petrosal sinuses and the peripheral sample. A ratio
greater than or equal to 2.0 in basal ACTH samples be-
tween either or both of the inferior petrosal sinuses
and a peripheral vein is highly suggestive of Cushing’s
disease (95% sensitivity,100% specificity).Stimulation
with CRH during the procedure with the resulting out-
pouring of ACTH increases the sensitivity of BIPSS for
detecting corticotroph adenomas to 100% when peak
ACTH central to peripheral ratio is greater than or
equal to 3.0.Petrosal sinus sampling must be perform-
ed bilaterally and simultaneously, because the sensi-
tivity of the test falls to less than 70% with unilateral
catheterization [26].

BIPSS is technically difficult and, like all invasive
procedures, can never be risk-free even in the most
experienced hands. It should be reserved only for
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patients with a clear diagnosis of hypercortisolism and
a negative or equivocal MRI of the pituitary or for
those with positive pituitary MRI but equivocal dy-
namic endocrine testing.

6.6 Medical Treatment

6.6.1 Chemical Adrenolysis

Ketoconazole blocks adrenal steroidogenesis at several
levels by inhibiting C17–20 lyase, 11b-hydroxylase,
17-hydroxylase and 18-hydroxylase. Reversible side
effects, including elevations of hepatic transaminases
and gastrointestinal irritation, may occur and may be
dose-limiting. In this case, metyrapone can be added
to achieve normocortisolemia. Hypercortisolism is
usually easily controlled within a few days with
200–400 mg ketoconazole per day and/or 250–750 mg
of metyrapone three times a day. Other blocking
agents that may be used alone or in combination with
ketoconazole and/or metyrapone include aminog-
lutethamide and mitotane. Etomidate, a hypnotic imi-
dazole derivative, may also be used safely as a par-
enteral agent [1, 15].

6.6.2 Radiotherapy

For patients who are not cured by transsphenoidal
resection or in those in whom a tumor is not found,
pituitary irradiation is the next treatment option [4].
Although data on long-term follow-up is still scant,
stereotactic radiotherapy provides less irradiation to
neuronal tissues, and may offer similar or superior
results when compared to conventional radiotherapy.
A conventional linear accelerator with 4,500–5,000 rad
delivered over a period of 6 weeks will correct the
hypercortisolism in approximately 45% of adults 
and 85% of children, usually within 3–12 months of
administration. Addition of the adrenolytic agent
mitotane improves the correction of hypercorti-
solism produced by pituitary radiotherapy. Pituitary
irradiation also decreases the occurrence of Nelson’s
syndrome in patients not cured by irradiation that
require bilateral adrenalectomy. If irradiation fails 
to normalize cortisol secretion, adrenal enzyme
inhibitors (medical adrenalectomy) can be used to
ameliorate the hypercortisolism. Surgical bilateral
total adrenalectomy with lifelong daily glucocorticoid
and mineralocorticoid replacement therapy is the final
definitive cure.

6.7 Surgery

The treatment of choice for Cushing’s disease is selec-
tive transsphenoidal microadenomectomy, a procedure
with a remission rate approaching 95% at major
specialized centers on the first exploration by expert
pituitary neurosurgeons [14, 19]. Failure of surgery 
at the first exploration may be followed by a repeat
procedure with a 50% chance of cure [11]. Success is
defined as a drop of serum cortisol and urinary free
cortisol to an undetectable level in the immediate post-
operative period. A successful outcome can also be
predicted by lack of cortisol response to oCRH, when
the test is performed 7–10 days after surgery.

Unilateral or bilateral benign tumors of the adrenals
should be surgically resected. Laparoscopic adrena-
lectomy is the procedure of choice. Aggressive and
repetitive open surgery provides the only chance for
cure or prolonged survival in adrenal carcinomas [13].
An anterior transabdominal approach with careful
examination of the liver and the pararenal structures
should be performed [6]. Mitotane may be added to
maximally tolerated levels or toxicity when complete
resection of the tumor is unsuccessful [27].

In cases of ectopic ACTH-secreting tumors,surgery
is warranted except in cases of widely metastatic
malignant tumors. If surgery is contraindicated, med-
ical therapy with adrenal enzyme inhibitor is the treat-
ment of choice. If the source of ACTH secretion is 
not localized, repeat searches for the tumor should be
undertaken every 6–12 months.If by 2 years the tumor
has escaped detection, bilateral adrenalectomy could
be considered [7]. This may have to be done earlier in
developing children in whom ketoconazole and the
other medications may interfere with growth and
pubertal progression.

Glucocorticoid replacement should be started after
a successful pituitary adenomectomy or a complete re-
section of an ACTH-secreting ectopic or a unilateral
cortisol-producing adrenal tumor. Hydrocortisone
should be replaced at a rate of 10–12 mg/m2/day by
mouth with appropriate increases in minor stress
(twofold) and major stress (tenfold) for appropriate
lengths of time. The recovery of the suppressed HPA
axis can be monitored with a short ACTH test every
3 months. When the 30 min plasma cortisol exceeds
18 µg/dl, hydrocortisone can be discontinued. After a
bilateral adrenalectomy, corticosteroid replacement
will be necessary for life and includes both glucocorti-
coids and mineralocorticoids.
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6.8 Perioperative Considerations (Fig. 2)

Early recognition and treatment of the metabolic,
immune, musculoskeletal, psychiatric and cardiovas-
cular complications of Cushing’s syndrome are essen-
tial to minimize surgical complications (Fig. 1). Un-
controlled hypercortisolemia, electrolyte abnormali-
ties (i.e., hypokalemia), poorly controlled diabetes
mellitus and hypertension can increase surgical mor-
bidity and prolong recovery and should be corrected
prior to surgery.Adrenal insufficiency often results as
a consequence of a successful surgical intervention. In
such cases, close monitoring of serum cortisol levels
and appropriate glucocorticoid replacement in the
early postoperative period is warranted. The patient
with Cushing’s syndrome should be treated as an
immunocompromised host and receive appropriate
antimicrobial prophylaxis. Deep venous thrombosis
prophylaxis should be considered given that throm-
boembolic phenomena occur more frequently in
patients with Cushing’s syndrome than in the general
population [3]. Appropriate assessment of cardiovas-
cular risks should be undertaken in light of the fact
that Cushing’s syndrome is associated with the full
expression of metabolic syndrome X (hyperlipidemia,
hypertension, insulin resistance) and its long-term
sequelae, including coronary artery disease. The high
prevalence of mood and cognition disorders in pa-
tients with Cushing’s syndrome warrants psychiatric
consultation. Finally, given early in patients with sig-
nificant muscle wasting and gait abnormalities, phys-
ical therapy may accelerate recovery.

6.9 Conclusions

Cushing’s syndrome is suspected on a clinical basis and
confirmed with laboratory tests. In mild cases, distinc-
tion from the hypercortisolism of pseudo-Cushing
states may prove difficult. Surgery is the treatment of
choice for all types of Cushing’s syndrome.Early recog-
nition and treatment of the metabolic, immune and
cardiovascular complications of Cushing’s syndrome
are essential to minimize surgical complications.Serum
cortisol levels and electrolyte abnormalities should 
be normalized prior to surgery. Appropriate antibiotic
prophylaxis and deep venous thrombosis prevention
should be instituted. Radiation therapy, radiosurgery
and medical adrenalectomy with adrenolytics and ad-
renal enzyme inhibitors are effective adjuvant treat-
ments. Bilateral adrenalectomy is reserved for those
patients who have failed all other forms of treatment.
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7.1 Introduction

Clinically inapparent adrenal masses are discovered
incidentally in the course of diagnostic testing for
other conditions and, thus, are commonly termed in-
cidentalomas. By definition, clinical signs or symp-
toms of such an adrenal tumor have to be absent.How-
ever, a substantial percentage of these incidentally
detected adrenal tumors are hormonally active, with
up to 20% of the tumors producing glucocorticoids
(Fig. 1).

Autonomous glucocorticoid production lacking
specific signs and symptoms of Cushing’s syndrome is
termed subclinical or preclinical Cushing’s syndrome

(SCCS).Glucocorticoid production in these patients is
low resulting in no or only mild symptoms which may
not be clinically recognized as Cushing’s syndrome
(Fig. 2a).

On the contrary,overt Cushing’s syndrome,the con-
sequence of longstanding excess of circulating gluco-
corticoids, is characterized by typical signs and symp-
toms of hypercortisolism like plethora, moon face,
buffalo hump, central obesity, easy bruising, deep-
purple striae, proximal muscle weakness, menstrual
irregularities, acne, hirsutism, osteoporosis, and glu-
cose intolerance (Fig. 2b). Classical Cushing’s syn-
drome is a rare disease with an estimated incidence of
1:500,000 [34].

Pre- or subclinical Cushing’s syndrome has become
more recently the focus of a steadily increasing num-
ber of original reports and reviews [32]. Preclinical
and subclinical Cushing’s syndrome have often been
used interchangeably in the literature. However,
whereas subclinical Cushing’s syndrome relates to a
biochemical abnormality which most likely will not
become clinically manifest,pre-clinical Cushing’s syn-
drome implicates progression to overt Cushing’s syn-
drome.Since progression to overt Cushing’s syndrome
occurs in a minority of patients, subclinical Cushing’s
syndrome better describes the metabolic conse-
quences of this condition and will be used throughout
this article.

7.2 Epidemiology

The prevalence of classical, overt Cushing’s syndrome
in the general population is not known with certainty
[34]. Approximately 85% of cases are ACTH depen-
dent, mainly due to pituitary dependent Cushing’s 
syndrome (Cushing’s disease). ACTH independent,
adrenal Cushing’s syndrome accounts for 15% of all
cases of Cushing’s syndrome. Assuming a mean peri-
od of 5 years before diagnosis, the prevalence of overt
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Fig.1. Prevalence of subclinical endocrine activity in patients
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adrenal Cushing’s syndrome has been estimated to 
be 0.7 per 100,000 in Japan [33], and that of pituitary
dependent Cushing’s syndrome to be 3.9 per 100,000 in
Spain [14].

The prevalence of subclinical Cushing’s syndrome
is much higher than that of overt Cushing’s syndrome.
Subclinical Cushing’s syndrome is found in 5–20% of
patients with incidentally detected adrenal masses,
accounting for a mean of 7.8% (Table 1).Depending on
the imaging modality used and the age of the subjects
the prevalence of incidentally detected adrenal masses
ranges from 0.6% to 7% [33, 21, 18]. Assuming a pop-

ulation prevalence of 1% and a prevalence of subclin-
ical Cushing’s syndrome of 7.8% in incidentaloma
patients, the population prevalence would be 78 per
100,000. A relatively high prevalence of subclinical
Cushing’s syndrome is also supported by studies in di-
abetic and obese subjects (Table 2).

7.3 Clinical Presentation

By definition, no clinical signs or symptoms of
Cushing’s syndrome should be present in patients 
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Fig. 2. Comparison of overt Cushing’ syndrome due to a pituitary microadenoma (upper panels) with subclinical Cushing’s
syndrome (lower panels) in a 45-year-old female with an incidentally detected right adrenal mass measuring 3 cm. In contrast
to the more diffuse type of obesity in this patient, the patient with overt Cushing’s syndrome has central obesity with thin legs
and arms (arrows) and more pronounced rubeosis (especially of the breasts)



with incidentally detected adrenal tumors. However,
more detailed questioning and careful second physical
examination may reveal subtle evidence for hormone
excess (such as recent weight gain, skin atrophy, in-
creased facial fullness).

7.4 Subclinical Cushing’s Syndrome:
Cause or Manifestation 
of the Metabolic Syndrome?

Arterial hypertension and obesity are significantly
more prevalent in patients with incidentally detected
adrenal masses than in the general population.In 1997
Angeli et al. reported for the Adrenal Incidentaloma
National Italian Study Group, that of 887 patients 42%
were hypertensive, 28% obese and 10% diabetics. In 
a more recent study [35] 50 consecutive patients with

incidentally detected adrenal adenomas were prospec-
tively evaluated. In comparison to patients with non-
functional adrenal incidentalomas patients with sub-
clinical Cushing’s syndrome were more often affected
with hypertension (92% vs 48%),type-2 diabetes (42%
vs 24%), hyperlipidemia (50% vs 28%) and obesity
(50% vs 36%). In another cross-sectional study
(Tauchmanova et al.2002) the cardiovascular risk pro-
file was assessed in 28 consecutive patients with sub-
clinical Cushing’s syndrome. All cardiovascular risk
factors were more prevalent in patients than in con-
trols with 86% patients having multiple risk factors.
Mean carotid artery intima-media thickness was in-
creased, and atherosclerotic plaques were more fre-
quent (39%). These data suggest that chronic mild
endogenous cortisol excess is paralleled by a cardio-
vascular risk profile similar to that described in overt
Cushing’s syndrome. Whether these findings have
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Table 1. Prevalence of subclinical Cushing’s syndrome in patients with adrenal incidentalomas. Subclinical Cushing’s
syndrome was diagnosed by variable biochemical means. (Adapted from [32])

Author Patients with incidentally Patients with subclinical 
detected adrenal mass (n) Cushing’s syndrome (n, %)

Hensen 1990 [19] 50 4 (8%)
McLeod 1990 [25] 122 6 (5%)
Reincke 1992 [30] 67 8 (12%)
Siren 1993 [35] 36 2 (6%)
Corsello 1993 [13] 17 3 (18%)
Caplan 1994 [10] 26 3 (12%)
Orsella 1994 [27] 45 7 (16%)
Fernandez-Real 1994 [16] 21 3 (14%)
Ambrosi 1995 [1] 29 4 (14%)
Seppel 1996 [34] 85 5 (6%)
Terzolo 1996 [37] 20 4 (20%)
Mantero 1997 [24] 786 49 (6%)
Bondanelli 1997 [8] 38 4 (11%)
Terzolo 1998 [38] 53 8 (15%)
Barzon 1999 [4] 75 5 (7%)
Total 1,475 115 (8%)

Table 2. Subclinical Cushing’s syndrome in patients with diabetes and obesity

Leibowitz et al. 1996 [22] Contreras et al. 2000 [10] Ness-Abramof et al. [26] 2002

Patient cohort Patients with NIDDM and Overweight patients Overweight patients with 
poor metabolic control with NIDDM simple obesity, diabetes,

hypertension, PCOS

Patients with SCCS 3/90 (3.3%) 1/48 (2.1%) 5/86 (5.8%)

Origin of SCCS Pituitary CS: n=2 Pituitary CS: n=1 Pituitary CS: n=4
Adrenal CS: n=1 Unclear: n=1



impact on long-term cardiovascular morbidity of pa-
tients with subclinical Cushing’s syndrome has not
been determined.

Incidentaloma patients with subclinical Cushing’s
syndrome also have higher markers of bone turnover
[1, 28] and lower bone mass [40], which may be the re-
sult of subtle hypercortisolism.However,whether there
is a major bone loss remains controversial [29, 35].

7.5 Biochemical Evaluation (Table 3)

The rationale for screening patients with adrenal inci-
dentalomas for the presence of subclinical Cushing’s
syndrome is twofold: detection of subclinical (or even

mildly symptomatic) Cushing’s syndrome for early
detection and prevention of disease and exclusion 
of subclinical Cushing’s syndrome in patients with
adrenal incidentaloma scheduled for unilateral
adrenalectomy. In the latter, postoperative adrenal
crisis (in some cases with fatal outcome [20, 25]) has
been reported in patients with unrecognized subclin-
ical Cushing’s syndrome.In these patients,ACTH sup-
pression via the negative glucocorticoid feedback
resulted in atrophy of the contralateral adrenal with
consecutive hypocortisolism after surgery.A diagnos-
tic evaluation for hypercortisolism should be part of
the routine work-up of patients with incidentally
detected adrenal lesions as recently emphasized by the
recent NIH consensus statement [18] (Figs. 3, 4).

Depending on the amount of glucocorticoids se-
creted by the tumor the biochemical significance of
subclinical Cushing’s syndrome ranges from slightly
attenuated diurnal cortisol rhythm to complete atro-
phy of the contralateral adrenal with lasting adrenal
insufficiency after unilateral adrenalectomy (Fig. 3).
The diagnostic criteria and biochemical features of
subclinical Cushing’s syndrome used in the literature
vary accordingly.As expected, higher cortisol concen-
trations after dexamethasone are correlated with
lower plasma ACTH concentrations, lower DHEA-S
levels and higher midnight cortisol concentrations in
patients with adrenal incidentalomas [42], reflecting
the continuous spectrum of subclinical hypercorti-
solism. The best means to uncover autonomous corti-
sol secretion is the short (overnight) dexamethasone
suppression test, which rarely fails to detect subclini-
cal Cushing’s syndrome [42].A suppressed serum cor-
tisol (<5 µg/dl or 180 nmol/l) excludes significant cor-
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Table 3. The spectrum of biochemical findings in subclinical
Cushing’s syndrome. (Adapted from Reincke 2000 [32])

Blunted diurnal variation of cortisol secretion

Low 8 A.M. to 12 P.M. cortisol ratio

Elevated midnight salivary cortisol

Low DHEA-S concentrations

Low or suppressed plasma ACTH

Blunted response of ACTH to stimulation with CRH

Missing cortisol suppression after 1 mg overnight
dexamethasone suppression test

Missing cortisol suppression after standard low dose
dexamethasone suppression

Missing cortisol suppression after high dose
dexamethasone suppression

Elevated UFC

Fig. 3. The evolution of Cushing’s syndrome



tisol secretion although lower cut-off levels of cortisol
(<3 µg/dl) have been emphasized by some investiga-
tors. Serum cortisol >5 µg/dl requires further investi-
gation (Table 4) including a confirmatory high-dose
dexamethasone suppression test (8 mg), a cortico-
tropin releasing hormone (CRH) test and analysis of
the diurnal cortisol rhythm. If serum cortisol con-
centrations are not suppressible by high-dose dexa-
methasone,the diagnosis of subclinical Cushing’s syn-
drome is established.Subtle changes in glucocorticoid
secretion like abnormalities in the diurnal rhythm or
a blunted ACTH response to CRH in the presence of
normal suppressibility by dexamethasone preclude
the diagnosis of subclinical Cushing’s syndrome since
these changes may be non-specific. Determination of
urinary free cortisol as a screening test for subclinical
Cushing’s syndrome is less useful, as increased values

are a late finding usually associated with emerging
clinical signs of Cushing’s syndrome [29]. Patients
with low plasma ACTH concentrations not responding
to CRH are likely candidates for adrenal insufficiency
after surgery and require adequate substitution thera-
py [31].

7.6 Adrenal Scintigraphy

Visualization of the adrenal mass by means of 131J-nor-
cholesterol scintigraphy has been advocated by several
groups to screen for subclinical Cushing’s syndrome
[21].The rationale of this approach is based on the ob-
servation that significant glucocorticoid production
by the tumor will lead to unilateral tracer uptake
whereas the contralateral adrenal will be scintigraph-
ically silent due to atrophy. Moreover, adrenal scintig-
raphy seems to allow differentiation between benign
and malignant lesion to some degree [21]. Two recent
studies evaluated the use of adrenal scintigraphy in
the evaluation of patients with incidentally detected
adrenal masses.In the first prospective study by Bardet
et al. 1996 [3], the prevalence of unilateral 131I-methyl-
norcholesterol uptake (tumor uptake with no visuali-
zation of the contralateral adrenal gland) and bilateral
uptake (uptake in both the tumoral and the contralat-
eral adrenal glands) was investigated in patients with
unilateral incidentaloma. The scan showed unilateral
uptake in 46% patients (group A) and bilateral uptake
in 54% (group B). Patients in group A exhibited lower
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Fig. 4. Diagnostic and therapeutic considerations for the treatment of patients with adrenal incidentalomas following the
recommendations of the National Institutes of Health State-of-the-Science Statement of 4–6 February 2002 [18]

Table 4. Stepwise endocrinological investigation of sub-
clinical Cushing’s syndrome in patients with adrenal inci-
dentalomas

Step I: Screening test
Serum cortisol after dexamethasone suppression 
(3 mg dexamethasone at 2300 hours orally)

Step II: confirmatory test
Confirmation by high dose (8 mg) dexamethasone 
suppression

Step III: evaluation of the degree of hypercortisolism
Plasma ACTH during CRH testing, UFC,
diurnal rhythm of cortisol secretion



ACTH values at 0800 hours and higher cortisol values
after an overnight dexamethasone suppression test,
than did patients in group B.In addition,three patients
in group A failed the overnight and the low-dose dexa-
methasone suppression tests. These data provide evi-
dence that unilateral uptake is related to functioning
adenomas with various degrees of autonomy and sug-
gest that the 131I-methylnorcholesterol scan could be 
a valuable tool for screening of subclinical Cushing’s
syndrome. In the study by Barzon et al. [4], hormonal
and morphological data were investigated in 202 con-
secutive patients with adrenal incidentaloma in an
attempt to assess subclinical hyperfunction or malig-
nancy. In addition to the classical hormonal evalua-
tion,adrenal scintigraphy with 75Se-methylnorcholes-
terol was carried out. 75Se-Methylnorcholesterol
scintigraphy depicted malignant, space-occupying
lesions as decreased or absent radiotracer uptake by
the mass, and cortical adenomas as increased or
normal uptake. In cortical adenomas, again a good
relationship between radiocholesterol uptake and de-
gree of functional autonomy was demonstrated. The
authors concluded that, although hormonal assess-
ment is mandatory to clarify the functional activity of
adrenal incidentalomas, morphofunctional examina-
tion by 75Se-methylnorcholesterol scanning seems to
provide more data about the likelihood of malignancy.

7.7 Progression to Overt 
Cushing’s Syndrome

The natural course of subclinical autonomous gluco-
corticoid production and the risk that such conditions
will evolve towards overt Cushing’s syndrome are still
largely unknown (Fig. 3). Barzon and colleagues re-
ported on the long-term outcome of 75 patients with
incidentally detected adrenal masses which were ini-
tially hormonally inactive [5]: 5 patients developed
subclinical Cushing’s syndrome which progressed to
overt Cushing’s syndrome in two patients after 8 and
9 years of follow-up. In a more extended series of the
same group [6], 130 consecutive patients with adrenal
incidentaloma with a follow-up of at least 1 year were
studied. Eight had subclinical hypercortisolism at
diagnosis. Four patients developed overt Cushing’s
syndrome after 1–3 years of follow-up. Only one of
these patients had subclinical hypercortisolism at first
diagnosis. The estimated cumulative risk of a non-
secreting adrenal incidentaloma developing subclini-
cal hyperfunction was 3.8% after 1 year and 6.6% after
5 years. For patients with masses with subclinical

autonomous glucocorticoid overproduction the esti-
mated cumulative risk of developing overt Cushing’s
syndrome was 12.5% after 1 year. These data demon-
strate that patients with incidentalomas are at risk 
of progression towards overt Cushing’s syndrome. A
careful biochemical and hormonal follow-up is advis-
able in all patients who do not need surgery at first
presentation.

7.8 Surgery in Patients with SCCS

As a general rule hormonally active incidentally de-
tected adrenal masses are surgically removed to pre-
vent serious morbidity [11, 18, 21, 30]. This strategy is
undisputed for aldosterone-producing adrenal tumors
and pheochromocytoma [33].As autonomous cortisol
secretion by the tumor may range from a small per-
centage of the daily requirements to frank cortisol
hypersecretion with suppression of the contralateral
adrenal, it is evident that the metabolic benefits of
surgery will vary accordingly. Adrenal surgery has a
significant morbidity and mortality which has to be
taken into account if surgery is considered [23]. The
newly developed endoscopic adrenalectomy with its
lower morbidity may justify earlier intervention [13,
16, 17].

The NIH consensus conference on the management
of the clinically inapparent adrenal mass concluded
that both adrenalectomy and careful observation can
be suggested as treatment options, but that the long-
term outcome and quality of life after surgery are un-
known [18]. In our opinion, surgery should be consid-
ered in patients with subclinical Cushing’s syndrome
who have suppressed plasma ACTH and elevated UFC
because progression to overt Cushing’s syndrome is
imminent. Patients with normal plasma ACTH and
UFC should undergo adrenalectomy if they are young
(age <50) or have metabolic disease of recent onset
possibly related to Cushing’s syndrome (hypertension,
obesity, diabetes). In our own series of eight patients
with subclinical Cushing’s syndrome,surgery resulted
in permanent weight loss >5 kg in all four obese pa-
tients [31].Three of six hypertensive patients were able
to reduce the antihypertensive medication, and one
patient had normal blood pressure after adrenalecto-
my. Both patients with diabetes mellitus had improve-
ment of glycemic control and could be switched to
dietary treatment.A recent report highlights the diffi-
culties in assessing the benefits of surgery in patients
with SCCS. Six patients with SCCS and nine with non-
functioning adenomas were followed for 12 months
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after adrenalectomy [7]. A high frequency of over-
weight/obesity (67%), hypertension (67%) and
impaired glucose profile (27%) was present before
surgery, with a greater prevalence of these cardiovas-
cular risk factors in the subclinical Cushing’s syn-
drome group. After surgery, values normalized or
improved in eight out of ten hypertensive patients and
in three out of four patients with impaired glucose
profile. In the whole group, a marginal decrease in
body weight (0.9 kg), in blood pressure (mean
135/84 mmHg vs 146/91 mmHg preoperatively) and in
glucose levels in response to OGTT (mean 106 mg/dl
vs 128 mg/dl) was observed.The effects were not more
pronounced in patients with subclinical Cushing’s
syndrome. The study was lacking a non-surgical con-
trol group.

7.9 Peri- and Postoperative Management

Peri- and postoperatively, glucocorticoid replace-
ment therapy is required in patients with subclinical
Cushing’s syndrome, until adrenocortical function is
reassessed and rules out adrenocortical insufficiency.
Especially patients with suppressed plasma ACTH
levels are likely candidates for postoperative adrenal
insufficiency and should be monitored closely. The
best test in the postoperative period is the standard
ACTH stimulation test. In our experience, glucocorti-
coid therapy cannot be withdrawn earlier in patients
with subclinical Cushing’s syndrome than in patients
with overt adrenal Cushing’s syndrome [31]. Mean
duration of adrenocortical insufficiency in our series
was 17±15 months vs. 19±8 months in overt Cushing’s
syndrome.
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Ectopic Cushing’s syndrome refers to endogenous hy-
percortisolism originating from adrenal stimulation
by ACTH produced inappropriately by a variety of
extrapituitary tumors. On very rare occasions ectopic
Cushing’s syndrome is due to pituitary ACTH secre-
tion driven by ectopic CRH secretion. Although the
first extrapituitary tumor associated with hypercorti-
solism was reported as early as in 1928, it was in 1962
when ectopic Cushing’s syndrome was characterized
as a disorder of ACTH production by neoplastic cells
[44].In the following years it became evident that there
are two types of ectopic ACTH syndrome (EAS). One
is associated with overt malignancies, the prototype
being small-cell lung cancer (SCLC) and the other with
more indolent neoplasms, represented mainly by
bronchial and other carcinoid tumors. Although EAS
is rare, it is the underlying cause in a substantial pro-
portion (10–20%) of patients presenting with ACTH-
dependent Cushing’s syndrome [57, 86]. Differentia-
tion of ectopic ACTH secretion from “eutopic” over-
production by pituitary corticotroph adenomas is of
paramount importance and represents,on many occa-
sions,one of the most challenging problems in clinical
endocrinology. In recent years efforts have been di-

rected to understanding the pathophysiology of EAS
and developing effective diagnostic tests to differen-
tiate between EAS and Cushing’s disease. Our current
knowledge related to these issues is summarized in
this chapter.

8.1 Pathophysiology

Elucidation of the mechanisms involved in the tran-
scription and processing of the POMC gene and its
products provided the background for a better under-
standing of the various disturbances observed in
ectopic ACTH secretion [61].The POMC gene is locat-
ed in the short arm of chromosome 2p23 and consists
of three exons and two introns [68].

It is unusual in that it contains at least three distinct
promoters giving rise to three different length mRNA
transcripts. In corticotroph cells, a mature POMC
mRNA of 1,072 nucleotides (nt) is generated [14],
which is translated into a pre-POMC molecule starting
with a 26 amino acid signal peptide.The signal peptide
is rapidly cleaved leaving the 241 amino acid POMC
molecule that is then engaged in the secretory path-
way.Apart from the pituitary,POMC mRNA is also ex-
pressed in many other normal tissues [18]. In most of
these tissues, POMC gene expression is quantitatively
and qualitatively different from that in the pituitary;
the tissue concentration of POMC mRNA is extremely
low, and the generated mRNAs are short, truncated,
transcripts of 800 nt. These transcripts are non-func-
tional and cannot be efficiently translated into POMC
[36].In the vast majority of pituitary corticotroph ade-
nomas leading to Cushing’s disease (CD), gene tran-
scription shows no gross abnormality and the POMC
transcripts in pituitary tumors are similar to those 
in the normal pituitary [7]. In non-pituitary tumors,
altered POMC gene expression is frequent. Most
ACTH-secreting tumors contain various types of mes-
sengers: a large mRNA transcript of about 1,450 nt,the
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normal-sized (pituitary-like) 1,072 nt POMC mRNA,
and a small 800 nt mRNA transcript [15].The absolute
amount and molecular forms of POMC mRNA differ
among the various tumors. In bronchial carcinoids
associated with the ectopic ACTH syndrome, the pitu-
itary messenger is highly predominant and present 
in high amounts. In endocrine tumors not associated
with the ectopic ACTH syndrome, the short 800 nt
mRNA is predominant and the total amount of POMC
mRNA is low. In general the ectopic ACTH syndrome
occurs with tumors capable of generating high
amounts of the pituitary-like message [71].

In a given tissue the nature of the POMC end
products depends on the differential expression of
enzymes, known as prohormone convertases (PCs),
which are involved in its proteolysis [63, 66]. When
only PC1 is present, as in normal and most neoplastic
pituitary corticotrophs, proteolytic action is limited
and ACTH is the major end product [29]. When both
PC1 and PC2 are present their coordinate or synergis-
tic actions lead to a more extensive proteolysis gener-
ating smaller hormonal fragments [92]. An abnormal
maturation pattern of POMC is a classic feature of the
ectopic ACTH syndrome [7, 89]. In many cases intact
POMC is predominantly secreted; in other cases,
abnormal fragments such as CLIP and human bMSH

may be generated [83]. Recent studies [60] demon-
strated that aggressive, poorly differentiated tumors
(e.g. SCLCs) preferentially release intact POMC most
likely because of a general defect in both PC1 and PC2.
It should be noted,however,that this form of abnormal
processing of POMC is not specific to non-pituitary
tumors since it is also occasionally present in rare
pituitary macroadenomas and in some exceptional
pituitary cancers [61]. Thus defective POMC process-
ing actually indicates an impaired state of neuroendo-
crine differentiation in aggressive tumors, independ-
ently of their pituitary or non-pituitary origin. In
contrast, carcinoid tumors usually overprocess the
precursor, releasing ACTH and smaller peptides like
CLIP most likely because they are heavily loaded with
PC2.

The above findings led several investigations to sug-
gest that ectopic ACTH syndrome is made up of two
distinct entities including (a) neoplasms, like carci-
noid tumors, that achieve a process of corticotroph
differentiation being able to express and process the
POMC gene correctly to release large amounts of
intact ACTH, and (b) rapidly progressive malignan-
cies, like SCLCs,that process POMC in an aberrant way
releasing high concentrations of ACTH precursors and
less intact ACTH in the circulation. In fact the term
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Fig. 1. Different POMC (proopiomelanocortin) processing in Cushing’s disease,“ectopic corticotroph syndrome” and “aber-
rant ACTH secretion syndrome”. (Modified from [17])



“ectopic corticotroph syndrome”has been introduced
to better delineate the former and “aberrant ACTH se-
cretion syndrome” the latter category of these tumors
[17] (Fig. 1).

However,despite the progress made in understand-
ing the molecular changes in tumors associated with
EAS the intimate mechanisms that trigger POMC gene
transcription are not well understood [88]. Recently,
based on data derived from experiments with SCLC
cell lines,a possible mechanism for the upregulation of
POMC gene transcription has emerged. This relies on
the enhanced activation of the binding site for the E2F
transcription factors [59]. This promoter site is situat-
ed upstream from the pituitary promoter and its ac-
tivity is inhibited by the retinoblastoma protein (RB)
[42]. Because inactivation of RB occurs frequently 
in SCLCs it has been speculated that the loss of RB
repression of E2F transcriptional activation might
contribute to the aberrant POMC gene expression in
these tumors [31]. On the other hand, bronchial carci-
noids adopt a corticotroph phenotype.The best marker
of such a phenotype seems to be the expression of the
pituitary type vasopressin (V3) receptors [16].

8.2 Tumor Types Associated with EAS

The widespread expression of POMC derived peptides
in tissues such as lung, adrenal glands, testis, spleen,
ovary, thyroid, liver, thymus, placenta, skin, mono-
nuclear leukocytes and colon explains the growing list
of tumors that can be the cause of ectopic ACTH syn-
drome [55]. The relative frequencies of the various
tumor types associated with EAS are listed in Table 1
[8]. Lung tumors (SCLCs and bronchial carcinoids)
constitute the vast majority (48–66%) of all cases. In
earlier series small cell lung carcinomas represented
the largest proportion of cases,whereas in more recent
series bronchial carcinoids seem to predominate
(36–46%) in part because of the increased detection of

small bronchial carcinoids and the decreased report-
ing of Cushing’s syndrome due to oat cell carcinomas
[3, 41].

Amongst patients with SCLCs only a small propor-
tion have been reported to be associated with hyper-
cortisolism [38,64]. In one large series of 840 patients
with SCLC only 14 (1.6%) had ectopic corticotropin
production [19].However, it should be mentioned that
in very aggressive tumors with vigorous symptoms
due to the primary disease,or in cases with only subtle
abnormalities of cortisol production, the syndrome is
often underdiagnosed.Bronchial carcinoids arise from
the Kulchitsky cells of the lung.In the majority they are
perihilar, but they can also be found in the periphery.
Although they are considered to have a low potential
of malignancy, metastases, usually in mediastinal
lymph nodes,and less frequently in liver,bone,or skin,
have been reported in a small proportion (less than
15% of patients) [41]. Bronchial carcinoids associated
with clinically overt hypercortisolemia seem to be
more aggressive than those with no hormone over-
production [65].Frequently their detection can be very
difficult. Because of their small size they do not cause
local symptoms and are often hard to detect with im-
aging studies. This is particularly true in those rare
cases when ectopic ACTH production is due to carci-
noid tumorlets. Tumorlets are multiple microscopic
nests of neuroendocrine cells in the lungs; they are
either isolated or surround a bronchial carcinoid
tumor. In some cases [4] they were identified many
years after the initial presentation of Cushing’s syn-
drome.

The thymus is another organ associated with
tumors leading to ectopic ACTH production [62].Most
cases involve thymic carcinoids that despite their term
are in fact malignant neuroendocrine neoplasms. In
addition small cell neuroendocrine carcinoma of the
thymus and benign thymic hyperplasia have been re-
ported as the source of ACTH-dependent hypercorti-
solism. Carcinoid tumors of the thymus are extremely
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Table 1. Tumors associated with ectopic ACTH syndrome [8]

Tumor origin % Tumor origin %

Lung 48–66 Adrenal 6
Small cell carcinoma 20–27 Pheochromocytoma 5
Bronchial carcinoids 21–46 Neuroblastoma 0.8

Pancreatic islet cells 16 Ovarian uterine cervix carcinomas 2

Thymus 10 Prostate cancer 1

Medullary thyroid carcinoma 5 Other sporadic cases 7



rare in children but when present they are usually
associated with Cushing’s syndrome.

Ectopic adrenocorticotropic hormone-producing
islet cell tumors of the pancreas are a rare cause of
Cushing’s syndrome with a severe and rapidly pro-
gressive clinical course [12, 22]. Pancreatic islet cell
tumors are usually large and have already produced
metastases to the liver by the time overt hypercorti-
solism is established.Multiple hormone production by
the cancer cells is the cause of the common coexis-
tence of hypercortisolism with the Zollinger-Ellison
syndrome in these patients [35, 45]. Their presence is
significant because it seems to aggravate the prognosis.
Among 42 reported cases of pancreatic islet cell
tumors and Cushing’s syndrome, the 5-year survival
was 16% [12].

Other reported tumors are medullary thyroid car-
cinomas (5%), adrenal pheochromocytomas (5%),
ovarian and uterine cervix carcinomas (2%), and
prostate cancers (1%) [3, 86]. Sporadic cases involve
renal, breast, liver, gastrointestinal cancers, adrenal
neuroblastoma, mediastinal paraganglioma, and even
lymphoma and melanoma. Production of cortico-
trophin by inflammatory [25] leukemic cells has also
been encountered in a few case reports [46]. It is of
note that no tumor arising from mesoderma, i.e. sar-
comas, has been reported to induce ectopic Cushing’s
syndrome.

So far the number of well-characterized cases of
CRH secreting tumors is very small. Most involve
differentiated bronchial carcinoids. In these cases
ectopic secretion of CRH stimulates pituitary ACTH
secretion leading to a clinical and biochemical profile
indistinguishable from that observed in Cushing’s dis-
ease [57].

8.3 Clinical Features

Patients of all ages have been reported with the syn-
drome, although it has been reported very rarely in
children. Mean age at presentation is around 41 years,
with patients harboring small cell lung cancer tending
to be older and those with thymic carcinoids younger
[8].From the reported cases it is evident that EAS does
not show the striking female predisposition of Cush-
ing’s disease; both sexes are affected almost equally
(male: female ratio 1:1.2–1.4); albeit small cell lung
cancer and thymic carcinoids involve men slightly
more frequently [86].

Depending on the type of tumor responsible for the
ectopic ACTH secretion,the development of Cushing’s

syndrome may precede,be apparent simultaneously or
even be delayed for many years after the clinical pres-
entation of the tumor [90, 93]. For instance, most pa-
tients with medullary carcinoids develop Cushing’s
syndrome late in the course of the cancer [3]. In these
cases attention is required as the symptoms of hyper-
cortisolism may be attributed to the progress of the
malignancy. However, in other instances, Cushing’s
syndrome may precede the tumor’s manifestation. On
the other hand,more benign and indolent tumors with
ectopic ACTH secretion may remain undetected for a
long time, even longer than 10 years from the initial
clinical presentation of Cushing’s syndrome [79].
For these cases, with an unknown source of ACTH
secretion despite an extensive diagnostic evaluation,
the term “occult ectopic ACTH syndrome” has been
used [32].

The clinical characteristics of patients with ectopic
Cushing’s syndrome differ in frequency and severity
depending on the type of the tumor responsible for the
ACTH overproduction [70]. Generally, patients with
advanced and aggressive cancer often present with a
rapid onset of usually severe symptoms including hy-
pokalemic metabolic alkalosis and hyperpigmenta-
tion, whereas those with benign lesions, such as
bronchial carcinoids, usually have a clinical picture
identical to those with Cushing’s disease (obesity,
moon facies, hypertension, buffalo hump, purple
striae, impaired glucose tolerance/diabetes, muscle
atrophy,psychiatric disturbances,osteoporosis,ecchy-
moses, acne). It has been suggested that several clini-
cal manifestations seem to be more common in pa-
tients with EAS than in patients with other forms of
CS. Thus, almost three-quarters of the patients with
EAS present with hypertension and hypokalemia [8,
32]. However, neither the presence nor the absence of
the aforementioned clinical features should be con-
sidered as either suggesting or excluding the existence
of EAS.

8.4 Laboratory Diagnosis

During the evaluation of a patient presenting with
Cushing’s syndrome it is important to establish the
presence of hypercortisolism; otherwise the tests em-
ployed in the differential diagnosis may be misleading
or uninterpretable. This is particularly relevant for
those patients with cyclic Cushing’s syndrome, char-
acterized by intermittent periods of remission of cor-
tisol excess during the course of the disease [80].In our
experience cyclic Cushing’s syndrome is rather com-
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mon in patients with EAS; in our series of seven histo-
logically confirmed bronchial carcinoids,cyclicity was
observed in over 50% of the cases. The principal bio-
chemical indices of cortisol excess are the loss of the
normal feedback of the hypothalamo-pituitary-adre-
nal axis (HPA) (demonstrated by the failure of sup-
pression of cortisol levels by dexamethasone adminis-
tration), the excessive endogenous integrated cortisol
secretion (expressed by increased urinary free corti-
sol) and the disturbance of the normal diurnal varia-
tion of cortisol secretion (resulting in increased mid-
night cortisol levels) [52].

Once the presence of hypercortisolism has been
confirmed, elevated ACTH levels exclude the adrenal
origin of hypercortisolism, and further investigation
for the differentiation between the pituitary (eutopic)
and non-pituitary (ectopic) source of ACTH-depen-
dent Cushing’s syndrome is required.Basal cortisol and
ACTH levels are usually higher than in patients with
Cushing’s disease (>28 µg/dl and >200 pg/ml, respec-
tively) [32,86].These findings,however,are not always
diagnostic since a considerable overlap between the
two groups exists [40]. While the diagnosis may be
straightforward in patients with highly aggressive
ACTH secreting tumors, in all other cases ectopic
ACTH-dependent Cushing’s syndrome often mimics
Cushing’s disease both clinically and biochemically,
owing to the high degree of neuroendocrine differen-
tiation of these tumors and specific tests are required
to elucidate the origin of ACTH.

8.4.1 High Dose Dexamethasone 
Suppression Test

In most patients with CD (80–90%), cortisol levels are
suppressed to >50% from baseline levels whereas
poorly differentiated ectopic tumors are resistant 
to feedback inhibition. However, a substantial propor-
tion of benign differentiated neuroendocrine tumors
(carcinoid tumors of bronchus,thymus,pancreas) can
suppress their ACTH secretion similarly to CD.Several
versions of high dose dexamethasone suppression,
including the standard 2-day oral high dose test (2 mg
every 6 h for eight doses), the 8-mg overnight oral test
and intravenous tests, have been used [20]. The re-
ported sensitivity and specificity of this test for the
diagnosis of Cushing’s disease versus the ectopic
ACTH syndrome are 80–88% and 88–100% respec-
tively [73]. This clearly does not allow accurate deter-
mination of the source of ACTH in all cases. A recent
study analyzing the various forms of the HDDST per-

formed at multiple centres revealed that overall, the
test had a sensitivity of 81% and specificity of only
67% in discriminating Cushing’s disease from EAS [6].
Although,on the basis of this evidence,it has been sug-
gested that the HDDST should be abandoned, most
authors tend to still use this test since when combined
with the CRH test (see below) it provides the best
discrimination between CD and EAS. Shifting the
criteria to a greater level of cortisol suppression can
only increase the specificity with a loss of sensitivity to
diagnose CD [52].

8.4.2 CRH Stimulation Test

Most pituitary, but few ectopic, ACTH-secreting
tumors have CRH receptors and increased plasma
ACTH and cortisol levels following CRH administra-
tion. A meta-analysis suggested that an increase in
cortisol of 20% or more above baseline or of ACTH
50% or more above baseline excludes EAS with high
accuracy [39]. However, these criteria vary widely
between centers depending on previous experience
and the type of CRH used for stimulation. The major-
ity of series report the use of ovine CRH. How-
ever, human CRH is currently more widely available
worldwide [34]. Therefore, the exact criterion to use
depends on the type of CRH used and at what center,
and should be used with caution, as there will un-
doubtedly be patients with the ectopic ACTH syn-
drome who may respond outside the established 
cut-offs. Estimates on the performance of the CRH
test also vary widely between centers. Overall the test
has a sensitivity of 60–80% and a specificity of
90–100% in discriminating CD from EAS [30, 52].
Importantly, a lack of response in both HDDST and
CRH was reported to have a sensitivity of 100% and a
diagnostic specificity of 98% for ectopic Cushing’s
syndrome [53].

8.4.3 The Desmopressin Test

It has recently been suggested that a test based on
desmopressin administration may be useful in differ-
entiating patients with CD and EAS [47]. In fact initial
studies reporting patients with CD but only few
patients with EAS showed that most patients with CD
responded while patients with EAS were unresponsive
to desmopressin administration [77]. However, in
recent studies [5, 69] it was found that this test is of
no value since there was a significant overlap of re-

8 Ectopic Cushing’s Syndrome 79



sponses between CD and patients with EAS due to the
frequent expression of the V2 along with V3 receptors
[78] in these ectopic ACTH secreting tumors. We also
provided evidence that a combined test using both
CRH and desmopressin, which has been shown in 
one study [51] to provide a far better discrimination
than either test alone, is also of limited value since it
failed to completely discriminate patients with CD and
EAS [78].

8.4.4 Bilateral Inferior Petrosal Sinus Sampling

For patients with ACTH-dependent Cushing’s syn-
drome whose clinical, biochemical, or radiological
studies are discordant or equivocal, inferior petrosal
sinus sampling for ACTH should be recommended
[28]. A central (inferior petrosal) to peripheral (C/P)
plasma ACTH gradient is consistent with a pituitary
origin of ACTH secretion (Cushing’s disease) while
lack of such a gradient points to an extrapituitary and
thus ectopic origin of ACTH. There is unequivocal
evidence that, due to the intermittent secretion of
ACTH, basal ACTH IPS/P gradients are not sensitive
enough to demonstrate pituitary origin of ACTH hy-
persecretion [56].Currently CRH stimulation of ACTH
secretion during bilateral inferior petrosal sinus
sampling (BIPSS) is used in most centers. However,
although CRH stimulation grossly improves the sensi-
tivity of the procedure,false-negative results have been
increasingly recorded. Thus, with the exception of the
study of Oldfield et al (1991) [56], in most other series
a false-negative rate of 4–15% has been reported [33].
It has been suggested that apart from incorrect
placement of catheters or the rare occurrence of a
hypoplastic inferior petrosal sinus, insufficient ACTH
stimulation due to CRH unresponsiveness may ex-
plain some of the false-negative cases [21]. As men-
tioned 10–15% of patients with Cushing’s disease 
do not demonstrate positive ACTH and cortisol re-
sponses in peripheral blood samples during routine
CRH testing.While many of these patients still demon-
strate diagnostic ACTH gradients during BIPSS with
CRH stimulation,others may fail to demonstrate diag-
nostic IPS/P ACTH gradients. In an effort to decrease
the false-negative rate due to CRH unresponsiveness
we have recently introduced the use of a combined
stimulus with CRH plus desmopressin during BIPSS
[76].By this method we succeeded in increasing BIPSS
sensitivity in our patients. A crucial issue, however,
is whether such an amplified stimulation may affect
the specificity of the procedure. All our six patients

with EAS undergoing stimulation with CRH plus
desmopressin failed to demonstrate a C/P gradient
(Fig. 2, S. Tsagarakis et al., unpublished observations).
These data indicate that the combined CRH/desmo-
pressin administration may become the preferred
stimulation method during BIPSS.

8.5 Localization

An extensive radiological and hormonal work-up is
necessary to detect an extrapituitary source of ACTH.
Visualizing an ectopic ACTH source can be a chal-
lenge, but in general patients should begin with imag-
ing of the chest and abdomen with CT and/or MRI,
bearing in mind that these are the most likely sites of
EAS secreting tumors (Table 1). Although small cell
lung carcinomas and pancreatic tumors are generally
easily visualized, small bronchial carcinoid tumors
that can be less than 1 cm in diameter often prove more
difficult [24,85].Fine-cut high-resolution CT scanning
with both supine and prone images can help differen-
tiate between tumors and vascular shadows. MRI 
can identify chest lesions that are not evident on CT
scanning, and characteristically show a high signal on
T2-weighted and short-inversion time inversion-re-
covery images [23, 50].
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8.5.1 Somatostatin Receptor Scintigraphy

The majority of EAS tumors are of neuroendocrine
origin and therefore may express somatostatin recep-
tor subtypes [43]. Therefore radiolabeled somato-
statin analog (111In-pentetreotide) scintigraphy may
be useful to show either functionality of identified
tumors, or to localize radiologically unidentified
tumors [58, 75, 87, 94]. The diagnostic utility of SRS,
however, has been questioned by two recent studies
[67, 72]. In these studies the diagnostic yield of SRS
was inferior to conventional imaging and no patient
with an initial negative scan became positive during
follow-up.This latter finding led to the suggestion that
repeated SRS is of no value when the initial scan is
negative. In contrast to the above findings we recently
reported data indicating that SRS is a useful method in
localizing small bronchial carcinoids during the fol-
low-up of these patients since it may become positive
even years after initial presentation despite negative
previous scans [74].

8.6 Therapeutic Approach

Curative resection of the tumor responsible for the
ACTH production is the optimal treatment of ectopic
Cushing’s syndrome, a goal that cannot always be
achieved because of extensive metastatic disease or the
inability to locate the tumor. Patients with small cell
lung cancer and Cushing’s syndrome have a poorer
prognosis and are more resistant to chemotherapy.
Bronchial carcinoids are more indolent and slow grow-
ing and only a small number are associated with
metastases usually in mediastinal lymph nodes, liver,
bone,or skin.Complete resection can cure the patient.
However, approximately one-third of pulmonary car-
cinoids have atypical histologic features and are more
aggressive, with a much higher incidence of metas-
tases and a poorer prognosis (5-year survival rate
40–60%) [41, 91]. Postoperative irradiation of the
mediastinum is mandatory especially in patients with
positive lymph node disease. Islet cell tumors associ-
ated with Cushing’s syndrome are usually large and
malignant and have usually metastasized to the liver
by the time the syndrome is diagnosed [2,22].Hepatic
metastases from carcinoids tend to grow more slowly
and have a better prognosis than other adenocarcino-
mas. Therefore aggressive management is justified.
Resection of solitary metastases or of those confined
to one lobe may improve the survival period or the
quality of life of the patient [86]. Hepatic arterial

embolization is another adjunctive therapeutic option
especially in cases where surgical treatment is not in-
dicated or has already failed [9]. Several combination
chemotherapy schemes have also been used [1, 10, 49]
with moderate results and even immunotherapy with
a-interferon has been proposed [26,54].Thymic carci-
noids have also a poor prognosis and aggressive man-
agement with surgical removal followed by irradiation
and chemotherapy is warranted.

When treatment directed to tumor ablation is not
efficient to control hypercortisolism,additional means
to diminish cortisol excess and its associated morbid-
ity are required. Pharmacological treatment with
inhibitors of adrenal steroid synthesis (ketoconazole,
metyrapone, mitotane) [48], alone or in combination,
provide a reasonable first line option [13, 27]. The
long-acting somatostatin analog octreotide is used in
the therapy of a spectrum of neuroendocrine tumors
to control hypersecretion by its action on somatostatin
receptors. Not surprisingly, many ectopic ACTH pro-
ducing tumors of neuroendocrine origin also express
somatostatin receptors, and octreotide has been
shown to be effective in the hypercortisolism induced
by such tumors [11, 37, 81]. Assessment with pente-
treotide scintigraphy may help predict which tumors
might respond to treatment [58]. Octreotide may also
have a role in combination therapy,as when combined
with ketoconazole it successfully normalized hyper-
cortisolism in three of four patients with Cushing’s
disease or the ectopic ACTH syndrome, whereas
monotherapy with either agent alone had failed [84].
Nevertheless, when with these pharmacological
means, severe side effects and/or failure to completely
control the cortisol excess occur, bilateral adrenalec-
tomy is indicated. The recent introduction of laparo-
scopic adrenalectomy [82] has made this procedure
safe and life saving for such patients.
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9.1 Definition and Etiology

Cushing’s syndrome is a clinical syndrome caused by
chronic glucocorticoid excess [3,30,31,42,44,45].The
latter may be exogenous, as a result of chronic, long-
standing exposure of the organism to the exogenous
administration of glucocorticoids or ACTH [30,31,44,
45], or endogenous, due to the hypersecretion of corti-
sol,ACTH or CRH.The endogenous hypersecretion of
ACTH of pituitary origin is called Cushing’s disease.

The commonest cause of Cushing’s syndrome in
children and adolescents is by far the exogenous ad-
ministration of glucocorticosteroids (iatrogenic Cush-
ing’s syndrome) as treatment of several chronic dis-
eases, such as steroid-responsive, steroid-dependent
nephrotic syndrome, juvenile chronic arthritis or
severe asthma bronchiale [2, 31, 44]. Rarely, chronic

local use of steroids in the form of inhaled steroids,
dermatological creams or ointments, or even eye or
nasal drops, has been reported to induce iatrogenic
Cushing’s syndrome [2, 10, 16, 17, 43].

Endogenous Cushing’s syndrome is the result of ex-
cessive pituitary ACTH (Cushing’s disease) or ectopic
ACTH secretion (extremely rare in pediatric patients)
[30, 31, 42, 44, 45, 48, 49]. These causes constitute
ACTH-dependent Cushing’s syndrome, accounting for
about 75–85% of endogenous Cushing’s syndrome
cases in mostly peripubertal patients [4, 31, 48, 49].
A very small number of ACTH-dependent cases are
due to ectopic CRH-secreting tumors,mainly reported
in older (adult) patients. Furthermore, endogenous
Cushing’s syndrome can be the result of autonomous
cortisol secretion by a cortisol-secreting adrenal tu-
mor, bilateral micronodular or macronodular adrenal
hyperplasia [5, 20, 30, 44, 45, 54] or other autonomous
adrenal processes. These causes constitute ACTH-in-
dependent Cushing’s syndrome. In children younger
than 7 years ACTH-independent Cushing’s syndrome,
mainly due to adrenal carcinomas, is more frequently
seen than ACTH-dependent Cushing’s syndrome [20,
29, 30, 44, 45, 47] and is quite often accompanied by
oversecretion of adrenal androgens.It is estimated that
adrenocortical tumors account for about 70% of endo-
genous Cushing’s syndrome in young children [20, 29,
44,47].Finally,rare cases of ACTH-independent Cush-
ing’s syndrome are due to activating mutations of the
ACTH-receptor coupled Gs alpha subunit leading to
cortisol hypersecretion in the broader spectrum of
McCune-Albright syndrome [12, 23].

9.2 Incidence

Endogenous Cushing’s syndrome is rare in childhood
and adolescence. The incidence of endogenous Cush-
ing’s syndrome, in general, is two to five new cases 
per million of general population per year, with a 9:1
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female to male ratio [30,31,42,44].About 10% of these
new cases occur in childhood or adolescence. How-
ever,this female to male (F/M) preponderance observ-
ed in adulthood is not seen in pediatric patients [6, 31,
49]. In the long series of the National Institutes of
Health (NIH) experience we found that in prepubertal
children the F/M ratio was 1/5 whereas for adolescents
this ratio was 3/1, indicating that there was a shift
towards female preponderance after the onset of
puberty and, therefore, the sexual dimorphism of the
incidence of Cushing’s syndrome in adulthood is
clearly associated with puberty. Due to the rarity of
endogenous Cushing’s syndrome such young patients
should optimally be managed by a multidisciplinary
team consisting of a pediatric endocrinologist, an
adult endocrinologist, a neuroradiologist, a neuro-
surgeon with special experience in transphenoidal
surgery in young age as well as a specialized surgeon
on adrenals and a radiotherapist [6, 26, 31, 48, 49].

9.3 Clinical Presentation

The main clinical features of pediatric patients with
Cushing’s syndrome differ somewhat from those ob-
served in adult Cushing’s patients (Fig.1).The predom-
inant features according to different series are reported
in Table 1. They comprise weight gain usually with
round moon facies,growth failure,fatigue,pubertal de-
lay or arrest,hypertension,hirsutism,acne and striae [6,
26,31,34,49,50,55].It is noteworthy that striae are more
frequent among older patients than among younger
ones [55]. Further presenting symptoms are headache,
emotional lability and features of pseudoprecocious
puberty in young patients due to the adrenal androgen
excess. Mental or behavioral problems are only rarely
reported in children and adolescents with Cushing’s
disease,in contrast to the most frequent mental changes

or job performance deterioration observed in adult
patients with Cushing’s disease [30, 31, 44, 49]. How-
ever, Devoe et al. reported as many as 44% of children
and adolescents with Cushing’s disease presenting with
compulsive behavior and overachievement at school
[6]. In cases of adrenocortical carcinoma various de-
grees of virilization due to the adrenal androgen excess
may be the prevailing clinical finding [29, 31, 44, 47].

Bone Age � Bone age of Cushing’s patients may be
retarded due to the long-standing hypercortisolism
[31, 43, 48, 49]. However, if adrenal androgen excess is
present, bone age may be even advanced [31, 44, 49].
Delayed bone age was found in 13% of the patients
studied by Devoe et al. [6]. In the NIH series compris-
ing predominantly adolescents, bone age was not
found to be delayed [31] (Fig. 2). The combination of
the retarding effect of hypercortisolism and the accel-
erating effect of androgens may in some cases lead to
a bone age appropriate for the chronological age of the
patient [31, 44, 49].

Bone Mineral Density � The long-standing hyper-
cortisolism may also have a negative effect on the bone
mineral density of these patients, who may present
with osteopenia or even osteoporosis [1, 6, 27].

9.4 Diagnostic Assessment:
Laboratory Investigation

9.4.1 Positive Diagnosis 
of Endogenous Hypercortisolism

The first step in the diagnosis of endogenous Cushing’s
syndrome is the biochemical confirmation of hyper-
cortisolism.The most frequently used biochemical in-
vestigations are listed below.
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Table 1. Clinical features at presentation

Clinical manifestations Savage et al. [49] Devoe et al. [6] Magiakou et al. [31] Total

Weight gain 100% 92% 90% 90–100%
Growth failure 71% 84% 83% 71–84%
Hypertension 75% 63% 47% 47–75%
Pubertal delay/arrest 60% 78% 60–78%
Hirsutism 53% 46% 78% 46–78%
Striae 53% 36% 36–53%
Acne 46% 47% 46–47%
Emotional lability 44% 44%
Fatigue 67% 44% 44–67%
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Fig.1a–c. Chronological evolution of the clinical presentation
of endogenous Cushing’s syndrome in a young girl as com-
pared to her healthy twin sister. (Courtesy of G.P. Chrousos)



9.4.1.1 Baseline Biochemical Investigations

The 24-h mean urinary free cortisol (UFC) excretion
(corrected for body surface area) is an important first-
line test. Values consistently in excess of 300 µg/day 
are virtually diagnostic for Cushing’s syndrome [30].
Urinary free cortisol remains constant throughout life,
when adjusted for square meter of body surface area,
thus obviating establishing age-specific normal values
in children or obese individuals. Normal values lie
<70 µg/m2/day [30] or <80 µg/m2/day [6] according to
different authors.

The 24-h Mean Urinary Excretion of 17-OH-CS (17-OH-
Corticosteroids) � High urinary 17-OH-CS excretion,
i.e. more than 5 mg/m2/day, also suggests Cushing’s
disease. In the series of Devoe et al. [6], the 24-h mean
urinary 17-OH-CS excretion was a more sensitive
marker than UFC,since 100% of Cushing’s disease pa-
tients had high urinary 17-OH-CS excretion as com-
pared to only 86% of patients demonstrating high UFC
excretion (i.e. UFC>80 µg/m2/day) [6].

Serum Cortisol and ACTH Circadian Rhythm � In most
cases of Cushing’s disease the normal circadian
rhythm of ACTH and cortisol secretion is abolished.
It is therefore suggested that five consecutive morning
and five consecutive evening plasma samples should
be drawn for determination of diurnal variation of
cortisol and ACTH secretion [30, 46, 49].

Salivary cortisol concentrations nowadays consti-
tute an alternative to the multiple venepunctures
needed for the determination of plasma cortisol
variation. In a recent publication [13], measurement 
of salivary free cortisol by radioimmunoassay at
7.30 A.M., bedtime and midnight discriminated accu-
rately children with Cushing’s disease from healthy
obese or non-obese children. Concretely, salivary cor-
tisol was undetectable in 66% of healthy children at
bedtime and in 90% of them at midnight. It has there-
fore been shown that, with cut-off points that exclud-
ed healthy children, a midnight salivary cortisol value
of 0.27 µg/dl (7.5 nmol/l) identified 92.8% of Cushing’s
syndrome children, whereas a bedtime value of
>1 µg/dl (≥27.6 nmol/l) detected 83.3% of Cushing’s
syndrome children,with the same diagnostic accuracy
as the UFC per square meter body surface area [13].
Furthermore, in another study, it has been demon-
strated that the combination of salivary cortisol deter-
mination at 2300 hours as well as after the dexam-
ethasone suppression test is an easily performed and
non-invasive method with high specificity and sensi-
tivity for diagnosing Cushing’s syndrome in children
[35].

9.4.1.2 Dynamic Tests

Low-dose Dexamethasone Suppression Test � In
children 15 µg/kg body weight (maximal dose 1 mg)
dexamethasone is given at midnight and blood 
for cortisol determination is withdrawn the next
morning (8.00 A.M.). A morning plasma cortisol level
of >5 mg/dl after midnight dexamethasone adminis-
tration suggests hypercortisolism.

Diagnostic Value � This is a screening test that is of
use only when positive. The expected fall in cortisol
levels may fail to occur in normal subjects because of
stress, intercurrent psychiatric or other chronic or
acute illnesses, states referred to as pseudocushing
states [11, 30].
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Fig. 2. Growth rate, weight, height, body mass index (BMI),
and bone age of the NIH series as compared with expected
values for age and sex [31]. The horizontal lines and the
shaded bars indicate the means ± SD



9.4.2 Positive Diagnosis 
of Endogenous Cushing’s Syndrome;
Diagnosis of Cushing’s Disease

9.4.2.1 Dynamic Tests

Standard Low- and High-dose Dexamethasone Sup-
pression Tests � Samples of 24-h urine to determine
concentrations of 17-OH-CS, free cortisol and creati-
nine are collected for at least 2 days before and during
the entire period of dexamethasone administration,
beginning at 8.00 A.M. Venous blood samples are also
obtained daily at 8.00 A.M. to determine levels of corti-
sol. Dexamethasone is administered successively in a
low dosage of 10 µg/kg body weight up to a maximum
of 0.5 mg every 6 h on days 3 and 4 (standard low-dose
dexamethasone suppression test),and a high dosage of
50 µg/kg body weight up to a maximum of 2 mg every
6 h on days 5 and 6 (high-dose dexamethasone sup-
pression test).A weight-adjusted dosage of 20 µg dex-
amethasone/kg body weight has been recommended
in pediatric patients for the standard low-dose test.
Some protocols propose 3 days on low dosage and
3 days on high dosage [11, 34].

Evaluation � The response to the standard low-dose
dexamethasone suppression test is considered normal
when serum cortisol concentrations on day 4 fall 
to <5 µg/dl (138 nmol/l) or to 50% of baseline levels,
urinary 17-OH-CS levels decrease to <3 mg/24 h
(8.3 µmol/day) or to values approaching zero and UFC
levels fall to less than 50% of basal levels.

The normal response to the high-dose dexametha-
sone suppression test is observed when serum cortisol
concentration falls to less than 1 µg/dl (27 nmol/l) and
when levels of urinary 17-OH-CS or free cortisol
decline to less than 90% of baseline concentration at
the end of the test.

Diagnostic Value � The standard low-dose test distin-
guishes normal subjects from patients with Cushing’s
syndrome in whom suppression is incomplete or never
occurs. The high-dose test distinguishes patients with
Cushing’s disease (about 90% of these patients demon-
strate suppression) from those with an adrenal adeno-
ma, carcinoma or ectopic ACTH producing-tumors
(who do not demonstrate any suppression) [11]. Sup-
pression is incomplete in patients with adrenal inci-
dentalomas [60].

CRH Stimulation Test � During this test 1 µg CRH/kg
body weight is injected i.v. Blood is withdrawn for de-

termination of ACTH and cortisol 15 min before and
0, 15, 30, 60, 90, and 120 min after treatment [38, 40].
When baseline urinary steroid excretion is elevated, a
CRH response is considered to be indicative of Cush-
ing’s disease if the plasma ACTH or cortisol values
increase above the mean baseline value by at least 34%
or 20% respectively [38, 40].

9.4.2.2 Imaging Studies

Magnetic Resonance Imaging � Magnetic resonance
imaging (MRI) scanning with gadolinium is the method
of choice to visualize pituitary adenoma with a higher
sensitivity than a computed tomography (CT) scan.
However, since the majority of corticotroph micro-
adenomas have a diameter of less than 5 mm, many are
not visible even in the most advanced MRI scan [49].

CT Scan � As already mentioned, CT scanning is not a
method of choice to visualize pituitary microadenomas.
In the case of ACTH-independent Cushing’s syndrome,
MRI or CT of the adrenals is performed to visualize the
androgen secreting space-occupying lesion [29, 47].

9.4.2.3 Invasive Diagnostic Methods

Bilateral Inferior Petrosal Sinus Sampling Before and
After the Administration of CRH � The most direct way
to demonstrate pituitary hypersecretion of ACTH is to
document a central to peripheral vein ACTH gradient
in blood draining the tumor [30, 41, 42, 49].

Method � After a catheter is positioned in each infe-
rior petrosal sinus, blood samples are withdrawn
simultaneously from each sinus and from a peripheral
vein: twice immediately before the peripheral venous
injection of 1 µg of ovine CRH per kilogram of body
weight and twice more, 2–3 min and 5–6 min after the
injection [41]. If the sinus to peripheral vein plasma
ACTH ratio for either sinus is ≥2.0 in either of the two
basal sets of samples or ≥3.0 in either of the two sets of
samples obtained after CRH injection, the diagnostic
accuracy, sensitivity and specificity of the procedure
are all 100%.The test is less reliable when the maximal
ACTH concentration in the inferior petrosal sinus is
less than 20 pg/ml (<4.4 pmol/l).

Diagnostic Value � Central to peripheral ACTH ratios
>2 indicate central ACTH secretion. The interpetrosal
sinus ACTH gradient is able to indicate lateralization of
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ACTH secretion that in most cases is confirmed at sur-
gery [41,49].The inferior petrosal sinus sampling gives
an 82% prediction of correct tumor lateralization.

9.4.2.4 Diagnostic Criteria

The diagnosis of Cushing’s disease is based on several
of the above-mentioned parameters.A suggested algo-

rithm of diagnostic assessment is presented in Fig. 3.
Absent diurnal cortisol rhythm was found in 100% of
Cushing’s patients in several studies [6, 49]. As previ-
ously mentioned, according to Devoe et al., high 24-h
urinary 17-OH-CS excretion (i.e. levels>5 mg/m2/day)
was found in 100% of their Cushing’s patients, while
high urinary free cortisol excretion (i.e. levels
>80 µg/m2/day) was found in 86% of their Cushing’s
patients [6]. Failure to suppress urinary UFC under
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25 µg/m2/day or urinary 17-OH-CS under 1.5 mg/m2/
day after the standard low-dose dexamethasone sup-
pression test was seen in 86% of their patients, while
failure of suppression of UFC excretion or 17-OH-CS
excretion by 50% or more was observed in 92% of their
Cushing’s patients [6].

Also in the study of Savage et al. [49] after the stan-
dard low-dose dexamethasone suppression test corti-
sol failed to suppress <50 nmol/l after 48 h in Cushing’s
patients. During the high-dose dexamethasone sup-
pression test all patients with Cushing’s disease
showed suppression of cortisol to less than 50% of the
basal pre-dexamethasone level, while no suppression
was seen in one patient with an adrenal adenoma and
in another with primary pigmented nodular adrenal
hyperplasia (both cases of ACTH-independent Cush-
ing’s syndrome). The CRH test showed an increase of
cortisol production in Cushing’s disease patients,
while patients with adrenal adenoma, primary pig-
mented nodular adrenal hyperplasia or ectopic ACTH
production did not show a cortisol response to 
CRH [49].

9.5 Diagnosis

The diagnosis of endogenous Cushing’s syndrome in
children and adolescents is usually retarded. It is esti-
mated that the elapse time between the onset of the
clinical syndrome and the diagnosis is equal to or
greater than 2 years [6, 26, 49], ranging from 0.5 to
10 years. A major effort must be therefore made to
sensitize health care providers and specifically pedia-
tricians to recognize Cushing’s syndrome as early as
possible. Thus, the deleterious and often non-re-
versible effects of hypercortisolism on growth and
bone mineral density can be minimized, since the age
of onset and duration of hypercortisolism before cure
are features that contribute to the severity of growth
failure and irreversible bone loss.

9.6 Treatment of Cushing’s Syndrome

9.6.1 Cushing’s Disease

9.6.1.1 Transphenoidal Surgery

Transphenoidal surgery with selective microadenom-
ectomy is the worldwide accepted first-line treatment
for Cushing’s disease in both adults and children [6, 8,
9, 26, 31, 36, 41, 42, 49, 52]. In many centers transphe-

noidal surgery is accompanied by hemihypophysec-
tomy [26, 31].

Preoperative Treatment � In some centers [49] chil-
dren and adolescents with Cushing’s disease were
preoperatively treated with either metyrapone or
ketoconazole or a combination of both for a period of
4–8 weeks preoperatively, in order to normalize circu-
lating cortisol levels. The dose of each drug was
0.75–2.25 g/day and 0.3–0.6 g/day for metyrapone and
ketoconazole, respectively.

Complications of Transphenoidal Surgery � In expe-
rienced hands, transphenoidal surgery seems to be a
safe procedure with only minimal complications.
About 10% of patients have postoperative complica-
tions,including cerebrospinal fluid rhinorrhea,usually
transient diabetes insipidus or visual disturbances [41,
61]. In the NIH series panhypopituitarism has been
reported in 19% of patients operated on [31]. Eight 
out of 42 operated patients (19%) presented transient
diabetes insipidus that did not require medication 
at discharge in the series published by Devoe et al. [6],
while in the series of Savage et al. [49] 1 patient out 
of 17 (5.9%) developed panhypopituitarism and two
diabetes insipidus (11.8%). In the Mayo Clinic series,
up to 6% of patients ended up with endocrine dys-
function, while 9/22 (40.9%) of patients presented
transient diabetes insipidus [26].

Definition of Cure After Transphenoidal Surgery �
Postoperatively hydrocortisone is given for a mini-
mum of 24 h.After transphenoidal surgery,serum cor-
tisol levels are measured daily at 09.00 hours, at least
12 h after the last dose of hydrocortisone.Undetectable
postoperative serum cortisol levels <50 nM define
postoperative cure [49,59].However,residual pituitary
function is among the criteria by which the surgical
outcome is judged.

Cure and Recurrence Rates � Rates of cure are re-
ported to range from 70–95% in adult patients with
Cushing’s disease. In childhood cure rates are report-
ed to reach 50–73% according to the experience of
several centers [6, 8, 26, 36, 49]. It seems therefore that
cure rates are much higher in adult patients when
compared to childhood or adolescence Cushing’s dis-
ease. This may be indicative of a more aggressive be-
havior of Cushing’s disease at young ages or of a more
conservative operative treatment at young ages [26].
However,since transphenoidal surgery,particularly in
children, is a highly skilled procedure, the cure rates
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may also be determined by the experience and skill-
fulness of the neurosurgeon [31, 41, 49]. For example,
in the NIH experience cure rate after transphenoidal
surgery for Cushing’s disease in childhood is as high as
90% [31]. In this series 30% of the operated patients
have been treated by hemihypophysectomy [26,31].In
that cohort endocrine deficiency postoperatively was
found in 19% of cases [31]. On the other hand, in the
Mayo Clinic experience [26], cure rate after first
transphenoidal surgery was lower, but also the per-
centage of endocrine deficiency was lower, namely
only 6%. Thus, more aggressive surgery improves the
efficacy of treatment but increases the incidence of
postoperative hypopituitarism [26, 31, 33]. Further-
more, a significant number of the NIH patients have
already been operated on in another center before
being admitted to NIH. However, it should be empha-
sized that the duration of the long-term follow-up in
the reported series can significantly influence the re-
currence rates [6, 26, 31, 49] since many recurrences
occur only about 4 years postoperatively [26]. Follow-
up of patients in the NIH series extended up to 5 years
with a mean of 22 months. Thus, the low recurrence
rate in that cohort may be explained by the short
follow-up period in that series [31].In accordance with
that, in the Mayo Clinic series, cure rate after long-
term follow-up was only 50%, since after 5 years of
follow-up 21% of patients presented with recurrence,
and when follow-up was extended to 10 years, recur-
rence rate increased to 42.2% [26]. In the series of
the University of San Francisco,follow-up was extend-
ed up to 13 years [6] and the overall remission rate
after transphenoidal surgery was 73%, while the 
mean time to recurrence was 4.2 years (ranging from
0.75–6.2 years) [6]. Finally, in the London experience
the median period of follow-up was 8 years (ranging
from 0.5–24 years) and cure rate after transphenoidal
surgery alone was 56%.Patients with persisting hyper-
cortisolemia underwent pituitary irradiation. When
both therapeutic strategies were considered together
(transphenoidal surgery alone or surgery followed by
pituitary irradiation) the overall cure rate for the
median of 8 years of follow-up was 82% [49].

9.6.1.2 Second-Line Treatment

There is no clear agreement on the optimal therapy
after unsuccessful transphenoidal surgery. The
options are: repeat transphenoidal surgery, pituitary
radiotherapy, adrenalectomy or drug therapy such as
ketoconazole [42, 49, 52, 61]. The decision is primarily

taken after consideration of the experience of the neu-
rosurgeon,the general surgeon,the radiotherapist and
of course in consideration of possible side-effects and
residual sequelae of each therapeutic modality.

Pituitary Radiotherapy � Pituitary radiotherapy is
used in specialized centers with good experience of
the treatment of pediatric Cushing’s disease. There is
evidence that Cushing’s disease in children responds
to pituitary radiation treatment more readily than
does Cushing’s disease in adults [9, 14, 26, 49, 51].
In cases where transphenoidal surgery fails to cure 
the patient, pituitary irradiation may lead to complete
cure.The addition of pituitary radiotherapy as second-
line treatment has brought the cure rate to over 
80% in centers where transphenoidal surgery resulted
in 50% cure rate [49, 52]. The dose currently used 
is 4,500–5,000 cGy [26, 49, 52] in 25 fractions over
35 days using a 6 MV linear accelerator. Until radio-
therapy becomes effective, hypercortisolemia is con-
trolled with ketoconazole at a dose of 200–600 mg/day
and metyrapone at a dose of 750 mg–3 g/day with 
or without aminoglutethimide (1 g/day) or o’p’DDD
(3 mg/day) [49].

Definition of Cure After Pituitary Radiotherapy � Cure
of Cushing’s disease after radiotherapy [52] is defined
as mean serum cortisol on a 5-point day curve of
less than 150 nM (5.4 µg/dl) after discontinuation of
medical treatment in addition to midnight serum
cortisol of less than 50 nM (1.8 µg/dl) and suppression
of serum cortisol to less than 50 nM on the standard
low-dose dexamethasone suppression test [52]. Ac-
cording to the London experience, based on young
patients who underwent radiotherapy shortly after
transphenoidal surgery because of persisting postop-
erative hypercortisolemia, indicating lack of cure, the
mean interval from radiotherapy to cure (defined as
mean serum cortisol on a 5-point day curve <150 nM)
was 0.94 years, ranging from 0.25–2.86 years, while
recovery of pituitary-adrenal function (defined as
mean cortisol 150–300 nM) occurred at 1.16 years,
ranging from 0.4–2.86 years postradiotherapy.Patients
were followed up for a mean of 6.9 years (ranging from
1.4–12 years) [49, 52].

Side Effects of Radiotherapy � After pituitary radio-
therapy, GH deficiency occurred in 86% of patients.
However, long-term follow-up to 9.5 years postradio-
therapy indicated some recovery of GH secretion and
preservation of other anterior pituitary function [49,
52]. The risk of precocious puberty after cranial irra-
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diation is a well-known phenomenon and should also
be taken into consideration in the decision of radio-
therapeutic intervention,since the combination of GH
deficiency with precocious puberty can significantly
compromise final height [25, 39, 49, 52].

9.6.1.3 Third-Line Treatment

Bilateral Adrenalectomy � This option has been most
usually considered in older studies [18, 22, 37, 58].
However, the higher incidence of Nelson’s syndrome
after adrenalectomy in childhood renders this treat-
ment modality not a preferred one [18, 26, 37, 58].

9.6.1.4 Fourth-Line Treatment

Drug Therapy: Metyrapone or o,p DDD � These treat-
ment modalities are rarely considered for Cushing’s
disease but may be helpful in cases of adrenocortical
carcinoma [47].

9.6.2 Adrenocortical Adenoma or Carcinoma

The treatment of choice for an adrenocortical
adenoma or carcinoma is the surgical resection of the
adrenals by an experienced surgeon [29, 47]. In cases
of adrenocortical carcinoma, surgical resection may
be followed by chemotherapy such as mitotane treat-
ment. Rarely, adrenocortical carcinoma may rupture
and constitute a cause of pediatric acute abdomen
[28].The long-term prognosis of adrenocortical carci-
noma is poor, when metastases are already present at
diagnosis and when complete resection of the tumor
is impossible. On the other hand, patients with com-
pletely resected tumor of small size or adrenocortical
adenoma histology have a very good prognosis. In 
any case, however, precise and careful preoperative
planning with special attention to electrolyte balance,
hypertension and steroid replacement therapy be-
cause of suppression of the contralateral adrenal are
required [29, 47].

9.7 Long-Term Consequences

9.7.1 Long-Term Consequences on Growth

9.7.1.1 Growth During Cushing’s Syndrome

Growth retardation to complete growth arrest is one 
of the main clinical characteristics of children and
adolescents with Cushing’s syndrome [50] (Figs. 1, 2).
Glucocorticoid excess is well known to induce growth
impairment, exerting various effects at various levels
of the GH-IGF-1-target organ axis [15]. First of all,
at the level of arcuate nucleus glucocorticoid excess
downregulates the Ghrelin receptors, while, at the
hypothalamic level, it enhances somatostatin release.
Patients with Cushing’s disease have been shown to
have both decreased spontaneous mean plasma 24-h
GH concentration and subnormal GH levels after
various provocative tests [15, 32]. Another possible
mechanism of growth arrest in cases of glucocorticoid
excess has been suggested to be mediated by a gluco-
corticoid-induced target tissue resistance to IGF-1 
and other growth factors [15]. Finally, there is a lot 
of evidence that glucocorticoid excess has a direct
deleterious effect on the growth plate cartilage and
bone by downregulating GH receptor expression, by
suppressing local IGF-1 generation, by accelerating
hypertrophic cell apoptosis and inhibiting vascular
invasion [15].

9.7.1.2 Growth After Cure of Cushing’s Disease

Earlier studies on the natural course of the final height
of such patients have reported a compromised final
height of successfully treated young patients com-
pared to their midparental or target height [33].
Growth velocity after cure of Cushing’s disease has
been reported to be abnormally low or to range from
1.8–7.6 cm/year [25, 32, 33, 49]. The abnormally low
post-cure growth velocity with lack of catch-up
growth has been considered to be responsible for the
compromised final height. It has been shown that
spontaneous as well as l-arginine or l-dopa stimulat-
ed growth hormone secretion is suppressed in Cush-
ing’s disease patients until 12 months after surgical
treatment even in cases where a better post-cure
growth rate has been documented and despite a nor-
malization of body mass index after their surgical
treatment [32]. It has specifically been suggested that
early onset of Cushing’s syndrome might be more
critical for growth and that deficits occurring at that
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critical time might not be self-corrected by an ade-
quate post-cure catch-up growth [33].However,earlier
studies on stimulation of GH secretion by insulin-
induced hypoglycemia 3–6 and 6–12 months after
transphenoidal surgery in Cushing’s patients have
demonstrated normalization of GH secretory capacity
[24,56].Of course, insulin-induced hyperglycemia is a
stronger stimulus for GH secretion than l-arginine or
l-dopa. Whether this fact could explain the different
results in those studies remains just a plausible expla-
nation. Moreover, recent studies from the London
group have demonstrated that GH secretion after cure
of Cushing’s disease may be either deficient, or sub-
normal or even normal in several cases [25, 49].As far
as bone age is concerned, it is noteworthy that many
children and adolescents with Cushing’s disease have
no bone age retardation as should have been expected
from the glucocorticoid excess, but bone age appro-
priate for chronological age or even advanced, mainly
due to the concurrent adrenal androgen excess. The
lack of retarded bone age in such patients constitutes
a further negative prognostic factor for their final
height [33, 49]. A recent analysis of the GH status
following treatment of Cushing’s disease either by
transphenoidal surgery alone or in combination with
pituitary radiotherapy [19, 51], demonstrated that as
many as 59% of surgically treated patients assessed
within 2 years following remission had severe GH de-
ficiency while this percentage dropped to 22% when
assessed beyond 2 years following remission, suggest-
ing that some patients demonstrated recovery of GH
secretory status. Among the radiotherapy-treated pa-
tients 36% showed severe GH deficiency at a mean time
of 99 months following remission. In conclusion, some
surgically treated patients with Cushing’s disease may
have a recovery of their GH secretory capacity at a
mean time of 19 months postoperatively and they may
therefore be reassessed 2 years after surgery, while, on
the contrary, radiotherapy treated patients may not
demonstrate severe GH deficiency until many years (up
to 8 years after radiotherapy) and should therefore be
closely monitored for a long period of time [9, 19, 25].

9.7.1.3 GH Treatment in Cushing’s Disease

Recent data on young patients with Cushing’s syn-
drome, who have been successfully treated for their
main disease and have been subsequently substituted
with recombinant GH, with or without GnRH ana-
logue to delay puberty, reported normal adult height
of these patients, providing reassuring results [25, 49].

9.7.2 Impact on Other Hormonal Axes

9.7.2.1 Thyroid Function

It has been shown that endogenous or exogenous
hypercortisolism can affect the hypothalamic-pitu-
itary-thyroid axis at various levels [53]. Notably, TSH
pulsatility and the nocturnal TSH surge are sup-
pressed during Cushing’s disease or after exogenous
dexamethasone administration. Furthermore, gluco-
corticoids inhibit thyroid hormone 5¢-deiodinase, re-
sulting in decreased serum triiodothyronine (T3) and
increased serum reverse T3. Furthermore, transphe-
noidal surgery can per se lead to disruption of the
hypothalamic-pituitary function and can lead to tran-
sient or permanent complete or partial hypopitu-
itarism.TSH deficiency after transphenoidal surgery is
reported to range between 16% and 40% of cases [53].
Furthermore, resolution of hypercortisolism after
treatment for adrenocortical adenoma has been re-
ported to induce an exacerbation of autoimmune thy-
roid disease [57].

9.7.2.2 Puberty

Puberty is usually retarded or arrested during Cush-
ing’s syndrome and progresses normally after treat-
ment of the underlying disease [27]. On the other
hand, puberty may even be precocious after pituitary
irradiation for Cushing’s disease [9, 39, 49, 52].

9.7.2.3 Diabetes Insipidus

Diabetes insipidus is a possible,most usually transient,
postoperative complication of transphenoidal surgery
for Cushing’s disease [6, 26, 49, 61].

9.7.3 Bone Mineral Density:
Effect of Glucocorticoids on Bone

It is known that excess hypercortisolism negatively
affects bone density, leading to osteopenia or even
osteoporosis, depending on the duration of hyper-
cortisolism until final cure.In the series of Devoe et al.,
there was a dramatic improvement in bone mineral
density in the years following cure of hypercortisolism
[6], while reports from the NIH experience pointed to
a long-lasting deficit of bone mineral density despite
cure of Cushing’s disease [1, 27]. The underlying

George Mastorakos, Christina Kanaka-Gantenbein96



mechanisms leading to bone loss are complex: Gluco-
corticoid excess hinders osteoblast function, decreas-
ing bone formation, while the number of osteoclasts
increases. It seems that the loss of bone mineral densi-
ty is primarily the result of glucocorticoid suppression
of osteoblast function [27]. Glucocorticoid excess fur-
ther diminishes matrix collagen mineralization.
Therefore, glucocorticoid excess leads to a relatively
smaller trabecular bone volume and to a smaller bone
mineral content. At the level of calcium metabolism,
glucocorticoids diminish intestinal calcium absorp-
tion and reduced renal calcium reabsorption, leading
to secondary hyperparathyroidism. Supplementation
of vitamin D improves the intestinal calcium absorp-
tion [7, 15]. It is noteworthy that even after successful
treatment of Cushing’s disease patients may never re-
cover normal bone density, since glucocorticoid ex-
cess during adolescence may induce a long-standing
persistent deficit in bone mass [1, 7].

9.8 Conclusions

In conclusion, childhood obesity of recent origin 
or change in facial characteristics in comparison to
older photos,especially when accompanied by growth
deceleration, warrant special attention because of
the possibility of Cushing’s syndrome. When such a
possibility is evoked it should be always ruled out.
Screening tests should be initially performed, and,
when suspicion becomes a real possibility, more labo-
rious investigations should be promptly undertaken 
in order to make the diagnosis early enough to prevent
the long-lasting deleterious effects of hypercorti-
solemia.

The overall diagnostic and therapeutic modalities,
as well as the long-term follow-up of such patients,
should be guided by a multidisciplinary experienced
team in order to provide the best possible outcome de-
void of further morbidity.
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10.1 Introduction

Congenital adrenal hyperplasia (CAH) is a group of
autosomal recessive disorders resulting from deficien-
cy of one of the five enzymes required for synthesis of
cortisol in the adrenal cortex. The most frequent form
of the disease is steroid 21-hydroxylase deficiency,
which accounts for 90–95% of all cases of CAH [1–4].
Deletions or mutations of the cytochrome P450 21-hy-
droxylase gene result in decreased synthesis of gluco-
corticoids and often mineralocorticoids. This leads 
to increased secretion of corticotropin releasing
hormone (CRH) and adrenocorticotropin hormone
(ACTH) from the hypothalamus and anterior pitu-

itary, respectively, adrenal hyperplasia, and excessive
production of adrenal androgens and steroid precur-
sors prior to the enzymatic defect [1–5] (Fig. 1). The
present review will focus on the most common form of
CAH, 21-hydroxylase deficiency.

10.2 Clinical Manifestations

The clinical spectrum of 21-hydroxylase deficiency is
quite broad, ranging from most severe to mild forms,
depending on the degree of 21-hydroxylase activity.
Accordingly,three main clinical phenotypes have been
described: (1) classic salt-wasting, which accounts for
75% of all cases of classic CAH and represents the most
severe form characterized by both cortisol and aldo-
sterone deficiency, excess adrenal androgen produc-
tion early in fetal life, and virilization of the external
genitalia in affected females.The aldosterone deficien-
cy results in renal salt-wasting, hyponatremia, hyper-
kalemia, high plasma renin activity and intravascular
volume depletion, a constellation that may result in
life-threatening hypovolemic shock. (2) Classic simple
virilizing, which is characterized by progressive viril-
ization, accelerated growth velocity and advanced
bone age but no or mild evidence of mineralocorticoid
deficiency; and (3) nonclassic, a mild form that may 
be asymptomatic or associated with signs of postnatal
androgen excess only [1, 3–5]. The prevalence of
classic 21-hydroxylase deficiency is approximately 1
in 16,000 births in most populations [6], while that of
nonclassic is 0.2% in the general white population but
higher (1–2%) in certain populations,such as Ashkenazi
Jews [7].
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10.3 Clinical Manifestations of Classic CAH

10.3.1 Prenatal Virilization

Patients with classic 21-hydroxylase deficiency are
exposed to elevated serum androgen concentrations
from the first trimester of pregnancy. As a result,
affected females present at birth with ambiguous gen-
italia, including enlarged clitoris, rugated and partial-
ly fused labia majora, and a common urogenital sinus,
while the most severely affected patients may present
with male-appearing external genitalia with perineal
hypospadias, chordee and undescended testes, and

may rarely be erroneously assigned a male gender.The
severity of virilization is often quantitated using a 
five-point scale developed by Prader [8]. The uterus,
fallopian tubes,and ovaries develop normally.Affected
males are normal appearing at birth, but may have
variable degrees of hyperpigmentation and penile
enlargement.

10.3.2 Salt-Wasting

Patients with salt-wasting CAH have severe 21-hy-
droxylase deficiency leading to decreased synthesis 
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Fig. 1. Schematic representation of adrenal steroidogenesis (solid line, major pathway; dotted line, major pathway in ovaries
and minor in adrenals; * deficient enzymatic activity results in CAH; A, androstenedione; DHEA, dehydroepiandrosterone;
3b-HSD,3b-hydroxysteroid dehydrogenase; 17b-HSD,17b-hydroxysteroid dehydrogenase; SCC,cholesterol side-chain cleavage
enzyme; StAR, steroidogenic regulatory protein)



of aldosterone, while the elevated concentrations of
progesterone and 17-hydroxyprogesterone (17-OHP)
may antagonize the mineralocorticoid receptor di-
rectly, further exacerbating mineralocorticoid defi-
ciency [9]. The combined glucocorticoid and miner-
alocorticoid deficiency in untreated or inadequately
treated patients may cause hyponatremic dehydration
and shock. The latter may be further exacerbated by
the concurrent catecholamine deficiency [10].

Salt-wasting may manifest with non-specific symp-
toms, such as poor appetite, vomiting, lethargy and
failure to thrive. Severely affected individuals usually
present during the first 2–3 weeks of life with adrenal
crises (hyponatremia,hyperkalemia,metabolic acido-
sis, hyperreninemia, hypovolemic shock) that are po-
tentially fatal. This problem is particularly critical 
in male infants who have no genital ambiguity to alert
physicians to the possibility of CAH.

Patients with simple virilizing 21-hydroxylase defi-
ciency usually preserve adequate mineralocorticoid
secretion. Although affected females are often diag-
nosed shortly after birth due to genital ambiguity,
affected males may go undetected for several years,
until symptoms and signs of androgen excess develop.
Delayed diagnosis is associated with greater difficulty
in achieving hormonal control and a more compro-
mised adult height compared to that attained in pa-
tients with the salt-wasting form of the disease.

10.3.3 Postnatal Signs of Androgen Excess

Symptoms and signs of postnatal virilization may vary
considerably depending on the degree of enzymatic de-
ficiency, compliance with medical therapy, and inter-
patient variation in the conversion of steroid precur-
sors to more potent androgens or in androgen receptor
expression. Ongoing increased adrenal androgen se-
cretion results in accelerated linear growth, advanced
skeletal maturation, premature fusion of the epiphyses
and compromised final height compared to the target
height [11,12].Even with close therapeutic monitoring,
the adult height of patients with classic CAH lies appro-
ximately 1.4 SD (10 cm) below the population mean
[13]. Undertreatment and overtreatment further in-
crease the risk for compromised final height,because of
premature epiphyseal closure and glucocorticoid-in-
duced inhibition of growth, respectively [11, 14].

Other signs of increased adrenal androgen produc-
tion include premature pubic and axillary hair, in-
creased penile size without testicular enlargement in
males,and progressive clitoral enlargement in females.

Inadequately controlled adolescent females may pre-
sent with acne,hirsutism,menstrual irregularities and
ovarian dysfunction. Long-term exposure to elevated
androgen concentrations may activate the hypothala-
mic-pituitary-gonadal axis and lead to central preco-
cious puberty in both sexes [1, 4].

10.3.4 Reproductive Function

In females with classic CAH, reproductive problems
usually develop in adolescence and include oligo-
amenorrhea, oligoanovulation, menstrual irregulari-
ties and polycystic appearance of the ovaries on ultra-
sound scanning [15]. In inadequately treated females,
menarche occurs later than in their healthy counter-
parts [16, 17]. Fertility rates are also lower in females
with CAH compared to the general population owing
to oligoamenorrhea/oligoanovulation and hetero-
sexual inactivity. The latter is due to an inadequate
introitus [18] and the psychosexual effects of prenatal
and postnatal virilization,which may prevent patients
from establishing heterosexual relationships [19, 20].
Recent advances in surgical, medical, and psychologi-
cal management have enabled more women with 
21-hydroxylase deficiency to complete pregnancies
successfully and give birth, typically by cesarean sec-
tion. Approximately 60% of females with salt-wasting
CAH and 80% of those with the simple virilizing form
of the disease are fertile [21, 22].

Males with CAH have impaired gonadal function
less frequently than affected females. Most have nor-
mal sperm counts and are fertile. Inadequate steroid
replacement and high corticotropin levels have been
associated with activation and growth of ectopic adre-
nal rest tissue,most commonly found in the testes.The
clinical significance of testicular adrenal rest tissue is
unknown,but its presence may lead to infertility.Adult
males with classic CAH should be counseled that
compliance with steroid replacement is important to
enhance normal fertility and reduce the risk of a pal-
pable testicular mass [23, 24].

10.3.5 Neuropsychology

Psychosexual identification has been a major area
studied in female subjects with CAH. Psychosexual
identification is evaluated by studying gender identity,
gender role, sexual orientation and parenting.

Gender identity, the awareness of oneself as male,
female or ambiguous, has been uniformly reported to
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be female in early-treated girls with CAH.Gender role,
however, which refers to gender-stereotyped behav-
iors, has been found by most investigators to be more
masculine, as suggested by an increased tomboyish
behavior and more outdoor activities in girls or a more
career-oriented outlook in young women [25,26].Par-
enting rehearsal,such as doll play and baby care,is also
decreased [27]. The majority of women with CAH are
heterosexual,although homosexual fantasy appears to
be increased [28–30]. Females with CAH differ from
their healthy counterparts in several aspects of psy-
chosexual identification: many have a disturbed image
of their body,feel less feminine or attractive,are unable
to establish a partnership or marry, and have signifi-
cantly fewer children [19, 20].

Interestingly, however, the overall quality of life in
CAH is not reduced compared to control population.
Patients develop coping strategies and cognitive ap-
praisals that enable them to accept their life and view
it as very satisfactory. These forms of compensatory
efforts are well-documented in psychological research
studies of adaptation [20].

10.3.6 Tumors

10.3.6.1 Adrenal

Patients with CAH and carriers of 21-hydroxylase
deficiency have higher incidence of adrenal tumors,
including adenoma, myelolipoma and hemangioma,
than healthy subjects [31]. Steroid-responsive hyper-
plastic adrenal nodules may present in previously un-
diagnosed patients late in life and can be mistakenly
diagnosed as virilizing adrenal adenomas. Given that
these tumors often regress with glucocorticoid thera-
py, it may not be necessary to resect them provided
careful follow-up is in place. Most adrenal masses in
children with CAH are benign [32].

10.3.6.2 Testicular

Affected males often develop testicular adrenal rests,
which are detected ultrasonographically before they
become palpable [23,33].Approximately 30% of males
with classic CAH have ultrasonic evidence of testicular
adrenal rest tissue [34],and testicular masses have been
detected in boys with CAH as early as age 3 years [35].
Characteristic radiologic features have been described
[34, 36]. The majority of masses surround the medi-
astinum testes, are bilateral, intratesticular and hypoe-

choic [2, 34, 36]. The preferred mode of therapy is
adequate hypothalamic-pituitary-adrenal (HPA) axis
suppression with higher dose glucocorticoid therapy,
since most of these tumors are responsive to corti-
cotropin. However, the clinical significance of small
(<5 mm) testicular adrenal rest tissue, which is detect-
ed only by screening ultrasonography, is unknown [2].
The clinician should balance the need for shrinkage of
testicular adrenal rest tissue with the iatrogenic side
effects of increased glucocorticoid therapy. These tu-
mors,although almost invariably benign,have prompt-
ed biopsies and even partial orchiectomy [37]. When
they are large and the patient is symptomatic or infer-
tile,and the response to medical therapy is inadequate,
testis-sparing surgery may be performed [37].

10.3.6.3 Pituitary

Despite the supraphysiologic cortisol concentrations
attained following standard glucocorticoid replace-
ment therapy in patients with CAH,elevated CRH and
ACTH concentrations may persist and result in the de-
velopment of pituitary tumors.Although symptomatic
pituitary tumors have not been reported in this popu-
lation, in one study, four out of seven patients with
CAH undergoing brain MRI scanning were found to
have pituitary abnormalities (microadenomas: 3,
empty sella: 1) [38].

10.3.7 Clinical Manifestations of Nonclassic CAH

Patients with the nonclassic form of the disease are able
to synthesize cortisol and aldosterone normally, how-
ever, at the expense of mild-to-moderate overproduc-
tion of adrenal androgens and steroid precursors. Pa-
tients may be asymptomatic or present with premature
pubic and axillary hair,advanced skeletal age,hirsutism,
acne and/or oligomenorrhea [39].Decreased fertility is
an indication for glucocorticoid treatment in both
males and females with the condition [23, 24].

10.4 Diagnosis of 21-Hydroxylase 
Deficiency

10.4.1 Evaluation of Ambiguous Genitalia

Classic 21-hydroxylase deficiency is the most common
cause of ambiguous genitalia in an XX infant. Girls
with classic CAH are exposed to high levels of andro-
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gens in utero starting at approximately the 7th week
gestation. The high level of adrenal androgens affects
the formation of the external genitalia, while the in-
ternal female reproductive organs are normally
formed.The effects may include: clitoral enlargement,
rugated and partially fused labia majora,and the fusion
of the urethra and vagina into one opening, a urogen-
ital sinus.

In the evaluation of ambiguous genitalia, physical
examination should identify the urethral meatus and
include careful palpation for gonads in the inguinal
canals and labia or scrotum. Standard diagnostic tests
include basal serum 17-OHP concentrations, kary-
otype and pelvic/abdominal ultrasound scan. Plasma
renin activity (PRA) and aldosterone are elevated in
many normal infants and do not usually add much
useful information during the first days of life [40].
Internal genitalia are normal and ovaries are in the
normal pelvic location. Therefore, palpable gonads
suggest an undervirilized XY infant or other less com-
mon causes of ambiguous genitalia.

10.4.2 Newborn Screening

CAH is a condition suitable for newborn screening
because it is a potentially fatal childhood disease, it is
diagnosed easily by a simple hormonal measurement
in blood and its early recognition and treatment can
prevent serious morbidity and mortality. The diagno-
sis is suspected if there is a marked elevation of filter
paper blood 17-OHP concentration [4]. Normative
values for filter paper assays vary in different labora-
tories. These assays use the same ‘Guthrie’ cards that
are used for screening of phenylketonuria and hypo-
thyroidism. Subsequent measurement of serum 17-
OHP is performed to confirm the diagnosis. Ill or
stressed newborns tend to have higher concentrations
of 17-OHP and may generate many false positive re-
sults unless higher normal cut-off values are used.
Similar problems with interpretation arise as a result
of screening of preterm neonates, who also have ele-
vated 17-OHP concentrations compared to term in-
fants, particularly around the 29th week of gestation,
when the function of several adrenal steroidogenic
enzymes reaches its nadir [41].

Neonatal screening not only reduces the time to di-
agnosis [4, 6, 42], but also decreases morbidity and
mortality,given that infants with the salt-wasting form
of the disease are diagnosed more promptly. Since un-
diagnosed infants who die suddenly may not be ascer-
tained,it is difficult to demonstrate a benefit of screen-

ing by direct comparison of death rates from CAH 
in non-screened and screened populations. Males 
with salt-wasting CAH are more likely than females to
suffer from delayed or incorrect diagnosis because
there is no genital ambiguity. Thus, a relative paucity
of salt-wasting males in a patient population may
indicate unreported deaths from salt-wasting crises.
Indeed, females outnumbered males in some [43] but
not all [44] retrospective studies, in which CAH was
diagnosed clinically. By contrast, cases with salt-wast-
ing CAH ascertained through screening programs are
equally or more likely to be males rather than females
[41, 45]. In addition, infants ascertained through
screening have less severe hyponatremia and tend 
to be hospitalized for shorter periods of time [41].
Furthermore, males with simple virilizing CAH may
otherwise not be diagnosed until rapid growth and
accelerated skeletal maturation are detected later in
childhood, at which time final height may already be
adversely affected.

10.4.3 Biochemical Evaluation

Classic 21-hydroxylase deficiency is characterized 
by markedly elevated serum levels of 17-OHP. Basal 
17-OHP values usually exceed 10,000 ng/dl (300 nmol/l)
in affected infants (normal values <100 ng/dl or
3 nmol/l) [1, 4]. In cases where neonatal screening is
not available and 21-hydroxylase deficiency is sus-
pected on clinical grounds, an ACTH stimulation test
with measurements of cortisol, 17-OHP and andro-
gens before and 1 h after exogenous administration of
ACTH (0.25-mg intravenous bolus of cosyntropin)
should be performed after the first 24–48 h of life.
Patients with the salt-wasting form of the disease have
the highest stimulated 17-OHP concentrations [up to
100,000 ng/dl (3,000 nmol/l)]. Patients with simple
virilizing CAH usually have lower stimulated concen-
trations [10,000–30,000 ng/dl (300–1,000 nmol/l)],
while patients with nonclassic disease have smaller
elevations [1,500–10,000 ng/dl (50–300 nmol/l)] 
[1, 4, 46]. Measurements of basal serum 17-OHP con-
centrations are often normal in patients with non-
classic disease unless samples are obtained early in the
morning.

Progesterone, androstenedione, and, to a lesser ex-
tent, testosterone may also be elevated in patients with
21-hydroxylase deficiency [47].Several other diagnos-
tic biochemical assays have been proposed but few 
are widely available. The main urinary metabolite of
17-OHP, pregnanetriol, can be also used to diagnose
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21-hydroxylase deficiency.Urinary steroid metabolites
can be analyzed by urine gas chromatography/mass
spectrometry and several relevant markers for CAH
and other disorders of steroid metabolism can be as-
sayed simultaneously [48, 49].

10.4.4 Molecular Genetic Analysis

10.4.4.1 Mutations

The 21-hydroxylase gene (CYP21) is located in the
human leukocyte antigen gene cluster region on the
short arm of chromosome 6 [50]. The functional gene
(CYP21) and its homologue, the non-functional
pseudogene (CYP21P), consist of ten exons each, and
share 98% sequence homology in exons and approxi-
mately 96% sequence homology in introns [51, 52]. In
most cases, the mutations responsible for 21-hydroxy-
lase deficiency are the result of unequal crossing over
or gene conversion events between CYP21 and CYP21P
[4, 53–55], whereas novel mutations or unique point
mutations not present in the pseudogene have been
identified in few cases only [4].The most frequently re-
ported mutations include gene deletions, large gene
conversions involving the promoter region, P30L in
exon 1, an intron 2 splice site mutation (In2), an 8-bp
deletion in exon 3 (8-bp del), I172 N in exon 4,a cluster
of mutations (I236 N, V237E, M239 K) in exon 6 (E6
cluster), V281L and 1762T insertion in exon 7, and

Q318X and R356 W in exon 8 (Fig. 2). Since 1–2% of
affected alleles represent spontaneous mutations 
not carried by either parent, it is particularly impor-
tant to ascertain parental genotypes for prenatal coun-
seling [56].

10.4.4.2 Genotype-Phenotype Correlation

Correlations between the CYP21 genotype and phe-
notype have been studied in various ethnic and racial
groups. CYP21 mutations can be grouped into three
categories according to the level of enzymatic activi-
ty predicted from in vitro studies [57, 58]. The first
group consists of mutations that confer no 21-hydrox-
ylase activity (gene deletions, large gene conversions,
8 bp del, E6 cluster, Q318X, R356W). These are most
often associated with salt-wasting disease.The second
group consists mainly of the missense mutation I172N,
which results in approximately 2% of residual enzy-
matic activity in vitro. These mutations permit ade-
quate aldosterone synthesis and are usually associat-
ed with the simple virilizing form of the disease.
The third group includes mutations such as V281L 
and P30L that confer 20–60% of normal enzymatic
activity and are associated with nonclassic CAH [1, 4,
58, 59].

The clinical expression of CAH is reported to cor-
relate with the less severely mutated allele and, conse-
quently, with the residual activity of 21-hydroxylase.
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A number of studies suggest high concordance rates
between genotype and phenotype in patients with 
the most severe and mildest forms of the disease, but
considerably less genotype-phenotype correlation in
moderately affected patients [56, 60–64]. This geno-
type-phenotype discordance has been attributed to
the variable 21-hydroxylase activity conferred by 
the In2 and I172N mutations as well as the variety of
mutations often observed in patients who are com-
pound heterozygotes, the possibility of additional 
not yet identified mutations, and genetic variations in
extra-adrenal 21-hydroxylase activity or sensitivity to
glucocorticoids [4, 65–67].

We have recently investigated the association be-
tween adrenomedullary function,disease severity and
genotype in children with classic CAH and showed
that both measurement of plasma free metanephrine
(a metabolite of epinephrine) concentrations and
determination of molecular genotype were well cor-
related with the clinical severity of the disease and
were similarly accurate in predicting clinical pheno-
type [68].

10.5 Treatment

Current treatment of classic CAH aims to provide ad-
equate glucocorticoid and, when necessary, mineralo-
corticoid substitution to prevent adrenal crises and to
suppress the abnormal secretion of androgens and
steroid precursors from the adrenal cortex.

10.5.1 Glucocorticoid Replacement

Patients with classic 21-hydroxylase deficiency and
symptomatic patients with non-classic disease are
treated with glucocorticoids in an attempt to suppress
the excessive secretion of CRH and ACTH and to re-
duce the circulating concentrations of adrenal andro-
gens. In children and adolescents, the preferred gluco-
corticoid option is hydrocortisone, because its short
half-life minimizes growth suppression and other ad-
verse side effects of more potent, longer acting gluco-
corticoids [69, 70].

Most children have satisfactory control of androgen
with doses of hydrocortisone of 10–18 mg/m2/day in
three divided doses. Higher doses of approximately
20 mg/m2/day may be required in the neonatal period.
These doses exceed physiologic cortisol secretion
(6–7 mg/m2/day in children and adolescents) [71].
Older adolescents and adults may be treated with

modest doses of prednisone or dexamethasone that do
not exceed the equivalent of 20 mg/m2 of hydrocorti-
sone daily,but should be monitored carefully for signs
of iatrogenic Cushing’s syndrome. Males with testicu-
lar adrenal rests may require higher doses of dexa-
methasone to suppress ACTH. Treatment efficacy is
assessed by monitoring growth velocity, rate of skele-
tal maturation (bone age) and weight gain, as well as
by determining the 0800 h concentrations of 17-OHP
and androstenedione [72]. Testosterone may also be
useful in females and prepubertal males.

Since patients with classic CAH are not able to
mount a normal cortisol response to stress, pharma-
cologic doses of hydrocortisone are required during
febrile illnesses and minor or major surgery under
general anesthesia. Treatment doses should approxi-
mate typical endogenous adrenal secretion in critical-
ly ill and perioperative patients [73, 74]. For febrile
illnesses, patients are advised to triple the normal
maintenance dose of oral hydrocortisone. For major
surgery, intravenous hydrocortisone up to 100 mg/m2/
day in four divided doses is recommended for at least
24–48 h perioperatively before tapering to the main-
tenance dose.Intravenous hydrocortisone is preferred
over methylprednisolone or dexamethasone because
its mineralocorticoid activity is able to substitute for
oral fludrocortisone.

10.5.2 Mineralocorticoid Replacement

Patients with salt-wasting CAH require mineralo-
corticoid (9a-fludrocortisone, 0.1–0.3 mg/day) in ad-
dition to glucocorticoid replacement. During infancy
sodium chloride supplements are also added (1–2 g
sodium chloride) because the sodium content of breast
milk as well as most infant formulae (~8 mEq/l) is only
sufficient for maintenance sodium requirements in
healthy infants [1, 4]. Although patients with simple
virilizing CAH do not manifest mineralocorticoid
deficiency, they are nevertheless often treated with
fludrocortisone, which can aid in adrenocortical
suppression, thus reducing the maintenance dose of
glucocorticoid. The adequacy of mineralococorticoid
substitution therapy is monitored by measuring PRA
levels.
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10.5.3 Other Therapeutic Approaches

10.5.3.1 Pharmacological

Limitations of standard medical therapy with gluco-
corticoid and/or mineralocorticoid substitution in
classic CAH include: (a) inability to replicate physio-
logic cortisol production with exogenous administra-
tion of glucocorticoid; (b) hyperresponsiveness of
the adrenal glands to ACTH; and (c) difficulty in sup-
pressing ACTH secretion from the anterior pituitary
[75]. The latter is due to the decreased sensitivity of
glucocorticoid feedback inhibition possibly second-
ary to the hyperactive HPA axis, as well as the fact that
glucocorticoid feedback is only one of the mechanisms
governing ACTH secretion [76]. Therefore, achieving
and maintaining adrenal androgen suppression is far
more challenging than preventing adrenal crises, and
often necessitates supraphysiologic doses of gluco-
corticoid. Iatrogenic Cushing’s syndrome and hyper-
androgenism may develop in tandem and represent
the main problems encountered in the clinical man-
agement of classic CAH [1–5]. Patients with absent or
minimal 21-hydroxylase activity are particularly vul-
nerable to these difficult management issues.

Alternative approaches to standard medical thera-
py include: (a) a four-drug treatment regimen of flut-
amide (an androgen-receptor blocking drug), testo-
lactone (an aromatase inhibitor), reduced hydrocorti-
sone dose, and 9a-fludrocortisone, which has been
shown to achieve normal growth and development
after 2 years of therapy; however,longer follow-up data
are required before safe recommendations for such
therapy are made [77]; (b) intra-adrenal blockade of
adrenal androgen production with a steroidogenesis
inhibitor, such as ketoconazole; (c) administration of
a corticotropin-releasing hormone antagonist [78];
and (d) gene therapy. The last three therapeutic
options have yet to be tried in patients with the classic
form of the disease [1–4, 24, 75].

10.5.3.2 Adrenalectomy

Bilateral adrenalectomy has been suggested as an
alternative to medical therapy in patients with severe
salt-wasting disease who had ongoing virilization
despite adequate doses of standard replacement regi-
mens and/or patients with mutations predicting
absent or minimal 21-hydroxylase activity [75, 79].
Bilateral surgical adrenalectomy provides an efficient
elimination of excess adrenal androgens and steroid

precursors, and should be considered in patients with
severe CAH, in whom conventional therapy has failed.
This invasive treatment has become more accessible
because of the introduction of laparoscopic adrenal-
ectomy, a safe and well-tolerated approach. Laparo-
scopic adrenalectomy may not reduce the operative
time,but significantly reduces bleeding,postoperative
hospitalization time, and postoperative pain [80–83].
The majority of patients with CAH who undergo
bilateral adrenalectomy report an improved quality of
life following surgery [79].

Potential advantages of adrenalectomy include: (a)
control of hyperandrogenism and progressive viril-
ization, which may prevent premature epiphyseal clo-
sure, sexual precocity, acne, hirsutism, and fertility
problems; (b) protection of the patient from the unde-
sirable effects of iatrogenic hypercortisolism (granted
that physiologic doses of glucocorticoid are given
postoperatively), including obesity, insulin resistance
and compromised final height; and (c) prevention of
salt-losing crises, because the adrenal androgens and
steroid precursors are removed. These intermediate
steroids interact with the glucocorticoid and miner-
alocorticoid receptors, thereby acting as potent
inhibitors and inducing resistance to both systemic
effects of glucocorticoids and the salt-retaining effects
of aldosterone [84]. During illness or other stressful
occurrences,patients with classic CAH are more prone
to rapid salt loss and collapse compared to healthy
subjects [84, 85].

Concerns surrounding bilateral adrenalectomy in-
clude:

1. Risk of surgery and anesthesia: Provided that the
appropriate stress doses of steroid are adminis-
tered perioperatively, the surgical risk associated
with adrenalectomy should be negligible and sim-
ilar to that of anesthesia.A laparoscopic procedure
will further reduce postoperative bleeding, hospi-
talization time and postoperative pain.

2. Theoretic loss of protective adrenomedullary func-
tion: This protective function may already be ab-
sent in the most severe cases, given that patients
with classic 21-hydroxylase deficiency also have
compromised adrenomedullary function [10].This
is due to developmental defects in the formation 
of the adrenal medulla,which result in depletion of
epinephrine stores and decreased production of
metanephrine, the O-methylated metabolite of
epinephrine. The significant positive correlation
between plasma free metanephrine concentrations
and the expected 21-hydroxylase activity based on
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genotype further suggests that patients with ab-
sent or minimal 21-hydroxylase activity would also
demonstrate minimal adrenomedullary function
[68].

3. Risk of Nelson’s syndrome: Following bilateral
adrenalectomy, patients may develop hyperpig-
mentation because of the lower doses of gluco-
corticoid substitution. Although Nelson’s syn-
drome has not been described in adrenalectomized
patients with classic CAH, the longstanding CRH,
arginine vasopressin and/or other ACTH secreta-
gogue hypersecretion may lead to the development
of ACTH-secreting tumors similar to those de-
scribed in Addison’s disease [86–88], glucocorti-
coid resistance [89] or untreated/undertreated
CAH [90].

4. Activation of adrenal rests or ectopic adrenal tissue:
Recurrent virilization due to activation of ovarian
or testicular adrenal rests may be observed sec-
ondary to the increased ACTH secretion and can be
managed with increased doses of glucocorticoid
treatment. Periodic monitoring with ovarian/-
testicular ultrasound scans may be helpful in
identifying the problem and assessing response to
treatment. While ablation of ectopic adrenal rests
could possibly be performed laparoscopically if
required, ectopic ovarian adrenal rests may be dif-
ficult to remove completely without risking dam-
age to the remaining ovary. The propensity for
developing hyperpigmentation is also likely to be
greater after bilateral adrenalectomy because of the
expected decrease in the glucocorticoid dose.

5. Complete dependency on substitution therapy: The
complete dependency of patients on exogenous
administration of glucocorticoid requires life-long
adherence to medical therapy. Therefore, bilateral
adrenalectomy should not be performed in pa-
tients with erratic compliance to treatment.

6. Limitations of adrenalectomy: Bilateral adrenalec-
tomy will have no effect on prenatal and prior to
the procedure virilization.Female patients will still
require feminizing genitoplasty during the first
6 months of life and possibly further vaginal re-
construction later in life. Furthermore, adrenalec-
tomy may bear very little if any effect on the psy-
chosexual differentiation of affected females
because of the prior exposure of the brain to an-
drogens.Finally,the irreversibility of the procedure
will eliminate the option of new therapeutic ap-
proaches.

10.5.4 Management of Ambiguous Genitalia

In CAH, the typical gender assignment and rearing is
that of the genetic/gonadal sex. XX patients with viril-
ized external genitalia due to 21-hydroxylase deficien-
cy have normal internal genital structures and the
potential for childbearing. Moreover, CAH females
with severe virilization and/or behavioral masculin-
ization are typically well adjusted.There is insufficient
evidence to support rearing a 46XX infant at Prader
stage 5 as a male.

Surgical correction of the external genitalia mainly
involves feminizing genitoplasty,which should be per-
formed in infancy [91],while vaginal reconstruction is
usually postponed until late adolescence and before
the age of expected sexual activity [92,93].Single-stage
corrective surgery at the age of 2–6 months, when the
tissues are most pliable and psychological trauma to
the patient minimal, has been performed in a few cas-
es [94], but long-term outcome is awaiting evaluation.
Surgery between the age of 12 months and adolescence
is not recommended [24].

10.5.5 Psychological Counseling

Parents of patients with CAH should be offered psy-
chological counseling as soon as the diagnosis is con-
firmed particularly if the patient involved is a female
requiring genital reconstruction. Intermittent assess-
ment of family functioning is suggested to assess 
the family dynamics and predict future problems.
Children should be informed about their condition by
their parents and physicians in a sensitive and age-
appropriate manner. Parents of female patients with
classic CAH may be prepared that their affected
daughters will be more likely to exhibit tomboyish
behavior,masculine play preferences and a preference
for a career over domestic activities [26]. The effec-
tiveness of the genital repair in adolescent and adult
women needs to be assessed and counseling regarding
sexual matters is indicated.

10.5.6 Prenatal Diagnosis and Treatment

Prenatal genetic counseling should be offered to all
affected families.Administration of dexamethasone to
the mother during pregnancy has been advocated for
fetuses at risk for classic CAH and ameliorates genital
ambiguity in affected female fetuses [95]. It is not
appropriate for female fetuses at risk for nonclassic
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CAH. When both parents are known carriers of CAH
and treatment is desired, the recommended dose is
20 µg/kg of body weight per day given in three divided
doses starting as soon as pregnancy is confirmed and
no later than 9 weeks after the last menstrual period.

Given the autosomal recessive mode of inheritance
of the disease, it is important to note that only one of
eight fetuses will be an affected female when both par-
ents are known carriers, and seven out of eight preg-
nancies will be treated unnecessarily,albeit for a short
period of time. Therefore, prompt and accurate genet-
ic diagnosis is mandatory in all cases.

The long-term safety of prenatal treatment remains
uncertain.No congenital malformations or fetal deaths
have been associated with the treatment [96, 97].
Maternal complications, on the other hand, may vary.
Overt Cushing’s syndrome, excessive weight gain, and
hypertension have been reported in approximately 1%
of all women with treated pregnancies, usually those
who were treated throughout pregnancy [98]. Thus,
women must be fully informed of the potential risks 
to themselves and their fetus and the possible lack 
of benefit to an affected female. Treatment should be
carried out in specialized centers with the use of ap-
proved protocols [24].
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11.1 Introduction

11.1.1 Mineralocorticoid Excess Causes 
Hypertension

Hypertension affects 20–30% of all adults over the age
of 50 years in Western societies, with its treatment,
morbidity and mortality consuming a very significant
part of precious health budgets.The surgical relevance
of the “Mineralocorticoid Excess Syndromes” is that
ideal treatment (possible in some of them) is surgical
excision of the source of mineralocorticoid excess.
The most important example of this is a benign aldo-

sterone-producing adenoma (APA) confined to one
adrenal gland,where the possibility of permanent cure
of the syndrome exists.

11.1.2 Surgically Curable Primary 
Aldosteronism Affects Possibly 3% 
of Hypertensive Patients

The entity of primary aldosteronism (PAL) was
shown 10 years ago to be 10 times more common 
than previously thought [8–12], and to affect as many
as 10% of the hypertensive population, up to one-
third due to unilateral disease. The possibility of cure
in approximately 50% achieved by unilateral adrenal-
ectomy, and of better control with few drugs in the
remainder, makes the diagnosis and effective surgical
treatment of unilateral PAL extremely important 
for both the individual patient and the community.
While approximately one-third of all patients with
PAL have unilateral production of aldosterone, in the
other two-thirds both adrenal glands are overproduc-
ing aldosterone. This large subgroup is usually treat-
ed initially with aldosterone-blocking drugs, most
often with a very satisfactory response to this specific
(as opposed to non-specific) antihypertensive thera-
py. However, in some of them the response to medical
treatment is unsatisfactory, and consideration will
then be given to unilateral adrenalectomy, signifi-
cantly reducing the mass of tissue autonomously
producing aldosterone, usually with gratifying re-
sults. The Greenslopes Hypertension Unit has been
extremely fortunate to have the services of a skilled
and dedicated surgeon, Dr. John C. Rutherford, who
pioneered laparoscopic adrenal surgery in Australia,
and in August 2003 completed his 300th laparoscopic
adrenalectomy. Over 200 of them have been for
unilateral overproduction of aldosterone [23–25]. In
this chapter the steps required for the diagnosis 
of this surgically treatable condition will be described
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in detail, because attention to detail is essential for
best outcomes.

11.1.3 Other Causes of Mineralocorticoid 
Excess May Be Surgically Treatable

Other surgically treatable causes of mineralocorticoid
excess appear to be much less common, and certainly
are rarely recognized. However, they are just as im-
portant for the individual patient. In essence, if
the source of mineralocorticoid excess can be local-
ized, and removed without significant perioperative
risk to the patient, and its removal does not lead 
to reduced quality of life, this represents an ideal
application for surgery. As in all other clinical situa-
tions, each patient must be treated as a unique indi-
vidual, with a unique set of factors making surgery
more or less attractive, including general medical
condition, efficacy and side-effects of current anti-
hypertensive therapy and psychological and philo-
sophical attitude to surgery. Detailed explanation 
at each step of the diagnostic and treatment pathway

is essential for an informed, compliant patient who
will be satisfied with the outcome.

11.2 Causes and Consequences 
of Mineralocorticoid Excess

When the mineralocorticoid receptor (MR) is activat-
ed, the epithelial sodium channel is stimulated to
greater activity, and potassium is excreted into the
urine. Thus mineralocorticoid excess syndromes are
usually associated with the eventual development of
hypokalemia. Whereas volume expansion can trigger
release of atrial natriuretic peptide, and by this and
other mechanisms reduce proximal sodium reab-
sorption, “swamping” the downstream MR-regulated
sodium reabsorption with its limited capacity, the
excretion of potassium which occurs at that site is
relentlessly increased, leading to total body potassium
depletion first affecting the cells with their normal
high concentrations of potassium, and eventually 
the extracellular fluids including blood. Thus hypo-
kalemia eventually develops and is a late sign of severe
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Table 1. Mineralocorticoid excess syndromes

1 Aldosterone excess secondary to excessive production of renin – secondary aldosteronism
1.1 Renal artery stenosis
1.2 Renin-secreting tumor of juxtaglomerular cells (reninoma)
1.3 Renal tumors which secrete renin such as Wilm’s tumor

2 DOC (11-desoxycorticosterone) excess secondary to excessive production of ACTH
2.1 Congenital adrenal hyperplasia due to 11b-hydroxylase deficiency
2.2 Congenital adrenal hyperplasia due to 17a-hydroxylase deficiency
2.3 Ectopic ACTH production by tumors. These may be benign (for example, bronchial carcinoid) or malignant 

(for example, small cell cancer of the lung)
2.4 Cushing’s syndrome due to pituitary microadenoma or hyperplasia producing excessive ACTH

3 Aldosterone excess secondary to normal production of ACTH
3.1 Presence of an abnormal gene for steroid biosynthesis, a “hybrid” of the regulatory portion of the 11b-hydroxy-

lase gene (CYP11B1) and the coding portion of the aldosterone synthase gene (CYP11B2), resulting in 
ACTH-regulated aldosterone production (familial hyperaldosteronism type I)

4 Aldosterone excess secondary to responsiveness of the mineralocorticoid receptor to cortisol
4.1 Deficiency of the enzyme 11b-hydroxysteroid dehydrogenase (11bHSD-2) which converts cortisol to cortisone 

(poor affinity for the mineralocorticoid receptor) in the kidney
4.2 Ingestion of licorice or carbenoxolone in sufficient quantity to inhibit 11bHSD-2

5 Primary aldosterone overproduction (primary hyperaldosteronism)
5.1 Solitary, benign adrenocortical aldosterone-producing adenoma (Conn’s syndrome)
5.2 Bilateral adrenal hyperplasia, diffuse or nodular
5.3 Unilateral adrenal hyperplasia, diffuse or nodular
5.4 Adrenocortical carcinoma producing aldosterone, possibly with other steroids

6 Primary DOC overproduction
6.1 Solitary, benign DOC secreting tumor
6.2 Adrenocortical carcinoma producing DOC, possibly with other steroids

7 Ingestion of steroids with mineralocorticoid activity such as 9a-fluoro-hydrocortisone or hydrocortisone itself in
high dosage



total body potassium depletion and the possibility of
mineralocorticoid excess.

A list of causes of mineralocorticoid excess syn-
dromes is shown in Table 1. Mineralocorticoid excess
leads to excessive renal reabsorption of sodium lead-
ing, via secondary reabsorption of water in order to
keep sodium concentration normal, to volume expan-
sion and hypertension. While most of the filtered
sodium is reabsorbed in the proximal renal tubule and
loop of Henle, the fine-tuning of sodium balance
occurs in the distal tubule and collecting duct under
the influence of aldosterone via the MR. Cortisol,
present in almost 1,000 times the concentration of
aldosterone in blood,also has high affinity for the MR,
but an enzyme (11b-hydroxysteroid dehydrogenase
type 2, 11bHSD-2) is normally present in the renal
tubular cells and converts cortisol to cortisone, which
has poor affinity for the MR. Congenital absence of
this enzyme,or ingestion of substances such as licorice
or carbenoxolone which inhibit it, can lead to a “syn-
drome of apparent mineralocorticoid excess” [2].
Aldosterone is the physiological ligand for the MR and
its production is regulated mainly by angiotensin II,
resulting from the action of renin secreted by the jux-
taglomerular apparatus in the kidney on its substrate
(angiotensinogen) made by the liver. Other adrenal
steroids, particularly 11 desoxycorticosterone (DOC),
also can activate the MR. For example, in congenital
adrenal hyperplasia due either to 11b-hydroxylase
deficiency or 17a-hydroxylase deficiency, excessive
DOC secretion occurs as a result of stimulation of the
adrenal cortex by high circulating ACTH levels [1, 33].
Adrenal cortical adenomas or carcinomas secreting
DOC are rare,but their removal will cure the mineralo-
corticoid excess which they caused [17]. If cortisol 
is present in sufficient excess to overwhelm the
11bHSD-2 enzyme, then the MR is stimulated and a
form of mineralocorticoid excess develops which is
indistinguishable from PAL except that aldosterone is
suppressed. In “ectopic ACTH” syndromes, the MR is
stimulated by both DOC and cortisol.Thus,when ACTH
is secreted in excess, as in “ectopic ACTH syndromes”
due, for example, to production of ACTH by bronchial
carcinoid tumors or small cell cancers of the lung,
excessive sodium reabsorption and volume expansion
(due to very high levels of cortisol and DOC acting on
the MR) leads to hypokalemia and suppression of renin
(and, as a consequence, of aldosterone), and hyperten-
sion develops if the patient lives long enough and is not
too ill from the effects of the neoplasm.

In a rare familial disorder,Liddle’s syndrome (pseu-
dohyperaldosteronism),the epithelial sodium channel

is constitutively “switched on” due to a genetic muta-
tion, and the result is clinically indistinguishable from
aldosterone excess in terms of hypertension, hypo-
kalemia and suppressed renin [31]. However, levels of
aldosterone are suppressed secondary to suppression
of renin.

The surgically correctable mineralocorticoid excess
syndromes include those associated with tumors of
the adrenal (adenoma or carcinoma) or kidney (reni-
noma or renal carcinoma) or those producing ectopic
ACTH hypersecretion (most commonly lung tumors).
In the case of ectopic ACTH syndromes,relief from hy-
pertension and hypokalemia is occasionally achieved
by bilateral adrenalectomy, but only in situations
where the source of ectopic ACTH is not suitable for
resection or unresponsive to chemotherapy and other
effects of the tumor apart from hypertension and
hypokalemia are not overriding considerations.
Mineralocorticoid excess due to renin hypersecretion
in renal artery stenosis due to atheroma or fibromus-
cular dysplasia is treated by percutaneous translumi-
nal renal angioplasty and stenting or by surgery in
carefully selected patients, but will not be further dis-
cussed here.

The primary focus of this chapter will be on those
mineralocorticoid excess syndromes which are treat-
able by adrenal surgery.By far the commonest of them
is PAL (Table 2).

11.3 Primary Aldosteronism and Surgery 
of the Adrenal Gland

11.3.1 Familial Forms

There are so far two recognized familial forms of PAL.
The first is a glucocorticoid-suppressible form (famil-
ial hyperaldosteronism type I – FH-I) first described
clinically in 1966 [30] and genetically in 1992 [19],
which can be identified by a test performed using peri-
pheral blood DNA [16] (even at birth) and responding
to low doses of dexamethasone orally which will not
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Table 2. Primary aldosteronism

1 Unilateral
1.1 Aldosterone-producing adenoma (APA)
1.2 Aldosterone-producing carcinoma
1.3 Unilateral hyperplasia, nodular or diffuse

2 Bilateral
2.1 Bilateral adrenal hyperplasia (BAH), nodular 

or diffuse



cause side-effects [26]. This form would not be ex-
pected to respond,except perhaps briefly, to unilateral
adrenalectomy. Adrenal venous sampling, which
should always be performed before adrenal surgery 
is contemplated, would show bilateral production of
aldosterone.Adrenal adenomas have been reported at
least twice in this condition [22,27].Hence,computer-
ized tomographic (CT) scanning without adrenal
venous sampling might have led to unhelpful unilateral
adrenalectomy. Although we have studied a Queens-
land-based family with FH-I which has 21 affected
members, over 500 living members and almost 200
tested by examination of peripheral blood DNA, this
familial form of PAL is rare.We have encountered only
four new patients (and subsequently families) with
FH-I among more than 790 new patients with PAL di-
agnosed by the Brisbane Hypertension Units since
1992. During the same period we have identified 28
families with more than one member affected by PAL
which is not glucocorticoid suppressible. This variety
(familial hyperaldosteronism type II–FH-II) is in our
experience therefore at least 5 times more common
than FH-I. We are currently seeking the genetic basis
of FH-II and in collaboration with Constantine
Stratakis and coworkers from NIH [18] and Maria New
and coworkers from New York Presbyterian Hospital
[28] we have established linkage to a region on chro-
mosome 7p22 in large families from Brisbane and
Equador/Dominican Republic respectively.Using clin-
ical and biochemical criteria, patients with FH-II are
indistinguishable from patients with apparently non-
familial PAL, and it is likely that FH-II will be found to
be common among patients with PAL if a genetic test
involving a peripheral blood sample can be established
[6, 29]. Importantly from the surgical viewpoint, pa-
tients with FH-II frequently suffer from the unilateral
tumorous variety of PAL [6, 29], where treatment op-
tions include unilateral adrenalectomy.

11.3.2 When to Look for Primary Aldosteronism

Since less than 50% of the more than 250 patients
diagnosed with PAL who have lateralized on adrenal
venous sampling and gone on to unilateral adrenal-
ectomy in our units have been hypokalemic, many pa-
tients with potentially curable PAL will be denied the
opportunity for cure if only hypokalemic hyperten-
sives are screened for PAL (Fig. 1). The Greenslopes
Hospital Unit adopted the policy in 1991 to screen all
new hypertensive patients for PAL using the aldo-
sterone to renin ratio (ARR),shown by Hiramatsu et al.

[14] in 1981 to be capable of identifying (with only the
assistance of organ imaging) nine patients with aldo-
sterone-producing adenomas among 348 hyperten-
sives, six of whom were normokalemic. The effects of
medication on the ARR must be taken into account,
and it should be repeated at least once (Table 3).
Accepting a diagnosis of PAL only after failure of
aldosterone to suppress with oral salt loading and
fludrocortisone (despite concurrent suppression of
renin), the Greenslopes Unit has been diagnosing
50–100 patients per year with PAL since 1992.The total
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Fig. 1a, b. Examples of aldosterone-producing adenomas
(APAs) removed from hypertensive patients who were found
to have elevated aldosterone/renin ratios on screening,
primary aldosteronism confirmed by fludrocortisone sup-
pression testing,and lateralization of aldosterone production
to the corresponding adrenal on adrenal venous sampling. In
each case, unilateral laparoscopic adrenalectomy led to cure
of hypertension. a Left adrenal 0.5 cm APA removed from a
40-year-old hypertensive, normokalemic male. This tumor
was not visible on adrenal computed tomography (CT) scan-
ning. b Left adrenal 1.9 cm APA, visible on CT scanning, re-
moved from a 42-year-old hypertensive, hypokalemic female



combined experience of the two Brisbane units, fol-
lowing establishment of a sister unit at Princess
Alexandra Hospital in 2000, is now over 1,000 patients
with PAL.

It is in the best interests of all hypertensive patients
to be screened for PAL. A positive family history of
hypertension, rather than suggesting a diagnosis of
so-called “essential hypertension”, makes the diagno-
sis of PAL no less likely. The presence of hypokalemia
unprovoked by diuretics, or of severe hypokalemia
provoked by diuretics, makes PAL highly likely.

11.3.3 How to Look for Primary Aldosteronism

The simultaneous measurement of plasma aldoste-
rone and plasma renin (or plasma renin activity) is a
convenient screening test. Normally, if renin is sup-
pressed by high salt intake or reduced renal sodium
excretion, aldosterone would normally follow and the
ratio of aldosterone divided by renin remains normal.
On the other hand, if renin is suppressed because
aldosterone secretion has become autonomous and
has risen above what is required, the ratio will be in-
creased long before aldosterone rises above the wide
normal range [5].This makes it a very sensitive test for
PAL,but it suffers from lack of specificity because there
are a number of situations, including drug therapy,
where false positive or false negative tests are possible
(Table 3). For this reason, patients screened by the
Brisbane Hypertension Units using ARR have at least

two measurements, and frequently more. An excep-
tion is the hypertensive patient less than 50 years of
age on no medications of any sort and with unpro-
voked hypokalemia who will go on to have a fludro-
cortisone suppression test after only one ARR. Each
patient must be considered an individual, and a care-
ful history of both prescribed and over-the-counter
pharmaceutical lines as well as “alternative health
remedies” must be taken if misinterpretation is to be
avoided (Table 3).For example, the non-steroidal anti-
inflammatory drugs taken so commonly for arthritis
cause salt and water retention and also inhibit
prostaglandin-mediated stimulation of renin levels.
Renin often falls disproportionately to aldosterone in
this setting, and false positive ratios are common.

Potassium directly stimulates aldosterone secre-
tion, so that conditions which tend to raise or lower
potassium also impact on the ARR. Because hypo-
kalemia can lower the ratio by its effect on aldosterone,
hypokalemia must always be corrected using oral sup-
plements such as slow-release potassium chloride
tablets before the ratio is measured. When checking
serum or plasma potassium levels (serum levels are
0.5 mmol/l higher) request that the blood be collected
“without stasis”. This means that, if a tourniquet is
applied to distend the veins and make venesection
easier, it should be deflated for 10 s before blood is
carefully collected into a syringe (not under vacuum),
or for 30 s if fist clenching has been employed to dis-
tend the veins. Muscle action and venous occlusion
raise potassium levels by up to 1 mmol/l (that is by 20%
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Table 3. Factors and conditions capable of affecting the aldosterone-renin ratio and causing loss of specificity and sensitivity
due to false positives and false negatives

Factor or condition False positive False negative

Total body (serum) potassium High K+ – aldo ≠ Low K+ – aldo Ø
Antihypertensive medications Beta-blockers – renin Ø Diuretics – low K+, aldo Ø renin ≠

Alpha-methyldopa – renin Ø ACE inhibitors – renin ≠ aldo Ø
Clonidine – renin Ø AII-blockers – renin ≠ aldo Ø

Calcium blockers – renin ≠ aldo Ø
Other medications NSAIDS – renin ØØ aldo Ø
Diabetic renal disease Renin ØØ aldo Ø
Renal failure Renin ØØ aldo ≠ (high K+)

Dietary salt loading Renin ØØ aldo Ø
Dietary salt restriction Renin ≠≠ aldo ≠
Ageing (>65 years) Renin ØØ aldo Ø

ACE denotes angiotensin converting enzyme; Aldo,aldosterone; AII,angiotensin II; K+,potassium; NSAIDS,non-steroidal anti-
inflammatory drugs.



or more) and even small amounts of hemolysis which
are not readily detected will significantly falsely elevate
potassium levels.

Of the various antihypertensive drugs, beta-
blockers are the worst offenders,causing false positive
ratios.If the ratio is negative despite beta-blockers,this
virtually excludes PAL. Patients need to be taken off
beta-blockers if the ratio is positive,but this is not easy
if they have been on them long-term,and is potentially
dangerous if they suffer from ischemic heart disease.
The increase in heart rate following beta-blocker with-
drawal can aggravate angina. If contemplated in a
patient with known coronary artery disease,a cardiol-
ogist should be consulted and made aware of what is
planned.We reduce beta-blockers very slowly,in stages
4 weeks apart, introducing verapamil slow release,
taken in two divided doses for smooth control,because
it also slows heart rate. Verapamil does not stimulate
renin release as much as other calcium blockers
(especially amlodipine),and so is unlikely to convert a
false positive to a false negative result. Drugs such as
verapamil slow-release, prazosin (in three divided
doses) and hydralazine (in two or three divided doses)
have been the most useful replacement drugs when we
have been changing drugs in order to achieve a reliable
ARR. In mildly hypertensive patients it may be pos-
sible to achieve a month off medications before the
ARR is measured. If treatment needs to be started at
the first visit, a ratio can usually be obtained before
treatment starts.If not,in our experience commencing
treatment with verapamil slow release 180 or 240 mg
in two divided doses, together with hydralazine 25 mg
in two divided doses (increasing after 4–7 days to
50 mg in two divided doses), has proved very useful. If
a negative ratio is obtained, treatment can then be
changed if necessary, for example if verapamil is caus-
ing poorly tolerated constipation. If the ratio is posi-
tive, it should usually be repeated (see above) before
going on to FST.

One negative ratio does not exclude PAL, and espe-
cially in patients whose hypertension is worsening,
with increasing resistance to medication, repeat test-
ing may be indicated. PAL is a disease which usually
evolves slowly, but sometimes once hypertension de-
velops it can progress rapidly and eventually enter a
resistant and even accelerating phase. If hypertension
is already very severe, and especially if it has enticed 
a “pre-malignant” or “malignant” phase, with retinal
hemorrhages, exudates and papilledema, arteriolar
inflammatory changes in the kidney causing edema
and ischemia can lead to significantly elevated renin
levels and false negative ratios.

The ARR is a screening and not a diagnostic test.
Extremely low renin levels will lead to a high ratio even
if aldosterone is also reduced.This has led some work-
ers to specify a plasma aldosterone level below which
they would not consider the diagnosis of PAL [21, 32],
for example, 15 ng/100 ml. We prefer to consider each
patient on his or her merits, taking into account all
possible factors, and repeating the ARR after modify-
ing those which can be modified.

Both plasma renin and aldosterone are subject to a
diurnal rhythm and are transiently but not instanta-
neously responsive to postural changes [4, 11]. Thus 
it is important to standardize the conditions under
which renin and aldosterone are measured. Aldo-
sterone is responsive to ACTH as well as to angiotensin
II, and levels will tend to fall after 8 A.M. It is our prac-
tice to collect samples for ARR midmorning, after sit-
ting for 5 min; that is overnight recumbency is fol-
lowed by ambulation for 2–4 h.We initially arbitrarily
(based on retrospective analysis of patients with
proven PAL) chose a value of 25 [13] or more for a pos-
itive ARR when aldosterone is measured in ng/100 ml
and PRA in ng/ml/h.We subsequently raised the bar to
30 or more in an attempt to reduce false positive tests
to very few. Clearly the range 20–30 is a ‘gray area”and
will remain so. The conversion factor to change from
renin concentration (measured in mU/l) to PRA is to
divide by 8.4. The conversion factor for aldosterone
from pmol/l to ng/100 ml is to divide by 27.7.The ARR
is merely a guide to whether the diagnosis of PAL is
likely or not likely in a hypertensive patient.It does not
prove or exclude the diagnosis, and to do so requires a
suppression test. But it does reduce by an order of
magnitude the number of patients who require a sup-
pression test to exclude normokalemic PAL which is
potentially curable, and this is very worthwhile.

11.3.4 Suppression Tests to Establish 
Autonomous Production of Aldosterone

By imposing conditions under which it would be
normal for both renin and aldosterone to be “shut off”,
suppression tests aim to uncover the situation where
aldosterone production continues, despite renin,
the principal normal regulator of aldosterone, being
suppressed. Hence it is essential to measure renin as
well as aldosterone during the test,to demonstrate that
it is suppressed and not responsible for any continuing
aldosterone secretion. If renin is not suppressed, the
test is either negative or uninterpretable; it cannot be
positive.All suppression tests consist of“salt-loading”;
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only the means to achieve this differs.The simplest test
is to give the patient a “high salt diet”(by advice or pro-
vision) and supplemental sodium chloride either 
as plain salt tablets or the more palatable “slow-Na”
tablets, which are sugar-coated to pass the stomach
and release salt slowly from a wax honeycomb matrix,
similar in formulation to “slow-K”. Adequacy of the
salt load is checked by measuring 24 h urine sodium
(should exceed 200 mmol/day) and creatinine simul-
taneously with aldosterone from day 3 to 4. Criteria
vary, but in general the urinary aldosterone must not
suppress below 12 µg/24 h [32]. There have been a
variety of suppression tests involving intravenous
saline infusion reported, which introduces a new, un-
physiologic component which has little relevance to
the conditions under which human beings function,
and which may invoke mechanisms such as acute re-
lease of atrial natriuretic peptide and neural volume-
responsive mechanisms which will influence renin and
aldosterone secretion. We have observed situations in
which aldosterone production has been suppressed
without renin suppression during saline infusion, and
also suppression of plasma aldosterone to extremely
low levels (together with renin suppression) in pa-
tients subsequently cured by removal of an APA and 
in whom fludrocortisone suppression testing was pos-
itive.

Early saline infusion tests involved infusion of 2 l of
normal saline daily for 2 days, with measurement of
urinary aldosterone on day 2 [3].After it became pos-
sible to measure plasma aldosterone, the most popu-
lar saline infusion test consisted of infusing 2 l in 2–4 h
in the morning with the patient continuously recum-
bent, usually performed as an outpatient procedure
[20]. We regard this protocol as not without risk in
severely hypertensive patients, particularly if elderly.
One of the problems with all salt loading tests is that
potassium tends to fall,but more rapidly during saline
infusion with a large saline load presented to the
aldosterone-sensitive distal nephron. Acute falls in
plasma potassium cause acute falls in aldosterone,
making a false negative test likely.In the saline infusion
protocols, potassium is rarely monitored, and in any
event correction of falling potassium levels by potas-
sium infusion would be difficult and not without risk.
The level below which plasma aldosterone should not
suppress for a positive saline infusion test has varied
between 5 and 10 ng/100 ml [15, 20]. We examined
saline infusion tests in detail, comparing them with
fludrocortisone suppression tests in the same patients,
and abandoned saline infusion because of too many
false negatives, in spite of its greater ease of delivery.

A positive saline infusion test should make primary
aldosteronism highly likely, and false positives are
probably rare.

11.3.5 The Fludrocortisone Suppression Test

One advantage of a fludrocortisone suppression test 
is that the dietary salt load is progressive to maximal
effectiveness, the patient being protected from acute
volume overload by “renal escape”, whereby sodium
and chloride are rejected in the proximal tubule and
loop of Henle once volume expansion has been
achieved. As with intravenous saline loading, this
sodium presented to the distal nephron promotes
potassium excretion. The advantage over saline infu-
sion is that this occurs more slowly, and can be antici-
pated (rather than corrected) by appropriate adminis-
tration of slow K. With experience with this test, it is
usually possible to keep potassium levels normal
throughout, and certainly to correct hypokalemia 
by day 4 when the aldosterone, renin, potassium and
cortisol levels are examined in overnight recumbent
and upright samples (Table 4). A major disadvantage
of the fludrocortisone suppression test is that it is best
performed in hospital, requiring five nights. This
makes it an expensive test and hence only performed
after several positive ARRs under appropriate condi-
tions.Hospitalization permits 6 hourly administration
of fludrocortisone and slow-K, ensuring steady levels,
is associated with lower blood pressure levels than in
ambulatory patients and, importantly,permits control
of posture so that plasma samples can be collected at
7 A.M. after overnight recumbency from midnight,and
again at 10 A.M. after 3 h standing, sitting or walking.
It also makes the collection of accurate 24 h urine col-
lections possible.

It is essential to explain the FST in detail to the pa-
tient and that the nursing staff are also familiar with
the protocol. Plasma potassium levels are telephoned
through to the responsible doctor within an hour of
collection (without stasis) so that the dosage of slow-
K can be constantly adjusted.A difficult feature of this
protocol for females is the enforced recumbency
between midnight and 0700 hours,necessitating use of
a bedpan while lying flat if micturition is necessary de-
spite fluid restriction after the evening meal.

The diagnostic criteria for PAL are a plasma aldo-
sterone level at 10 A.M. upright on day 4 of ≥6 ng/100 ml,
provided that (1) PRA is £1 ng/ml/h (renin £ 8.4 mU/l);
(2) plasma potassium is in the normal range
(3.5–5 mmol/l); (3) plasma cortisol did not rise be-
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tween 0700 and 1000 hours, since if it did the ACTH
rise which caused it could give a false positive FST by
stimulating aldosterone; and (4) 24 h urinary sodium
was ≥3 mmol/kg/day in the collection completed at
10 A.M. day 4. We are still in the process of deciding a
cut-off point for urinary aldosterone in that collection.
It appears that a urinary aldosterone of ≥10 µg/day is
highly suggestive of PAL.

While a major disadvantage of the fludrocortisone
suppression test is the cost of hospital admission,if the
test were performed as an outpatient procedure the
patient would still have to take time off work and it
would be difficult to monitor.A major advantage is the
level of control and safety, and the reliability of the
test. This is important as the next step, adrenal venous
sampling, is invasive.

11.3.6 The Decision that the Patient Does 
or Does not Have Primary Aldosteronism

Experience with patients who unequivocally had
primary aldosteronism in terms of hypertension,
hypokalemia, suppressed renin and unsuppressed
aldosterone, plus a cure of hypertension and hypo-
kalemia following removal of a unilateral APA,leads to
consideration of arbitrary limits for aldosterone levels
in blood and urine before and after salt loading in PAL.
Because of the variability of levels, choice of a “limit”
or cut-off point will always be arbitrary and subject to
debate. Based on more than 200 unilateral adrenalec-
tomies for lateralizing PAL,our criteria (see above and
Table 4) still remain the subject of constant critical ex-
amination,and are the best that we can currently come
up with with our patients’best outcomes in mind.They
remain subject to revision if the evidence for change is
strong enough.

At present our best outcomes appear to be based on
fludrocortisone suppression testing,which,if positive,
leads to us offering the patient adrenal venous sam-
pling, an invasive procedure.

11.3.7 Adrenal Venous Sampling

Adrenal venous sampling seems to be the only sure
way to identify if PAL is due to a unilateral or bilateral
abnormality (Table 5). If it is truly unilateral, then the
contralateral gland will have suppressed aldosterone
production, with aldosterone to cortisol ratio in adre-
nal venous effluent being the same or lower than in
peripheral blood. It can be lower, because the con-
tralateral, normal gland will be producing little aldo-
sterone (not zero, because ACTH and potassium can
still stimulate its production) together with normal,
large amounts of cortisol. The cortisol gradient
between the adrenal vein and a peripheral vein will be
extremely high, while that for aldosterone will be
much lower. Then the aldosterone/cortisol ratio in the
adrenal venous effluent can be lower than peripheral
(Fig.2).When an adrenal mass or nodule is discovered
by chance during abdominal organ imaging because
of, for example, abdominal pain, it is called an adrenal
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Table 4. Fludrocortisone suppression test

Day –1 Admit to hospital in evening (usually Sunday). Familiarize with protocol and ward staff: avoid fluids after
evening meal. Stay in bed after midnight, rolling from side to side but not sitting up

Day 1 Blood samples collected at 0700 h while still recumbent, for measurement of renin, aldosterone, cortisol
and potassium, and again at 10 A.M. Blood samples for potassium also at 3 P.M. and 7 P.M. Commence
fludrocortisone 0.1 mg 6 hrly at 10 A.M. after upright blood samples (standing, sitting or walking since
0700 h sample) and slow Na (10 mmol) three tablets with each meal. Also commence slow K 6 hourly 
at 10 A.M. in sufficient dosage to keep plasma potassium normal. Requirements increase during the test,
reaching usually 18–54 tablets of slow K daily (range 12–102)

Day 2 and 3 As for day 1, except 24 h urine collection commenced at 10 A.M., on day 3 for creatinine, sodium and
aldosterone

Day 4 As for days 2 and 3 except that 24 h urine collection is completed at 10 A.M. and patient can be discharged
after that

Fig. 2a, b. Adrenal computed tomography (a) and adrenal
venous sampling results (b) from a 54-year-old hypertensive
male with primary aldosteronism. Although computed
tomography showed bilateral adrenal masses [right 3.9 cm
(top image), left 2.7 cm (bottom image)],adrenal venous sam-
pling demonstrated clear lateralization of aldosterone over-
production to the right adrenal, the removal of which led to
cure of his hypertension and biochemical cure of primary
aldosteronism (Aldo, aldosterone; cort, cortisol; LAV, left
adrenal vein; RAV, right adrenal vein)

�



11 Overview of Mineralocorticoid Excess Syndromes 123

Table 5. Adrenal venous sampling

1. Patient must have a positive FST and to have tested negative for FH-I (hybrid gene test)

2. Peripheral renin activity levels must be £1 ng/ml/h and have been suppressed for at least 2 months. Otherwise a sup-
pressed contralateral, normal gland in terms of aldosterone production may have become unsuppressed and lateral-
ization will be impossible

3. Diuretics including aldosterone blocking drugs should have been ceased and replaced with other medications at least
2 months previously

4. Treatment with angiotensin-II antagonists which powerfully inhibit the negative feedback on renin and raise renin
levels should have been ceased for 2 weeks, although in theory the high renin levels would be incapable of stimulating
aldosterone production by the contralateral, normal adrenal

5. A CT scan (with contrast unless an allergy exists) should be performed to show adrenal anatomy and aid in localiza-
tion of adrenal veins

6. The cannulation of the adrenal veins in turn via a femoral vein should take place as soon after 8 A.M. as possible after
overnight recumbency from midnight has been maintained, with the patient transported supine to the radiology
department.An intravenous line pre-positioned in an anticubital vein permits simultaneous sampling, in turn, from
each adrenal vein and the peripheral vein. More than one set of venous samples should be collected from each adrenal
because there may be multiple veins draining each adrenal (or “streaming” may occur) so that a vein draining an area
of an adrenal containing an APA may give a different result from a vein draining a different pole of the same gland

7. The patient should rest following the procedure for 2 h and then slowly mobilize

8. Blood tests for procoagulant states (such as Factor V Leiden) should precede AVS and if such a state exists, treatment
with heparin should commence at the conclusion of the sampling and continue for 36 h to discourage thromboem-
bolism due to intimal trauma while placing catheters in position

APA denotes aldosterone-producing adenoma; AVS, adrenal venous sampling; CT, computed tomography; FH-I, familial
hyperaldosteronism type I; FST, fludrocortisone suppression test.



“incidentaloma”. Such adrenal nodules are not rare.
In most cases thorough investigation fails to reveal
abnormal production of aldosterone, cortisol, sex
steroids or catecholamines, although full suppression
testing would be necessary to exclude some auto-
nomous production.It is not unusual to encounter PAL
in a patient with a nodule or mass in one adrenal who,
on adrenal venous sampling, has either bilateral pro-
duction of aldosterone or unilateral production by 
the opposite adrenal. Figure 2 represents a patient in
whom CT scanning demonstrated bilateral masses,but
adrenal venous sampling showed only unilateral
aldosterone production. CT also lacks sensitivity,
missing as many as 50% of APAs removed from pa-
tients who lateralize on adrenal venous sampling
(Fig.1) [4, 28].These patients illustrate the importance
of adrenal venous sampling. Consideration of aldos-
terone concentrations in the adrenal veins without
correction for dilution by non-adrenal blood (by using
aldosterone/cortisol ratio) can lead to false lateraliza-
tion to the contralateral side (Fig. 3).
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Fig. 3. Adrenal venous sampling results from a patient who
subsequently underwent left adrenalectomy for aldosterone-
producing adenoma and was cured of hypertension as a re-
sult. Although aldosterone (Aldo) levels were higher in the
right adrenal vein (RAV) than in the left (LAV), cortisol (Cort)
levels indicated that the LAV sample was more dilute and that
Aldo production was in fact suppressed on the right side
[right Aldo/Cort ratio no higher than peripheral (Periph)]

11.3.8 The Decision to Operate

Lateralization on AVS leads to consideration by the
patient, after full discussion of the AVS results and the
opportunities for either medical or surgical treatment,
of the possibility of unilateral adrenalectomy.The type
of operation will depend on the experience and pref-
erence of the surgeon. The advantages of laparoscopic
adrenalectomy include speed of recovery and fewer
postoperative complications [23, 24], but it is a proce-
dure which should be performed only by a surgeon
with extensive experience in laparoscopic techniques.
It is preferable to remove the entire adrenal rather than
to “shell out” a nodule in the hope that it might have
been the sole repository of the abnormal tissue, be-
cause all the AVS tells us is which side is solely respon-
sible, not which part of the adrenal.

11.3.9 Postoperative Care

Patients with extremely suppressed contralateral,
“normal” adrenals will experience a period of hypo-
aldosteronism following resection of an APA with high
normal or even mildly raised potassium levels despite
normal serum creatinine. Depending on the duration
of PAL before surgery, the suppression of renin and
aldosterone can persist postoperatively for several
months. Only in the presence of renal impairment is
the hyperkalemia likely to be worrying,and then treat-
ment acutely with saline infusion and chronically with
9a-fluorohydrocortisone (as in Addison’s disease)
should be considered,with a gradual withdrawal as re-
covery occurs.

We routinely perform a postoperative FST
2–6 months following surgery to assess the effects of
surgery in reducing or eliminating autonomous aldo-
sterone production [25].We do not expect to assess the
full effects of surgery on blood pressure for at least
12 months,since damage including loss of nephrons in
those with long-standing hypertension will prevent
achievement of normal blood pressure even when the
effects of surgery on autonomous aldosterone pro-
duction have been completely successful. Since many
factors other than aldosterone excess collectively cause
hypertension, the BP response to surgery is a poor ar-
biter of the appropriateness of the operation.

Patients who have had unilateral adrenalectomy for
PAL do not need hormone replacement therapy and
lead normal lives [7]. They should be followed long
term in order to assess the need for further non-
specific therapy of residual hypertension due to causes



other than aldosterone excess, and to check by mea-
surement of renin and aldosterone for persistence or
recurrence of primary aldosteronism. The morpholo-
gy of the remaining adrenal can be checked by peri-
odic CT scanning.

11.4 Conclusions

The most commonly required operation for adrenal
disease is unilateral adrenalectomy for aldosterone-
producing adenoma.The results of this operation,these
days usually performed laparoscopically,are spectacu-
larly successful in terms of the objective, removal of
the abnormal tissue, as evidenced by postoperative
suppression tests.As might be predicted from other cir-
cumstances where a cause is removed but renal dam-
age has occurred because of long-standing hyperten-
sion, the overall cure rate in terms of hypertension is
approximately 50%, but approaches 80% in young
females. Identification of other forms of mineralocor-
ticoid excess due to adrenal causes is a rare event, but
when present (as in DOC secreting tumors or aldo-
sterone/DOC secreting adrenal cancers) the appropri-
ate treatment is as for primary aldosteronism.
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12.1 Introduction

Primary aldosteronism was first described almost
50 years ago by Conn [2]. He predicted that aldostero-
nism was a common cause of hypertension. For many
years internists did not consider primary aldostero-
nism to be common. It was thought that hypokalemia
should be a prerequisite for investigating patients for
primary aldosteronism. With this assumption about
0.5% of hypertensive patients had primary aldostero-
nism.In addition,sampling of blood with a tourniquet
induces an increase in serum potassium, also con-
tributing to the low number of patients with primary
aldosteronism. However, over the last 10 years there
have been an increasing number of reports from all
over the world that primary aldosteronism may be
much more common [4, 5, 15].

Many more patients could benefit by screening for
primary aldosteronism, using the ratio plasma aldos-
terone/plasma renin activity or plasma renin levels. It
is difficult to standardize the aldosterone/renin ratio as
different laboratory methods are used and since plas-
ma renin activity will with increasing frequency be re-
placed by determination of plasma renin levels. Al-
though it may be difficult to define the exact cut-off of
the aldosterone/renin ratio, it is evident that such an
increased ratio once confirmed is an excellent indica-
tion for further endocrinologic workup. Several stud-

ies have shown a prevalence of primary aldosteronism
of between 5% and 13% in patients with hypertension
and even higher in some patients with continued high
blood pressure in spite of treatment with several anti-
hypertensive medications (see review by Young [16]).
Most of these patients are not hypokalemic.

12.2 Diagnosis of Hyperaldosteronism

In a patient with hypertension,a low plasma renin value
and increased plasma and urinary aldosterone remains
the cornerstone in the diagnosis and evaluation. Dur-
ing this evaluation the patient should preferably be off
all hypertensive drugs if possible. In particular spiro-
nolactone and beta blocking agents may cause diag-
nostic difficulties. The patient should also be normo-
kalemic.Blood for aldosterone,renin and cortisol levels
should be drawn from the patient in the morning at rest
and at noon after being ambulatory. In addition, in-
hibitory tests by, e.g., fludrocortisol may be used to in-
crease the accuracy of the diagnosis of primary aldos-
teronism [1]. The next step in the investigation, after
confirmation of the diagnosis biochemically, is to ob-
tain a high resolution computerized tomographic (CT)
scan. The CT may show a unilateral enlargement, nor-
mal adrenal glands or bilateral enlargement.

12.3 Different Forms 
of Primary Hyperaldosteronism

▬ Bilateral hyperaldosteronism due to micro- or
macronodular adrenocortical hyperplasia

▬ Aldosterone-producing adenoma
▬ Primary unilateral adrenal hyperplasia
▬ Adrenocortical carcinoma
▬ Familial hyperaldosteronism

– Type I glycocorticoid remediable aldosteronism
– Type II familial adenoma or hyperplasia

12 Primary Aldosteronism: The Surgical Perspective
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The most common types of hyperaldosteronism are
aldosterone-producing adenomas (Fig. 1) and bilater-
al aldosterone-producing hyperplasia. More uncom-
mon forms are primary unilateral adrenocortical hy-
perplasia and the extremely rare adrenocortical carci-
noma-producing aldosterone. There are two familial
forms, type I, glucocorticoid remediable aldostero-
nism [8, 10], which is treated by oral administration of
glucocorticoids, and type II, which is a recently dis-
covered familial form with both adenoma and hyper-
plasia being present [7].

12.4 Differentiation Between 
Aldosterone-Producing Adenomas 
and Bilateral Hyperplasia

Patients with an aldosterone-producing adenoma
should be offered surgical removal since this treat-
ment cures the hyperaldosteronism and improves 
hypertension in virtually all patients [16] although
about half remain hypertensive due to secondary 
arteriolar changes. On the other hand, patients with
bilateral adrenal hyperplasia do not usually benefit
from surgical removal of one adrenal unless there are
large differences in aldosterone secretion between 
the two sides. Bilateral adrenalectomy creates more
problems as a result of the need for substitution with

gluco- and mineralocorticoids and is not recom-
mended.

As mentioned CT is the first investigation in line.A
lesion of 1–2 cm in one gland and a completely normal
contralateral gland may be sufficient for unilateral
adrenalectomy. Magnetic resonance imaging (MRI)
provides an excellent morphologic image but can also
help to characterize an adrenal lesion and distinguish
between a cortical and a medullary tumor [6].Howev-
er, MRI cannot give information on which steroid the
cortical nodule may produce. Thus, in most cases a
functional localization is required and recommended
as well.

Adrenal venous sampling is the diagnostic method
of choice for determining the release of aldosterone
from the adrenal glands [11]. It is not an easy proce-
dure and needs an experienced radiologist. It is essen-
tial to be able to cannulate the more difficult right 
adrenal vein in addition to the left adrenal vein. For 
experienced radiologists the success rate of this 
technique is greater than 90%.Samples for aldosterone
and cortisol levels are taken from both adrenal veins
in addition to other locations including the left renal
vein, the inferior vena cava and a peripheral vein. For
positive lateralization, the aldosterone/cortisol ratio
must be at least four times higher from the affected
gland. In addition, the cortisol level must be three
times higher in both adrenal veins when compared to
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Fig. 1. Schematic drawing of the effects of an aldosterone-producing adenoma



peripheral blood to prove that the sample was, in fact,
taken from the adrenal vein. Clear lateralization with
venous sampling is an excellent indicator for adrena-
lectomy.

Scintigraphy after injection of iodine cholesterol may
also provide an effective functional localization without
invasive methods (Fig. 2 [9]). The drug is given intra-
venously after inhibition of adrenal cortisol secretion
by dexamethasone. Clear lateralization with scintigra-
phy which is in accordance with the CT scan provides
sufficient information for surgical intervention.

12.5 Treatment

In patients with clear lateralization by CT scanning,
adrenal venous sampling or iodine cholesterol scintig-

raphy, there is an indication for unilateral adrenalec-
tomy for an aldosterone-producing adenoma [13].
Usually aldosterone-producing adenomas are small
(0.5–2 cm) (Fig. 3) and ideal for laparoscopic removal
[11]. It is advantageous to correct hypokalemia pre-
operatively using spironolactone. Surgical removal of
an aldosterone-producing adenoma is very cost effec-
tive especially in young patients compared to lifelong
medical treatment. Cured patients should have nor-
mal serum aldosterone, renin and potassium on fol-
low-up.

Cure of hypertension after successful removal of
any aldosterone-producing adenoma ranges between
40% and 70% [14, 12] and persistent hypertension
needs conventional treatment. If the patient has per-
sisting hyperaldosteronism, it is probable that the re-
moved nodule was not producing aldosterone and the
patient may have a small adenoma in the contralater-
al adrenal gland or bilateral disease.Analysis of the re-
moved tissue with in situ hybridization of steroid-
ogenic enzymes can reveal the localization of aldos-
terone production [3].

Patients with bilateral hyperplasia should be 
treated medically. Spironolactone is the most widely
used drug in combination with other hypertensive
drugs. The major problem is the occurrence of side
effects, particularly painful gynecomastia and im-
potence. A new drug, eplerenone, was introduced 
in 2003 to give an antimineralocorticoid effect on 
aldosterone receptors in the kidney [16]. This drug
may be of great help in treating bilateral hyperplasia
and may also prove to be useful in patients where 
surgical removal of an adenoma is contraindicated.In
addition, primary adrenal hyperplasia and adrenal
cortical carcinoma should be treated surgically. Pa-
tients with adrenocortical carcinoma and hyper-
aldosteronism will usually need an open adrenalecto-
my, as radical surgery is the only chance for perma-
nent cure.
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Fig. 2. Iodine cholesterol scintigraphy of a patient with pri-
mary aldosteronism showing increased activity from the left
adrenal.A 1.5-cm-large tumor was also seen on computed to-
mography and the patient had an aldosterone-producing
adenoma removed. (Courtesy of Dr. Hans Jacobsson, Dept. of
Radiology, Karolinska Hospital)

Fig. 3. A typical aldosterone-producing adenoma with a yellow color to the right. To the left there is a nonhyperfunctioning
nodule with a pale color. The adrenal cortex has a normal appearance
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13.1 Introduction

Primary adrenocortical carcinomas account for 0.02%
of all carcinomas and rank amongst the least common
malignant endocrine tumors. However, after anaplas-
tic thyroid carcinomas they are the most malignant
endocrine tumors.Twenty to 40% have metastasized at
the time of presentation, and the overall 5-year sur-
vival is 19–35% [1, 2]. Early adrenalectomy is the only
potential means of cure.

13.2 Incidence

Functioning adrenocortical neoplasms with clinical
manifestations of hypersecretion occur in four pa-
tients per million; roughly half will be adenomas and
the rest carcinomas.Adrenocortical carcinomas at au-
topsy account for 2.5 patients per million. Hence the
suggested incidence of non-functioning adrenocorti-
cal carcinomas should be 0.6–1.7 per million of the
population [3].

If these figures are matched with the prevalence of
adrenal masses found incidentally (i.e.0.6–1.3% of the
ambulatory population) it is evident that,in the setting
of the adrenal “incidentaloma’’, non-functioning
adrenocortical carcinomas are an uncommon cause.
Van Heerden et al. [4] reported that only 4 of 342
(1.2%) patients with incidentalomas at the Mayo Clin-
ic had adrenocortical cancers. Our experience in Lille,
France, of adrenal incidentalomas is consistent with
this finding. Of 213 adrenal incidentalomas, of which
103 were operated upon, there were 5 (2%) adreno-
cortical carcinomas [5]. Pheochromocytomas and
metastasis to the adrenal gland should really be the
primary concern in this setting as they occur in 1–15%
and 4–22% respectively [6].

The characteristics of our 54 adrenocortical carci-
nomas, among 486 patients who underwent adrenal
surgery, are listed in Table 1.
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13.3 Clinical Presentation

Women are affected twice as often as men. Three clin-
ical patterns can be encountered.

13.3.1 Mass Syndrome Without Any Clinical 
Evidence of Hypersecretion (30%)

The patient himself notices a large, and on occasion a
huge,flank tumor (Fig.1).Alternatively,discovery is by
the patient’s physician when presenting with flank
pain or pyrexia of unknown origin (possible tumor
necrosis factor secretion),asthenia or weight loss.Sub-
tle signs of hormonal secretion can be discovered: for
instance, glycosuria or a shadow of a moustache on a
woman’s upper lip. Additionally there may be signs of
inferior vena caval compression or obstruction (i.e.
ankle edema) secondary to a neoplastic caval throm-
bus. Tumor rupture or hemorrhage is rarely encoun-
tered.

13.3.2 Overt Clinical Syndrome 
of Hypersecretion (60%)

Women younger than 40 years are more often affect-
ed. In patients with malignant adrenocortical tumors,
the syndrome is of almost pure hypercortisolism in
30% of patients, virilization in 22%, feminization in
10%, hyperaldosteronism in 2.5%, and mixed secre-
tions in 35% [1, 7]. Although adrenocortical carcino-
mas account for 5–10% of patients with hypercorti-
solism, 80% of cases of hypercortisolism are in fact
due to corticotropin-secreting pituitary tumors. No-
tably, however, 40% of patients with Cushing’s syn-
drome and detected adrenal neoplasms do indeed
have malignant tumors. Virilizing tumors are malig-
nant in 30% of cases, feminizing tumors in male adults
are virtually always malignant, and pure aldosterone-
secreting tumors are malignant in less than 1% of cas-
es [8]. Mixed hormonal secretion is highly suspicious
of malignancy. Rare adrenal tumor hypersecretion
syndromes that have also been noted include ectopic
hyperinsulinism with hypoglycemia (Anderson’s syn-
drome) or ectopic hyperparathyroidism with hyper-
calcemia.There are even case reports of these two rare
hypersecretion syndromes occurring synchronously
in the same patients [9].

13.3.3 Adrenal “Incidentaloma” (10%?)

The smallest reported metastasizing adrenocortical
carcinoma was 3 cm in diameter and weighed 25 g
[10]. Metastases occurred postoperatively. There is no
evidence in the literature that solid, non-secreting ad-
renal incidentalomas smaller than 3 cm in diameter
are malignant (i.e.metastatic at presentation).The ob-
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Table 1. Adrenal surgery in Lille, France, during the period January 1985–December 1999

Hyperplasia Benign Malignant Total

Pheochromocytoma – 116 35 151
Cushing 12 27 13a 52
Conn 5 104 – 109
Virilizing – 6 5a 11
Feminizing – – 2a 2
Non-secretory 3 91 32a 126
Metastasis – – 18 18
Others 8 7 2a 17
Total 28 351 107 486

a Fifty-four malignant adrenal tumors: 46 adrenocortical carcinoma, 8 others.

Fig. 1. Huge right-sided adrenal mass



vious thought arises,however, that in the development
of an adrenocortical carcinoma there must be a point
at which mutagenesis occurs and a small island of
neoplastic cells develop in a relatively normal sized
adrenal gland before presumably expanding relative-
ly rapidly in size.Must the adrenal really be more than
3 or 4 cm before malignancy can occur? The evidence,
however, would tend to support this.At the same time
can benign adrenocortical adenomas turn into malig-
nant tumors with time? Current genetic and biochem-
ical studies do not support this possibility. Most of the
adrenocortical carcinomas are monoclonal, whereas
the majority of adrenal adenomas are polyclonal [11].
Conversely genetic changes in the locus 11p15 are
common in adrenocortical carcinomas and very rarely
seen in adrenal adenomas [12]. Point mutations of ras
genes are equally encountered in 12% of adrenal car-
cinomas and adenomas [13]. Subsequent studies may
clarify whether a subset of adrenal adenomas are
prone to malignant change or whether adrenocortical
carcinomas begin de novo.

13.4 Determining Malignancy 
in an Adrenal Mass

The great challenge for the surgeon is to try preopera-
tively to assess the likelihood of malignancy in any re-
ferred adrenal mass.

The patient is approached in a routine fashion as for
all adrenal masses. An accurate history of symptoma-
tology is taken.An accurate family history is taken for
any genetic predispositions.A full clinical examination
is undertaken. Which imaging modalities have been
utilized, and are they satisfactory? Is the tumor secre-
tory or non-secretory? Have all the appropriate bio-
chemical investigations been performed to assess ad-
renal hyperfunction or non-secretory status? Is there
appropriate functional and morphological correla-
tion, i.e. can a hypersecretory state be attributed to the
side of the adrenal mass?

13.4.1 Clinical Factors Suggestive 
of Malignancy

Certain features of an adrenal mass, irrespective of
size, are highly suggestive of malignancy, especially if
combined. They include:
▬ Abrupt onset of disease
▬ Pyrexia
▬ Abdominal pain

▬ Abdominal mass
▬ Inferior vena caval compression or obstruction
▬ Associated breast carcinoma, osteosarcomas, or

brain tumors (Li-Fraumeni syndrome)
▬ Mixed hormone secretion
▬ Mild androgenic changes (an indication of the se-

cretion of precursors)
▬ Feminizing syndrome
▬ Ectopic secretion syndrome

13.4.2 Biochemical Factors Suggestive 
of Malignancy

▬ Urinary ketosteroid production in excess of
30–40 mg/day

▬ Elevated dehydroepiandrosterone (DHEA) levels
(observed in 80% of patients [4])

▬ Inactive precursor secretion, pregnenolone and
aldosterone precursors, especially 18-hydroxylat-
ed compounds [14]

13.5 Preoperative Imaging 
of Suspect Adrenal Lesions

In addition to distant metastases and tumor size, im-
aging studies can provide much information sugges-
tive of malignancy.

Imaging findings suggestive of malignancy include
the following:
▬ Computerized tomography (CT)

– Stipled calcifications
– A poorly delineated, rugged more or less

square-shaped tumor, with the periodic ap-
pearance of prominent buds, very different
from the round-shaped adenoma (Fig. 2)

– Areas of necrosis (Figs. 3, 4). Benign tumors
usually homogeneously enhance. Malignant
tumors will inhomogeneously enhance due to
areas of necrosis.

– Aortocaval adenopathies
– Evidence of local invasion; bearing in mind

that CT is known to overestimate the extent of
liver and caval invasion

▬ Magnetic resonance imaging (MRI)
– Heterogeneously increased early T2-weighted

signal
– Weak and late enhancement after injection of

gadolinium
– Finding of an intravascular signal identical to

the tumor signal is of paramount importance,
and diagnostic of malignancy
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Both CT and MRI will determine if the adrenal mass is
lipid-rich or lipid-poor. Lipid-rich masses have a high
probability of being benign and lipid-poor adrenal
masses are more likely to be malignant. There are ex-
ceptions,however,and lipid poor adrenal cortical ade-
nomas have been described.On plain,unenhanced,CT
an attenuation of <10 Hounsfield Units (HU) is likely
to be benign. Lesions of >30 HU are more likely to be
malignant. With contrast enhancement there are also
different retention characteristics. Benign lesions ex-
hibit >70% washout of contrast at 15 min,whereas ma-
lignant lesions wash out <20% of the contrast in a sim-
ilar time. Using chemical shift MRI, lipid-rich adeno-
mas show a decrease in relative signal intensity of 34%,
whereas non-adenomas show no significant change in
relative signal intensity.

The likelihood of malignancy for tumors increases
with size from 1.5 to 6 cm in diameter but remains
limited because only 1 in 4,000 cases (0.03%) are ma-
lignant [6].Operating on all patients with incidentalo-
mas would probably result in more surgical deaths
than patients cured by removing small adrenocortical
carcinomas. However, in young patients, lifelong ob-
servation may be unacceptable and may not be cost ef-
fective, and benign adrenocortical adenomas are less
common in young patients.

For patients with adrenal tumors larger than 6 cm
in diameter,adrenocortical carcinomas account for up
to 15% of cases [6, 7, 15, 16]. Surgery is therefore rec-
ommended in patients with tumors of this size.

13.5.1 NP-59 Scintigraphy

Lack of, or very weak uptake in the presence of, a nor-
mal contralateral uptake [17] suggests malignancy.
However, 18 instances of adrenocortical carcinomas
exhibiting clear uptake of NP-59 have been described
[18]. Virtually all were highly differentiated carcino-
mas with overt clinical hypersecretion.

13.5.2 Positron Emission Scintigraphy

A large variety of positron emitter tracers have been
used for positron emission scintigraphy (PET) imag-
ing. The most widely used tracer is 18F-fluoro-2-de-
oxy-d-glucose (18F-FDG).Deoxyglucose (DG) is a glu-
cose analog that enters the cell using specific trans-
membrane carrier proteins (especially GLUT-1).Once
within the cytoplasm, DG is phosphorylated to FG-6-
phosphate but does not appear to be further metabo-
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Fig. 2. CT image of left adrenocortical carcinoma showing 
irregular contours and central necrosis

Fig. 3. Sagittal CT image of left-sided adrenocortical carci-
noma

Fig. 4. CT image of right adrenocortical carcinoma illustrat-
ing heterogeneity of the cortex
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Fig. 5a, b. PET scan images of a right adrenocortical carcinoma



lized.In most malignant tumors there is an increase in
the glycolytic metabolism which accounts for an in-
crease in FDG uptake [19]. Retrospective [20] and
prospective [21] studies have shown PET to be both
sensitive (100%) and specific (94%) in delineating be-
nign from malignant adrenal cortical lesions. It also
has an excellent additional role in highlighting sec-
ondary metastatic adrenal disease that would have
been missed on CT or MRI [21]. If available it should
be included in the workup for initial staging as well as
for follow-up (Fig. 5).

13.5.3 Bone Scintigraphy: Tc99

Bone scintigraphy should be performed routinely in
all patients with a suspicion of adrenocortical carci-
noma; it will illustrate the presence of any disseminat-
ed metastases and necessitate a palliative rather than
surgical treatment.

13.5.4 The Role of Needle Biopsy 
for a Mass Lesion

Needle biopsy should not be routinely used because of
its lack of sensitivity and the risk of a capsular tear
with tumor spillage. It could, however, be utilized in
some patients for diagnosis of metastatic adrenal dis-
ease from a known extra-adrenal primary.

13.6 Criteria of Malignancy 
of Cortical Tumors

The criteria determining whether an adrenal neo-
plasm is benign or malignant are not precise.Current-
ly, the only accepted criteria are metastasis,either syn-
chronous or metachronous, and local invasion into
surrounding structures. Adrenal tumors metastasize
to the lung (72%), the liver (55%), the peritoneum
(33%), the bone (24%), the contralateral adrenal
(15%), and the brain (10%).

Local recurrence at reoperation is not an ab-
solute criterion of malignancy because intraoperative
disruption of the capsule of a benign tumor may
result in local seeding, with growth and apparent 

invasion.
Large adrenal neoplasms are more likely to be ma-

lignant. Critical size or weight usually ranges from 6
to 10 cm in diameter and from 40 to 100 g respective-
ly. The size suggestive of malignant tumors may be

smaller for androgen-secreting tumors than for other
tumors.

A method of defining malignancy histologically has
been relatively simply defined by Weiss [22].This clas-
sification incorporates nine histological features
(Table 2). The presence of three or more of these fea-
tures in a specimen correlates well with a clinically
malignant outcome.

The Weiss histopathological system is now the most
commonly used method for assessing malignancy be-
cause of its simplicity and reliability and excellent in-
terobserver agreement [23]. Some of the criteria are,
however, less reliable than others and recently a statis-
tically modified system of weighting has been pro-
posed [23] (2.mitotic rate ¥ 2.cytoplasm ¥ abnormal
mitosis ¥ necrosis ¥ capsular invasion) with a signifi-
cant correlation with the Weiss system.

Cytological criteria are not consistent enough to
predict tumor behavior: cellular atypia and abundance
of mitosis are only suggestive,as is aneuploidy flow cy-
tometry [24]. Needle biopsy is not recommended for
diagnosis because it cannot differentiate between an
adrenocortical adenoma and an adrenocortical carci-
noma. There is also concern about rupture of the tu-
mor capsule. A high mitotic index is perhaps more of
prognostic than diagnostic significance in malignant
adrenocortical cancers [25].

Major diagnostic problems arise in the evaluation
of patients with tumors between 3 and 6 cm in diam-
eter,exhibiting weak mitotic activity,with scarce areas
of necrosis without obvious capsular invasion.In such
cases, immunohistochemistry may prove helpful as
benign tumors stain positively for vimentin (connec-
tive cell antigen) in 14% of cases versus 80–90% for
malignant tumors. Synaptophysin (neuroendocrine
cell antigen) is also more often expressed in malignant
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Table 2. Weiss criteria for malignancy (more than three 
features is indicative of malignancy)

High nuclear grade

Mitotic rate >5/50 high-power fields

Atypical mitoses

Eosinophilic tumor cell cytoplasm (>75% of tumor cells)

Diffuse architectural pattern (>33% of tumor) with
broad fibrous and trabecular bands

Foci of confluent necrosis

Venous invasion

Sinusoidal invasion

Capsular invasion



tumors [7]. MIB-1, another immunohistochemical
marker, has also shown recent promise in delineating
benign from malignant adrenal tumors [23, 26].

13.7 Staging, Surgical Indications,
and Preoperative Treatment

Adrenocortical carcinomas are staged according to the
stages described by MacFarlane, and modified by Sul-
livan (Table 3).This classification has one major draw-
back (i.e., malignancy in stage I is based on histologi-
cal criteria only).Whether all of these tumors are ma-
lignant is unknown,so that the assumption that all are
malignant may lead to an overly optimistic affirmation
of the results of surgery.

All tumors at Stage I, II, III, whether diagnosed pre-
operatively or intraoperatively,should be resected.The
need to operate on patients with Stage IV disease and
distant metastases is controversial because these pa-
tients have an average postoperative survival of
3 months and a 1-year actuarial survival of 10%.Wide-
spread metastases in elderly patients should dissuade
surgical treatment. Conversely, in young patients, a
solitary metastasis should not be a contraindication to
surgery, and in rare cases pre- and postoperative ad-
junctive chemotherapy has provided long-lasting sur-
vival with complete remission.

13.8 Macroscopic Morphology,
Preoperative Imaging,
and Surgical Strategy

At the time of surgery, most adrenocortical carcino-
mas are large tumors, ranging from between 5 and
28.5 cm in diameter (average,12.4 cm) and between 33
and 3,100 g in weight (average, 849 g) according to
Javadpour [27]. In our experience the largest tumor
weighed 4,600 g (see Fig. 6).

The capsule of these grayish-white tumors can be
thick or thin. When thin with large superficial veins,
the capsule is prone to rupture and local seeding.
When thick, the capsule adheres to adjacent organs,
the liver or the kidney,which may be invaded.Such ad-
hesions may lead to extensive surgery; thus it is often
wiser to search for a plane of cleavage under the liver
or the kidney capsule. It is necessary to bear in mind
that CT scans often overestimate the local invasion.

Macroscopic venous invasion is common and more
often observed on the right-hand side (20% of surgi-
cal cases), often encompassing the inferior vena cava.
Surgeons should obviously be prepared for this situa-
tion. The neoplastic thrombus of an adrenocortical
carcinoma invades the venous wall more frequently
than a renal adenocarcinoma and can reach up to the
right atrium.Assessment or exclusion of venous inva-
sion may influence the surgical strategy and in some
cases it is necessary to use cardiopulmonary bypass.
Therefore,careful evaluation of the inferior vena cava,
suprahepatic veins, and right atrium by MRI, Doppler
flow studies, and right atrium echography is manda-
tory. The effectiveness of MRI has largely eliminated
the need for inferior vena cava phlebography (Fig. 7).
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Table 3. Staging of adrenocortical carcinomas. (Adapted from MacFarlane [43], used with permission)

Stage Size (cm) Weight (g) Local extension Lymph node extension Distant metastasis

I <5 and <50 None None None
II >5 or >50 +None None None
III – – or + None
IV – – + and + None

or – – – – +

+, Present.

Fig. 6. A 4.6-kg right-sided adrenocortical tumor displacing
the liver. Thoracoabdominal approach



Involved regional nodes occur in 10–45% of cases
and should be resected with the tumor. They do not
impede the surgical strategy [28].

13.9 Surgical Strategy 
and Technical Operative Risks

Wide surgical exposure is mandatory for primary vas-
cular control, tumor removal with associated lumbar
fossa clearance,and aortocaval node dissection,with a
possible extension to the adjacent organs and some-
times to the inferior vena cava. Therefore, a posterior
approach is not indicated in these patients with large
and often invasive tumors. There currently appears to
be no place for laparoscopic surgery.

In most cases, either right or left sided, an extend-
ed subcostal transverse laparotomy is the best choice,
with a view to possible extension by sternotomy if ex-
tensive inferior vena cava extension is suspected or
present.Access to the right adrenal vein is difficult, es-
pecially in patients with large tumors. On the left side,
by contrast, it is relatively easy if Cattell’s maneuver is
used as a first step,combining mobilization of the right
colon to the left and a Kocher’s maneuver to expose the

left renal and adrenal veins at the vena cava before tu-
mor manipulation.

Some huge right-sided tumors,creeping behind the
liver, still require a thoracoabdominal approach for
adequate visualization and vessel control as illustrat-
ed (Fig. 8a–c). Occasionally extremely large left sided
adrenal tumors may also require a thoracoabdominal
incision to allow extraction.The thoracoabdominal or
thoracophrenolaparotomy incision is facilitated by the
patient being placed in the lateral decubitus position
with the arm supported. The incision is based on the
8th or 9th rib. Pain can be reduced by resecting the rib
over which the incision is based rather than forcefully
retracting the ribs and thereby causing painful frac-
tures. The corresponding intercostal nerve is retract-
ed and must not be entrapped at the end by the closure.
Care is then taken to divide the diaphragm peripher-
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Fig. 7. Venogram illustrating a large vena caval tumor throm-
bus emanating from a left adrenocortical carcinoma

Fig. 8. a The thoracoabdominal incision for a large relative-
ly anterior right adrenocortical carcinoma. b The thoracoab-
dominal approach provides excellent visualization of this
large right adrenal mass shown here with the liver reflected
superiorly. Excellent vascular access provided by the thora-
coabdominal approach. Note presence of multiple resorbable
clips for lymphostasis



ally 2 cm from its thoracic insertion, not radially to
preserve phrenic nerve function and minimize post-
operative respiratory embarrassment.The adrenal can
then be approached in the routine fashion.

All adjacent invaded organs should be resected
while ensuring a functioning kidney on the contralat-
eral side. Formal liver resection is rarely needed and
may require vascular exclusion of the liver. Often a
cleavage plane can be found under the liver capsule.
Left pancreatectomy with splenectomy is sometimes
indicated on the left side for adequate resection of
large invasive tumors.The adjacent kidney is rarely in-
vaded by the tumor, but nephrectomy is often helpful,
if there are dense adhesions, to obtain proper aorto-
caval clearance (Fig. 9). Liberal use of resorbable clips
is recommended for adequate lymphostasis and some-
times for control of the thoracic duct at its origin.

Extension to the inferior vena cava is the major sur-
gical challenge,especially on the right side (15–20% of
cases). Direct invasion, if extensive, makes resection
difficult and the hope of cure unlikely. Limited inva-
sion can be treated often by wedge resection (Fig. 10).
Occasionally segmental caval resection is necessary,
with or without a graft, utilizing a bypass procedure.
Limited intracaval thrombus can be flushed either di-

rectly [29] or with a combination of caval clamping,
vascular exclusion of the liver, and the use of a large
Fogarty catheter in the atrium [30].If the thrombus ex-
tends superiorly to the right atrium, a thoracoabdom-
inal or combined sternotomy-laparotomy are manda-
tory for primary control of the inferior vena cava in the
pericardium. If it invades the right atrium, cardiopul-
monary bypass with cardiac arrest is required. Use of
external veno-venous bypass remains controversial,
but appears to be useful in selected cases [1, 31, 32]. A
solitary liver metastasis should be removed when it
can be done safely. Care must be taken to avoid rup-
turing the capsule to prevent local recurrence. We al-
ways use drains and recommend cryopreserving tu-
mor tissue for subsequent biochemical and genetic
studies.

13.10 Specific Postoperative Care

Not uncommonly, within hours after surgery, patients
may exhibit hemodynamic manifestations of septic
shock with negative blood cultures.This may be due to
release of tumor necrosis factor (TNF) and TNF-like or
other factors during tumor manipulation. Sympto-
matic treatment is effective. Initially stress doses and
then maintenance doses of hydrocortisone are manda-
tory for patients with secretory tumors and for pa-
tients treated preoperatively with mitotane and keto-
conazole. Drains are removed after the resumption of
food intake to decrease the chances of a problematic
chylous fistula.

13 Primary Adrenocortical Carcinoma 139

Fig. 9. En bloc resection of left adrenocortical carcinoma
with spleen and left kidney

Fig. 10. Wedge resection of a small area of the wall of the
vena cava after excision of a right adrenocortical carcinoma
with limited caval involvement



13.11 Overall Results 
and Prognostic Factors

Unfortunately, the intra- and postoperative mortality
within 30 days of operation is about 10% [1, 4]. Most
of the mortality occurs in poor-risk patients with Stage
III or IV disease undergoing an extensive resection,
with an occasional death from pulmonary embolism
after isolated adrenalectomy.

A review of 548 patients with adrenocortical carci-
nomas from seven large series in the literature from
1980 to 1990 [1], of whom 290 were operated on with
curative intent, revealed that:
1. Overall mean survival was 29 months, ranging

from 33 to 71 months for the curative group and
from 6 to 27 for the non-curative group.

2. Actuarial 5-year survival rates ranged from 16 to
34% overall and from 32 to 62% for the curative
group.

The results of a French nationwide survey of 156
adrenocortical carcinoma cases during the same peri-
od (1980–1990) are illustrated (Fig. 11). The overall
survival rate was 34% and for the curative group was
42%. Survival rates for patients undergoing an incom-
plete resection was 9% at 1 year [1].

Tumor stage was the most important factor pre-
dicting prognosis, with a 5-year actuarial survival of
53% for locally invasive carcinomas (Stage 1,33%; and
Stage II, 55%). Survival rate was 24% in patients with
Stage III disease and 0% in patients with Stage IV dis-
ease (Fig. 12) [1, 4, 11].

The patients who were younger than 35 years with
non-functioning tumors or with tumors that secreted
androgen had a slightly better survival.Gender, tumor
size, associated nehrectomy and cellular lymph-
adenectomy had no impact on survival [1, 7, 11].

13.12 Surgery of Metastases 
and Recurrences

Metachronous surgery for solitary metastases is rarely
helpful, but reoperation for local recurrences is advis-
able when complete resection is possible.Such patients
have a 5-year survival rate of 28% [1, 11, 31, 32].

13.13 Adjuvant Therapy

Mitotane,or o,p-DDD,is the only drug that has proven
to be effective in some patients. Recommended
dosages of 8–12 g/day are unfortunately associated
with neurotoxicity, nausea, intractable diarrhea, and
adrenal insufficiency requiring cortisol substitution.
Thus, only 60–70% of patients can tolerate this thera-
py [33].

Preoperative treatment with mitotane (8–12 g/day)
is indicated in two situations: metastatic disease and
severe hypercortisolism. Mitotane successfully treats
Cushing’s syndrome in up to 75% of patients [34] and
sometimes causes partial or dramatic shrinkage of the
primary tumor and the metastases. Cortisol replace-
ment therapy is essential as hypocortisolism results in
some patients. Unfortunately, many patients cannot
tolerate the nausea and other side effects of mitotane,
which limits its successful application.We recommend
using mitotane for 3 or 4 weeks before surgery,and pa-
tients who respond to mitotane have a more favorable
prognosis.

Mitotane has a long half-life, and monitoring of
serum levels can allow a lower maintenance dose for
better tolerance. Alternatively, ketoconazole (400 mg/
day) can be used to control the hypercortisolism.

Numerous studies have shown that mitotane fails to
improve overall survival [1, 2, 4, 35–38] and that no

Charles A. G. Proye, François N. Pattou, Jonathan Armstrong140

Fig. 11. Survival curves of patients overall and of patients
with complete and incomplete resections. (With permission
from Icard et al. [1])

Fig. 12. Survival rates in relation to extent of disease. (With
permission from Icard et al. [1])



more than 20% of patients respond in terms of tumor
growth.In patients with metastases,however,mitotane
can improve survival. In a French retrospective study
of 253 patients with adrenocortical carcinoma, mi-
totane was given as an adjuvant therapy in 53.8% of the
cases.The survival advantage of mitotane was only ap-
parent in Stage IV disease (Fig. 13).

Each of the above series also includes more than a
few anecdotal cases of tumor recurrences and metas-
tases shrinking impressively for 1–2 years with sur-
vival up to 8 years and even a few cases of surgically
verified disappearance of metastases in patients who
received mitotane [1, 32, 35, 39]. We are also aware of
unpublished data of overgrowth or reappearance of
metastases when mitotane was discontinued after
years of response to the drug. The only long-term sur-
vivors after surgery for metastatic adrenocortical car-
cinoma have received mitotane therapy. Personally,
even after surgery for Stage I and II adrenocortical car-
cinoma,we would recommend lifelong treatment with
mitotane if it is tolerated because it is the best hope for
long-term survival.

Various other combination chemotherapy regi-
mens are currently under evaluation. In one phase II
trial using a combination of mitotane with infusional
doxorubicin, vincristine, and etoposide in patients
with metastatic adrenocortical carcinoma, responses
were obtained in 22% of patients [40]. The superiori-
ty of this regime over single-agent mitotane is debat-
able however. More effective P-glycoprotein antago-
nists are needed.

Radiation therapy is usually ineffective [2, 41].

13.14 Adrenocortical Carcinoma 
in Childhood

Patients younger than 16 years with adrenal neo-
plasms are more likely to have malignant tumors 
than adults.A survey of the English literature between
1956 and 1986 provided 209 cases of children with
adrenocortical neoplasms [42], 66% of which were
malignant. Average size and weight of malignant ver-
sus benign tumors were 9 cm versus 4 cm and 466 g
versus 43 g respectively. Female-male ratio was 2.2 to
1, and the mean age at presentation was 4.6 years
(range 5 days–16.5 years). Hirsutism was the most
common presenting symptom (51%) followed by 
hypercortisolism (30%) and feminization (10%): 8%
of the tumors were non-functional. Of interest is the
association with congenital abnormalities such as
hemihypertrophy, Beckwith-Weidemann syndrome,
vascular malformations,urological abnormalities,and
tumors of the central nervous syndrome.Adrenal neo-
plasms have also been reported in patients with salt-
losing congenital hyperplasia [42].

The biochemical profile in children is similar to that
in adults. Surgery is the only means offering cure. The
role of adjuvant therapy is unproven.Average survival
is 24 months but can reach up to 8 years. It should also
be kept in mind that 40% of neuroblastomas are locat-
ed in the adrenals and are now commonly diagnosed
by antenatal ultrasound.

13.15 Summary

Adrenocortical carcinoma is a rare tumor, and, unfor-
tunately,patients with this neoplasm have a grim prog-
nosis. Early detection and surgical removal offer the
only chance of cure. Further studies must be done first
to detect and then treat patients with small malignant
tumors and to develop new forms of adjuvant therapy.
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One of the reasons that make this tumor such a threat-
ening disease (actually the second most lethal en-
docrine neoplasm after anaplastic thyroid carcinoma)
is its proneness to both recurrences and distant metas-
tases, very often synchronous with the recurrence it-
self. In spite of the most careful surgery at the time of
first operation in more than 60% of the cases, adreno-
cortical carcinoma (ACC) recurs involving several ad-
jacent and even distant organs. Since it is well known
that medical therapy has very poor efficacy (if any) in
treating these patients [14], surgery remains the only
option, if not for cure, for an acceptable survival in the
presence of a recurrent disease.

14.1 Epidemiology

According to the Memorial Sloan-Kettering Cancer
Center experience [21], resection of a local or distant
recurrence was performed in 47 of 113 patients, with
almost half undergoing a third operation; one patient
underwent a seventh resection! Similar experiences
have been quoted by most surgeons who are familiar
with this often fatal illness. The high number of repeat
operations is an important point to focus on because
it expresses the growth of the tumor. As in any other
malignancy the possibility of recurrence is related to
the stage of the disease at presentation. In fact, Sulli-

van, who introduced a Staging System which is widely
used [22], reported a 5-year survival rate of 100% for
Stage I disease,an 80% rate in Stage II,20% in Stage III
and 0% in Stage IV.According to others [7],even in the
presence of a complete resection of the carcinoma as
many as 68% of the patients will develop a local re-
currence.It is easy to understand that survival is linked
in most of the cases with recurrence, which is general-
ly the crucial occurrence in the natural history of
treated disease.

The relapse time between first surgery and recur-
rence is also an important factor because it is an ex-
pression of the aggressiveness of the disease; a very
early recurrence is often related to a poor prognosis.
Most authors [2, 9, 18] agree that recurrence occurs
most often 1–2 years after the operation. Late recur-
rences have also been described from 5 to even
14 years after the first operation [13].

The organs more often involved are respectively the
kidney, liver, great vessels, spleen, pancreas and stom-
ach together with retroperitoneal fat tissue and di-
aphragm (Figs. 1, 2). A very common site is unfortu-
nately the peritoneal serosa,where several nodules can
be found: this constitutes a dreadful situation because
it makes surgical radicality a very difficult challenge.
Port site metastases are a common site as well and they
will be more thoroughly discussed when discussing
laparoscopic access [8].

As for distant metastases repeat resection is per-
formed in more than 50% of the cases for lung metas-
tases, in one-third for liver and more rarely for bones
[21]. Other sites such as skin or brain are exceptional.

14.2 Clinical Features

The clinical pattern of recurrent disease differs in ac-
cordance with the functional status of the primary tu-
mor. The onset in the case of a functioning malignan-
cy is generally, if not always, unveiled by the presence
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of characteristic stigmata that can be divided into
three types according to the type of hormone in excess:
steroid, sexual and mineralocorticoid hormones. The
patients usually recognize quite easily their symptoms
and stigmata having experienced them before. This
can be very simple in the first two instances but not in
the third (mineralocorticoid) because the latter,which
is exceptionally rare in malignant tumors, may cause
minimal symptoms.The clinical suspicion will be con-
firmed by adequate hormonal serum and urinary
measurements addressed by the morphologic changes
which have occurred.In these patients the diagnosis is
easily achieved and there is no need for measurements
of hormonal markers of malignancy such as DHEA-S
[17]. In contrast imaging studies should be initiated
immediately to determine the exact site of the recur-
rence or distance metastasis. Although abdomen ul-
trasonography can be an excellent tool initially in par-
ticular when the liver is involved, computed tomogra-
phy (CT) [12] must be considered the procedure of
choice to determine the presence and the extension of
a recurrence. A contrast-enhanced CT of abdomen
and chest is mandatory and it will give important in-
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formation about the functioning status of the con-
tralateral kidney,since the homolateral kidney is often
affected by the recurrence and thus may have to be in-
cluded in the resection [21, 15].

When dealing with nonfunctioning tumors the re-
currence is more often revealed by imaging studies
routinely performed during follow-up because a tight
surveillance by means of echography and CT is high-
ly recommended in these patients,in particular during
the first 3–5 years after primary operation. In these
cases symptoms can be completely absent or nonspe-
cific such as fever, anemia or unexplained weight loss.
Pain in the flank or palpable masses are only present
if the recurrent mass is very large or is invading sur-
rounding structures and in particular nerve trunks in
the retroperitoneum. In these patients the most accu-
rate imaging workup must be accomplished before re-
peat surgery. Magnetic resonance imaging (MRI)
might be complementary to CT when an intravascular
extension of the mass is suspected: in these cases MRI
is probably irreplaceable [15] and it has reduced the
role for venography,which should be reserved only for
patients with large masses on the right side either if
some doubt about great vessels involvement still exists
[19] or if a venous bypass has to be planned before op-
eration [1].As for fine-needle aspiration biopsy, prob-
ably everyone agrees that if it is not useful in ACC it
should be excluded from the preoperative workup in
these patients,having no role at all in a disease,such as
recurrent ACC, where the nature of the lesion cannot
be misunderstood.

14.3 Surgical Treatment

At present reoperative surgery remains the most ef-
fective, if not the only, therapeutic option for these
patients. This is true for both the palliation of symp-
toms induced by hormonal hypersecretion in func-
tioning tumors and to prolong the survival in all cases.
In fact it is well demonstrated in all the largest series
dealing with repeat surgery for ACC that surgical
treatment proved to be superior in terms of life 
expectancy in comparison to any medical treatment
[7, 18, 9, 4]. Pommier [18] demonstrated that, in his 
cohort of 73 cases treated in a single institution,mean
survival time was 56 months for patients reoperated
versus 19 months for patients who had undergone
only medical therapy. Furthermore in the Cleveland
Clinic’s experience mitotane proved to be as effica-
cious as no therapy at all in treating locoregional re-
currences [3].

Unfortunately, in spite of certain efficacy, repeat
surgery falls short in curing these patients: Jensen et al.
evaluated the NIH series of 32 cases, concluding that
none of them was cured, only 20% had a 5-year sur-
vival and median survival from the time of diagnosis
was less than 2 years [11]. The same authors assume
that the results do not change even in the presence of
the most extensive surgery. These disappointing con-
clusions though must not refrain surgeons from an ag-
gressive operative attitude: there is a general agree-
ment [21,18,9,19,4,11] that surgery is able to improve
survival dramatically and may thereby control the ad-
verse effects of hormonal excess better than mitotane.

Thus, the decision to operate on these patients
should be made in all the patients where no important
medical contraindications exist: surgical contraindi-
cations consist either of extensive metastatic disease or
of involvement of major arterial vessels [21].In all oth-
er cases large debulking attempts are justified. In spite
of such aggressive approaches the perioperative mor-
tality is surprisingly low, ranging from 0% [2, 11] to
3.6% [21]. Morbidity of course cannot be negligible in
such complex surgery: the complications occurring
more often are bleeding and abdominal abscesses, but
they are very rarely life-threatening [11].

Another characteristic indicating the difficulty of
this surgery is the high rate of incomplete resections:
one-third of the cases in the Memorial Sloan-Kettering
Cancer Center series [21] and 36% of the patients in
our institution underwent a resection that was not
complete.More often the metastases’resection (69% in
the same series) appeared to be radical, thus confirm-
ing the high tendency of this tumor to infiltrate local-
ly. The natural consequences of the phenomenon are
the different outcome of the patients according to the
completeness of the resection: a median survival of
74 months among those undergoing a complete resec-
tion and only 16 months among those undergoing an
incomplete removal of the recurrence [21].

Laparotomic access is generally the favorite access
for large debulking operations, particularly on the
right side, where the presence of the liver makes the
thoraco-phreno-abdominal approach not particular-
ly useful. Furthermore, it does not violate the pleural
cavity and is less limiting in operating on the opposite
side of the peritoneal cavity where synchronous
metastases can occur (e.g. liver metastases in a recur-
rence on the left side). We favor bilateral subcostal in-
cisions versus midline incisions, but sometimes the
first operative incision might restrict the surgeon’s
choice. In our opinion it offers an optimal view of the
contralateral side with the above-mentioned advan-
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tages and a better exposure of the upper abdomen,
where generally the regional recurrences, more diffi-
cult to approach, are located. This is the case for infil-
trations of the spleen, stomach, diaphragm, kidneys,
pancreas and left colon flexure.Thoracoabdominal ac-
cess remains mandatory when venous bypass is re-
quired and the superior vena cava must be ap-
proached; access to chest can also be obtained extend-
ing superiorly the abdominal incision to the sternum
(sternotomy).

14.4 Medical Therapy

The very limited efficacy of medical treatment has al-
ready been stressed in this and in other specific chap-
ters. The only drug which has been utilized widely is
mitotane, but its value as adjuvant therapy in the pa-
tients operated for ACC was excluded [24] and its im-
portant side-effects were prohibitive. In recurrences
where surgery cannot be accomplished though, this
drug is still used. If its response could be objectively
demonstrated in terms of real mass reduction (CT
measurement,autopsies,etc.), its results would be even
more disappointing and there is no demonstration
that this supposed response correlates with prolonged
survival [25].The intended efficacy in nonoperable pa-
tients is by consequence in terms of partial control of
endocrine symptoms and it must be associated with a
replacement therapy with corticosteroids. It seems
that in no more than one-third of these patients can
medical therapy really palliate functional symptoms.

14.5 Prognosis

It has already been stated that prognosis is dismal in
these patients and very prolonged survivals, if not real
cures, are so exceptional as to be considered more as
episodic reports rather than as a matter of discussion.
In fact, long-term survivors (from 15 to even 20 years)
have been described [11,16,20],but this is not enough
to induce optimistic hopes when operating on these
patients. We have already seen that a better prognosis
can be expected when the operation has accomplished
a complete resection. In the same way resections seem
to have a better outcome in patients with a longer dis-
ease-free interval [11].

The overall median survival from the time of diag-
nosis is less than 2 years [11]. In a series by The Italian
National Registry for Adrenal Cortical Carcinoma,
23% of the patients who underwent reoperation were

alive 3 years after the recurrence diagnosis [2]. This
confirms that repeat surgery should in any case be re-
garded as an absolute indication, being the only valid
therapeutic option.

14.6 Recurrence and Laparoscopic
Surgery

It should not be necessary to repeat that no role can ex-
ist for laparoscopic surgery when treating ACC, let
alone when treating its recurrences. Thoracoscopy
might be useful if an isolated lung metastasis has to be
removed, but this represents an exceptional and
episodic situation.

Vice versa this is a good opportunity to stress once
again the responsibilities of laparoscopic adrenalec-
tomies in the occurrence of peritoneal implants which
must be regarded as real disasters.Although peritoneal
recurrences can be present after traditional surgery,
trocar port site seeding and the fair number of reports
of such a situation [5, 6, 8, 10, 23] leave no doubt that
this complication must be considered as a specific
complication of laparoscopic removal of ACC. One of
the characteristics of this kind of recurrence is their
tendency to present quite early after first surgery [10];
this is a further confirmation of our concern about this
dreadful occurrence. The greatest caution should be
taken when deciding to operate laparoscopically on
patients who present even a faint suspicion of malig-
nancy.

14.7 Case Report

A 34-year-old female patient was admitted to our de-
partment in October 2000 with a history of recent ap-
pearance of hirsutism and a cushingoid appearance.
On US, the left adrenal gland was 7¥5¥5 cm. CT con-
firmed the US report (Fig.3).With the suspicion of ad-
renal carcinoma the patient underwent a traditional
open approach. Histology confirmed ACC. In July
2001, for recurrent symptoms and stigmata a CT
showed a locoregional recurrence involving the spleen
and the left lobe of the liver (Fig. 4a, b). The mass was
removed “en bloc” with apparent radicality. The fol-
lowing October the patient underwent an exploration
with the suspicion of a uterine myomatoma (Fig. 5).
The mass proved to be an ovarian metastasis. In Feb-
ruary 2002 the third recurrence involving the left kid-
ney and part of the left diaphragm was removed. In
March 2003 the patient underwent a fifth operation
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Fig. 3. CT showing a left adrenal tumor measuring up to 7 cm maximum diameter

Fig. 4a, b. CT showing recurrence of left adrenocortical carcinoma involving the spleen and left lobe of the liver
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Fig. 5. CT showing an ovarian metastasis of a previously operated recurrent adrenocortical carcinoma

Fig. 6. CT showing extensive re-recurrence of adrenocortical carcinoma involving the psoas muscle
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15.1 Epidemiology

Metastatic tumor is the most common lesion in the ad-
renal gland at postmortem [1]. The common occur-
rence of this adrenal lesion is related to its rich sinu-
soidal blood supply. With continuing progress in im-
aging techniques, particularly computed tomography
(CT), an increasing number of adrenal metastases can
be detected incidentally during follow-up or at the
time of presentation of extra-adrenal malignancy.The
most frequent types of malignancy that manifest ad-
renal metastases in Western countries are primary ma-
lignancies of the lung, kidney, breast, melanoma and
gastrointestinal tract [2, 3]. Metastases to the adrenals
have also been reported for hepatocellular carcinoma
[4,5],carcinoma of the bladder [6], lymphoma [7],tes-
ticular seminoma [8],osteogenic sarcoma [9],ovarian
cancer [10] and thyroid cancer [11]. About one-third
of patients dying from lung cancer have adrenal
metastases at autopsy [12]. Preoperative staging with
a CT scan will reveal adrenal lesions in 7.5% of patients
with non-small cell lung carcinoma [13]. Among pa-
tients with lung cancer, 4.1% of those who have oper-
able disease will be found to have a coexistent unilat-
eral adrenal lesion [14].

In a large series from Hong Kong, 464 patients with
metastatic disease to the adrenal glands,over a 30-year

period, were reviewed. A high prevalence of gastric,
esophageal and liver/bile duct metastases was noted,
which was explained by the high prevalence of these
tumors in Hong Kong as compared to Western coun-
tries. Most adrenal metastases were discovered within
a short period after the detection of the primary tumor
(median latent period of 7 months) and less than 2%
were detected more than 5 years after diagnosis of the
primary tumors [15]. In the literature, late presenta-
tion of adrenal metastases, occurring after a latent pe-
riod of 15 years,has been reported for renal cancer [16,
17], colorectal cancer and lymphoma [15]. Thus the
presence of an adrenal mass in a patient with a histo-
ry of previous malignancy should be regarded as po-
tentially metastatic, even though the primary tumor
may have been adequately treated many years previ-
ously.

15.2 Clinical Presentation

The clinical presentation of adrenal metastasis is often
quite indolent. The majority of lesions are asympto-
matic and are discovered on initial staging or routine
follow-up. When symptomatic, pain seems to be the
most common presenting symptom in up to 25% of
patients and can alert the physician to investigate for
possible metastatic disease [16]. Addison’s disease is
not a frequent clinical manifestation. Fewer than 100
cases have been reported in the literature and the
prevalence of adrenal metastases in patients with 
Addison’s disease ranges from 2% to 6% [19, 20], with
the exception of one series,where it was reported to be
42% [15]. This low incidence may be attributed to the
fact that more than 90% of the adrenal gland must be
destroyed before there is clinical adrenal insufficiency,
which usually requires bilateral adrenal involvement,
by the tumor. In some cases adrenal insufficiency is
caused by unilateral adrenal destruction by the cancer
and concurrent pituitary metastasis [21]. Clinically

15 Metastatic Adrenocortical Carcinoma

D. E. Tsakayannis, Dimitrios A. Linos



significant hemorrhage secondary to metastasis is ex-
ceedingly rare and only 11 such cases have been re-
ported; with the exception of 2 patients all had a pri-
mary lung cancer. Acute severe pain was the present-
ing symptom and must be recognized promptly,
because decisive surgical intervention might be neces-
sary. Many of these patients can be stabilized hemo-
dynamically and there have been reports where there
was response to radiation therapy [22, 23] following
hemorrhage.

15.3 Diagnosis

The characterization of an adrenal lesion as benign or
malignant (primary or metastatic) preoperatively can
be very difficult. Imaging techniques and fine-needle
aspiration (FNA) are the usual diagnostic tools. The
size of the adrenal lesion has been used by many cen-
ters as a predictor of malignant potential and a size of
greater than 5 cm correlates with a 35–98% risk of ma-
lignancy [24]. But size represents by no means defini-
tive diagnosis.In addition,in an analysis of 76 patients
with incidentalomas, Linos et al. found that CT scan-
ning underestimated the true size of adrenal tumors
by an average of 25% [25].

15.3.1 Imaging Techniques

The most widely used and accepted imaging tech-
niques for the detection of metastatic adrenal tumors
are computed tomography (CT) and magnetic reso-
nance imaging (MRI). However, they are not accurate
enough to diagnose or to exclude primary or metasta-
tic adrenal tumors preoperatively.Allard et al reviewed
91 patients with lung cancer who were examined by CT
scan to assess for adrenal metastases. In all these pa-
tients at postmortem, all adrenal glands underwent
histopathological examination for metastatic lesions.
The calculated sensitivity and specificity of the CT
scan for the detection of adrenal metastases was 41%
and 99% respectively [12]. Porte et al. studied the use
of combined CT scan and MRI in 443 patients with re-
sectable non-small cell lung cancer,of whom 32 had an
adrenal lesion. Sensitivity and specificity of the com-
bination of both tests in detecting the adrenal lesions
was 80% and 100% respectively. Despite the fact that
adrenal metastases tended to be larger and less well
defined on CT scan,their imaging characteristics were
non-specific. Furthermore the authors showed that
size alone was not sufficient to discriminate between

metastatic adrenal lesion and non-functioning adeno-
mas [26]. Burt et al. prospectively evaluated the accu-
racy of MRI in distinguishing a benign from a malig-
nant adrenal mass in patients with otherwise operable
non-small cell lung cancer.They found that MRI had a
high false-positive rate of 67% and could not replace
CT-guided percutaneous needle biopsy of the adrenal
mass [27].

Iodocholesterol adrenal scan has been used for the
detection of adrenal metastases. The reasoning is
based on the fact that any metastatic tissue replacing
normal adrenal tissue will not accumulate iodocho-
lesterol, which will be shown as a lack of uptake dur-
ing scanning.This technique has not been widely used,
has shown some promising results, but more studies
are necessary to evaluate its true sensitivity, specifici-
ty and accuracy [28].

Positron emission tomography (PET) scanning is a
promising novel diagnostic modality that can be very
helpful in characterizing adrenal masses. The major
utility of PET in the evaluation of patients with lung
cancer is staging of the entire body. PET is more accu-
rate than the conventional imaging modalities of CT
and bone scans in the detection of metastatic disease.
PET is accurate in the staging of the mediastinum, ad-
renal glands and skeletal system [29]. In particular
PET scan can either identify lesions in the adrenals
that could not be detected on CT or MRI, or can help
differentiate an adrenal mass as being metastatic or
benign (Fig. 1).Yun et al. studied 50 adrenal lesions in
patients with proven or suspected primary cancers
with FDG-PET scan and found that increased FDG up-
take by the adrenal gland,which signified high glucose
tumor metabolism, was characteristic of adrenal
metastatic involvement. FDG-PET scan showed a sen-
sitivity of 100%, a specificity of 94% and an accuracy
of 96% [30]. Therefore PET scan will soon become a
very useful tool in confirming isolated metastatic dis-
ease and selecting patients for adrenalectomy.Howev-
er, even though the preliminary results are promising,
more studies evaluating its accuracy will be necessary
[31–33]. PET scan could also be cost effective because
it has the additional advantage of evaluating not only
the adrenal mass, but at the same time can be used to
stage the whole body by identifying extra-adrenal tu-
mor sites in cancer patients.
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15.3.2 Fine-Needle Aspiration

Fine-needle aspiration (FNA) biopsy of a non-func-
tioning adrenal tumor is inaccurate in differentiating
between a primary adrenal carcinoma and a benign le-
sion, has a risk of disruption of the tumor capsule and
potential dissemination of cancer cells and is therefore
not recommended [24].Nevertheless it may be of great
value in the diagnosis of adrenal metastases since
many studies have shown that the accuracy of FNA in
this situation is excellent. The combination of CT and
aspiration cytology can provide a conclusive diagno-
sis of metastatic adrenal tumors and it seems reason-
able that all patients with known malignant disease

and an adrenal mass should undergo FNA cytology to
determine if the lesion is a metastasis or a non-func-
tioning adenoma [34, 35] (Fig. 2). In patients with re-
sectable non-small cell lung cancer who present with
synchronous or metachronous isolated adrenal mass-
es,CT-guided biopsy has shown to have an up to 100%
accuracy, sensitivity and specificity and is required to
select patients for adrenalectomy with a potentially
curative intent [14, 26, 36].

Aspiration cytology under CT or ultrasound guid-
ance should be regarded as the procedure with the
highest diagnostic yield in evaluating a possible
metastasis to the adrenal gland from another primary
malignancy.
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Fig. 1. A PET scan detected a small isolated adrenal metastasis (with a concurrent negative CT scan) in this 69-year-old male
patient treated for mesothelioma. Laparoscopic adrenalectomy of this single metastasis was performed



15.4 Treatment

In most cases an adrenal metastasis occurs in the face
of multiple synchronous metastases in other sites.The
prognosis for these patients is dismal,with few reports
of survivors past 5 years.A broad range of treatments,
including chemotherapy, hormonal therapy and radi-
ation therapy, have failed to impact significantly on
their survival.A few studies using immunotherapy for
melanoma and renal cell carcinoma are encouraging,
but, once again, 5-year survival with metastatic dis-
ease remains an unusual event [37].

Isolated adrenal metastasis is rare and presents a
therapeutic dilemma. The discovery of an isolated ad-
renal metastasis is considered synonymous with sys-
temic carcinomatosis and therefore many clinicians
do not consider these patients as candidates for adre-
nal resection [14, 38]. The stated reasons are that
adrenalectomy has appreciable risks and, if the resec-
tion is bilateral, commits a patient to lifelong therapy.
It remains unclear whether the survival benefits for
these patients outweigh the risks of adrenalectomy.

Evidence is, however, accumulating that adrenalec-
tomy for patients with isolated adrenal metastases may
be curative [39–43]. Individual case reports and small
series are available but few large series have been pub-
lished [42]. Lo et al. reported the Mayo Clinic experi-
ence over a 10-year period in 52 patients undergoing
adrenalectomy for metastatic disease. In this study,
open surgical resection was associated with rare mor-
tality and low morbidity rates and overall survival

rates were 73% at 1 year and 40% at 2 years [39]. Kim
et al. from the Memorial Sloan Kettering Cancer Cen-
ter conducted a retrospective review of 37 patients
who had undergone open adrenalectomy for isolated
metastatic disease over a 10-year period. Five-year 
survival for the entire group was 24% (median,
21 months) with acceptably low mortality and mor-
bidity. In their study, the only predictors of improved
survival were complete resection and a disease free in-
terval of greater than 6 months [41]. Given that the
highest reported median overall survival in patients
treated non-surgically for solitary adrenal metastasis
was only 8.5 months [44] and that no long-term sur-
vivors appeared in any other series [45,46],the authors
argued that resection could alter the natural history of
this disease. Long-term survival could be achieved in
selected patients where complete resection was
achieved and with a disease-free interval of more than
6 months. Heniford et al. reviewed 40 cases of unilat-
eral or bilateral adrenal resections for isolated metas-
tases from non-small cell lung carcinoma; the esti-
mated 5-year survival for these patients was approxi-
mately 45% [37]. Porte et al. retrospectively studied 43
patients with solitary adrenal metastasis from non-
small cell lung cancer treated in eight centers with cur-
ative intent. The metastases were discovered synchro-
nously in 32 patients and metachronously in 11.Medi-
an survival was 11 months and three patients survived
more than 5 years. There was no difference in survival
and recurrence between the synchronous and meta-
chronous groups [43].Paul et al.did a meta-analysis of
published series and case reports reported in the liter-
ature and identified 77 patients with isolated metasta-
tic adrenal cancer in whom complete resection with
negative margins was achieved. The median survival
time after open adrenalectomy was 23 months,with an
operative mortality of 3.9% [42].A longer disease-free
interval from the time of primary cancer therapy to
adrenal metastasis was associated with a longer post-
operative survival after adrenalectomy. A longer dis-
ease-free interval presumably reflects less aggressive
tumor biology.

The primary tumor site appears to significantly af-
fect survival as well.A significantly longer survival has
been observed for patients with primary kidney,colon,
lung carcinoma and melanoma. Poorer results were
found for patients with unknown primary cancer, sar-
coma, esophageal and hepatocellular carcinoma [42].
The size of the metastases has not been shown to af-
fect survival, and patients with tumors greater than
7 cm fared just as well as patients with smaller metas-
tases [41,42].Therefore metastasis size should not pre-
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Fig. 2. CT-guided fine-needle aspiration disclosed a meta-
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clude an aggressive surgical approach,assuming com-
plete resection is possible.

Most published data support that resection of iso-
lated adrenal metastases clearly benefits carefully se-
lected patients. One should consider overall patient
health, tumor aggressiveness and complete resectabil-
ity in selecting those patients in whom adrenalectomy
should be attempted. Medically fit patients, particu-
larly those with a long disease-free interval (greater
than 6 months) and resectable tumors, should be of-
fered resection with low operative mortality.It must be
kept in mind though that these patients are not cured
by this approach and therefore careful extent-of-dis-
ease (staging) workup is clearly indicated prior to
adrenalectomy.

15.4.1 The Role of Laparoscopic 
Adrenalectomy

Laparoscopic adrenalectomy has proven to be effective
and safe for the treatment of benign functioning and
non-functioning adrenal tumors [47–52]. Skepticism
exists, however, currently for laparoscopic removal of
primary adrenocortical carcinoma [53, 54]. In the pa-
tient with isolated adrenal metastases there are, how-
ever, several factors that support the minimally inva-
sive approach. The laparoscopic approach offers ex-
cellent visualization, early control of the organ’s
vasculature and the ability to effectively screen for
signs of unresectability. Another factor that may
support the use of laparoscopy is the fact that most
often simple adrenalectomy is sufficient to remove
metastatic lesions,because these lesions seldom pene-
trate the capsule of the gland [37, 55] (Fig. 3). When
extraglandular extension is found, extended resection
including the involved organs should be performed
(Fig. 4). Initiating a laparoscopic exploration does not
preclude subsequent conversion to an open, more ex-
tensive resection.There are few absolute contraindica-
tions for laparoscopic adrenalectomy: (1) the presence
of a locally invasive adrenal or metastatic carcinoma,
because of the possible extent and complexity of the
operation required; (2) the identification of wide-
spread systemic disease. Other relative contraindica-
tions include previous trauma or surgery in the area
that may create dense adhesions, and an adrenal size
of 10 cm or larger, which would require extensive 
laparoscopic and probable open adrenal surgical 
expertise.

The role of laparoscopy for metastatic adrenal tu-
mors remains unclear, since rare and limited outcome

data exist in the literature. These reports have been
limited to case reports and small cohort studies with
short follow-up.In a search of the English literature 11
authors have reported 46 cases of synchronous or
metachronous adrenal metastases treated laparoscop-
ically [10, 37, 50, 56–64]. Heniford et al. in a two-insti-
tution review of ten patients with metastatic adrenal
tumors and one patient with primary adrenal cancer,
which were all removed laparoscopically, reported no
port-site or local recurrence at a mean follow-up time
of 8.3 months [37]. Kebebew et al. retrospectively 
studied 23 patients who underwent laparoscopic
adrenalectomy for metastatic adrenal cancer (13 pa-
tients) and adrenocortical carcinoma (10 patients).
There were no locoregional or port-site recurrences 
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Fig. 4. Large (13¥9.5¥4 cm) metastatic lung carcinoma that
was removed en bloc with the spleen, kidney and tail of the
pancreas

Fig. 3. Metastatic carcinoma laparoscopically removed in a
patient treated for cervical cancer several years previously.
The capsule of the adrenal remained intact



in any of the 13 patients who underwent laparoscop-
ic adrenal metastasectomy at a mean follow-up time 
of 3.3 years. Their overall disease-free survival was
65%. Four of the 13 patients who were thought to 
have solitary adrenal metastasis at the time of their 
laparoscopic adrenalectomy later had distant re-
currences [61]. Feliciotti et al. reported their ex-
perience of six patients with isolated adrenal meta-
stasis managed laparoscopically. No postoperative
complications occurred, tumor free margins were
achieved in every case and no port-site metastasis or
local recurrence was observed at follow-up to 24
months [63].

The current available literature is too sparse to al-
low any treatment management recommendations for
metastatic adrenal neoplasms.Unlike for colon cancer,
a prospective randomized study comparing open with
laparoscopic adrenalectomy is impractical because of
the rarity of isolated metastatic adrenal tumors. How-
ever, this limited experience has shown that resection
of metastatic adrenal lesions is laparoscopically fea-
sible. Because of the many known advantages of the 
laparoscopic as compared to the open approach, we
believe that laparoscopic adrenalectomy for solitary
adrenal metastasis should be preferred when techni-
cally and oncologically feasible in a highly selective
group of patients.
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16.1 Introduction

Androgen- and estrogen-producing adrenal neo-
plasms are very rare. They may occur at all ages but
two peaks of incidence exist: younger than 10 years
and between the fourth and fifth decade. The overall
annual incidence of adrenocortical tumors is report-
ed to be about 2/1,000,000 [32]. During childhood, the
incidence of adrenocortical tumors is about 0.3 per
1,000,000 per year. Adrenocortical tumors constitute
0.2–0.5% of all pediatric tumors [20, 80, 133, 135]. In
previous studies,more than 50% of adrenocortical tu-
mors were assumed to be malignant [53]. In more re-
cent studies,a frequency of malignant tumors of about
35% without any difference between children and
adults was observed [18, 93].

Less than 60% of symptomatic adrenocortical neo-
plasms produce hormones.Hyperandrogenism can be
found in about 10–15% of adult patients, and a com-
bined production of cortisol and androgens occurs in
about 30–35% [32]. In contrast to adults, pure andro-
gen-producing tumors are the predominant entity
within endocrine active adrenocortical tumors dur-
ing childhood [21, 37, 62, 76, 93, 103, 105].

The pathogenesis of adrenal tumors is basically
unclear. However, since family members of patients
with adrenal carcinoma have a higher than expected
incidence of other tumors, a genetic origin can be as-
sumed [105].Furthermore,adrenocortical tumors oc-
cur more frequently in syndromic patients such as
those with the Beckwith-Wiedemann syndrome,
anomalies of the kidneys, multiple endocrine neo-
plasia type 1 (MEN 1), Li-Fraumeni syndrome, and
McCune-Albright syndrome when compared to
healthy subjects [37, 74, 105, 106, 117, 126]. In patients
with congenital adrenal hyperplasia, an increased 
incidence of adrenocortical tumors was observed,
suggesting a direct oncogenic effect of chronic
adrenocorticotropic hormone (ACTH) stimulation
[20, 74, 105].

Because of the rarity of sex hormone-producing
adrenocortical tumors,evidence based data regarding
diagnosis, classification, therapy, and prognostic fac-
tors are barely available. The best therapy and prog-
nostic factor is complete surgical removal of the tu-
mor. Theoretically, two different clinical forms have 
to be distinguished concerning adrenal neoplasms
producing androgens or estrogens: (a) the clinically
symptomatic tumor with virilization or feminization,
and (b) the clinically asymptomatic incidentaloma
producing subclinical amounts of adrenocortical
hormones and potentially suppressing the hypo-
thalamic-pituitary-adrenal axis (secondary or ter-
tiary adrenal insufficiency). However, the latter has
not been reported in tumors secreting sex hormones
to date.
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16.2 Physiology of Adrenal Androgens
and Estrogens

Androgens [testosterone, dihydrotestosterone, dehy-
droepiandrosterone (DHEA), DHEA sulfate (DHEA-
S),and androstenedione] are C19 steroids (androstane
derivates) derived from the conversion of cholesterol.
Estrogens [estrone (E1),estriol,and estradiol (E2)] are
C18 steroids (estrane derivates) arising from andro-
gens by aromatization. Androgens and estrogens are
mainly produced under the control of hypothalamic
and pituitary hormones (GnRH, CRH, LH, FSH, and
ACTH) in a sex- and age-related pattern by the gonads
(testes/ovaries) and the adrenal glands. The most 
effective androgens biologically are testosterone and
dihydrotestosterone; the most effective estrogen is
estradiol.

The most frequent adrenal androgens DHEA and
DHEA-S (and in smaller amounts androstenedione)
are produced mainly in the zona reticularis of the 
adrenal cortex [limiting enzyme: 17-hydroxylase/
17, 20-lyase (CYP17)]. In normal subjects, the biologi-

cally active androgens and estrogens result from
DHEA by extraadrenal enzymatic transformation [in-
volved enzymes: 3b-hydroxysteroid dehydrogenase/
isomerase (3b-HSD), 17b-hydroxysteroid dehydro-
genase (17b-HSD), 5a-reductase, CYP19] (Fig. 1).

DHEA is mainly produced under the control of
ACTH. Adrenal androgen secretion increases at the
end of the first decade, plateaus at the end of the sec-
ond decade and decreases after the fifth decade. Dur-
ing all periods, cortisol levels remain constant. How-
ever, the control mechanisms are still unclear [81, 83].

In normal premenopausal females, the ovaries and
adrenals both produce about 25% of the circulating
testosterone (Table 1). The rest is transformed by pe-
ripheral conversion of androstenedione. DHEA and
DHEA-S are almost exclusively products of the adre-
nal glands [44].

Inactivation of androgens and estrogens into sever-
al metabolites occurs mainly in the liver [androgens:
17-ketosteroids (epiandrosterone, androsterone, etio-
cholanolone); estrogens: several estriol derivates]. Al-
most all of the metabolites are excreted by the kidneys.
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Fig. 1. Biosynthesis of androgens and estrogens (red, adrenal androgens; blue, extra-adrenal androgens – gonads, peripheral
transformation; 17OHPre, 17-hydroxypregnenolone; 17OHPro, 17-hydroxyprogesterone; DHEA, dehydroepiandrosterone;
DHEA-S, dehydroepiandrosterone sulfate; DHT, dihydrotestosterone; 1, 17a-hydroxylase/17,20-lyase (P450C17, CYP17);
2,3b-hydroxysteroid dehydrogenase (3b-HSD); 3,17b-hydroxysteroid dehydrogenase (17b-HSD); 4,P450-aromatase (P450aro);
5, 5a-reductase; 6, 21-hydroxylase (P450C21, CYP21A2); 7, 11b-hydroxylase (P450C11, CYP11B1)



16.3 Pathology of Adrenal Androgens
and Estrogens

16.3.1 Pathophysiology

Disturbances of the sex and age specific androgen and
estrogen levels may lead to a very broad spectrum of
masculinization (hyperandrogenism) or feminization
(hyperestrogenism). In general, in prepubertal sub-
jects, increased amounts of androgens, but also estro-
gens, initially accelerate growth and bone aging. How-
ever, growth is eventually terminated earlier in these
patients compared to normal subjects because of the
premature closure of the bone growth centers. Thus,
after an increased growth rate during the prepubertal
period, the patients do not reach the height of normal
adults. In males, androgens result in an isosexual 
precocious pseudopuberty (which is defined as pre-
mature puberty not caused by activation of the hypo-
thalamic-pituitary system) and in females in a contra-
sexual precocious pseudopuberty (pseudoherma-
phroditism femininus). Estrogens lead to isosexual
precocious pseudopuberty in females and to contra-
sexual precocious pseudopuberty in males (pseudo-
hermaphroditism masculinus).In adults,hyperandro-
genism in males and hyperestrogenism in females are
usually oligosymptomatic (Table 2).

Since androgens and estrogens are formed in the
gonads and the adrenals, but also by peripheral trans-
formation, an increased effect of androgens or estro-
gens can be the result of several pathological pathways
(autonomic or stimulated overproduction of the hor-
mones, increased transforming activity of peripheral
enzymes, increased expression of hormone receptors
in sex hormone-producing cells or effector cells, in-
creased fraction of free circulating hormones,reduced
inactivation). Thus, symptoms of hyperandrogenism
or hyperestrogenism require subtle endocrine investi-
gations (Tables 3, 4).

In general, endocrine symptoms of sex hormone-
producing tumors (neoplastic hyperandrogenism/hy-
perestrogenism) are usually more severe and develop
usually more rapidly when compared to non-tumor-
ous causes of sex hormone excess (functional and id-
iopathic hyperandrogenism/hyperestrogenism).

Adrenal overproduction of androgens or estrogens
can be caused by three different pathophysiological
processes also influencing therapeutic strategies
(Table 5):
1. Several forms of congenital adrenal hyperplasia

(CAH) caused by deficiency of glucocorticoid hor-
mone synthesizing enzymes resulting in hypocor-
tisolism and compensatory increased plasma
ACTH levels (see Chap. 10, “Classic Congenital
Adrenal Hyperplasia”)

2. Adrenal hyperplasia without enzyme deficiency
probably caused by increased expression of stim-
ulating cell receptors, and

3. Adrenal neoplasms with specific pattern (in-
creased or decreased enzyme activity) of the
steroid hormone cascade

16.3.2 Pathology

Macroscopically, sex hormone-producing tumors are
usually found as dark red-brown tumors with a gray-
red-brown cut-surface which is in sharp contrast to
cortisol-producing adrenal tumors.Histologically,an-
drogen- or estrogen-producing tumors present either
as typical adrenocortical tumors imitating zonae
reticularis and fasciculata (alveolar or solid texture) or
as gonadal-like tumors containing Reinke’s crystals
typically to be found in ovarian hilus cells or testicu-
lar Leydig cells [1, 46, 55, 71, 80, 120, 122]. In a few cas-
es,ganglioneuroma containing Leydig cells [1,46] have
been reported, leading to the hypotheses of: (1) the
proximity of adrenocortical gland and gonadal tissue
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Table 1. Source of circulating androgens in premenopausal females [44]

Adrenal glands Ovaries 
(zona fasciculata and zona reticularis) (theca cells)

DHEA-S 100% –
DHEA 90% 10%
Androstenedione 50% 50%
Testosteronea 25% 25%

a Fifty percent of the circulating testosterone in premenopausal women is produced by peripheral metabolization of DHEA
and androstenedione.
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Table 3. Causes of masculinization

Females Males

Neoplastic forms Androgen-producing ovarian tumors Androgen-producing testicular tumors 
(Sertoli stromal cell tumors, Leydig cell tumors) (Leydig cell tumors)
Androgen-producing adrenal tumors/ Gonadotropic tumors (teratoma, germinoma,
hyperplasia optic glioma, hypothalamic astrocytoma or 

hamartoma, choriocarcinoma, hepatoma)
Cortisol-producing adrenal tumors/hyperplasia Androgen-producing adrenal tumors/hyper-

plasia
Growth hormone-producing tumors Cortisol-producing adrenal tumors/hyper-

plasia
Growth hormone-producing tumors

Functional forms “Polycystic ovary syndrome” CAH
Hyperthecosis
CAH

Idiopathic forms Increased androgen receptor activity Not known

Iatrogenic forms Testosterone, glucocorticoids, danazol

Table 2. Clinical symptoms of hyperandrogenism and hyperestrogenism in males and females with respect to patient age

Hyperandrogenism Hyperestrogenism

Prepubertal females Advanced growth and bone age followed Advanced growth and bone age followed 
by premature termination of growth by premature termination of growth
Contrasexual precocious pseudopuberty Isosexual precocious pseudopuberty
Premature pubarche Premature thelarche
No thelarche Premature menarche
Primary amenorrhea
Hirsutism
Virilism
Clitoris hypertrophy
Deep voice
Female pseudohermaphroditism

Prepubertal males Advanced growth and bone age followed Advanced growth and bone age followed 
by premature termination of growth by premature termination of growth

Contrasexual precocious pseudopuberty
Isosexual precocious pseudopuberty Gynecomastia
Premature pubarche Delayed or absent pubic hair and penis growth
Macrogenitosomia Azoospermia
Infantile testes Male pseudohermaphroditism

Premenopausal Hirsutism Disturbance of menstruation
female adults Virilism

Secondary amenorrhea
Deep voice
Clitoris hypertrophy

Postmenopausal Oligosymptomatic hirsutism Vaginal bleeding
female adults Virilism

Deep voice
Clitoris hypertrophy

Male adults Oligosymptomatic Gynecomastia
Azoospermia
Loss of pubic hair
Testes and penis atrophy



during early embryogenesis,(2) the common origin of
the gonad and the adrenal cortex, (3) thecal metapla-
sia, and (4) the development of Leydig cells from
Schwann cells [46].

The histological pattern of an adrenocortical tumor
allows no conclusions to be drawn about its endocrine

feature nor about its biological behavior [71,74].How-
ever, the expression of inhibin a (probably involved in
the regulation of FSH) has recently been found to be
limited on normal or neoplastic androgen-producing
adrenocortical cells when compared to other adreno-
cortical cells [3, 70].
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Table 4. Causes of feminization

Females Males

Neoplastic forms Estrogen-producing ovarian tumors Estrogen-producing testicular tumors 
(granulosa cell tumors, theca cell tumors, (Sertoli cell tumors)
granulosa-theca cell tumors)
Estrogen-producing adrenal tumors/hyper- Estrogen-producing adrenal tumors/hyper-
plasia plasia
Gonadotropic tumors (teratoma, germinoma, Prolactinoma
optic glioma, hypothalamic astrocytoma 
or hamartoma, choriocarcinoma, hepatoma)

Functional forms Familial CYP19 overexpression Familial CYP19 overexpression
5a-reductase deficiency 
(Imperato-McGinley syndrome)
Androgen receptor deficiency  
(“hairless women”)
After castration
Hepatic cirrhosis
Uremia

Idiopathic forms Not known Increased estrogen receptor activity

Iatrogenic forms Estrogens, antiandrogens, digitalis,
spironolactone

Table 5. Causes of adrenal hyperandrogenism/hyperestrogenism and consequences for surgery

Entity Pathogenesis and clinical presentation Indication for adrenalectomy

Congenital adrenal Several forms of hypocortisolism with Usually not given; only in patients with  
hyperplasia hyperandrogenism caused by inherited adrenal tumors (increased frequency in 

adrenal steroid hormone enzyme de- patients with CAH) or in patients with  
ficiency (autosomal recessive) resulting adverse side effects/inefficacy of steroid 
in increased ACTH release and C19 steroid substitution [14, 89, 128, 131]
synthesis (see Chap. 10,“Classic Congeni-
tal Adrenal Hyperplasia”)

Acquired adrenal Probably related to an increased expression In general probably not given; indicated  
hyperplasia of LH receptors (or others) resulting in in patients without options/effects of

symmetric or asymmetric adrenal hyper- medical treatment or unknown etiology
plasia and increased release of adrenal 
androgens

Androgen- or Caused by overexpression of androgen- Given in all patients
estrogen-producing producing enzymes
adrenocortical 
adenomas or 
carcinomas



The nature of androgen- or estrogen-producing tu-
mors is difficult to determine when pathohistological
criteria are used [5, 29, 103]. So far, the best predictor
for malignancy is the occurrence of metastases or tu-
mor recurrence, and tumor weight [18, 103, 132]. The
weight of adrenocortical carcinomas is usually >100 g.
In contrast, tumors weighing <30 g are generally con-
sidered to be benign [32, 41]. However, benign tumors
presenting with a diameter of about 13–16 cm weigh-
ing more than 1,500 g have also been reported [41].
Recently, a correlation between patient outcome and
several proliferation indices was reported [5, 16].

The majority of pure androgen-producing adrenal
tumors have been assumed to be benign [18], whereas
in estrogen-producing tumors and tumors with a

mixed pattern of hormones produced an adrenocorti-
cal carcinoma has to be expected [35, 39].

16.3.3 Enzyme and Cell Receptor Pattern

In adrenal neoplasms, an isolated increase of andro-
gens or estrogens may be the result of:
1. Tumor specific steroidogenesis enzyme pattern:

low activity of cortisol-producing enzymes [11b-
hydroxylase (CYP11B1),21-hydroxylase (CYP21A2),
3b-HSD)] and/or high activity of DHEA-produc-
ing enzymes (CYP17), testosterone-producing 
enzymes (3b-HSD, 7b-HSD) (Fig. 2), and estrone-
producing enzymes (CYP19), and/or
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Fig. 2. Principle of normal and impaired enzymatic activities via alternative enzymatic pathways within adrenocortical 
tumor cells



2. Expression of stimulating receptors in tumor cells,
and/or

3. Large tumor volume.

It must be noted that indirect effects by involving ex-
tra-adrenal endocrine organs (e.g. inhibition of ACTH
or gonadotropins) may modulate the clinical picture.

16.3.3.1 Virilizing Adrenal Tumors

Two distinct types of virilizing adrenal tumors may
be distinguished: tumors with high production 
rates of DHEA/DHEA-S usually presenting as typi-
cal adrenocortical tumors and tumors with secre-
tion of testosterone. It has been suggested that testos-
terone-producing adrenal tumors could somehow 
be derived from gonadal tissue because gonadal 
type histology and gonadotropin receptors can be
frequently found [57, 108]. However, testosterone-
producing tumors with the typical feature of adrenal
architecture were found in several patients either
with or without gonadotropin responsiveness [7,
107].

DHEA, DHEA-S and Androstenedione-Producing 
Adrenal Tumors

Low activity of CYP11B1,CYP21A2,and/or 3b-HSD in
adrenocortical tumor cells has been reported in sev-
eral studies [10, 15, 23, 30, 77, 113, 119]. As a conse-
quence of the absent enzyme activity, tumor cells may
secrete large amounts of cortisol precursors and as a
consequence DHEA, DHEA-S, and/or androstene-
dione [10].Virilizing symptoms occur as a result of pe-
ripheral conversion from DHEA and/or androstene-
dione into testosterone and dihydrostosterone. Since
the remaining adrenocortical tissue expresses normal
enzyme activities leaving the total adrenal production
of cortisol unaffected, generally no changes regarding
ACTH and cortisol levels have been found causing
pure virilization without Cushing symptoms in those
patients [10, 119].

The nature of the low enzyme activity is un-
known. Since fetal adrenocortical cells exhibit only 
low levels of CYP11B1, it has been hypothesized that
tumor cells with CYP11B1 deficiency arise from 
undifferentiated fetal adrenal cells or from a cell that
regressed to a stage of fetal adrenal cells [10]. How-
ever, low CYP11B1 is also found in normal cells of
the zona reticularis [87].

Testosterone-Producing Adrenal Tumors

In tumor cells which express testosterone synthesizing
enzymes (3b-HSD,17b-HSD),testosterone can be pro-
duced by the tumor cells itself [30, 57, 65, 77, 107, 113].
This pathway seems to be reinforced in patients with
tumor cells presenting with CYP11B1 deficiency [30]
or CYP21A2 deficiency [77, 113].

16.3.3.2 Feminizing Adrenal Tumors

Adrenocortical tumor cells with testosterone produc-
tion and overexpression of the CYP19 gene, which has
low activity in normal adrenocortical cells [9,68,129],
are able to produce estrone or estradiol by aromatiza-
tion of androstenedione or testosterone [9, 48, 68, 70,
94, 129, 134].

The CYP19 gene is located on chromosome 15 and
contains at least ten exons. Under the control of sever-
al distinct promotor regions,alternate splicing of exon
1 and a part of exon 2 seems to be the basis of tissue-
specific expression of several aromatase splicing vari-
ants [50, 109]. In estrogen-producing adrenal tumors,
the CYP19 gene seems to utilize those promoters typ-
ically expressed in the gonads but not in the normal
adrenals. Since a similar spontaneous, tissue-specific
transcription-factor related switch of the alternative
exons was found in several tumors (breast cancer, tu-
mors of the liver, colorectal cancer [50, 52]), a similar
pathogenetic mechanism has recently been suggested
in adrenal tumors [9, 129].

The amount of secreted estrogens depends on the
volume of the tumor but also on the activity of the ex-
pressed P450-aromatase,which has been reported in a
relatively wide range between 0.0125 pmol/min/g pro-
tein and 104.4 pmol/min/mg protein [9, 48, 68, 94, 129,
134] (Table 6). It is conceivable that the estrone pro-
duction would be reinforced by low activity of the 11b-
hydroxylase,which was also reported in feminizing tu-
mors [15].In adrenal tumors secreting both androgens
and estrogens, peripheral aromatization of androgens
may reinforce the clinical feature of feminization [136].

16.3.3.3 Adrenal Tumors 
with Mixed Hormone Pattern

Estrogens, androgens, and cortisol-producing tumors
may lead to simultaneous feminization and masculin-
ization [4, 8, 50, 82]. Co-secretion of several adreno-
cortical hormones is probably the result of large tu-
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mors (volume effect) with autonomic production of
hormones without a preference for any steroid hor-
mone pathway.

The switch of predominately secreted hormones
has been considered to be a sign of malignancy [8,50].

In patients with hypercortisolism and hyperandro-
genism, cytochrome b5 has been identified as the de-
termining factor regulating the activity of CYP18,con-
stituting the control enzyme between the cortisol- and
androgen hormone-producing pathway [101]. High
expression of cytochrome b5 was found to be associat-
ed with a high secretion of adrenal androgens in pa-
tients with Cushing’s syndrome [100].

16.3.3.4 Gonadotropin-Dependent Androgen 
and Estrogen-Producing Adrenal Tumors
and Adrenal Hyperplasia 
(Acquired Adrenal Hyperplasia)

Gonadotropin receptors have been detected in cells in
both the zona reticularis and fasciculata of the adrenal
cortex [92] but without a physiological impact on
steroidogenesis [95].In some cases of testosterone and
estrogen-producing adrenal tumors, however, an in-
creased expression of human chorionic gonadotropin
(hCG) receptors has been suggested [7, 12, 28, 36, 38,
45, 47, 49, 58, 73, 77, 88, 97, 112, 115, 116, 130]. An early
hypothesis of how gonadotropins could stimulate ad-
renal androgen or estrogen secretion focussed on the
presence of gonadal tissue within the adrenals (em-
bryological translocation of gonadal cells). However,

none of the reported gonadotropin responsive viriliz-
ing adrenal tumors presented with features of gonadal
tissue but with typically adrenocortical features [7,12,
28, 36, 38, 45, 47, 49, 58, 73, 77, 88, 112, 115, 116, 130].
Thus, overexpression of gonadotropin receptors has
been hypothesized as an independent pathogenetic
factor concerning the evolution of adrenocortical tu-
mors [47]. The expression of gonadotropin receptors
may be the reason for masculinization during preg-
nancy in women with gonadotropin-dependent an-
drogen-producing adrenal adenoma [26, 38]. On the
other hand, the majority of gonadotropin responsive
virilizing adrenal tumors occurred in postmenopausal
women, suggesting a long history of the tumors
achieving clinical significance after permanent eleva-
tion of gonadotropins during the menopause [47].
Furthermore, overexpression of gonadotropin recep-
tors or other ectopic receptors (gastric inhibitory pep-
tide, b-adrenergic receptors, vasopressin receptors,
serotonin receptors) in adrenocortical cells (Table 7)
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Table 6. Activity of CYP19 in patients with estrogen-producing adrenal tumors

Sex and age Symptoms CYP19 activity CYP19 splicing Reference
(years) (vmax in pmol/min/mg variant

protein)

Male, 19 Gynecomastia 3.6 nd [68]
Female, 65 Vaginal bleeding 2.0 nd [48]
Male, 29 Gynecomastia ~4.0 Gonadal [134]
Male, 18 1/2 Gynecomastia 71–104.4 Gonadal [129]
Female, 7 Premature menarche, isosexual 0.43 Gonadal [94]

precocious pseudopuberty
Male, 20 Gynecomastia 0.0125 Gonadal [9]
Normal 0.0047a

adrenocortical 0.0054b

tissue 0.016c

a Given by [94].
b Given by [9].
c Given by [68].

Table 7. Potential options of medical therapy for adreno-
cortical tumors and hyperplasia expressing illicit cell recep-
tors. (Modified from [72])

Illicit receptor Potential therapy

GIP receptor Somatostatin
b-Adrenergic receptors b-Blockers
LH-R GnRH analogs
5-HT4 receptors 5-HT4 receptor antagonists



seems to be the cause of polyclonal adrenocortical
adenoma or bilateral adrenal hyperplasia presenting
with hypercortisolism [72] or hyperandrogenism [6,
47, 72, 121].

16.4 Clinical Features

16.4.1 Androgen-Producing Adrenal Tumors

16.4.1.1 Prepubertal Females

Hyperandrogenism caused by adrenal tumors leads to
contrasexual precocious pseudopuberty. Usually hir-
sutism,especially with marked pubic hair growth (pre-
mature pubarche), clitoris hypertrophy, and voice
deepening can be observed. Furthermore, patients are
typically above the 90th percentile in growth and
weight and present with advanced bone age [17]. In a
recent report, growth was accelerated in about 75% of
children with virilizing adrenal tumors, and bone age
was advanced by at least 1.5 years in 60% of them
[132]. The advance in linear growth is in marked con-
trast to children with hypercortisolism, in whom usu-
ally a reduced growth occurs [104]. However, in pa-
tients with androgens and cortisol co-secreting tu-
mors, usually the effect of cortisol predominates that
of androgens [104]. However, some reports have been
published reporting an advanced growth and bone age
in children with cortisol- and androgen-producing tu-
mors [4]. In female infants with tumor development
before the 4 months of gestation, clitoris hypertrophy
may be combined with labial fusion, leading to confu-
sion in sex determination [17, 24].

16.4.1.2 Prepubertal Males

In boys with androgen-producing adrenal tumors, an
isosexual precocious puberty can be found. Typically,
they have significant penile enlargement and advanced
growth of pubic hair. As in females, an advanced
growth and bone age as well as an advanced develop-
ment of the musculature has to be considered [17].
Despite the macrogenitosomia praecox, the patients
have often small and infantile testes [17], which is 
in contrast to true pituitary-mediated precocious 
puberty [34]. However, testicular enlargement with
hypertrophy of spermatic tubules does not exclude 
an adrenal origin of hyperandrogenism probably 
because of a direct androgen effect in some patients
[34, 75].

16.4.1.3 Adult Females

In females, hirsutism with excessive hair growth on
the face (Fig. 3), chest, areola, liena alba, inner thighs
and external genitalia, and clitoris hypertrophy is
present in almost all patients. In premenopausal
women with androgen-producing adrenal tumors,
menstrual abnormalities (amenorrhea, oligomenor-
rhea, irregular cycles) can usually be observed. Deep-
ening of the voice occurs in about 50% of patients.
Less frequent symptoms are loss of libido, acne,
seborrhea, male type of baldness, and breast atrophy
[32, 41, 80, 81]. The clinical features of virilizing ade-
nomas do not differ from those of adrenocortical 
carcinoma [41]. Typically, symptoms of androgen-
producing adrenal tumors develop rapidly when com-
pared to functional hyperandrogenism. However, a
long history of symptoms does not exclude a viriliz-
ing adrenal tumor [32].

Remarkably, in a few cases, virilization during 
gravidity has been reported [26, 38, 69, 88], probably
related to gonadotropin-responsive androgen-pro-
ducing adrenal adenoma [38, 26, 88]. In all female 
newborns, disturbances of sex determination were
found. In one girl who presented with severe female
pseudohermaphroditism, an apparent feminization
occurred during puberty with respect to her female
karyotype [69].
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Fig. 3. Hirsutism in a postmenopausal woman with a beard
on the upper lips caused by an androgen-producing adrenal
tumor on the left side. (Picture kindly provided by U.
Schneyer, MD, Halle)



16.4.1.4 Adult Males

In men, androgen-producing adrenal tumors may
cause infertility by suppression of gonadotropin se-
cretion [81], but usually only slight endocrine symp-
toms can be observed.

16.4.2 Estrogen-Producing Adrenal Tumors

16.4.2.1 Male Subjects

The extent of feminization in males depends on the ra-
tio of testosterone and estrogens [80]. In adult males,
bilateral gynecomastia is the main symptom occur-
ring in almost all patients. As a result of the estrogen
induced inhibition of gonadotropins, testicular atro-
phy,azoospermia related to tubular fibrosis and loss of
Leydig cells, and decreased libido can be observed in
about 50% of patients [70]. Less than 25% of patients
present with feminizing hair changes or penile atrophy
[39, 61].

In prepubertal males, bilateral gynecomastia and
advanced height and weight (usually above the 90th
percentile) are typically found [33].

16.4.2.2 Female Subjects

In adult females, only atypical endocrine symptoms
can usually be found. Increased vaginal bleeding but
also amenorrhea were most often reported [48, 82,
111]. In prepubertal females, isosexual precocious
pseudopuberty with premature thelarche, pubarche
[usually classified using the Tanner stages (I–V)], and
menarche,with estrogenized pink vaginal mucosa but
without clitoris hypertrophy combined with advanced
growth and weight can be observed [23].

16.5 Diagnostic Procedures

16.5.1 Clinical Signs

Since hyperandrogenism is caused by several patho-
genetic processes, hirsutism and virilism require a
complex endocrinological diagnosis. Initially, it is
most important to distinguish between neoplastic,
functional,or idiopathic hyperandrogenism.The main
clinical symptoms suggesting neoplastic hyperandro-
genism are rapid development of severe virilizing
symptoms.Very careful clinical assessment should in-

clude examination of the breast and the vagina (cli-
toris hypertrophy, estrogenization of the vaginal mu-
cosa, palpation of the adnexae). Severity of hirsutism
can be classified using the Ferriman-Gallwey score.
Cushing symptoms and medical treatment with an-
drogens or its factitial intake should also be noted [81].
Elevated estrogen levels leading to bilateral gyneco-
mastia and testicular atrophy described by several au-
thors [40] may be the result of non-tumoral activation
of the peripheral aromatase [40, 76, 79, 114]. Many
causes of hyperestrogenism must be considered (see
above).

16.5.2 Laboratory Findings

Laboratory investigations should include analysis of
serum testosterone, serum DHEA-S, and urinary ex-
cretion of the 17-ketosteroids over 24 h.Dependent on
clinical signs (severe masculinization, Cushing fea-
ture) and laboratory results, analysis of other hor-
mones and metabolites of the hypothalamus-pitu-
itary-adrenal axis and the hypothalamus-pituitary-
gonadal axis such as serum cortisol, aldosterone,
11-hydroxyprogesterone (11-OHPro), 11-OHP-Pre,
plasma ACTH, gonadotropins and, in patients with
feminization, estrone and estradiol may be required.

Typically, testosterone levels are only slightly ele-
vated in women with functional or idiopathic hir-
sutism (normal values <2.1 nmol/l). High levels of
testosterone (>5–7 nmol/l) and urinary 17-ketos-
teroids >50 mg/24 h (normal <15 mg) are suggestive
for organic hyperandrogenism caused by ovarian or
adrenal tumors [32, 44]. DHEA-S levels >18.5 µmol/l
(normal <7.5 nmol/l) indicate an androgen-producing
adrenal tumor with a high sensitivity. However, nor-
mal levels of testosterone,DHEA-S,and urinary 17-ke-
tosteroids can be found even in patients with virilizing
adrenocortical carcinoma [32]. Urinary 17-ketos-
teroids are usually within the normal range in testos-
terone-producing tumors [45, 81, 130].

In patients with organic hyperandrogenism, dex-
amethasone usually does not suppress elevated serum
levels of testosterone or DHEA-S, or reduce urinary
excretion of 17-ketosteroids [32, 64]. Due to the exis-
tence of gonadotropin dependent adrenocortical ade-
noma, the ACTH test and the hCG test are not suitable
to distinguish between ovarian and adrenal androgen-
producing tumors [32, 73, 81]. Moreover, numerous
adrenocortical adenomas are unresponsive for ACTH
[57]. However, an ACTH test should be performed to
exclude a late onset or non-classical CAH [44]. On the
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other hand,genetic testing should be performed when
CAH is expected. In infants with severe virilism due to
an androgen-producing tumor during gestation (child
or mother), an analysis of the karyotype may be re-
quired to determine the true sex [69].

16.5.3 Localization Techniques

Abdominal and vaginal ultrasonography can reveal
adrenal and ovarian tumors in more than 70% of cas-
es. Other localizing imaging techniques are computed
tomography (Fig. 4), magnetic resonance imaging,
and norcholesterol scintigraphy.However,the positive
prediction of all imaging techniques does not reach
90% [32].

In patients with suspected adrenal and ovarian tu-
mors, selective venous catheterization of the adrenal
and the ovarian veins for selective measurement of
androgens is helpful and should be performed in every
case with uncertain localization [10, 13, 31, 41, 81, 86,
98]. However, since the suprarenal and the testicu-
lar/ovarian vein on the left side drain into the renal
vein, false results might be produced unless superse-
lective catheterization is performed. In this case, in-
traoperative blood sampling for testosterone meas-
urement may be superior [96]. Laparoscopy might be
suitable for minimal-invasive intra-abdominal diag-
nosis in selected patients with unclear origin of or-
ganic hyperandrogenism [113]. The possibility of ex-
tra-adrenal localization of adrenocortical adenoma

should be considered in patients with high elevation 
of androgens but a negative imaging examination 
[66, 84].

16.6 Treatment

Surgery is the only therapeutic option with curative in-
tention for patients with sex hormone-producing tu-
mors. Only complete removal of the tumor tissue of-
fers definitive cure. However, in advanced tumor
stages, surgery cannot influence long-term survival
[126].In patients with metastastases or non-resectable
tumors, medical treatment combining adrenolysis,
chemotherapy, and hormonal treatment is required.
However, tumor debulking should be taken into ac-
count in all patients with metastases of adrenocortical
tumors. However, recent data suggest a benefit of sur-
gical tumor debulking only in those patients who had
responded to a prior “neoadjuvant” chemotherapy
[126]. In patients with acquired adrenal hyperplasia,
medical treatment could be an alternative to surgical
treatment on condition that the expression of illicit
cell receptors is known [72].

16.6.1 Surgical Strategies

The surgical approach to the adrenal glands in pa-
tients with sex hormone-producing adrenal tumors
does not differ from that in patients with other 
adrenal diseases. Laparoscopic or retroperitoneo-
scopic adrenalectomy is the preferred approach [11,
42, 43, 127] and is also feasible in children [19, 85,
110, 118].

However, the high frequency of malignant adrenal
tumors producing androgens or estrogens has to be
considered [35, 39]. Although recently an increasing
number of studies reporting the endoscopic ap-
proach in patients with malignant adrenal tumors
have been published [54], open adrenalectomy should
be the preferred approach to all patients with suspect-
ed malignancy. In patients with advanced tumors
spreading into the lower cava vein and the right car-
diac atrium, a heart-lung machine may be required.
With respect to the potential malignancy of all adrenal
tumors secreting androgens or estrogens, regional
lymphadenectomy should be considered,and,further-
more, in contrast to cortisol-producing adenomas or
aldosterone-producing adenomas [11,56,60],subtotal
adrenalectomy should only be considered in patients
with benign tumors.
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Fig. 4. CT scan of a testosterone-producing adrenal adenoma
on the left side in a premenopausal woman with hirsutism
and virilism. (Picture kindly provided by U. Schneyer, MD,
Halle)



In patients with acquired adrenal hyperplasia, total
bilateral adrenalectomy has to be considered when
medical therapy is ineffective. The effect of bilateral
subtotal adrenalectomy should be investigated further
before this procedure may be recommended [63, 125].

16.6.2 Perioperative Treatment

Systematic investigations of androgen mediated inhi-
bition of the hypothalamus-pituitary-adrenal axis
and its recovery after adrenalectomy have not yet
been performed. A direct and indirect inhibitory ef-
fect of androgens on the release of corticotropin-
releasing hormone (CRH) has been demonstrated in
animals by numerous studies [123, 124]. Thus, peri-
operative administration of exogenous glucocorti-
coids seems to be required in patients with hyper-
androgenism and hyperestrogenism [17, 75]. How-
ever, more recently, successful operations without
hydrocortisone replacement were reported in patients
with an unaffected hypothalamus-pituitary-adrenal
axis [11, 57].

To determine function of the hypothalamic-pitu-
itary-adrenal axis, an appropriate test should be
performed preoperatively. In patients with an un-
affected system, exogenous steroids are not neces-
sary. In those patients with a depression of the hypo-
thalamic-pituitary-adrenal axis, perioperative and
postoperative administration of hydrocortisone is
required.

In general, patients with sex hormone-producing
adrenal tumors and depression of the hypothalamic-
pituitary-adrenal axis should receive 100 mg hydro-
cortisone during operation and 200 mg hydrocorti-
sone during the subsequent 24 h continuously. During

the subsequent days, the dosis of hydrocortisone
should be continuously decreased.

Duration of hydrocortisone administration in pa-
tients with sex hormone-producing tumors depends
on the time of secondary/tertiary adrenal insufficien-
cy following tumor resection. No data are available al-
lowing general recommendations. In patients with tu-
mors secreting sex hormones and cortisol, restitution
of the hypothalamic-pituitary-adrenal axis usually re-
quires more than 6–12 months. These patients should
be treated like patients with Cushing’s syndrome.
Before termination of exogenous steroid supplemen-
tation, a functional test should be performed. For 
exclusion of a secondary adrenal insufficiency a
metyrapone test or an insulin-hypoglycemia test is
recommended [91]. Patients with adrenal hyperan-
drogenism or hyperestrogenism should receive a sin-
gle shot antibiosis.

16.6.3 Adjuvant and Palliative 
Treatment Options

Patients with advanced sex hormone-producing
adrenocortical neoplasms (perhaps adrenocortical
carcinomas) may benefit from a preoperative treat-
ment using mitotane or ketaconazole [32, 90, 99].

In patients with complete removal of adrenal tumors
associated with increased levels of androgens or estro-
gens, no special postoperative treatment is required
even in the case of malignancy.However,although con-
trolled studies have not been performed, mitotane may
be given in advanced tumor stages to increase the
length of time between recurrences [2, 25, 67, 74, 126].

Postoperatively,several drugs may be administered
in patients with metastases or non-resectable tumors
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Table 8. Options in adjuvant and palliative medical treatment for sex hormone-producing adrenal tumors

Substance Action Dose Side effects

Mitotane Inhibition of CYP11A1 and 4–12 g daily Vomiting, vertigo, somnolence,
CYP11B1, adrenolysis (zona weakness, confusion
reticularis and zona fasciculata

Ketoconazole Inhibition of CYP21A2 and 400–1,200 mg daily Vomiting, hepatitis, gynecomastia
CYP11B1

Aminoglutethimide Inhibition of CYP19 500–2,000 mg daily Headache, exanthema, tiredness

Letrozole Inhibition of CYP19 1 mg daily

Tamoxifen Estrogen receptor antagonism 30 mg daily

Flutamide Androgen receptor antagonism 500 mg daily Hepatotoxicity



(Table 8) to control tumor growth but predominantly
endocrine symptoms. Mitotane (o.p’-DDD, 1, 1-di-
chlorodiphenyldichloroethane) is considered to be the
drug of choice in patients with adrenocortical carci-
noma. It inhibits steroidogenesis by interfering with
cholesterol side-chain-cleavage enzyme (CYP11A1)
and CYP11B1.Furthermore,it has a cytotoxic effect on
cells of the zonae fasciculata and reticularis. The re-
mission rates depend on the administered dose; how-
ever, in patients with metastastic disease, the effect of
mitotane is limited [32, 74, 126]. Due to the adrenolyt-
ic effect, exogenous steroid substitution must be con-
sidered [126].Ketoconazole has been demonstrated to
control tumor symptoms preoperatively [90, 99]. It
acts by inhibition of CYP21A2 and CYP11B1. How-
ever, long-term survival cannot be influenced. Other
adrenolytic drugs or chemotherapeutic regimens used
in several protocols included suramin and gossipol or
cisplatin, etoposide, doxorubicin, 5-fluorouracil, mel-
phalan, and vincristine [21, 26]. The combination of
mitotane and cytotoxic chemotherapy may be of lim-
ited success. In general, despite significant remission
rates, long-term outcome was not improved [74].Anti-
androgens (cyproterone acetate, flutamide, spirono-
lactone) or antiestrogens (tamoxifen) may control 
endocrine symptoms like hirsutism or gynecomastia
[27, 44, 73, 78].

Radiotherapy does not result in improved patient
survival and should be limited as palliative treatment
for metastases or non-resectable local recurrences
[32].

16.6.4 Prognosis

After complete removal of tumor tissue, virilizing or
feminizing symptoms usually disappear within a few
months [10, 30, 41, 57, 73]. In prepubertal patients,
complete regression of all symptoms may be observed
when the patients are operated on before closure of the
bone growth centers. The majority of patients will
grow along the centile line achieved at presentation
[102, 104]. In an univariate analysis, small tumor size,
complete surgical removal, and benign behavior were
identified to be favorable prognostic factors [117].

Patients with metastatic disease have a poor prog-
nosis. Median survival without treatment is 3 months
and with treatment 14 months.The long-term survival
rate (5 years) is below 20% [32, 74, 126].
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17.1 Introduction

Pheochromocytomas are neoplasms of the neural
crest derived chromaffin cells.Synthesis and secretion
of catecholamines in an unregulated and often life-
threatening manner is the hallmark of this rare tumor.
Chromaffin cells are most frequently found in the ad-
renal medulla,where they normally function to secrete
catecholamines, which modulate stress response, me-
tabolism, and blood pressure. When catecholamine-
producing chromaffin cell tumors arise in an extra-ad-
renal location they are referred to as paragangliomas,
or extra-adrenal pheochromocytomas. Although ap-
parently similar in ontogeny,subtle differences exist in
the biology of disease between adrenal and extra-ad-
renal pheochromocytomas, which impact clinical de-
cision making. A thorough understanding of the nat-

ural history of the various manifestations of chromaf-
fin cell tumors guides the clinician in the most appro-
priate and efficacious treatment.

Although considered rare, the importance of
screening for and treating pheochromocytomas is un-
derscored by the fact that it is one of the few curable
causes of hypertension, with a prevalence in hyper-
tensive patients of 0.1–1% [36]. In autopsy series, a
prevalence between 0.3% and 0.95% has been found
[46]. In biochemical screening series the prevalence
has been reported to be as high as 1.9% [44]. Undiag-
nosed and untreated pheochromocytomas lead to sig-
nificant cardiovascular and oncologic morbidity and
mortality.

17.2 Epidemiology

Pheochromocytomas can occur sporadically or in as-
sociation with a number of syndromes.Approximate-
ly 90% are believed to be sporadic.Familial syndromes
associated with the development of pheochromocy-
tomas include multiple endocrine neoplasia (MEN)
types 2A and 2B, von Recklinghausen’s neurofibro-
matosis (NF1),and von Hippel-Lindau disease (VHL).
Pheochromocytomas may also accompany nonfamil-
ial syndromes such as Sturge-Weber syndrome,tuber-
ous sclerosis,and Carney’s triad.Pheochromocytomas
in patients with familial syndromes are unlikely to be
malignant [5, 23]. The one exception is patients with a
family history of malignant pheochromocytomas;
these individuals are felt to be at a higher risk for ma-
lignancy.

MEN 2A and 2B are autosomal dominant syn-
dromes caused by mutations in the RET proto-onco-
gene. Common to MEN2 syndromes are medullary
thyroid cancer (MTC; nearly 100% penetrance) and
pheochromocytoma (approximately 40%). Pheochro-
mocytomas in MEN 2 are bilateral in approximately
70% and are usually multicentric. Bilateral medullary
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hyperplasia is almost always present in these patients.
Pheochromocytomas are rarely extra-adrenal or ma-
lignant in MEN2.

NF1 is an autosomal dominant disorder associated
with widespread neurofibromatosis, café au lait spots,
and the rare (1%) development of pheochromocy-
tomas.Inheritance of VHL is autosomal dominant,and
is characterized by retinal hemangiomatosis, cerebel-
lar hemangioblastoma, pancreatic tumors, kidney
cysts or tumors, pancreatic cysts, epididymal cystade-
noma, and pheochromocytoma. The incidence of
pheochromocytoma in VHL is between 10% and 20%
and they are often bilateral. Other neuroectodermal
disorders that may be associated with pheochromocy-
toma include Sturge-Weber syndrome, tuberous scle-
rosis, and Carney’s triad. Carney’s triad is a syndrome
of gastric leiomyosarcoma, pulmonary chondroma,
and functional extra-adrenal pheochromocytoma.

17.3 Untreated Pheochromocytoma

Undiagnosed and untreated pheochromocytoma may
lead to profound morbidity due to the unregulated
oversecretion of catecholamines. Most complications
are cardiovascular.Hypertensive or hypotensive crises,
myocardial infarction,dysrhythmias,congestive heart
failure, and cerebral vascular accidents account for
75% of mortalities in undiagnosed or untreated
pheochromocytomas [33, 46]. Patients may present
with seizures, hyperglycemia, hypercalcemia, retino-
pathy,a palpable flank mass, left ventricular hypertro-
phy or cardiomegaly,shock,and lactic acidosis.Symp-
toms are commonly misdiagnosed as panic attacks or
anxiety. Other rare manifestations that have been re-
ported include acute pancreatitis, retroperitoneal tu-
mor hemorrhage, renal artery stenosis secondary to
mass effect, renal infarction, rhabdomyolysis, renal
failure, disseminated intravascular coagulopathy, and
vasculitis [33, 46].

17.4 Anatomy, Embryology, Physiology,
and Oncogenesis

The adrenal glands are paired retroperitoneal organs
located superomedial to each kidney. They are sur-
rounded by loose areolar tissue and fat, and can be
identified by their characteristic dark “sulfur yellow”
appearance and firm texture. Arterial blood is deliv-
ered to the gland through a plexus derived from nu-
merous unnamed branches of three main vessels: the

superior, middle, and inferior adrenal arteries. These
vessels originate from the inferior phrenic artery,
aorta, and renal artery respectively. In contrast to the
arterial supply, venous drainage is through a single 
adrenal vein, either into the renal vein on the left, or 
directly into the vena cava on the right. Occasionally
the right adrenal has an accessory vein that drains into
the right renal vein or the right hepatic vein. Lym-
phatic drainage of the gland is to the periaortic and 
renal nodes.

The adrenal gland consists of cortex and medulla
with distinct functions and embryologic heritages.
The medulla normally comprises only 10% of the
weight of the gland. Chromaffin cells (also known 
as pheochromocytes) comprise the majority of the 
adrenal medulla, and function to synthesize, store,
and, under controlled conditions, secrete catechol-
amines. There are two subtypes of chromaffin cells,
the most populous of which produces epinephrine.
Norepinephrine is made by a smaller subpopulation of
chromaffin cells. Normally, epinephrine accounts for
80% of the catecholamine production of the adrenal
medulla. Interestingly, most pheochromocytomas
produce an abundance of norepinephrine.

Chromaffin cells are neural crest derivatives, and
belong to the amine precursor uptake and decarboxy-
lation (APUD) system. Precursor neural crest cells,
known as pheochromoblasts, give rise to other struc-
tures along the sympathetic chain (the paraganglia)
where pheochromocytomas may be encountered.
The most common extra-adrenal site is the organ of
Zuckerkandl, which resides within the retroperi-
toneum between the inferior mesenteric artery and
the aortic bifurcation. Extra-adrenal pheochromo-
cytomas are also encountered between the aorta and
inferior vena cava (IVC) at the level of the left renal
vein, or near the origin of the superior mesenteric ar-
tery (SMA). Numerous other sites have been reported
along the path of neural crest cell migration from the
skull base to the spermatic cord [14].

Catecholamines (epinephrine,norepinephrine,and
dopamine) are synthesized in the adrenal medulla
from l-tyrosine. The rate-limiting step in cate-
cholamine synthesis is the production of l-DOPA by
the enzyme tyrosine hydroxylase. Subsequently, de-
carboxylation of l-DOPA yields dopamine.Dopamine
b-hydroxylase then converts dopamine to norepi-
nephrine. In a reaction linked to the presence of corti-
sol from the adrenal cortex, norepinephrine is con-
verted to epinephrine in the adrenal medulla by
phenylethanolamine-N-methyltransferase (PNMT).
Norepinephrine can be converted to epinephrine only
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in tissues that contain PNMT: primarily the adrenal
medulla and the organ of Zuckerkandl [20]. The clin-
ical consequence of this is that epinephrine-producing
pheochromocytomas are almost always found in one
of these two locations [21]. Pheochromocytomas 
frequently secrete norepinephrine. Epinephrine or
dopamine secreting pheochromocytomas are less
common [51]. They also frequently secrete chromo-
granin A.This substance has not been adopted as a tu-
mor marker because it may be falsely elevated with
any pertubation in renal function. Numerous other
rare secretory products of pheochromocytomas have
been described including adrenocorticotropic hor-
mone (ACTH), calcitonin gene-related protein, PTH
related protein, atrial natriuretic peptide, and vasoac-
tive intestinal peptide [10]. Pheochromocytomas can
also be nonfunctional [51].

The overproduction of catecholamines by pheo-
chromocytomas may be related to loss of feedback in-
hibition. Normally, norepinephrine production leads
to compensatory inhibition of medullary catechol-
amine production by stimulating inhibitory a2-recep-
tors, and by inhibiting the rate-limiting enzyme, tyro-
sine hydroxylase. Catecholamine secretion by the 
adrenal medulla is normally mediated by calcium-de-
pendent exocytosis, which follows depolarization of
the chromaffin cells. Pheochromocytomas are be-
lieved to leak catecholamines by simple diffusion,
because catecholamines are produced in excess of the
vesicular storage capacity [20].

Once released, catecholamines are rapidly metabo-
lized. Neuronal tissue metabolizes catecholamines
through monoamine oxidase (MAO) into vanillyl-
mandelic acid (VMA) and homovanillic acid (from
dopamine). Circulating catecholamines are metabo-
lized by carboxy-O-methyl transferase (COMT). This
enzyme converts norepinephrine into normetane-
phrine, and epinephrine into metanephrine. The 
products of catecholamine metabolism are excreted in
the urine and can be measured as metanephrines,
VMA and conjugated catecholamines.

17.5 Clinical Presentation

The clinical manifestations of pheochromocytoma are
primarily due to the elaboration of excess cate-
cholamines. The hallmark is hypertension. Patients
may present anywhere along the spectrum from occult
disease (incidentaloma) to florid hypertensive crisis.
The classic triad of symptoms is relatively non
specific and consists of headache, palpitations and 

diaphoresis. Symptoms are often paroxysmal and last
no longer than 15 min.Episodes have been found to in-
crease in severity and frequency as the disease pro-
gresses [39]. Hypertension may occur in paroxysms
against a backdrop of normal blood pressure, or the
patient may have baseline hypertension with or with-
out paroxysms of more extreme hypertension. When
the classic triad of symptoms accompanies paroxysms
of hypertension the diagnosis is likely, and workup
must be initiated. Other symptoms that frequently ac-
company paroxysms include anxiety or a sense of im-
pending doom, nausea, and abdominal pain. Other
nonspecific symptoms include chest pain, diarrhea,
dyspnea, paresthesias, flushing, tachycardia, mydria-
sis, Raynaud’s phenomenon, and fever. The natural
history of untreated pheochromocytoma,as discussed
above, is the high likelihood of the eventual develop-
ment of cardiovascular morbidity.

Hypertensive paroxysms can occur spontaneously,
or may be induced. Mechanical pressure on the tumor
itself is an often invoked explanation, but many trig-
gers have been documented including exercise, mic-
turition,defecation,sexual intercourse,pregnancy and
parturition, alcohol consumption, smoking, anesthe-
sia induction, invasive procedures (interventional ra-
diology and surgery), and the administration of vari-
ous medications.

17.6 Diagnosis

The differential diagnosis of pheochromocytoma in-
cludes a litany of physiologic and psychologic disor-
ders.Common misdiagnoses include anxiety,panic at-
tacks,migraines,menopause,drug abuse,and essential
hypertension. Most of these disorders will be exclud-
ed by a careful history and physical examination. Bio-
chemical testing should establish the diagnosis with-
out difficulty, and should always precede localization
studies. Clearly, biochemical testing should be per-
formed on all patients who display the classic parox-
ysmal triad. Incidentally found adrenal tumors also
mandate a workup for pheochromocytoma and other
functioning neoplasms. Screening should be consid-
ered for those patients who have a history of extraor-
dinarily labile hypertension, new-onset hypertension
during pregnancy,childhood hypertension,hyperten-
sion unresponsive to medical therapy, or a family his-
tory of pheochromocytoma or syndromes associated
with pheochromocytoma (discussed earlier). One ex-
ception to performing localization studies only fol-
lowing biochemical confirmation is in the case of
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screening for familial syndromes such as MEN2.These
persons are at high risk for developing pheochromo-
cytomas. Small tumors may have negative biochemi-
cal studies, but may still be found on screening local-
ization studies. Early identification may allow earlier
resection or partial adrenalectomy.

There is no consensus on the best test for screening
and diagnosis. Measurement of 24-h urine collection
specimens for metanephrines is 98% sensitive for the
diagnosis [32, 40]. We recommend this as an initial
test, followed by confirmation with fractionated 24-h
urinary catecholamines by high pressure liquid chro-
matography (HPLC) [10, 13, 21, 40]. Urinary VMA is
slightly less sensitive and specific [12,32],but the com-
bination of 24-h urinary metanephrines and VMA has
historically been used in many institutions [28].When
either test is abnormal, the addition of confirmatory
24-h fractionated urinary catecholamines by HPLC
should also yield an accuracy of approximately 98%
[13, 28].

Despite the episodic nature of symptoms from
pheochromocytoma, catecholamines and metabolite
levels are usually elevated between attacks, especially
when the attacks are frequent. In the face of equivocal
test results, some have advocated the clonidine sup-
pression test or the use of provocative testing with
glucagon [13]. Provocative tests, however, are obsolete
because they have a poor diagnostic accuracy,and may
have significant and potentially life-threatening side
effects [14].The need for provocative testing is obviat-
ed by ensuring that there are no interfering dietary or
pharmacologic substances present (see below),and by
obtaining timed urinary and plasma samples during
symptomatic episodes and assaying for catecho-
lamines and their metabolites by the very sensitive
HPLC method.

Some dietary and pharmacologic substances are
known to interfere with catecholamine and metabolite
measurement. Fortunately, the newer HPLC methods
are less frequently confounded than the older fluoro-
metric and spectrophotometric assays. One of the
most important interfering substances to be aware of
is methylglucamine (found in some radiographic io-
dine contrast media), which falsely lowers meta-
nephrine measurements for up to 72 h after adminis-
tration. This interaction further underscores the 
importance of establishing biochemical diagnosis 
prior to embarking upon radiographic localization.
Labetalol, a-methyldopa, caffeine, nicotine, and foods
such as coffee, bananas, and some peppers are also
known to alter catecholamine and metanephrine 
assays [10].

Many physiologic states affect the levels of cate-
cholamines. Hypertension, noise, stress, and pain in-
crease the plasma catecholamine levels [10]. Elevated
catecholamine levels are most diagnostic when meas-
ured during a symptomatic episode in the absence of
these confounding factors.

Once pheochromocytoma is suspected, biochemi-
cal tests are used to establish the diagnosis. Fine nee-
dle aspiration (FNA) biopsy has no role in the diagno-
sis of pheochromocytoma,and should not be attempt-
ed for adrenal neoplasms unless pheochromocytoma
has been ruled out. In a recent review from the Uni-
versity of California, San Francisco, approximately
one-half of patients referred for pheochromocytomas
who did not present with classic signs underwent un-
necessary FNA biopsy of the tumor prior to any bio-
chemical screening to exclude pheochromocytoma
[8]. This practice is very hazardous and should be
strongly discouraged because it may precipitate a 
potentially fatal hypertensive crisis [26]. The proper
sequence of tests should be history and physical 
examination followed by biochemical confirmatory
testing, pharmacologic adrenergic blockade, and sub-
sequent localization.

17.7 Tumor Localization

Once the diagnosis of pheochromocytoma is con-
firmed by biochemical testing,the tumor should be lo-
calized and the extent of disease evaluated. Computed
tomography (CT), magnetic resonance imaging
(MRI),and meta-iodo-benzylguanidine (MIBG) scans
are complementary studies and each has utility in 
localizing these tumors. The approach to tumor 
localization begins with the knowledge of probable 
locations based on history, physical, and biochemical
testing.

In adults 90% of pheochromocytomas are found in
the adrenal medulla,and 97% are located below the di-
aphragm [21,49,52].Approximately 70% of pheochro-
mocytomas arising in children are found in the adre-
nal glands [6]. Right-sided adrenal pheochromocy-
tomas are slightly more common than the left [10].As
discussed earlier, epinephrine-secreting tumors are
usually confined to the adrenal medulla or organ of
Zuckerkandl due to the tissue specific presence of
PNMT, which converts norepinephrine to epineph-
rine.Bilateral pheochromocytomas are more common
in the context of familial syndromes (approximately
70%), but overall 10% of adult and 35% of childhood
pheochromocytomas are bilateral [10].
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Approximately 10% of pheochromocytomas can be
categorized as either bilateral, multifocal, extra-adre-
nal, familial, or malignant; thus pheochromocytomas
are often remembered by medical students as the 10%
tumor.Newer reports,however,suggest that pheochro-
mocytomas may be extra-adrenal in up to 30% of
cases [45, 52]. Eighty-five percent of extra-adrenal
pheochromocytomas are located below the dia-
phragm [52]. Although most frequently found in the
organ of Zuckerkandl,numerous other sites from skull
base to spermatic cord have been reported.

In cases where the risk of multifocality or extra-ad-
renal disease is low,we start with a thin-cut adrenal CT
scan or MRI. If the pheochromocytoma is found by
one of these studies,no further localization studies are
obtained. We use MIBG scanning selectively to screen
for and to localize extra-adrenal,multiple,or recurrent
pheochromocytomas. If necessary, MRI or CT can
then be used to generate more detailed images of the
region with MIBG uptake. If this approach fails to lo-
calize the tumor, PET scanning or the use of selective
venous catheterization (rarely necessary) has been
useful.

17.7.1 MRI

The sensitivity and specificity of MRI for adrenal
pheochromocytomas is approximately 95% and 100%
respectively. Pheochromocytomas are characteristi-
cally bright on T2-weighted images (Fig.1).The major
advantage of MRI is the lack of exposure to radiation
and IV contrast. Thus, it is the procedure of choice in
pregnancy and childhood.Possible limitations to MRI
include claustrophobia, cost, and availability. Small
metastases, extra-adrenal pheochromocytomas, and

recurrent disease are not reliably localized by MRI.
The only findings consistent with malignancy on MRI
(or CT) are local invasion of the tumor into adjacent
organs or the presence of metastases. MRI can also
identify tumor thrombus in the IVC or renal vein, and
help plan extent of resection [14].

17.7.2 CT

CT scanning has greater than 95% sensitivity for 
adrenal pheochromocytomas. Since the majority of
pheochromocytomas are larger than 2 cm and are 
located in the adrenal gland, CT scanning is an accu-
rate and sensitive study for tumor localization (Fig.2).
CT scans provide excellent anatomic information, in-
cluding the presence of metastatic disease in the liver,
and for this reason CT is preferred by some surgeons.
CT scans should be performed in thin section (3 mm)
from the diaphragm to the aortic bifurcation.The lim-
itations of CT scanning are that it may miss small
metastases, extra-adrenal pheochromocytomas, and
recurrent disease. The disadvantages of CT scanning
are radiation exposure, need for intravenous contrast
(which has been associated with the precipitation of
hypertensive crises in unblocked patients),and lack of
tissue characterization such as is found with T2
weighted MRI.Characteristics of malignancy are local
invasion and metastases.

17.7.3 MIBG

With an overall sensitivity of approximately 80–85%
[38], MIBG scanning with iodine-131 (131I) or iodine-
123 (123I) can be used to scan the entire body for APUD
tumors (Fig. 3). MIBG selectively accumulates in tis-
sues that store catecholamines. Normal adrenal
medulla, fortunately,does not take up sufficient MIBG
to produce an image. Specificity is reported to range
from 88% to 100% [21,50].MIBG is most useful for lo-
calizing extra-adrenal or recurrent pheochromocy-
toma. MIBG is the only widely used localizing study
that provides functional data about the tumor; uptake
is proportional to the quantity of catecholamine con-
taining vesicles in the tumor. Disadvantages of MIBG
scanning include radiation exposure, high cost, poor
anatomic resolution, and the requirement to pretreat
with iodine to prevent ablation of the thyroid. Lugol’s
solution or saturated solution of potassium iodide
(SSKI) must be administered prior to the study in or-
der to prevent the uptake of radioactive iodine by the
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Fig. 1. This is a characteristic image of a T2-weighted MRI
demonstrating an enhancing pheochromocytoma in the right
adrenal. (Used with permission from Fitzgerald [10])



thyroid. In addition,a delay of 1–2 days is required be-
fore imaging after administration of 131I-MIBG, be-
cause of excessive background noise preventing the
acquisition of good resolution images. Although not
widely available, 123I-MIBG scanning is reported to
have a sensitivity of approximately 90%, superior to
that of 131I-MIBG. It also yields a higher quality image
and can be used to generate a three-dimensional im-

age through single-photon emission computed to-
mography (SPECT).

17.7.4 Other Imaging Modalities

Although not yet validated for the detection of
pheochromocytoma, the PET scan has been shown to
be useful in the detection of malignant pheochromo-
cytomas [41]. [18F]-Fluorodeoxyglucose positron
emission tomography ([18F]-FDG-PET) scanning de-
tects tissues with a high metabolic rate. Consequently,
it is less specific than MIBG scanning. 6-[18F]-Fluo-
rodopamine ([18F]-DA) PET is being studied, and
some investigators predict that it may be superior to
other nuclear imaging techniques [16, 17, 29–31]. The
perceived advantages of PET scanning over MIBG are
that pretreatment with iodine to protect the thyroid is
unnecessary, and images can be obtained without a
1–2 day delay.PET scanning is costly and less available
than the other imaging modalities. [18F]-DA PET is
currently only available at the National Institutes of
Health.

Somatostatin receptor scintigraphy is another in-
vestigational modality for the detection of pheochro-
mocytoma. It appears to have a sensitivity of only ap-
proximately 25% for adrenal pheochromocytomas
[48]. Conversely, this modality detects 87% of metas-
tases. It may be useful when metastases are not re-
vealed on MIBG scanning, but the index of suspicion
is high [24, 48].

17.8 Preoperative Management

Surgical removal is the only effective treatment for
pheochromocytoma. The likelihood of complication-
free surgery is correlated to the adequacy of the pre-
operative medical management. The goals of medical
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Fig. 2. a This noncontrast CT scan demonstrates a 9-cm
right-sided adrenal pheochromocytoma. This is the same 
tumor as shown in Fig. 1. Areas of inhomogeneity are visible
which probably correspond to areas of tumor necrosis and
cyst formation seen in b. There is no evidence of local or 
vascular invasion on this study. b The 9-cm right pheo-
chromocytoma from Figs. 1 and 2a is shown here in bivalve
section. Common to large tumors are areas of cyst formation
and tumor necrosis which are demonstrated here.The sulfur-
yellow adrenal cortex is displaced inferolaterally to the peri-
phery of the tumor. (Used with permission from Fitzgerald
[10])

Fig. 3. This 123I-MIBG study demonstrates selective uptake in
the right adrenal gland which corresponds to the pheochro-
mocytoma at that location. (Courtesy of Paul Fitzgerald, MD.
Used with permission from Fitzgerald [10])



management are to correct hypertension, restore 
vascular volume, and control dysrhythmias. This is
achieved primarily through alpha-adrenergic block-
ade and fluid administration. The most commonly
used agent for alpha blockade is phenoxybenzamine.
Blockade is usually initiated 1–3 weeks prior to sur-
gery, with a starting dose of 10 mg per day and in-
creased gradually until blood pressure is controlled.
Doses as high as 400 mg per day may be required to
control blood pressure. Endpoints of alpha blockade
are: controlled blood pressure (<160/90) or the devel-
opment of significant side effects including reflex
tachycardia, orthostatic hypotension (<80/45), nasal
congestion, nausea, or abdominal pain. A shorter act-
ing alpha antagonist, prazosin, has also been shown to
be beneficial and is preferred by some investigators
due to its shorter half-life, and lower frequency of re-
flex tachycardia [4].Doxazosin and terazosin have also
been used.

Beta blockers may be required for patients who de-
velop persistent tachycardia from alpha blockade.This
class of drugs should not be used for pheochromo-
cytoma without adequate alpha blockade because of
the possibility of precipitating hypertensive crisis
from unopposed alpha adrenergic effect.

Calcium channel blockers such as nicardipine and
nifedipine are successfully used for preoperative
preparation in some centers [9], and can be used to
treat hypertensive paroxysms.Calcium channel block-
ers have been shown to cause less orthostatic hy-
potension than alpha blockers [51], and may prevent
coronary vasospasm [4]. The combination of calcium
channel blockers and selective alpha-1 blockers is
gaining favor in the recent literature for these reasons
and because their use may obviate overshoot hy-
potension following ligation of the adrenal vein [4].
Other pharmacologic agents used for management of
hypertension associated with pheochromocytomas
include angiotensin converting enzyme (ACE) in-
hibitors [40], clonidine, and labetalol. Labetalol com-
petitively blocks alpha-1 and beta adrenergic recep-
tors and has been used with success as an antihyper-
tensive and antidysrhythmic drug.Metyrosine inhibits
the rate limiting enzyme in catecholamine synthesis,
tyrosine hydroxylase, but because of its side effects is
a second line drug [51].

Patients with pheochromocytoma are in a persist-
ently vasoconstricted state. Volume repletion should
accompany adequate pharmacologic management.
Patients are encouraged to increase oral salt and fluid
intake.Preoperative volume repletion is considered es-
sential in order to avoid hypotension following the lig-

ation of the adrenal vein. We continue pharmacologic
blockade until the time of operation.

17.9 Surgical Options

The principles of surgery for pheochromocytoma are
complete tumor extirpation, avoidance of tumor
spillage, minimal manipulation, control of venous
drainage and arterial supply, and hemostasis.Adrena-
lectomy can be performed open or laparoscopically.
The choice of approach is dictated by tumor size,signs
of local invasion, and surgeon experience. Historical-
ly, the open anterior approach has been the standard
because it allowed en-bloc tumor resection with ex-
ploration of the contralateral adrenal and possible
metastatic sites (Fig.4a,b).Due to the accuracy of con-
temporary localization studies, contralateral adrenal
exploration is usually unnecessary. Furthermore, a
thorough evaluation of the liver and peritoneum for
metastases is possible with the laparoscopic transab-
dominal approach. The only absolute contraindica-
tions to the laparoscopic approach for pheochromo-
cytoma are findings consistent with malignancy such
as invasion into adjacent organs or blood vessels. La-
paroscopic adrenalectomy for amenable lesions
(Fig. 5) has been shown to be superior to the open ap-
proach in terms of pain medicine requirements, hos-
pital stay, return to normal activities, and late inci-
sional complications [25,35,47].With surgeon experi-
ence,the operative time is decreased,and large tumors
(greater than 6 cm) can be resected [15, 27]. Tumors
larger than 15 cm are being resected laparoscopically
at some centers.Hand-assist devices may also facilitate
laparoscopic resection [3].

Regardless of the approach, communication be-
tween surgeon and anesthesiologist is critical to the
performance of a safe operation.Tumor manipulation
precipitates severe hypertension, even in adequately
blocked patients, which can be anticipated and treat-
ed with short-acting vasodilating agents (e.g. nitro-
prusside or nitroglycerin). Often there is a drop in
blood pressure following ligation of the adrenal vein.
Prior to this maneuver, notifying the anesthesiologist
allows them time to cease the administration of va-
sodilators, or prepare vasopressors.

17.9.1 Principles of Open Adrenalectomy

Several open operations have been described includ-
ing the anterior, lateral, thoracoabdominal, and poste-
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rior approaches. The thoracoabdominal approach
may be useful for large or malignant tumors, but will
not be described here. The posterior open approach
has been completely replaced by the laparoscopic ap-
proach,and is not used in institutions that perform la-
paroscopic adrenalectomy. Our preferred open ap-
proach is through a subcostal incision with the patient
in 15–30 degrees of lateral decubitus.A surgical head-
light is helpful to illuminate the dissection field. The
abdomen is opened and explored briefly. For a right
adrenalectomy the right lobe of the liver is mobilized
from its lateral peritoneal attachments and retracted
anteromedially. Mobilization of the hepatic flexure of
the colon provides additional exposure, and is fol-
lowed by a Kocher maneuver to reveal the inferior vena
cava. The peritoneum overlying the vena cava is
opened, and the lateral border of the supraduodenal
vena cava identified. Dissection is then carried cepha-
lad towards the adrenal. The retroperitoneum is
opened over the superolateral aspect of the adrenal,
and the incision carried medially towards the vena
cava. Small arterial branches will be encountered.
Branches from the caudate lobe to the IVC may require
division. The right adrenal vein originates from the
medial aspect of the adrenal and after traversing a
short distance enters the vena cava,often along its pos-
terolateral aspect. The adrenal vein is then ligated and
divided. Be aware that there are occasionally accesso-
ry veins that drain into the right renal vein,or the right
hepatic vein. The arterial branches are divided begin-
ning on the superolateral aspect of the gland and pro-
gressing medially.Care is taken to avoid manipulation
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Fig. 4. a This CT scan demonstrates a left adrenal pheochro-
mocytoma with features suggestive of local invasion.The lack
of discrete tumor margins, and the suggestion of local inva-
sion into the left renal vein, prompted an open en-bloc resec-
tion of the left adrenal, kidney, and spleen. b Gross specimen
with orientation. c Bivalved specimen

Fig. 5. This contrast CT scan demonstrates a pheochromo-
cytoma of the right adrenal gland. There is no evidence of
local invasion or distant disease. The tumor appears well en-
capsulated, and there is no regional lymphadenopathy. This
lesion was removed laparoscopically



of the tumor, and violation of the surrounding fat and
capsule.

The left adrenal gland is approached in a similar
manner. The splenic flexure is mobilized and retract-
ed inferomedially. The spleen is then mobilized from
the left upper quadrant, and, along with the stomach
and tail of the pancreas,retracted medially.The left ad-
renal gland is then exposed.The left adrenal vein orig-
inates inferomedially and drains into the left renal vein
after being joined by the inferior phrenic vein.The ad-
renal and inferior phrenic veins are ligated and divid-
ed when they are encountered. Following control of
the small arterial branches, the gland is removed en-
bloc.

17.9.2 Principles of Laparoscopic 
Adrenalectomy

With the development of reliable imaging studies for
pheochromocytomas, extensive exploration is no
longer necessary and a more focused adrenalectomy is
possible.Laparoscopic adrenalectomy has become the
standard operative approach for the management of
benign adrenal tumors because it allows a safe focused
adrenalectomy with less postoperative pain, a shorter
hospital stay, shorter time to convalescence, less blood
loss and transfusion, and fewer incisional complica-
tions [18, 22, 43]. The surgeon must be prepared for
open adrenalectomy,if necessary for hemorrhage or to
resect invasive malignancies. In addition, patients
must be consented for, and physiologically able to tol-
erate, the open procedure.

Numerous laparoscopic approaches have been de-
scribed that mimic the open approaches including
supine and lateral transabdominal, and posterior and
lateral retroperitoneal operations. We prefer the la-
paroscopic lateral transabdominal approach original-
ly described in 1992 by Gagner [11]. The patient is
placed in the lateral decubitus position. The beanbag,
and kidney rests are essential to proper positioning.
The table is flexed to open the space inferior to the
costal margin.We use four 10 mm trocars spaced even-
ly along the costal margin from the midaxillary line to
the midclavicular line. Pneumoperitoneum is estab-
lished with the Veress needle at Palmer’s point [7],and
the first trocar is then placed percutaneously at this lo-
cation. The remaining three trocars are placed under
direct vision. The abdominal contents are inspected
for evidence of liver or peritoneal metastases. For a la-
paroscopic right adrenalectomy, the right lobe of the
liver is mobilized from the diaphragm by dividing the

triangular ligament, and retracted anteriorly with a
fan retractor. It is rarely necessary to mobilize the he-
patic flexure.Gerota’s fascia is incised,and the adrenal
gland is identified superomedial to the kidney.Dissec-
tion is begun at the cephalad aspect of the gland, and
continued inferomedially. Small arterial branches and
fatty tissue around the adrenal are divided hemostati-
cally. We continue to mobilize the gland by dissecting
in a clockwise fashion,and ligate the vein when it is ex-
posed by the medial dissection. The right adrenal vein
is identified as it traverses the short distance between
the medial aspect of the gland and the vena cava. The
vein is double clipped and divided sharply. The re-
maining soft tissue attachments and small arterial
branches are divided hemostatically,and the specimen
is placed into an impervious retrieval bag.The incision
can be enlarged to allow intact retrieval of the tumor,
or it may be retrieved through the 10 mm trocar inci-
sion by morcellation within the specimen bag.

For the left adrenalectomy the abdominal cavity is
entered in a similar manner. The retroperitoneum is
opened by dividing the splenocolic ligament. Occa-
sionally, it is necessary to mobilize the splenic flexure
of the colon as well. The spleen is mobilized from its
retroperitoneal attachments and allowed to fall medi-
ally by gravity. Just as is done on the right side, dissec-
tion is begun at the superior pole of the gland,and con-
tinued inferomedially. Small arterial branches con-
tained within the connective tissue surrounding the
adrenal are divided hemostatically. The left adrenal
vein is identified as it emerges from the inferomedial
aspect of the gland and empties into the left renal vein.
The adrenal vein is double clipped and divided
sharply.The inferior phrenic vein joins the left adrenal
vein medially, and also needs to be dissected, clipped
and divided.The remaining attachments and small ar-
terial branches are divided hemostatically, and the
specimen is placed into the retrieval bag.

Hand-assisted laparoscopic adrenalectomy can be
used in cases of large tumors that are difficult to dis-
sect.Retraction,blunt dissection,and control of blood
vessels can be performed manually through a 7–8 cm
incision [3].

17.10 Postoperative Care

The average postoperative stay in our institution is less
than 2 days [8]. Three months following the operation
a 24-h urine collection can be obtained for meta-
nephrines to establish the patient’s new baseline and
ensure that there has been complete tumor removal.
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Quarterly screening for urinary catecholamine
metabolites can be performed for the first year, and
then screening is done annually for at least 5 years.
Weekly home blood pressure measurements should be
taken for the first year and then monthly thereafter.
Metastases can manifest as late as 20 years from sur-
gery, supporting the practice of indefinite follow-up
for these patients [34]. Changes in blood pressure or
urinary measurements should prompt a workup for
metastases or contralateral primary pheochromocy-
toma.

17.11 Pathology/Malignancy

There are no agreed upon histologic characteristics
for malignancy.The presence of metastases or local in-
vasion into surrounding tissues is the most reliable in-
dicator. Approximately 10–20% of pheochromocy-
tomas ultimately prove to be malignant.Malignancy is
identified in 10% at the time of diagnosis, and ap-
proximately 5% more are identified in the ensuing
5 years [10]. Malignancy is more likely in extra-adre-
nal pheochromocytomas (30–40%), larger tumors
(>6 cm), dopamine-only secreting tumors, and with
postoperative persistent hypertension [1, 10, 19]. The
diagnosis of malignancy is best made by an imaging
study showing metastases or local invasion, or these
findings at operation.

The most common sites of metastases are bone
(spine, skull, ribs), liver, retroperitoneal or regional
lymph nodes,lungs,and peritoneum.The median time
to recurrence is between 5 and 6 years [14]. The main
treatment for recurrent or metastatic disease is resec-
tion and adrenergic blockade. If the tumor or metas-
tases are not completely resectable, chemotherapy, ex-
ternal-beam radiotherapy, or high dose 131I-MIBG are
options. Based on data from the Surveillance, Epi-
demiology and End Results (SEER; 1973–2000) study,
the mean survival for malignant pheochromocytoma
is approximately 80 months.

The combination of cyclophosphamide,vincristine,
and dacarbazine has been used with variable success.
One large series showed a 57% overall response, 79%
hormonal response, and 21% tumor response. There
were no cases of complete response [2]. It remains the
regimen of choice in the absence of more effective
chemotherapy.

MIBG is used to localized recurrent or residual dis-
ease,and it also identifies neoplastic tissue that can po-
tentially be treated with high dose 131I-MIBG [42].
Treatment requires 5–7 days of hospitalization. Pa-

tients must be pretreated with iodine in order to pre-
vent thyroid ablation. Prior to 131I-MIBG ablation,
some patients are required to undergo leukapheresis
and stem cell cryopreservation in the event that they
suffer total hematopoietic ablation.Risks of 131I-MIBG
ablation include bone marrow suppression, infertility,
increased risk of malignancy (lifelong), and possible
need for retreatment. External beam radiation has
been used for symptomatic metastases to the spine or
long bones, or CNS metastases. Five-year survival is
between 30% and 50% [10, 13, 37].

17.12 Conclusion

Biochemical testing should be performed on all pa-
tients with the classic paroxysmal triad of headache,
palpitations and diaphoresis. Incidentalomas also
mandate a workup for pheochromocytoma and other
functioning neoplasms. Screening should be consid-
ered for those patients who have a history of extraor-
dinarily labile hypertension, new-onset hypertension
during pregnancy,childhood hypertension,hyperten-
sion unresponsive to medical therapy, or a family his-
tory of syndromes associated with pheochromo-
cytoma.We recommend 24-h urine metanephrines as
the initial test, followed by confirmation with frac-
tionated 24-h urinary catecholamines.We usually start
with a thin-cut adrenal CT scan or MRI for localiza-
tion. We use MIBG scanning selectively to screen for
and localize extra-adrenal, multiple, or recurrent
pheochromocytomas.The likelihood of complication-
free adrenalectomy is dependent upon the adequacy of
the preoperative medical management. The goals of
medical management are to correct hypertension, re-
store vascular volume,and control dysrhythmias,usu-
ally through alpha adrenergic blockade and fluid ad-
ministration. The choice of approach for adrenalecto-
my is dictated by tumor size, signs of local invasion,
and surgeon experience. Laparoscopic adrenalectomy
has been shown to be superior to the open approach
in terms of pain medicine requirements, hospital stay,
return to normal activities,and late incisional compli-
cations.We have found conversion to hand-assisted la-
paroscopy to be beneficial in some instances. Patients
with pheochromocytoma should have nearly lifelong
follow-up.Changes in blood pressure or urinary meas-
urements should prompt a workup for metastases or
contralateral primary pheochromocytoma.
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18.1 Introduction

Pheochromocytomas are rare tumors that are usually
benign lesions within the adrenal gland. However, pri-
mary tumors can occur outside of the adrenal gland,
and tumors that arise either within the adrenal gland
or outside of it can be malignant. This tumor is often
described by the “rule of 10’s,” that is, 10% familial, bi-
lateral,extra-adrenal,malignant,and occurring in chil-
dren.However,this memory tool underestimates the in-
cidence of both malignancy and extra-adrenal primary
tumors, each of which probably occur in closer to 20%
of patients with pheochromocytoma [15].

18.2 Extra-adrenal Primary 
Pheochromocytoma

18.2.1 Frequency and Patterns 
of Extra-adrenal Disease

Extra-adrenal tumors occur along the sympathetic
chain,at any site from the base of the skull to the pelvis.
The most common site for extra-adrenal pheochro-

mocytomas, which are also sometimes, and probably
more correctly, called paragangliomas particularly
when they do not make appreciable amounts of cate-
cholamines, is the organ of Zuckerkandl. They have
been localized in the neck, posterior chest, atrium, re-
nal hilum and bladder (Fig. 1). A common location of
extra-adrenal tumors is between the aorta and vena
cava at the level of the left renal vein, cephalad to the
organ of Zuckerkandl tumors arising on either side of
the superior mesenteric artery or more distally to the
aortic bifurcation, where it can also be mistaken for a
lymph node metastasis. Middle mediastinal tumors,
which may involve the heart, occur more frequently
than was previously recognized.Extra-adrenal tumors
have a higher reported malignancy rate of 25–40%, al-
though not all reports agree on the differential ag-
gressiveness of the extra-adrenal sites [7, 10].

18.2.2 Diagnosis of Ectopic Sites

The increased recognition of ectopic sites of primary
pheochromocytomas is due to a variety of changes in
the diagnostic options. First, there is the improved ac-
curacy of biochemical testing for pheochromocytoma.
With the current testing, particularly with the wide-
spread availability of plasma metanephrine testing,
the diagnosis of excess catecholamine synthesis and
secretion can be more certain.With that increased lev-
el of certainty, our improved imaging can be selective-
ly and diligently applied. Current imaging, including
high-resolution computerized tomographic (CT) and
magnetic resonance scanning (MRI), and nuclear im-
aging with 123I-MIBG or somatostatin receptor scintig-
raphy can localize tumors in many sites that were sim-
ply not practical in the past, particularly if the bio-
chemical diagnosis was equivocal [5, 18].

Patients with disease at ectopic sites typically pres-
ent with the same symptoms as those with adrenal
pheochromocytoma. Most patients have hyperten-
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sion, and describe “spells,” which classically include
hypertension, but which also may have a variety of
symptoms that are consistent within each patient for
their episodes. These spells may include paroxysmal
headache,dizziness,anxiety,tachycardia,nausea or vi-
sual changes. The spells may occur seemingly sponta-
neously, or may predictably follow some activities.
This can be particularly true for some of the ectopic
sites, where spells can be caused by local mechanical
changes, such as micturition, sexual intercourse, or
defecation causing spells from tumors adjacent to the
bladder [17]. Patients may occasionally present with
severe systemic illness or death from hormone release
from a previously occult tumor.

Pheochromocytomas can also produce hormones
other than catecholamines, including adrenocorti-
cotropin (ACTH), calcitonin, somatostatin, vasoactive
intestinal peptide (VIP) or serotonin. The production
of these unusual hormones and their syndromes can
lead to an extensive work-up to identify the respon-
sible tumor.

18.2.3 Localization of Tumor

Once the biochemical diagnosis of pheochromocy-
toma has been made, the tumor must be localized.
Since most pheochromocytomas are located in the 
adrenal gland, the initial localizing test should be a
cross-sectional study of the adrenals, either a high-
resolution CT scan or an MRI.If that study shows a uni-
lateral adrenal mass, without suggestion of malignan-
cy or other extra-adrenal findings,then no further test-
ing is necessary. In a consecutive series from the
University of Michigan, 48 patients with a biochemical
diagnosis of pheochromocytoma and a unilateral ad-
renal mass on CT or MRI, none had additional disease
defined by the 123I-MIBG scan. Forty-seven of the 
48 patients had a single unilateral focus of uptake de-
fined on MIBG scan, and the remaining patient had a

Gerard M. Doherty190

Fig. 1a–c. Studies from a woman with ectopic pheochromo-
cytoma during pregnancy. This patient’s worsening hyper-
tension led to a biochemical evaluation that diagnosed her
pheochromocytoma. Initial imaging of her adrenal glands
with ultrasound and an abdominal MRI showed no evidence
of the source of her disease. When a chest X-ray (a) showed
this left thoracic mass (arrow), the localization was clear. A
subsequent MRI of the chest (b, c) provided improved
anatomic delineation before resection in the second trimester
of the pregnancy (tumor at arrows). Mother and daughter
have subsequently done well

�



false-negative MIBG scan [8]. Thus, we now reserve
the MIBG scan for patients whose disease is either not
apparent on the cross-sectional imaging, or who have
additional abnormalities (bilateral adrenal masses or
extra-adrenal lesions). In these patients, 123I-MIBG
scans or somatostatin receptor scintigraphy can iden-
tify the site(s) of disease to allow treatment planning
[5].

18.2.4 Therapy

The best therapy for extra-adrenal pheochromocy-
toma is resection, as this is the only potentially cura-
tive option. Careful attention to the preoperative lo-
calization allows operative planning to include all sites
of disease. Once the diagnosis of pheochromocytoma
has been firmly established with biochemical testing,
and localization studies have been completed, prepa-
rations can be made for the operative treatment of the
tumor(s). Regardless of the site or number of tumors,
all patients should be prepared with an alpha-adren-
ergic antagonist for 1–2 weeks preoperatively. One
proven method is phenoxybenzamine (Dibenzyline),
which can be administered three times a day. Starting
with a total dose of 30 mg per day,we increase the dose
every 3rd day by 30 mg. The endpoint of therapy is or-
thostatic hypotension,although a clinical sign that the
dose is adequate is the development of nasal conges-
tion. This may be achieved with the starting dose,
although some patients have required as much as
360 mg per day. An experienced and prepared anes-
thesiologist should be considered as an essential mem-
ber of the team. Central venous and arterial pressure
lines are placed for monitoring during induction of
anesthesia and throughout the operative procedure.

The operative approach should be planned to resect
the evident disease. As with most adrenal pheochro-
mocytomas, many extra-adrenal pheochromocy-
tomas can now be resected using minimally invasive
techniques (laparoscopy or thoracoscopy). This tech-
nology must be applied judiciously by a surgeon fa-
miliar with both the disease and the techniques, in or-
der to achieve optimal outcome for the patient.

18.3 Malignant Pheochromocytoma

18.3.1 Incidence and Prevalence

Malignant pheochromocytomas currently account for
10–15% of all cases, although various authors have re-

ported an incidence ranging from 5% to as high as
46%. Extra-adrenal pheochromocytomas have been
associated with a higher incidence of malignancy in
most series reported ranging from 20% to 40%, but
this is not uniform [10]. When collected series of
pheochromocytomas are evaluated, and trying to 
account for selective referral bias, an overall incidence
of 15% appears to be a reliable estimate [15].

18.3.2 Diagnosis

There are no certain histologic criteria that distinguish
benign from malignant tumors. Even upon retrospec-
tive review, the distinction is often impossible since
vascular and capsular invasion as well as mitotic 
figures can be readily identified in both benign and
malignant pheochromocytomas.Tumors without evi-
dence of capsular or vascular invasion have metasta-
sized to distant sites while some tumors with local cap-
sular or even major venous invasion have apparently
been cured by surgical excision. Malignancy can be
positively diagnosed only when there is local invasion
of tumor into surrounding soft tissue, or when the
presence of tumor in non-chromaffin-bearing tissue
outside the region of the sympathetic chain is identi-
fied. Tumors that are at increased risk for malignancy
are those that are extra-adrenal (30–40% risk vs. 10%
adrenal), and those pheochromocytomas that secrete
only dopamine.

The median time of recurrence or identification of
metastases is 5–6 years. Long-term follow-up is there-
fore advised which should include regular blood pres-
sure monitoring as well as annual biochemical studies
for catecholamine and their metabolites. Our current
approach is to evaluate using plasma metanephrine
measurements at least annually, except in those tu-
mors that make only dopamine or ACTH, in which
case specific biochemical follow-up plans must be
made depending upon the initial biochemical presen-
tation [2–4, 13].

The most common site for metastatic lesions is
bone, where they commonly present as lytic lesions of
the spine, skull or ribs. Other sites include liver, lung,
and retroperitoneal or mediastinal lymph nodes. Ma-
lignant pheochromocytomas usually are slow grow-
ing tumors and long-term survival has been reported
(although rare) provided that control of symptoms
caused by increased catecholamines is possible.
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18.3.3 Localization and Treatment Planning

Once the diagnosis of malignant pheochromocytoma
is established or suspected, 123I-MIBG scintiscanning
has proven effective in detecting the extent of the dis-
ease in most patients (Fig.2). In some centers,MIBG is
used routinely in all pheochromocytoma patients be-
fore any operative procedure to rule out occult metas-
tases, although a recent study from our institution
shows that in most pheochromocytoma patients, this
is not necessary [8]. CT and MRI may give additional
anatomic information that may be helpful in deter-
mining resectability in patients whose disease is lim-
ited to soft tissue.Octreotide scanning and technetium
bone scans have also proved useful in some cases [5].
Bone metastases, in vertebral bodies, skull or ribs are
the most common location for spread of the disease.
They can be identified by any of the scintiscanning
techniques.

18.3.4 Therapy

18.3.4.1 Medical Blockade of End-Organ Effects

All patients with malignant pheochromocytomas
should initially be treated with an alpha-adrenergic
blocking drug with the exception of those rare tumors
secreting only dopamine. We prefer phenoxybenza-
mine, gradually increasing the dose to control hyper-
tension. Starting with a total dose of 30 mg per day, we
increase the dose every third day by 30 mg. The end-
point of therapy is orthostatic hypotension, although
a clinical sign that the dose is adequate is the develop-
ment of nasal congestion.Small doses of a beta-block-
ing drug, even when epinephrine levels are not exces-
sively high, may also prove beneficial. In patients
whose symptoms or blood pressure cannot be readily
controlled with an alpha-blockade, additional antihy-
pertensive therapy may be required. For patients with
unresectable metastatic disease,alpha-methyltyrosine
should be considered. This drug inhibits the synthesis
of catecholamines and may, in conjunction with an
adrenergic blockade, offer long-term control of cate-
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Fig. 2. MIBG scan can demonstrate the sites of systemic disease, as in this patient with diffuse intra-abdominal and intra-tho-
racic nodal disease (double arrows) and bone metastasis (single arrow). (Images courtesy of Dr. Barry Shulkin, University of
Michigan)



cholamine-related symptoms. Some patients with un-
resectable disease may live for a number of years, pro-
viding their catecholamine secretion is controlled.

18.3.4.2 Extirpative Therapy

After appropriate blockade, management of recur-
rences includes wide local excision of surgically re-
sectable disease as a first line of treatment (Fig.3).Un-
fortunately, this may only be palliative because of the
presence of bone metastases. However, when tumor is
limited to soft tissue, surgical excision may offer long-
term palliation and even cure.Complete resection may
require retroperitoneal lymph node dissection, liver
resection, or soft tissue resection that includes other
intra-abdominal organs (kidney, bowel, distal pan-
creas).Careful preoperative planning and imaging can
help to “draw the dotted lines” sufficiently widely
around the tumor to give the best opportunity for 
cure [10].

18.3.4.3 Systemic Therapy

Until the past decade, no effective chemotherapeutic
regimen had been reported. No single agent such as
Adriamycin or streptozotocin has ever been shown to
be beneficial. However, a combination of cyclophos-
phamide, vincristine and dacarbazine has resulted in
a high incidence of both biochemical improvement
(decrease in catecholamines) and tumor growth inhi-
bition [1,12,14,16].This combination is currently con-
sidered the drug regimen of choice when chemother-
apy is indicated (Table 1).

18.3.4.4 Palliative Care

External beam radiation treatment is effective for the
palliation of bone pain. Cytotoxic therapy including
cyclophosphamide,vincristine and dacarbazine offers
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Fig.3a–c. Preoperative imaging can be critical to appropriate
operative planning. This woman with a large right adrenal
pheochromocytoma with necrosis (a) had a significant
thrombus in the inferior vena cava demonstrated on preop-
erative ultrasound (b,arrow).Exploration with extensive mo-
bilization and control of the IVC, and intraoperative ultra-
sound allowed resection of the tumor en bloc with the in-
volved IVC (c, with the Satinsky clamp enclosing the region
of IVC to be resected)
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only limited improvement in survival rates [1, 12, 14,
16]. Therapeutic 131I-MIBG has been used to treat pa-
tients with functioning metastases with encouraging
results in selected patients with respect to decrease in
both tumor size and circulating catecholamines [6, 9,
11, 14]. Less than a third of patients are candidates for
treatment,which is based on the tumor’s ability to con-
centrate sufficient 131I-MIBG to be irradiated effec-
tively.Although regression of tumor has been well doc-
umented in some cases, the duration of effect has been
limited to approximately 2 years and no patient has
been cured.
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Sisson [13] 1999 6 3 3
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19.1 Introduction

Pheochromocytomas in MEN-2A, MEN-2B, and von
Hippel-Lindau disease (VHL) may be bilateral and,
less often, extra-adrenal (paragangliomas) [8, 30].
Historically, such patients were explored via an open
anterior, transperitoneal approach to provide ready
access to both adrenal glands and the paraganglia.
Bilateral total adrenalectomy was the preferred opera-
tion, to avoid future recurrence in residual adreno-
medullary tissue. Pheochromocytomas can be associ-
ated with sudden, life-threatening events, especially in
the perioperative and peripartum periods [2, 8]. With
the likely need for multiple operative procedures, in
these familial disorders, over the course of a patient’s
lifetime,missing a small or occult pheochromocytoma
could have disastrous perioperative consequences.

The downside of bilateral total adrenalectomy
(BTA) is the lifelong commitment to exogenous steroid
dependence. More recent follow-up studies have doc-
umented the true incidence of acute adrenal insuffi-
ciency following bilateral total adrenalectomy. The
numbers are not inconsequential,and morbidity is sig-
nificant [4, 9, 20].

The risk of malignancy [2,8,33] in patients with fa-
milial pheochromocytoma is so low that concerns re-

garding malignancy should be, at best, a very weak 
argument supporting routine bilateral total adrenal-
ectomy.

With a better understanding of the genetics and
natural history of these disorders, coupled with im-
proved methods of diagnosis, localization, and resec-
tion, more conservative operations can now be made
available to patients with MEN2 and VHL, so as to
avoid lifelong steroid dependence.

19.2 MEN-2A, MEN-2B

Multiple endocrine neoplasia type 2 (MEN-2) is an au-
tosomal dominant genetic syndrome characterized by
multiple endocrine tumors, including medullary thy-
roid carcinoma (seen in 100% of patients),parathyroid
neoplasia, and pheochromocytoma. In MEN-2A,
pheochromocytomas are seen in approximately 50%
of affected kindred members. The same is true of
MEN-2B patients. In MEN-2B, the marfanoid habitus
is seen in virtually all patients, along with mucosal
neuromas and occasional intestinal ganglioneuromas.
Parathyroid disease is seen in 10–20% of MEN-2A pa-
tients, and is not seen in MEN-2B kindreds [15].

Germline mutations in the RET proto-oncogene
have been found to be responsible for both inherited
syndromes.The causative gene was mapped to the cen-
tromeric chromosome 10 in 1987 [22, 35]. The RET
proto-oncogene is a tumor-suppressor gene and en-
codes a tyrosine kinase receptor. In more than 95% of
patients with MEN-2A, a germline mutation affects
one of five codons specifying a conserved cysteine
residue within the extracellular ligand-binding do-
main of RET. All MEN-2A patients exhibit allelic het-
erogeneity. Ninety-eight percent of patients with
MEN-2B syndrome harbor a single point mutation lo-
cated within the tyrosine kinase catalytic domain of
RET [5,12,24,34].Through direct mutational analysis,
it is now possible to determine the genetic status of pa-
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tients at risk for the development of MEN-2 in most
cases.

The reported incidence of pheochromocytomas in
affected MEN-2 patients ranges from 30% to 55%
[30]. Pheochromocytoma is the first presenting fea-
ture in only 10–25% of MEN-2 patients. Medullary
thyroid carcinoma is diagnosed before or simultane-
ously in 75–90% of cases. The average age at diagno-
sis for pheochromocytoma in MEN-2 patients is 
approximately 37 years.When medullary thyroid car-
cinoma is diagnosed first, there is an average interval
of at least 10 years before a pheochromocytoma 
becomes evident either clinically or biochemically.
Pheochromocytomas in MEN-2 are rarely malignant
and paragangliomas occur in less than 1% of MEN-2
patients [25].

It is absolutely necessary to exclude the presence of
pheochromocytoma in any patient in whom thy-
roidectomy is planned for medullary thyroid carcino-
ma, particularly when a family history of MEN-2 is
suspected or known.

The diagnosis of pheochromocytoma in MEN-2 pa-
tients is made by a combination of history, biochemi-
cal screening, and imaging. Today, because of genetic
screening and surveillance, 50–80% of patients with
adrenomedullary tumors are asymptomatic. When
symptomatic, headache (69%), palpitations (62%),
hypertension (57%), and diaphoresis (50%) are the
most common signs and symptoms [25]. Combined
measurement of 24-h fractionated urinary cate-
cholamines and total metanephrines is diagnostic in
over 90% of patients with (familial) pheochromocy-
tomas [8, 28]. Measurement of plasma metanephrines
and normetanephrines may be more sensitive, result-
ing in more false positive studies [13].We find plasma
levels helpful when the clinical and radiographic sus-
picion is high,but the 24-h urinary levels are repeated-
ly normal.

Computed tomography (CT), magnetic resonance
imaging (MRI), and nuclear scintigraphy (MIBG) are
all very accurate at localizing pheochromocytomas
(85–90%) [25]. Somatostatin receptor scintigraphy
has also been used with some success. Because of the
low rate of malignancy and extra-adrenal tumors,
there is little role for meta-iodobenzyl guanidine
(MIBG) imaging in early screening. In addition,
MIBG will light up hyperplastic glands in MEN 2,
thereby creating both diagnostic and management
dilemmas [11].

Lairmore et al. [20] have published the most im-
portant study with regard to the operative manage-
ment of MEN-2 pheochromocytomas. In 23 patients

undergoing unilateral adrenalectomy alone, 48% had
not developed a contralateral tumor with a mean fol-
low-up time of 5.2 years. In those that did develop a
contralateral pheochromocytoma (52%), the mean
follow-up was 11.9 years. In addition, of their patients
undergoing bilateral total adrenalectomy, 25% had at
least one episode of acute adrenal insufficiency re-
quiring hospital admission and intravenous corticos-
teroid infusion.

19.3 von Hippel-Lindau Disease

VHL is an autosomal dominant tumor predisposition
syndrome characterized by multiple benign and ma-
lignant tumors of the central nervous system,kidneys,
pancreas, adrenal medulla, and paraganglia (Table 1)
[2,8].Renal cell carcinomas are the most lethal tumors
seen in over 50% of VHL patients [2, 8]. Retinal an-
giomas and central nervous system hemangioblas-
tomas are the hallmarks of this disease [2, 8].Approx-
imately 7–20% of VHL patients develop pheochromo-
cytomas [2, 8].

The incidence of VHL is roughly 1 per 40,000, and
it has been observed across all ethnic groups and both
sexes [2,8].Genetic testing is available and can be used
to determine whether an individual carries a mutation
of the VHL gene.VHL is due to germline mutations in
a tumor suppressor gene mapped to the chromosomal
region 3p25–26 [8]. Deleterious mutations in the VHL
gene can be identified in 80% or more of the VHL fam-
ilies [8]. In kindreds where a mutation has been iden-
tified,genetic testing can rule out VHL in family mem-
bers lacking that specific mutation, thus avoiding the
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Table 1. von Hippel-Lindau tumor types seen in 109 patients,
January 1975 to June 2000

Tumor type No. (%)

Renal cell carcinoma 50 (46)
Cerebellar/cerebral hemangioblastomas 83 (76)
Retinal angiomas 69 (63)
Pheochromocytomas (adrenal masses) 17 (16)
Paragangliomas 3 (3)
Benign renal cysts 66 (61)
Spinal cord hemangioblastoma 33 (30)
Pancreatic lesions 47 (43)
Ovarian cysts 7 (6)
Epididymal cysts 10 (9)
Endolymphatic sac tumors 5 (5)
Hepatic hemangiomas 7 (6)



expense, anxiety, and inconvenience of lifelong sur-
veillance. There appears to be a strong correlation be-
tween the type of mutation and the clinical phenotype
in VHL. In VHL type 2 (with pheochromocytomas),
96% of families have missense mutations. However,
not all missense mutations are associated with pheo-
chromocytoma [8].

Minimal clinical diagnostic criteria for VHL of
known family members require documentation of at
least one major lesion (retinal angioma, central nerv-
ous system hemangioblastoma, renal cell cancer, or
pheochromocytoma) [8]. In a suspected proband, the
individual must demonstrate two or more retinal or
CNS vascular tumors or one vascular tumor and one
characteristic visceral lesion [8].

Pheochromocytomas in VHL tend to occur in
younger patients and are more frequently smaller,
multiple, bilateral, and extra-adrenal, compared to
their sporadic counterparts [8]. Similar to MEN-2 pa-
tients, metastasis is rare. Clustering of pheochromo-
cytomas in a subset of VHL families is well recognized
in VHL, VHL 2A (pheochromocytomas but no renal
call carcinoma), and VHL 2B (pheochromocytomas
and renal cell carcinoma) [8].

In our most recent review of 109 VHL patients at
Mayo Clinic [2], the mean age at VHL diagnosis was
29 years (range, 7–66 years). One-third of patients had
no first-degree relatives with VHL. Seventeen (16%)
patients had an adrenal mass, and three (3%) had
paragangliomas. In six patients (6%), pheochromocy-
toma or paraganglioma was the first documented VHL
tumor. Forty-one percent of patients were asympto-
matic, but 29% presented with significant cardiac
manifestations (arrhythmia and/or cardiomyopathy).
The urinary excretion of fractionated catecholamines
and total metanephrines was elevated in only two-
thirds of VHL patients with pheochromocytomas. CT
scanning detected 83% of the known tumors. 123I-
MIBC scintigraphy detected the remaining lesions.Six-
teen patients underwent surgical resection during this
25-year period at our institution. Fifty percent of the
patients underwent concurrent abdominal surgery for
renal and/or pancreatic tumors.In only two cases were
bilateral total adrenalectomies performed. Mean tu-
mor size was 2.7 cm (range,1.5–6.5 cm).No malignant
tumors were identified.There were no deaths,and only
two transient perioperative complications (atrial fib-
rillation and pancreatitis; each in one patient). Of the
three excised paragangliomas, two were located in the
inner ear, and one was in the juxtarenal, para-aortic
position.Of the adrenalectomies performed,nine were
unilateral procedures (three laparoscopic; of which

one was partial), four were bilateral (two bilateral to-
tal adrenalectomies; two were cortical-sparing – one of
which was laparoscopic). Only the two patients who
underwent bilateral total adrenalectomy remain
steroid dependent. No metastases or recurrences have
developed with a mean follow-up of 6.8 years (range,
3 months to 37 years) in the entire group and 1 year
(range, 11–47 months) in the cortical-sparing group.

19.4 Screening MEN-2 and VHL Patients
for Pheochromocytoma

Biochemical screening for pheochromocytoma in 
affected kindred members should begin during early
adolescence in MEN-2 patients and childhood in 
VHL patients, seeing that the earliest reports of
pheochromocytoma in these patients appear to be ap-
proximately 10 years later [8, 25]. Screening should
consist of 24-h urinary catecholamines and meta-
nephrines and CT scanning on a yearly basis for both
MEN-2 and VHL patients. Elevated urinary studies 
in the face of a negative CT scan should prompt an
MRI examination in MEN-2 patients and an MRI or
MIBG scan in VHL patients. Normal urinary studies
in the face of an adrenal mass on CT should prompt
the measurement of plasma metanephrines and
normetanephrines. If normal, MIBG scanning or 
MRI should be considered. Lack of symptoms or nor-
motension is not an indication for continued obser-
vation in a patient with a documented pheochromo-
cytoma. The quiescent nature of these smaller famil-
ial tumors makes screening and early detection
essential to avoid life-threatening crises during sur-
gery, trauma, or childbirth.

19.5 Preoperative Preparation

Once the diagnosis of pheochromocytoma is estab-
lished, preoperative pharmacologic blockade with the
a-blocker dibenzyline is our preferred agent of choice.
The drug is titrated for 7–10 days to orthostatic hy-
potension and nasal congestion.Replenishment of the
patient’s effective circulating volume with added salt
and fluid intake is imperative for safe perioperative
management. b-Blockers are added 2–3 days prior to
surgery if tachyarrhythmias are present. Alternative,
effective regimens utilizing calcium channel blockers
or labetalol have been described.
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19.6 Surgical Management

Anesthetic management is similar to that described
for sporadic cases and is presented elsewhere in this
text. Surgical management in MEN-2 and VHL has
evolved as a result of a better understanding of the
natural history of these disease processes. Given the
low incidence of malignancy and the low risk of (ear-
ly) recurrence, adrenal-sparing procedures [2, 8, 30]
have become increasingly popular and are proving to
be both safe and efficacious. Autotransplantation of
devascularized cortical tissue is fraught with unac-
ceptably high failure rates [16, 27], but the preserva-
tion of a vascularized remnant (as little as one-third
of one gland) of adrenal cortex can provide sufficient
cortisol secretion at rest and during times of stress [2,
3, 7].We and others have demonstrated the safety and
success of the laparoscopic approach for pheochro-
mocytomas both unilateral and bilateral, total and
cortical-sparing (Table 2) [1, 2, 4, 10, 14, 17, 18, 21, 23,
26,29,31,32,38,39].The availability of ultrasound and
harmonic ultrasonic dissectors for both open and la-
paroscopic procedures has made cortical-sparing
surgery an appropriate alternative to bilateral total
adrenalectomy in most patients with bilateral pheo-
chromocytomas (Fig. 1). Although minimal steroid
supplementation may be necessary for short periods
of time after cortical-sparing surgery, most can be
weaned based on the results of cortrosyn stimulation
testing.

Cortical-sparing surgery (either unilateral or bilat-
eral) is easier with smaller tumors (<1.5–2.0 cm) and
tumors at either pole (away from the central hilum)

but is possible under a variety of situations (see
Chap. 36). Contraindications to cortical-sparing sur-
gery include large,centrally located, invasive or malig-
nant tumors and multiple tumors throughout the
gland.Open anterior procedures are still utilized when
concomitant intra-abdominal operations are planned
in VHL patients,such as nephron-sparing surgery and
pancreatic surgery for islet cell tumors,or in many cas-
es requiring a completion adrenalectomy.

When performing laparoscopic or open adrenalec-
tomy in MEN-2 patients, the liver should be carefully
inspected for evidence of metastatic medullary thy-
roid carcinoma. Open posterior adrenalectomy re-
mains an option for patients with extensive intra-
abdominal adhesions, but the morbidity (muscu-
loskeletal) is not insignificant [36].An extraperitoneal
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Table 2. Laparoscopic and cortical-sparing adrenalectomy for MEN 2 and VHL pheochromocytomas (recent literature review)

Author Patients VHL or Cortical Laparoscopic Mean FU Recurrence Steroid 
(no.) MEN 2 sparing (months) independence

Lee et al. 1996 [21] 15 Both 15 0 138 3 93%
Janetschek et al. 1998 [18] 4 VHL 4 4 13.5 0 All
de Graaf et al. 1999 [10] 6 MEN 2 6 0 40 1 All
Mugiya et al. 1999 [23] 1 MEN 2 1 1 3 0 All
Neumann et al. 1999 [26] 4 VHL 4 4 2–24 0 All
Walther et al. 1999 [38] 14 VHL 12 0 18 2 92%
Inabnet et al. 2000 [16] 5 Both 5 0 84 3 40%
Radmayr et al. 2000 [32] 1 VHL 1 1 24 0 All
Walther et al. 2000 [39] 3 VHL 3 3 13 0 All
Al-Sobhi et al. 2002 [1] 1 VHL 1 1 3 0 All
Baghai et al. 2002 [2] 5 VHL 3/5 4/5 12 0 All
Brunt et al. 2002 [4] 18 Both 0 18 57 4/12 MEN 2 N/A
Porpiglia et al. 2002 [31] 1 MEN 2 1 1 12 0 All

Fig. 1. Laparoscopic ultrasound demonstrating non-visible
tumor in lower pole



endoscopic approach is another option in this situa-
tion, but is technically quite demanding [23].

One remaining controversy focuses on the appro-
priateness of cortical-sparing surgery in MEN-2 pa-
tients. Virtually all MEN-2 patients have nodular or
diffuse adrenomedullary hyperplasia [6,19,37].These
hyperplastic and neoplastic cells are the precursor
cells for MEN-2 pheochromocytomas. Adrenomedul-
lary hyperplasia is not found in other cases of familial
pheochromocytoma. Is it then appropriate to transect
an adrenal gland with adrenomedullary hyperplasia,
assuming that some neoplastic precursor cells will be
spilled into the retroperitoneum? No definitive answer
is available. Numerous cortical-sparing adrenalec-
tomies have been performed on MEN-2 patients with-
out any reported cases of pheochromocytomatosis.
Remnant recurrences are reportedly low,but follow-up
in most cases is short. Definitive answers regarding
this question may not be available for another
15–20 years.

19.7 Paragangliomas

Paragangliomas can occur anywhere from the base of
the skull to the bladder along the sympathetic para-
ganglia. Because of their location and the reactive tis-
sue that often surrounds these tumors, open surgical
excision is our procedure of choice, but laparoscopic
resection of such tumors has been performed [18].Un-
like their sporadic counterparts, paragangliomas in
MEN-2 (exceedingly rare) and VHL tend to behave in
a benign fashion.

19.8 Summary

Fifty percent of MEN-2 patients develop pheochro-
mocytomas,and 10–20% of affected members of VHL
families will do the same. Familial pheochromocy-
tomas are more often bilateral, multiple, small, and
asymptomatic compared to their sporadic counter-
parts. Genetic testing is available for both disorders,
and when mutations are present, patients should be
screened regularly for pheochromocytoma with bio-
chemical and imaging studies. After preoperative
pharmacologic blockade, resection of all pheochro-
mocytomas should be performed either in an open or
laparoscopic fashion. Adrenal-sparing surgery and
cortical-sparing surgery seem appropriate in most
cases, given the low risk of malignancy, the acceptable
rate of contralateral or remnant recurrence, and the

clear advantage for avoidance of prolonged exogenous
steroid dependence. Concerns (at least theoretic) re-
garding gland transection remain in MEN-2 patients
with adrenomedullary hyperplasia, and further study
is warranted.
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Paraganglia are specialized neural crest-derived cells
(chromaffin cells) that are divided into sympathoad-
renal and parasympathetic paraganglia [14, 22]. The
sympathoadrenal paraganglia are symmetrically dis-
tributed along the paravertebral axis from high in the
neck near the superior cervical ganglion to the ab-
domen and pelvis. Small sympathoadrenal paragan-
glia can also be associated with organs such as the uri-
nary bladder and prostate gland. The parasympathet-
ic paraganglia are primarily localized to the skull base
and neck. Paragangliomas are rare tumors that arise
from extra-adrenal paraganglia; they represent 10–
18% of all chromaffin tissue-related tumors [5, 40],
which are reported at a rate of 2–8 cases per million per
year [5, 34]. The diagnosis, localization, and treatment
of paragangliomas offers potential cure of symptoms
associated with functional tumors, prevention of a
lethal hypertensive paroxysm, prevention of morbidi-
ty from mass effects, and the early diagnosis of malig-
nant tumors [41].

20.1 Presentation

Benign paragangliomas are diagnosed in the following
clinical settings: signs and symptoms related to cate-
cholamine hypersecretion, mass effect symptoms, in-
cidental finding on imaging, or family screening for
hereditary paraganglioma. We recently reported our
experience with benign paragangliomas diagnosed
over a 20-year period at Mayo Clinic [13]. The patient
population consisted of 141 females (60%) and 95
males (40%). The mean age at the time of diagnosis
was 47±16 years (range, 14–93). Most of the patients
presented with mass effect symptoms or an incidental
imaging finding; only 19.8% had documented cate-
cholamine hypersecretion. In the patients with cate-
cholamine hypersecretion, most tumors were local-
ized to the abdomen and pelvis. Only 3.6% of the head
and neck paragangliomas were documented to have
catecholamine hypersecretion [13].

The majority of paragangliomas are non-function-
ing; for the minority of tumors that are hormone-pro-
ducing,the diagnosis and treatment is complex.Symp-
tomatic catecholamine-hypersecretion results in signs
and symptoms identical to those in patients with hy-
perfunctioning adrenal pheochromocytoma. Episod-
ic symptoms or spells include abrupt onset of throb-
bing headaches, generalized diaphoresis, palpitations,
anxiety, chest pain, and abdominal pain. These spells
can be extremely variable in their presentation and
may be spontaneous or precipitated by postural
changes, anxiety, exercise, or maneuvers that increase
intra-abdominal pressure. The catecholamine-hyper-
secretion spell may last 10–60 min and may occur dai-
ly to monthly. The clinical signs include hypertension
(paroxysmal in half of the patients and sustained in
the other half), orthostatic hypotension, pallor, grade
I–IV retinopathy, tremor, and fever. Catecholamine-
secreting urinary bladder paragangliomas may be as-
sociated with painless hematuria and paroxysmal at-
tacks induced by micturition or bladder distension.

20 Benign Paragangliomas

Abbie L. Young, William F. Young, Jr.



20.2 Diagnosis

When a catecholamine-secreting tumor is suspected
in a patient because of paroxysmal symptoms, bio-
chemical documentation of catecholamine hyper-
secretion should precede any form of imaging study.
Most laboratories measure catecholamines and meta-
nephrines by high-pressure liquid chromatography
with electrochemical detection or by gas-chromato-
graphic/mass-spectrometric methods. Refined labo-
ratory techniques have overcome the problems asso-
ciated with fluorometric analysis (e.g., false-positive
results caused by a-methyldopa and other drugs with
high native fluorescence). Catecholamines and meta-
nephrines can be measured in the blood or the urine.

The 24-h urinary excretion rates of metanephrines
and catecholamines are the tests of choice to screen for
symptomatic catecholamine-secreting tumors [21,
38]. For a patient with episodic hypertension, the 24-h
urine collection should start with the onset of a spell.
When collected in this manner, patients with cate-
cholamine-secreting paraganglioma have more than a
twofold increase above the upper normal limit in the
24-h urinary levels of catecholamines or increased to-
tal metanephrine values.Measurements of fractionated
plasma free metanephrines are highly sensitive [23]
but lack specificity when compared to the combina-
tion of 24-h urinary total metanephrines and cate-
cholamines [32]. Normal fractionated plasma free
metanephrine measurement effectively rules out the
diagnosis of a catecholamine-secreting tumor, even in
high-risk individuals, with the possible exception of a
dopamine-secreting tumor [32]. Thus, measurement
of fractionated plasma free metanephrines may be the
biochemical test of choice in high-risk patients (those
with familial paraganglioma or a vascular mass con-
sistent with paraganglioma discovered incidentally
on imaging). However, in the more common clinical
setting when a sporadic catecholamine-secreting tu-
mor is suspected, particularly in older hypertensive
patients,measurement of 24-h urinary metanephrines
and catecholamines may provide adequate sensitivity,
with a lower rate of false-positive tests.

Although it is best to evaluate patients who are not
receiving any medication, treatment with most med-
ications may be continued, with some exceptions
(Table 1). Tricyclic antidepressants are the agents that
interfere most frequently with the interpretation of
24-h urine catecholamines and metabolites. To effec-
tively screen for catecholamine-secreting tumors,
treatment with tricyclic antidepressants and other
psychoactive agents listed in Table 1 should be tapered

and discontinued at least 2 weeks before any hormon-
al assessments.

20.3 Localization

Localization studies should not be initiated until bio-
chemical studies have confirmed the diagnosis of a
catecholamine-secreting tumor. Computer-assisted
imaging (magnetic resonance imaging [MRI] or com-
puted tomography [CT]) of the adrenal glands, ab-
domen, and pelvis should be the first localization test
(sensitivity, >95%; specificity, >65%) [17, 18, 24]. Ap-
proximately 90% of catecholamine-secreting tumors
are found in the adrenal glands and 98% in the ab-
domen and pelvis [25, 38]. Catecholamine-secreting
paragangliomas are found where chromaffin tissue is
located, e.g., along the para-aortic sympathetic chain,
or within the organ of Zuckerkandl at the origin of the
inferior mesenteric artery [6], the wall of the urinary
bladder, and the sympathetic chain in the neck or me-
diastinum [13, 30, 40] (Fig. 1). The imaging character-
istics on MRI scanning are quite typical for para-
ganglioma (Fig.2).If the results of abdominal imaging 
are negative, scintigraphic localization with 123I-
metaiodobenzylguanidine is indicated (Fig. 3). This
radiopharmaceutical agent accumulates preferentially
in catecholamine-producing tumors; however, this
procedure is not as sensitive as initially hoped (sensi-
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Table 1. Medications that may alter measured levels of cate-
cholamines and metabolites

Increase the values

Tricyclic antidepressants

Levodopa

Amphetamines, buspirone, and most psychoactive 
agents

Labetalol, sotalol, and methyldopa
(in spectrophotometric metanephrine assays)

Withdrawal from clonidine hydrochloride (Catapres) 
and other drugs

Ethanol

Decrease the values

Metyrosine

Methylglucaminea

a A component of iodinated contrast media that may cause
metanephrine values to be falsely normal for as long as 
72 h when measured with Pisano’s spectrophotometric
method.
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Fig. 1. Abdominal CT scan in a 39-year-old man with bio-
chemically silent familial paraganglioma (SDHB, mutation).
The large (9.6¥6.0¥5.3 cm) abdominal paraganglioma is
shown (arrow)

Fig. 2. MRI of the abdomen in a 32-year-old woman with la-
bile hypertension, documented catecholamine excess, and
family history of paraganglioma (sister of the patient shown
in Fig. 1). The 3.9¥3.4¥2.0-cm paraganglioma (arrow) is seen
in the typical location between the aorta and inferior vena
cava.Increased signal on T2-weighted imaging is also demon-
strated

Fig. 3. 123I-Metaiodobenzylguanidine (MIBG) scintigraphy in
a 48-year-old man with familial paraganglioma (SDHD, muta-
tion).The MIBG scan shows large areas of intense uptake in the
neck (arrows) consistent with bilateral carotid body tumors

Fig.4. 18F-Fluorodeoxyglucose (FDG) PET scan in a 14-year-old
girl who presented with spells and hypertension and biochemi-
cal documentation of catecholamine hypersecretion. The PET
scan was obtained because of inconclusive findings on MRI and
no tumoral uptake on 123I-MIBG scintigraphy.This scan shows a
5.0¥3.0¥2.8-cm paraganglioma along the inferior vena cava (ar-
row) and metastatic disease to the right ovary, the right external
iliac lymph nodes,posterior pelvic lymph nodes bilaterally,right
lobe of liver, distal right humeral diaphysis, 10th and 11th tho-
racic vertebral bodies, and right iliac crest. Normal FDG uptake
is seen over her heart, solitary left kidney, and urinary bladder



tivity, 88%; specificity, 99%) [10, 33]. In certain cases,
6-[(18)F]-fluorodopamine or 18F-fluorodeoxyglucose
positron emission tomography may be indicated to in-
vestigate metastatic disease [16] (Fig. 4).

In the Mayo Clinic series, multicentric tumors (99
total with 2 to 6 paragangliomas per patient) were
present in 39 patients: 26 (67%) had disease in the head
and neck,7 (18%) below the neck,and 6 (15%) had dis-
ease both within the head and neck and below the neck
[13]. Twenty-four patients with multiple paragan-
gliomas presented with 66 synchronous tumors and 15
patients presented with 33 metachronous tumors.The
mean time from diagnosis of the first tumor to diag-
nosis of a metachronous tumor was 80.8±62.8 months
(range, 6–180).

20.4 Syndromic Paraganglioma 
and Role for Genetic Testing

Overall, 10–50% of paragangliomas are thought to be
hereditary [26]. Approximately 10–20% of patients
with catecholamine-secreting tumors have associated
germline mutations (inherited mutations present 
in all cells of the body) in genes known to cause ge-
netic disease [8, 28]. Catecholamine-secreting para-
gangliomas may be associated with familial para-
ganglioma, neurofibromatosis type 1, von Hippel-
Lindau disease, Carney triad, and rarely multiple
endocrine neoplasia (MEN) type 2. From the Mayo
Clinic series of 236 paraganglioma patients, 29 pa-
tients (12.3%) had a documented family history of
paragangliomas; 19 of these had familial paragan-
glioma, five had von Hippel-Lindau disease (retinal
hemangiomatosis, cerebellar hemangioblastoma, re-
nal cell carcinoma, pheochromocytoma/paragan-
glioma), and one had MEN type 2B (Erickson et al.
2001). Four patients presented with the Carney triad
(paraganglioma, gastric stromal sarcoma, and pul-
monary chondroma) [9, 13]. Genetic testing is avail-
able for nearly all of these disorders; genetic counsel-
ing should be considered prior to performing genetic
testing.

20.4.1 Familial Paraganglioma

Familial paraganglioma is an autosomal dominant
condition characterized by paragangliomas that are
most often located in the head and neck, but have also
been found to occur in the thorax, abdomen, pelvis,
and urinary bladder.The occurrence of catecholamine

hypersecretion in familial paraganglioma depends 
on tumor location; approximately 5% of head and
neck paragangliomas and 50% of abdominal para-
gangliomas are hormone-producing [13].The average
age at diagnosis is approximately 30–35 years, and 
it can vary greatly within a family (average of
14.3±9.6 years difference, range 0–37 years) (Fig. 5).
Familial paraganglioma is caused by mutations in the
succinate dehydrogenase (SDH; succinate:ubiquinone
oxidoreductase) subunit genes SDHB, SDHC, SDHD,
which compose portions of mitochondrial complex II
[3]. Most germline mutations in SDHD, located on
chromosome 11q23, have been identified in multi-
generational families with head and neck paragan-
gliomas [4, 35] (Fig. 3). In families with SDHD muta-
tions, penetrance is dependent upon parent of origin
such that the disease is not manifest when the muta-
tion is inherited from the mother but is highly pene-
trant when inherited from the father [3]. SDHB, locat-
ed on chromosome 1p35–36, and SDHC, located on
chromosome 1q21, mutations have been associated
with families that have abdominal as well as head and
neck familial paraganglioma [1, 29, 41] (Figs. 1, 2). In
families with SDHB and SDHC mutations, no im-
printing effects have been observed in inheritance
pattern. The SDH gene mutation detection rate for in-
dividuals with familial paraganglioma is currently
unknown. SDHD and SDHB germline mutation
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Fig. 5. Age at diagnosis of familial benign paraganglioma
and distribution within kindreds. Data were collected retro-
spectively on 21 Mayo Clinic patients who presented during
the years 1978–1998. The family members were first and 
second degree relatives of the proband. The average age at 
diagnosis was 32.5 years in patients with head and neck 
paragangliomas and 28.5 years in patients with abdominal
paragangliomas. Within families, the average age difference 
between members at diagnosis was 14.3±9.6 years (range,
0–37 years)



screening are commercially available and should be
considered in all patients with paraganglioma. In the
near future, commercial testing for mutations in
SDHC should be available [29].

20.4.2 Neurofibromatosis Type 1

Approximately 1–2% of patients with neurofibromato-
sis type 1 (NF1) develop a catecholamine-secreting
neoplasm (typically an adrenal pheochromocytoma).
The prevalence of NF1, an autosomal dominant con-
dition, is approximately 1 in 3,000 individuals. NF1 is
caused by mutations in a tumor-suppressor gene
(NF1) located on chromosome 17q11.2. Utilizing a
multi-step testing protocol, greater than 95% of muta-
tions within the NF1 gene can be identified. However,
unless a patient with abdominal paraganglioma pres-
ents with additional clinical characteristics consistent
with a diagnosis of NF1 (e.g., multiple café au lait
spots, axillary and inguinal freckling, subcutaneous
fibromas, macrocephaly), molecular genetic testing of
the NF1 gene is currently not recommended.

20.4.3 von Hippel-Lindau Disease

von Hippel-Lindau (VHL) disease is an autosomal
dominant syndrome [2]. The VHL phenotype in-
cludes pheochromocytoma (usually bilateral adrenal
neoplasms), retinal angiomas, cerebellar heman-
gioblastoma, epididymal cystadenoma, renal and
pancreatic cysts,and renal cell carcinoma [15].Rarely,
these patients may have an extra-adrenal paragan-
glioma [13, 36]. The prevalence of VHL is approxi-
mately 1 in 35,000 individuals. Pheochromocytoma is
reported to occur in approximately 50% of VHL pa-
tients. The VHL tumor suppressor gene is located on
chromosome 3p25–26. More than 300 VHL germline
mutations have been identified. In up to 97% of cases,
pheochromocytoma is associated with missense mu-
tations (rather than truncating or null mutations)
within the VHL gene. Nearly 100% of patients with
VHL will have an identifiable mutation in the VHL
gene. VHL germline mutation analysis is commer-
cially available and should be considered in patients
with bilateral pheochromocytoma, or patients with
co-phenotype disorders.

20.4.4 Carney Triad or Syndrome

The Carney triad or syndrome is a rare disorder that
affects primarily young women and includes gastric
stromal sarcoma, pulmonary chondroma, paragan-
glioma, adrenal cortical adenoma, and esophageal
leiomyomas [9]. The longest reported interval be-
tween detection of the first and second components
of the syndrome is 26 years (mean, 8.4 years; medi-
an, 6 years) [9]. The Carney triad is a chronic, per-
sistent, and indolent disease. Although the disorder
may be familial, the responsible gene has yet to be
identified.

20.4.5 Multiple Endocrine Neoplasia Type 2

MEN type 2A is an autosomal dominant disorder [12,
19].The MEN 2A phenotype includes pheochromocy-
toma (usually bilateral adrenal neoplasms),medullary
carcinoma of the thyroid (MTC), and hyperpara-
thyroidism. MTC is almost always detected before
pheochromocytoma.Very rarely the patient with MEN
2A may have an extra-adrenal paraganglioma. The
prevalence of MEN 2A is approximately 1 in 35,000 in-
dividuals. Numerous mutations throughout the RET
proto-oncogene have been documented in individuals
with MEN 2A. The RET proto-oncogene, located on
chromosome 10q11.2, encodes a receptor tyrosine ki-
nase.Pheochromocytoma is most frequently associat-
ed with mutations in codon 634 (exon 11) of the RET
proto-oncogene.

MEN type 2B is also an autosomal dominant disor-
der, and it represents approximately 5% of all MEN 2
cases.This genetic condition is also very rarely associ-
ated with extra-adrenal paraganglioma. The MEN 2B
phenotype includes pheochromocytoma (usually bi-
lateral adrenal neoplasms), MTC, mucosal neuromas,
thickened corneal nerves, intestinal ganglioneuro-
matosis, and marfanoid body habitus. Like MEN 2A,
MEN 2B is caused by mutations in the RET proto-
oncogene. MEN 2B is primarily associated with muta-
tions in codon 918 (exon 16).

Overall, pheochromocytoma occurs in approxi-
mately 50% of patients with MEN 2. More than 95% 
of patients with MEN 2A and more than 98% of pa-
tients with MEN 2B will have an identifiable muta-
tion in the RET proto-oncogene. RET proto-onco-
gene germline mutation analysis is commercially
available and should be considered in patients with
bilateral pheochromocytoma, or patients with co-
phenotype disorders.
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20.5 Treatment

The treatment of choice for paraganglioma is surgical
resection; most are benign and can be excised totally.
From the Mayo Clinic series,of the 246 resected benign
paragangliomas, the average volume was 17.1 cm3 for
head and neck tumors and 94.1 cm3 for tumors below
the neck.

If the tumor is catecholamine-secreting, the chronic
and acute effects of excess circulating catecholamines
should be reversed prior to the operation.

20.5.1 Preoperative Management

Combined a- and b-adrenergic blockade are required
preoperatively to control blood pressure and to pre-
vent intraoperative hypertensive crises. a-Adrenergic
blockade should be started at least 7 days preopera-
tively to allow for expansion of the contracted blood
volume.A liberal salt diet is advised during the preop-
erative period. Once adequate a-adrenergic blockade
is achieved, b-adrenergic blockade is initiated (e.g.,
3 days preoperatively).With this approach, only 7% of
patients undergoing catecholamine-secretion tumor
resection at Mayo Clinic have needed postoperative
hemodynamic management [20].

20.5.1.1 a-Adrenergic Blockade

Phenoxybenzamine is an irreversible, long-acting, a-
adrenergic blocking agent. Approximately 25% of an
oral dose of phenoxybenzamine is absorbed. Phe-
noxybenzamine is available in 10-mg capsules. The
initial dosage is 10 mg orally once or twice daily; the
dosage is increased by 10–20 mg every 2–3 days as
needed to control the blood pressure and spells. The
effects of daily administration are cumulative for near-
ly a week. The average dosage is 20–100 mg per day.
Side-effects include postural hypotension, tachycar-
dia,miosis,nasal congestion,inhibition of ejaculation,
diarrhea, and fatigue. Prazosin, terazosin, and doxa-
zosin are selective a1-adrenergic blocking agents; the
more favorable side-effect profiles of these agents may
be preferable to phenoxybenzamine when long-term
pharmacologic treatment is indicated (e.g., for
metastatic pheochromocytoma). However, phenoxy-
benzamine is the preferred drug for preoperative
preparation because it provides a-adrenergic block-
ade of long duration. Effective a-adrenergic blockade
permits expansion of blood volume, which usually is

severely decreased as a result of excessive adrenergic
vasoconstriction.

20.5.1.2 b-Adrenergic Blockade

The b-adrenergic antagonist should be administered
only after a-adrenergic blockade is effective because
b-adrenergic blockade alone may result in more severe
hypertension due to the unopposed a-adrenergic
stimulation.Preoperative b-adrenergic blockade is in-
dicated to control the tachycardia associated with both
the high circulating catecholamine concentrations and
the a-adrenergic blockade. Caution is indicated if the
patient is asthmatic or has congestive heart failure.
Chronic catecholamine excess can produce a myocar-
diopathy, and b-adrenergic blockade can result in
acute pulmonary edema.Noncardioselective b-adren-
ergic blockers such as propranolol and nadolol or car-
dioselective b-adrenergic blockers such as atenolol
and metoprolol may be used.When administration of
the b-adrenergic blocker is begun, the drug should be
used cautiously and at a low dose. For example, pro-
pranolol is usually started at 10 mg orally every 6 h at
least 5–7 days after the initiation of a-adrenergic
blockade. The dose is then increased and converted to
a long-acting preparation as necessary to control the
tachycardia.

20.5.1.3 Catecholamine Synthesis Inhibitor

A catecholamine synthesis inhibitor may be used in
the rare patient where a-adrenergic blockade cannot
be used or in patients with large invasive tumors and
a prolonged resection is anticipated.a-Methyl-L-tyro-
sine (metyrosine) inhibits the synthesis of cate-
cholamines by blocking the enzyme tyrosine hydrox-
ylase. It is rapidly absorbed from the gastrointestinal
tract and most of it is excreted in the urine unchanged.
Metyrosine is available as 250-mg capsules. The initial
dosage is 250 mg orally four times daily. The dosage
may be increased by 500 mg per day every day to a
maximum of 4 g per day (1 g four times per day) as
needed for blood pressure control.Side effects include
sedation, depression, diarrhea, anxiety, nightmares,
crystalluria and urolithiasis, galactorrhea, and ex-
trapyramidal manifestations. Therefore, this agent
should be used with caution and only when other
agents have been ineffective or are contraindicated.
The extrapyramidal effects of phenothiazines or
haloperidol may be potentiated, and the use of these
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agents concomitant with metyrosine should be avoid-
ed. High fluid intake to avoid crystalluria is suggested
for any patient taking more than 2 g daily. Although
some centers have used this agent preoperatively,most
clinicians have reserved it primarily for those patients
who, for cardiopulmonary reasons, cannot be treated
with combined a- and b-adrenergic blockade.

20.5.1.4 Calcium Channel Blockade

Calcium channel blockers, which block norepineph-
rine-mediated calcium transport into vascular smooth
muscle,have been used successfully at several medical
centers for the preoperative preparation of pheochro-
mocytoma patients [7, 11, 37]. Nicardipine is the most
commonly used calcium channel blocker. It is given
orally to control blood pressure preoperatively and
then as an intravenous infusion intraoperatively. In a
study from France, 70 pheochromocytoma patients
were operated on between 1988 and 1996 and man-
aged with calcium channel blockers [11]. Nicardipine
was used in 61 patients and other calcium channel
blockers in the remaining patients. The duration of
preoperative treatment ranged from 24 h to several
weeks depending on plasma volume and blood pres-
sure control.Intraoperatively,nicardipine infusion was
started after intubation, adjusted according to systolic
blood pressure and stopped before ligation of the tu-
mor venous drainage. Increases in SBP greater than
200 mmHg were observed in ten patients and were ef-
fectively controlled by nicardipine in all cases. Heart
rate greater than 100 bpm occurred in 51 patients and
was easily controlled with esmolol.Arrhythmias were
infrequent (n=4) and required treatment in only one
case [11].A review of the perioperative management of
113 pheochromocytoma patients operated at Cleve-
land Clinic showed no surgical mortalities [37]. Al-
though this study suggested that that preoperative a-
adrenergic blockade is not essential in pheochromo-
cytoma patients, most centers continue to use a- and
b-adrenergic blockade because of the excellent out-
comes associated with this approach.Calcium channel
blockers serve as a good option for patients that are in-
tolerant of a- and b-adrenergic blockade.

20.5.1.5 Acute Hypertensive Crises

Acute hypertensive crises may occur before or during
operation and should be treated with nitroprusside 
or phentolamine administered intravenously. Phen-

tolamine is a short-acting,nonselective,a-adrenergic
blocker. It is available in lyophilized form in vials 
containing 5 mg. An initial test dose of 1 mg is ad-
ministered and, if necessary, this is followed by re-
peat 5-mg boluses or a continuous infusion. The 
response to phentolamine is maximal in 2–3 min af-
ter a bolus injection and lasts 10–15 min. A solution
of 100 mg of phentolamine in 500 ml of 5% dextrose
and water can be infused at a rate titrated for blood
pressure control.The use of nitroprusside is discussed
below.

20.5.2 Anesthesia and Surgery

Extirpating a paraganglioma is a high-risk surgical
procedure, and an experienced surgeon/anesthesiolo-
gist team is required [31].The last oral doses of a- and
b-adrenergic blockers can be administered early in the
morning on the day of operation. Cardiovascular and
hemodynamic variables must be monitored closely.
Continuous measurement of intra-arterial pressure
and heart rhythm is required. In the setting of conges-
tive heart failure or decreased cardiac reserve, moni-
toring of pulmonary capillary wedge pressure is indi-
cated.Premedication includes minor tranquilizers and
barbiturates. Fentanyl and morphine should not be
used because of the potential for stimulating cate-
cholamine release from the pheochromocytoma. In
addition, parasympathetic nervous system blockade
with atropine should be avoided because of the asso-
ciated tachycardia. Induction usually is accomplished
with thiopental, and general anesthesia is maintained
with a halogenated ether such as enflurane or isofluo-
rane. Hypertensive episodes should be treated with
phentolamine (2–5 mg intravenously) or nitroprus-
side intravenous infusion (0.5–5.0 µg/kg per minute;
maximum dose should not exceed 800 µg per minute).
Lidocaine (50–100 mg intravenously) or esmolol
(50–200 µg/kg per minute intravenously) is used for
cardiac arrhythmia. Adverse perioperative events or
complications occurred in 32% of 143 patients operat-
ed at Mayo Clinic from 1983 to 1996 [20]. The most
common adverse event was sustained hypertension
(36 patients). There were no perioperative deaths,
myocardial infarctions, or cerebrovascular events.
Preoperative factors univariately associated with ad-
verse perioperative events included larger tumor size
(P=0.007), prolonged duration of anesthesia (P=
0.015), and increased levels of preoperative urinary
catecholamines and catecholamine metabolites: total
metanephrines (P=0.004), norepinephrine (P=0. 014),
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and epinephrine (P=0.004). Despite premedication of
most patients with phenoxybenzamine and a beta-
adrenergic blocker, varying degrees of intraoperative
hemodynamic lability occurred [20].

20.5.3 Postoperative Management

Hypotension may occur after surgical resection of the
pheochromocytoma and should be treated with fluids
and colloids. Postoperative hypotension is less fre-
quent in patients who have had adequate a-adrenergic
blockade preoperatively. Hypoglycemia can occur in
the immediate postoperative period, and therefore
blood glucose levels should be monitored and the 
fluid given intravenously should contain 5% dextrose.
Blood pressure usually is normal by the time of dis-
missal from the hospital. Some patients remain hy-
pertensive for up to 8 weeks postoperatively. Long-
standing,persistent hypertension does occur and may
be related to accidental ligation of a polar renal artery,
resetting of baroreceptors, established hemodynamic
changes, structural changes of the blood vessels, al-
tered sensitivity of the vessels to pressor substances,
renal functional or structural changes, or coincident
primary hypertension.

Approximately 2 weeks postoperatively,either frac-
tionated plasma free metanephrines or a 24-h urine
sample should be obtained for measurement of cate-
cholamines and metanephrines. If the levels are nor-
mal, the resection of the catecholamine-secreting tu-
mor can be considered to have been complete. In-
creased levels of metanephrines or catecholamines
postoperatively indicate the probable presence of
residual tumor, a second primary lesion, or occult
metastases. Lifelong biochemical testing should be
performed annually as surveillance for tumor recur-
rence, metastatic disease, or delayed appearance of
multiple primary tumors [39].
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21.1 Introduction

Neuroblastoma is the third most common childhood
cancer following leukemia and brain tumors. With
more than 600 cases diagnosed in the United States
each year, this disease accounts for more than 15% of
all pediatric cancer fatalities. It is primarily a tumor 
of young children with a median age at diagnosis of
17.3 months; approximately one-third of patients are
less than 1 year of age [3].

The term neuroblastoma actually represents a spec-
trum of tumors that arise from primitive ganglion 
cells throughout the sympathetic nervous system in-
cluding neuroblastoma, ganglioneuroblastoma, and
ganglioneuromas.Outcome varies along this spectrum
from almost certain survival with ganglioneuroma to
a 30–50% 3-year survival with advanced-stage neuro-
blastoma.

21.2 Clinical Presentation

Neuroblastoma tumors can arise from anywhere along
the sympathetic chain.The most common sites are the
adrenal glands, the abdominal and pelvic retroperi-
toneum, and the thorax (see Figs. 1, 2). These tumors
can metastasize to lymph nodes, bone marrow, corti-
cal bone,dura,orbits, liver and skin (see Figs.3,4) [13].
Symptoms depend on the location of the tumor and
metastases, if present. Because of the frequency of ab-
dominal tumors, abdominal pain, fullness, and a pal-
pable mass are not uncommon. Orbital tumors can
cause periorbital ecchymosis (raccoon eyes), ptosis
and proptosis and are commonly unilateral. Metastat-
ic spread to the bones and bone marrow can cause
pain, especially with ambulation, and blood count ab-
normalities such as anemia or thrombocytopenia.

Because the tumor cells arise from paravertebral
ganglia, they are able to invade the spinal canal
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Fig.1. Neuroblastoma arising from the adrenal gland.The tu-
mor is heterogeneous in appearance, containing calcifica-
tions. Note how it surrounds and displaces the aorta



through the neural foramina, creating a so-called
dumbbell tumor (see Fig. 2). The subsequent spinal
cord compression can cause motor deficits, pain, loss
of bowel or bladder control,or sensory loss.Subtle and
gradual onset of neurologic symptoms may present
diagnostic challenges in young children.These dumb-
bell tumors are normally well localized, and rapid
treatment can halt, and in many cases reverse, neuro-
logic deficits; the overall outlook for these children is
quite good [12].

Two well-known paraneoplastic syndromes are 
associated with the presentation of neuroblastoma.
Opsoclonus-myoclonus-ataxia syndrome (OMA) oc-
curs in approximately 2–3% of cases [40]. Children 
develop rapid, dancing, eye movements, rhythmic
jerking and/or ataxia. Substantial clinical and experi-
mental evidence suggests that OMA is caused by 
tumor-reactive anti-neuronal antibodies, although 
absolute proof of this hypothesis is lacking [41].
Neuroblastoma tumors associated with OMA are like-
ly to be of lower stage and their outcome is favorable.
However, approximately 63% of children with OMA
will have delays in speech, motor, or cognitive abilities
[44].Vasoactive intestinal peptide (VIP) can be secret-
ed by some neuroblastoma tumors causing abdominal
distension and intractable secretory diarrhea with as-
sociated hypokalemia [24].VIP releasing tumors also
tend to be less aggressive ganglioneuroblastomas and
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Fig. 2. Neuroblastoma metastatic to the skull. The bone itself
has developed an osteoclastic reaction. There is an intracra-
nial component of the metastasis, putting pressure on the
brain and causing a midline shift

Fig. 3. MRI of a large pelvic neuroblastoma with extension
into the spine

Fig.4. MIBG scan of a newly diagnosed patient with multiple
metastases. Arrows specifically demonstrate cranial and leg
bone metastases as well as the primary adrenal tumor



ganglioneuromas [11] and symptoms resolve follow-
ing removal of the tumor [17].

21.2.1 Risk Factors 
and Familial Neuroblastoma

There are several case reports of neuroblastoma oc-
curring in siblings and the incidence of familial neu-
roblastoma is estimated at less than 6% of all cases
[28]. These children usually present at an early age
(mean around 9 months of age) and a large percentage
have bilateral adrenal or multifocal disease.No consti-
tutional predisposition syndrome or associated con-
genital anomalies have been identified which correlate
with the disease. A recent genetic linkage study sug-
gests that disruption of a locus at 16p12–13 may con-
fer an increased familial predisposition [35]. In fami-
lies without a history of multiple affected individuals,
it is unlikely that a sibling of a neuroblastoma patient
will also be affected. The risk for children of survivors
of neuroblastoma is difficult to assess due to small
numbers and treatment-related infertility.

21.3 Diagnosis

A complete evaluation of the primary tumor and pos-
sible metastatic sites requires multiple imaging stud-
ies, laboratory assays,and biopsies.All of these studies
are best completed at a major pediatric center. Pedi-
atric oncologists and radiologists familiar with the di-
agnosis and treatment of neuroblastoma should be
closely involved in the planning and coordination of
these studies. Computerized tomography (CT) or
magnetic resonance imaging (MRI) of the primary tu-
mor may reveal an inhomogeneous mass, possibly
containing calcifications.When the mass is adjacent to
the spine,an MRI is particularly helpful for evaluation
of spinal canal invasion.Ultrasound may be helpful for
finding a mass and usually can be obtained quickly,but
should be followed by either CT or MRI [4].

Technetium bone scan is a sensitive tool for evalu-
ating metastatic spread to cortical bone. The primary
mass is sometimes seen as well. In small children less
than 1 year of age, a skeletal survey may be needed be-
cause the bone scan may be difficult to interpret. Plain
radiographs, however, are not as sensitive because of
the degree of cortical bone destruction needed to vi-
sualize a lesion.

Metaiodobenzylguanidine (MIBG) is a chemical
analogue of norepinephrine that is selectively concen-

trated in sympathetic nervous tissues such as neuro-
blastoma.It can be labeled with radioactive iodine and
imaged by scintigraphy. This type of scan is both sen-
sitive and specific for neuroblastoma in this age group
and is recommended at diagnosis and repeat evalua-
tions of the tumor [39, 52]. Because radioactive iodine
is used, the thyroid must be protected with non-ra-
dioactive iodine administered simultaneously.Despite
prophylaxis, thyroid dysfunction becomes a potential
complication in around 50% of patients [57].

Neuroblastoma tumor cells have defective synthe-
sis of catecholamines resulting in the accumulation
and excretion of the intermediates homovanillic acid
(HVA), vanillylmandelic acid (VMA), and dopamine.
HVA and VMA tumor markers can be measured in the
urine and are useful in both diagnosis and follow-up.
Screening programs for neuroblastoma using urine
catecholamines are discussed below.

A biopsy is required for definitive diagnosis of neu-
roblastoma. The most common methods include inci-
sional biopsy of the primary tumor or bone marrow
aspirate/biopsy in those patients with a high suspicion
of bone marrow metastasis. Because bone marrow
biopsy does not give information about the histologic
grade of the primary tumor, it may not be sufficient to
guide therapy in a subset of cases. For tumors that ap-
pear to be localized and resectable without substantial
morbidity,a complete or 95% resection of the primary
tumor can be performed as the initial diagnostic pro-
cedure, along with sampling of non-adherent ipsilat-
eral and contralateral lymph nodes.

As a general rule, the initial procedure should not
include resection of vital structures such as kidney or
spleen or major motor or sensory nerves whose sec-
tion would lead to permanent disability. The nature
and extent of the initial diagnostic procedure for a
child with suspected neuroblastoma should be decid-
ed in consultation between a pediatric surgeon and
oncologist who are familiar with current treatment of
this disease. Tumor tissue or bone marrow, if positive
for tumor, is evaluated for MYCN status (see below)
and DNA ploidy at a centralized laboratory. Because
treatment hinges on proper handling of tissues after
biopsy, whenever possible biopsy of the tumor should
be undertaken with the guidance of a pediatric oncol-
ogist.

Bone marrow disease is evaluated by aspiration and
biopsy of the marrow, usually at the iliac crests. Two
separate sites are assayed, resulting in four samples
(two aspirations,two biopsies).If any of the four assays
demonstrate tumor cells, the bone marrow is consid-
ered positive for disease [4]. All four assays must be
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without evidence of tumor for the bone marrow to be
considered clear.

The differential diagnosis of primary tumors in
children varies with the location.When the tumor aris-
es in a suprarenal location,Wilms’ tumor and hepato-
blastoma should be entertained as possibilities. In 
other retroperitoneal and thoracic locations lympho-
ma,germ cell tumors and infection should also be con-
sidered. Definitive diagnosis of neuroblastoma must
be made by either histologic review of the tumor or evi-
dence of metastases to bone marrow with concomitant
elevation of catecholamines in the urine [4].

21.4 Risk Categories for Treatment

As understanding of neuroblastoma tumors has in-
creased, it is apparent that tumors behave differently
both in aggressiveness and in response to treatment.
This has allowed treatment to be tailored based on fac-
tors associated with the tumor and the child.The Chil-
dren’s Oncology Group (COG) divides neuroblastoma
patients into low, intermediate, and high risk cate-
gories based on the age of the patient, the stage of the
disease when first diagnosed, the histologic appear-
ance of the tumor, the quantitative DNA content of the
tumor (ploidy),and the presence or absence of the am-
plification of the MYCN oncogene (see Table 1). The

clinical heterogeneity of neuroblastoma suggests that
further insights into the biology of this tumor will per-
mit the refinement of these risk categories, and hope-
fully reveal new biologically specific therapeutic tar-
gets in the future.

21.4.1 Staging

The most important factor in determining outcome
for patients with neuroblastoma is the degree of
metastatic spread at presentation [8, 16, 22]. Neurob-
lastoma tumors can spread to lymph nodes either at-
tached to the tumor or in the close area without sig-
nificantly affecting the outcome. However, distant
metastatic disease (e.g. bone marrow involvement)
confers a much worse prognosis as detailed below.One
exception to the generally dismal prognosis of chil-
dren with widespread metastases is a special category
of disease in infants, described as 4S, who have re-
sectable primary tumors and metastases limited to the
liver,skin and bone marrow,but not cortical bone.The
tumor cells in infants with 4S neuroblastoma can un-
dergo spontaneous apoptosis without treatment [10]
and overall survival is greater than 85% [25].

Historically, different pediatric cancer cooperative
groups used different staging systems based on the
clinical presentation and extent of metastatic spread of
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Table 1. Children’s Oncology Group Risk Assignment Schema

INSS stage Age MYCN status Pathology DNA ploidy Risk group 
classification assignment

1 0–21y Any Any Any Low

2 <365d Any Any Any Low
>365d–21y Non-amp. Any – Low
>365d–21y Amp Fav. – Low
>365d–21y Amp Unfav. – High

3 <365d Non-amp. Any Any Intermediate
<365d Amp Any Any High
>365d–21y Non-amp. Fav. – Intermediate
>365d–21y Non-amp. Unfav. – High
>365d–21y Amp Any – High

4 <365d Non-amp. Any Any Intermediate
<365d Amp Any Any High
>365d–21y Any Any – High

4S <365d Non-amp. Fav. >1 Low
<365d Non-amp. Any =1 Intermediate
<365d Non-amp. Unfav. Any Intermediate
<365d Amp Any Any High

y,Year; d, day; Amp., amplified; Fav., favorable; Unfav., unfavorable.



the tumor. This posed difficulty in comparing treat-
ments and outcomes among the research groups. In
the early 1990s a single staging system, the Interna-
tional Neuroblastoma Staging System (INSS), was
adopted and is currently in use (see Table 2) [4]. It is
based on the resectability of the tumor and the spread
to local lymph nodes and distant sites. Uniformity of
staging has advanced the understanding and treat-
ment of this disease.

21.4.2 Age at Diagnosis

The age at presentation has a profound impact on the
overall outcome of children with neuroblastoma. In-
fants, younger than 1 year of age, have a considerably
better survival rate than children over 1 year. Differ-
ences in metastatic potential and tumor biology be-
tween infants and older children are primarily re-
sponsible for these divergent clinical outcomes. Chil-
dren under 1 year of age are more likely than older
children to have localized tumors [13], and only in-
fants have the favorable stage 4S disease.However,even
within the same staging category, infants generally
have more favorable outcomes than older children of
comparable stages [36, 53].

One exception in infants is the newborn, under
4–6 weeks, diagnosed with stage 4S neuroblastoma.
In this small subset of infants, there is often rapid
growth of the neuroblastoma in the liver resulting 
in pulmonary compromise and renal failure in ap-
proximately 30% [15, 56]. These children should be

monitored closely even after the initiation of treat-
ment.

Age also modulates the impact of tumor histology
(more completely described below). In the studies
leading to the development of the International Neu-
roblastoma Classification System, less aggressive-ap-
pearing neuroblastomas faired worse in older children
[48]. Therefore, age is taken into account when defin-
ing a neuroblastoma tumor as favorable or unfavor-
able (see Table 3).

21.4.3 Histology

Neuroblastoma tumors are thought to arise from a
pluripotent neural crest cell and,as such,can appear in
various degrees of differentiation. The balance be-
tween neural-type cells (neuroblasts, maturing neu-
roblasts, and ganglion cells) and Schwann-type cells
(schwannian blasts and mature Schwann cells) helps to
categorize the tumor into neuroblastoma,ganglioneu-
roblastoma,and ganglioneuroma.It should be stressed
that central review of neuroblastoma histology
through the Children’s Oncology Group (COG) is vital
to ensure accurate risk category assignment.

Neuroblastoma, the most undifferentiated-appear-
ing and aggressive of this family of tumors, is com-
posed almost entirely of neuroblasts with very few
schwannian or stromal cells. Because of the lack of
schwannian cells, these tumors are called “stroma-
poor”. Primitive neuroblasts are 10 µm in diameter,
have hyperchromatic nuclei and scanty cytoplasm and

21 Neuroblastoma 215

Table 2. International Neuroblastoma Staging System [12]

Stage Definition

1 Localized tumor with complete gross excision, with or without microscopic residual disease;
representative ipsilateral lymph nodes negative for tumor microscopically (nodes attached to and 
removed with the primary tumor may be positive)

2A Localized tumor with incomplete gross excision; representative ipsilateral nonadherent lymph nodes 
negative for tumor microscopically

2B Localized tumor with or without complete gross excision, with ipsilateral nonadherent lymph nodes 
positive for tumor. Enlarged contralateral lymph nodes must be negative microscopically

3 Unresectable unilateral tumor infiltrating across the midline, with or without regional lymph node 
involvement; or localized unilateral tumor with contralateral regional lymph node involvement;
or midline tumor with bilateral extension by infiltration (unresectable) or by lymph node involvement

4 Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin and/or 
other organs (except as defined for stage 4S)

4S Localized primary tumor (as defined for stage 1, 2A or 2B), with dissemination limited to skin, liver,
and/or bone marrow (limited to infants <1 year of age)



may form Homer-Wright rosettes. The density of the
neuroblasts,rate of mitosis or mitosis-karyorrhexis in-
dex (MKI) and neuroblastic differentiation can vary
between neuroblastomas and even within the tumor
itself. Ganglioneuroblastoma are called “intermediate
stroma-rich” or “stroma-rich” tumors because of the
increased proportion of schwannian cells. The neu-
roblasts, which generally have a more mature appear-
ance, are clustered together in foci or nests surround-
ed by schwannian cells. Ganglioneuroma is predomi-
nantly composed of schwannian cells studded with
fully mature ganglion cells [48].

Because neuroblastoma in its undifferentiated or
immature forms can be difficult to distinguish from
other malignancies such as rhabdomyosarcoma or
lymphoma, panels of antibodies have been employed
to help make a diagnosis. Neuroblastoma tumors gen-
erally react to antibodies that distinguish neural tissue
such as neuron-specific enolase (NSE),synaptophysin,
chromogranin, and S-100.

The degree of differentiation and stromal compo-
nent of neuroblastoma tumors can be predictive of
outcome and is used to determine treatment based on
the COG risk.Tumors are classified as having favorable
or unfavorable histology after taking into account the
appearance of the tumor as described above, the fre-
quency of cell division or the mitosis-karyorrhexis in-

dex (MKI) and the age of the patient (see Table 3).This
classification scheme was first described by Shimada
et al. in the mid 1980s [49] and is the basis for the cur-
rent International Neuroblastoma Pathology Classifi-
cation system [50]. Its prognostic significance was
evaluated prospectively on 746 tumors on various risk-
based treatment plans of the Children’s Cancer Group.
This analysis showed a distinct difference in outcome
between favorable histology tumors (90% event free
survival,EFS) and unfavorable histology tumors (27%
EFS) (p<0.0001) [51].

21.4.4 Molecular Genetics

Neuroblastoma is a remarkably heterogeneous disease
and to date no single pathomnemonic chromosomal
alteration or gene has been identified. However, mo-
lecular and cytogenetic characterization of neuroblas-
toma aids in risk classification and,as described above,
therapy is tailored according to risk category [2].

Cytogenetic analysis reveals multiple characteristic
changes correlating with prognosis and may ultimate-
ly reveal clues to the pathogenesis of neuroblastoma.
Overall chromosome content as measured by DNA
content, or ploidy, has prognostic impact in young
children where hyperdiploidy confers a better prog-
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Table 3. International Neuroblastoma Pathology Classification [25] (MKI, mitosis karyorrhexis index)

Tumor type Histology Prognostic group

Neuroblastoma (Schwannian stroma-poor)

Favorable Favorable
<1.5 years Poorly differentiated or differentiating and low or 

intermediate MKI tumor

1.5–5 years Differentiating and low MKI tumor

Unfavorable Unfavorable
<1.5 years a) Undifferentiated tumor

b) High MKI tumor
c) Undifferentiated or poorly differentiated tumor

1.5–5 years a) Undifferentiated or poorly differentiated tumor
b) Intermediate or high MKI tumor

>5 years All tumors

Ganglioneuroblastoma (Schwannian stroma-rich) Favorable

Ganglioneuroma (Schwannian stroma-dominant) Favorable
Maturing
Mature

Ganglioneuroblastoma, (Composite schwannian stroma-rich/stroma-dominant Unfavorable
nodular and stroma-poor)



nosis [31]. Chromosomal deletions suggesting defi-
ciencies of tumor suppressor genes have been located
to the short arm of chromosome1 (1p-) and the long
arms of chromosomes 11 and 14 (11q-, 14q-) [59].
Gains of chromosome 17 (17q+) are also found in a
significant subset of patients. Increased MYCN copy
number is associated with 1p- loss and possibly 17q
gain and identifies a particularly high risk for treat-
ment failure [34]. The search for specific oncogenes
and tumor suppressor genes within these and other
less commonly altered chromosomal regions is an ac-
tive field of research.

The MYCN oncogene is clearly associated with al-
tered biologic behavior and a poor clinical outcome.
A close relative of the MYCC oncogene, MYCN copy
number is amplified 50–400 fold in about 25% of
neuroblastomas with consequent persistently high
protein levels [46]. The MYCN protein is a DNA bind-
ing transcription factor known to cause malignant
transformation in both in vitro and in vivo tumor
models [9, 33]. A recent study of infants with stage 
4S neuroblastoma demonstrated <50% survival for 
children with MYCN-amplified tumors and >90%
survival for a similar population without MYCN
amplification [25]. Outcome is also dramatically
worse for older children with MYCN-amplified com-
pared to non-amplified metastatic disease [37]. De-
spite these clinical and genetic observations, the 
transcriptional targets of MYCN accounting for this
particularly malignant phenotype remain unidenti-
fied [2].

The Trk family of tyrosine kinase receptors for neu-
rotrophic factors (TrkA, TrkB and TrkC) are also asso-
ciated with prognosis. The primary ligands for these
receptors are nerve growth factor (NGF),brain derived
neurotrophic factor (BDNF) and neurotrophin-3, re-
spectively.Elevated expression of TrkA appears to con-
fer an increased apoptotic response to stimulation and
a favorable clinical response to therapy while the con-
verse applies to TrkB and TrkC expression (less favor-
able clinical group [5, 14].

Much work is still needed to better understand the
molecular pathogenesis of neuroblastoma; the impor-
tance of obtaining additional materials for research
should be stressed. Current molecular studies includ-
ing methodologies such as gene expression profiling
and array-based comparative genomic hybridization
coupled with the recently available complete human
genome sequence will accelerate the elucidation of
molecular pathways essential for neuroblastoma tu-
morigenesis and metastasis. This critical information
will facilitate the development of novel molecular tar-

geted therapies with the promise of decreased treat-
ment-related toxicity and increased long-term sur-
vival.

21.5 Treatment

21.5.1 Surgical Aspects of Treatment

Surgical resection is a key component in treatment of
all patients with neuroblastoma. The vast majority of
patients with localized tumors are cured by complete
or subtotal resection alone [23, 29]. In this sense neu-
roblastoma is unique among cancers because children
with less than complete resections or local nodal
metastases can often be cured without chemotherapy
or radiation. The exceptions to this rule are those with
extensive or locally invasive masses with unfavorable
histology or MYCN amplification.

Patients with large, infiltrating masses, especially
those with distant metastases, are normally ap-
proached with an initial incisional biopsy of the 
tumor.This biopsy should include sufficient tissue for
definitive histology and molecular studies for risk
group assignment. Because most neuroblastoma tu-
mors are responsive to chemotherapy, patients with
extensive disease are treated with four or five cycles 
of chemotherapy prior to attempting a complete 
resection of the mass. This delayed approach is asso-
ciated with fewer surgical complications and a de-
creased rate of incidental nephrectomy [47]. Numer-
ous studies suggest that surgical resection of the 
primary tumor is associated with better outcome 
even in patients with distant metastases [18, 21, 30,
55, 58]. Only a pediatric surgeon with training and 
experience in resecting these extensive, infiltrating 
tumors should perform these arduous and lengthy
procedures.

21.5.1.1 Operative Procedure

Adrenal neuroblastomas range from small, localized
masses to extensive tumors that encase the major ab-
dominal blood vessels. The surgical plan should be
adapted to the individual patient’s position on this
spectrum of disease.

Smaller tumors are normally approached via a
transverse upper abdominal incision. On the right
side, the ascending colon and duodenum are mobi-
lized, followed by exposure of the vena cava above and
below the level of the tumor.The right renal artery and
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vein are identified and preserved. Working from the
vena cava toward the tumor, the adrenal vessels are
controlled and divided and the mass is excised. For
small left adrenal masses, the descending colon is mo-
bilized.The surgeon must decide whether visceral me-
dial rotation of the spleen, pancreas and stomach are
required,based on the size and location of the primary
tumor.After visualizing the aorta above and below the
level of the mass, the left renal vessels are identified
and protected. It may be helpful to mobilize the left
kidney to aide in this maneuver.Working from the aor-
ta toward the mass, the adrenal vessels are ligated in
continuity and divided. There may be several adrenal
veins draining into the left renal vein that must be con-
trolled without injuring the larger vessel. After the
blood supply is divided, the tumor is removed. Ipsilat-
eral and contralateral non-adherent lymph nodes
should be sought and sampled to adequately stage the
disease.

Resection of larger, infiltrating tumors can often be
approached better through a thoracoabdominal inci-
sion. This exposure facilitates proximal vascular con-
trol and is usually well tolerated in young children. In
addition to division of the lateral attachments of the
colon, the dissection is normally aided by mobiliza-
tion of the ipsilateral kidney. For right-sided lesions,
the triangular ligament of the right lobe of the liver is
divided to help with exposure. The adventitia over-
lying the vena cava is incised longitudinally caudad to
the tumor. Working in the subadventitial plane, the
anterior wall of the vena cava is cleared of tumor, di-
viding the mass anterior to the plane of dissection if
needed. On the lateral side of the cava, the right renal
vein is freed from the tumor. With the kidney reflect-
ed anteriorly, the renal artery is dissected away from
the tumor from where it emerges from behind the
vena cava to the renal hilum. As the dissection pro-
ceeds proximally on the lateral aspect of the vena 
cava, the adrenal veins are encountered and divided.
When the vena cava has been completely cleared,
the remaining attachments of the tumor are readily
sectioned.

Large left adrenal masses often encase the aorta and
its major abdominal branches, including the celiac
axis, superior and inferior mesenteric arteries (SMA
and IMA), and the renal vessels. Kiely and La Quaglia
have contributed substantially to a coherent and or-
ganized approach to these challenging cases [26, 30].
Medial visceral rotation of the spleen, stomach and
pancreas is very helpful in providing access to the aor-
ta at the hiatus.The aorta is surrounded with a tape ei-
ther below the hiatus or by dividing the diaphragm

and encircling the vessel in the thorax. The dissection
can be initiated either proximal or distal to the mass
on the anterior aspect of the aorta, although the dis-
tal approach is often more straightforward.In the first
stage, the subadventitial plane is developed and the
tumor is divided over the aorta for a length of 2–5 cm.
The origin of the IMA is identified and protected.
Next the left renal vein, which is often encased in tu-
mor in the plane anterior to the aorta, is dissected out
for a distance of 5–7 cm. The right and left renal ar-
teries are identified, and just proximal to these the
SMA and celiac axis.After exposing each major artery,
the subadventitial plane is followed along the axis of
the vessel, dividing tumor as the dissection proceeds.
As each vessel is mobilized circumferentially, the tu-
mor is removed piecemeal. After the SMA and celiac
are freed, the renal vessels are exposed completely
(into the hilum if necessary) and branches directly
feeding the tumor are divided.The IMA and aorta be-
low the renal hilum are then cleared of tumor. The re-
mainder of the dissection is concerned with resecting
tumor posterior to the aorta and separating the mass
from its attachments to the kidney, ureter, diaphragm
and retroperitoneum.

On some occasions left sided masses will infiltrate
around the splenic, superior mesenteric and portal
veins. When dissecting tumor in the region between
the SMA and celiac axis, extra caution should be used
to follow the course of the splenic vein proximally from
the hilum of the spleen to its junction with the superi-
or mesenteric vein. If there is substantial involvement
of the portal vein,it is better approached from the right
side after the bulk of the tumor on the left side is re-
moved.

21.5.1.2 Postoperative Care and Complications

The postoperative course is typical of infants and chil-
dren after a major laparotomy. In major series the op-
erative mortality is between 0% and 2%, almost exclu-
sively due to severe hemorrhage or the sequelae of
massive transfusions. Persistent postoperative diar-
rhea occurs in approximately one-third of these pa-
tients. The extensive dissection around the SMA and
celiac axis is the likely cause of this problem.Although
there is some improvement over time, many children
have permanent symptoms that are often resistant to
treatment with antimotility agents [42].
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21.5.2 Treatment by Risk Group

21.5.2.1 Low Risk

Patients in the low risk category have low stage disease,
stage 1,2A or 2B.They generally have favorable MYCN
status, DNA index and histology. Surgery is the pri-
mary treatment for these tumors and is effective for
most patients. Disease free survival at 2 years is be-
tween 85% and 100% and is dependent on the degree
of resection [29, 38, 54]. Chemotherapy with a combi-
nation of agents including platinums, etoposide,Adri-
amycin, and cyclophosphamide is employed if there
are symptoms such as spinal cord compression, respi-
ratory or bowel compromise, or if less than half of the
tumor can be resected. Radiation therapy is used only
for emergency symptom management.

21.5.2.2 Intermediate Risk

Intermediate risk patients include those children less
than 1 year of age with stage 3 disease regardless of
MYCN status or histology,or over 1 year with favorable
features. Also included are infants with stage 4 and
some 4S disease that are not MYCN-amplified. Com-
plete surgical resection is an important part of these
children’s treatment plans,but is not adequate by itself
to completely eradicate this disease [53, 54]. For chil-
dren with widespread disease, surgical resection may
not be possible at diagnosis. Children felt to have in-
termediate risk disease, therefore, receive surgery to
biopsy or resect their primary tumor if possible.
Chemotherapy is recommended for these children 
using a combination of known agents: carboplatin,
etoposide, Adriamycin and cyclophosphamide. The
chemotherapy will usually allow an unresectable tu-
mor to become resectable as well as eliminate tumor
cells remaining in the local and metastatic sites. Radi-
ation therapy is used if tumor remains after surgery
and chemotherapy.

Despite the need for chemotherapy in these chil-
dren, the outcome remains excellent. Three-year
event-free survival is predicted to be 70–98%, with a
good chance for salvage in the face of recurrent disease
[36, 53, 54].

21.5.2.3 High Risk

Patients at the highest risk for disease progression and
mortality are those over 1 year of age with dissemi-

nated disease at diagnosis, or localized disease with
unfavorable biologic and histologic markers such as
MYCN amplification. Because of their particularly
poor outcome, treatment is aggressive and employs a
multi-modality approach. Intensive chemotherapy
with a combination of agents is used to shrink the tu-
mor, both at the site of the primary tumor and at
metastatic sites. Surgery is used to biopsy the tumor
for diagnosis as well as for resection of the primary tu-
mor after chemotherapy when the tumor is smaller
and less invasive locally. When the bulk of the tumor
has been decreased by chemotherapy and surgery, the
patient receives higher dose chemotherapy followed
by autologous stem cell rescue. Radiation therapy to a
dose of 24–30 Gy is added for control of the primary
tumor bed. Biologic differentiation therapy with cis-
retinoic acid (Accutane) has recently been added to the
regimen after completion of the more intensive com-
ponents.

This intensive treatment regimen is the result of
multiple clinical trials over the last several decades. In
the 1990s, high dose chemotherapy with autologous
stem cell rescue followed by cis-retinoic acid provided
a survival advantage to children with high-risk neu-
roblastoma in a randomized clinical trial [37].Howev-
er, the results of this best treatment remain poor with
only approximately 30% of children remaining disease
free at 2 years. A somewhat better preliminary out-
come has been achieved with tandem transplants, i.e.
more than one autologous stem cell rescue cycle. Both
two [19, 20] and three cycles [27] have been piloted
with 3-year survival rates of >55%.

The most frequent long-term outcome of high-risk
neuroblastoma is recurrence of disease followed by
death,despite intensification of therapy over time.De-
veloping new methods to treat this disease is an active
area of research in pediatric oncology. Although new
chemotherapeutics are being developed and tested in
clinical trials, more hope is placed on novel types of
treatment based on better understanding of the mo-
lecular basis of the tumors. Immunotherapies such as
antibodies targeted at GD2 [6],a disialoganglioside on
the surface of neuroblastoma, and neuroblastoma
vaccines [1, 43] have shown some promise and are
vigorously being tested. Generalized targeting of tu-
mor cells with drugs that induce apoptosis [32] or 
angiogenesis is increasingly desired. Several institu-
tions are evaluating submyeloablative allogenic bone
marrow transplant to induce a donor vs tumor effect
that has shown promise in some adult tumors such as
renal cell carcinoma [7]. Studies into the molecular
workings of neuroblastoma will hopefully also yield
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tumor specific targets for the development of new
agents.

21.6 Prevention of Neuroblastoma

Because many neuroblastoma tumors secrete cate-
cholamines that are excreted in the urine, several
groups have attempted urine-screening programs in
infancy. The aim of these studies was to detect tumors
when they were in lower stages,thus decreasing the in-
cidence of high-risk tumors.

Three large studies from Japan, Canada, and Eu-
rope have screened approximately 3.6 million children
at either 6 months or 1 year of life. The incidence of
neuroblastoma diagnosis was compared with either
historic controls [61] or unscreened populations in
other cities [45, 60].

All study results were similar – there was an in-
crease in diagnosis of neuroblastoma in the screened
populations. However, the additional tumors were 
low stage. There was not a decrease in incidence of
high-risk tumors in children beyond the screening
age. Nor was there a decrease of mortality in the
screened populations. In the study from Canada, two
of the 43 patients whose tumors were detected by
screening had significant adverse affects because 
of treatment for their favorable prognosis neuro-
blastoma [60]. The conclusions of these studies have
been that screening for neuroblastoma with urine 
catecholamines does not reduce mortality of this 
disease and is not recommended of the population as
a whole.
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Adrenal neoplasms that are non-functional and have
benign characteristics on imaging studies may pose a
management dilemma. This is particularly true of the
uncommon neoplasms that have an uncertain natural
history. These tumors usually present as adrenal inci-
dentalomas, with an incidence of 1–4% on imaging
studies.With liberal computed tomography (CT) scan-
ning and advanced imaging techniques, they are be-
coming a more frequent entity. While the majority of
adrenal incidentalomas are adenomas or metastases
[14], this chapter will focus on the diagnosis and man-
agement of the less common adrenal neoplasms.

The best studies to obtain to aid in the diagnosis of
these neoplasms are CT scanning and magnetic reso-
nance imaging (MRI).A non-enhanced CT scan is the
most common modality used in adrenal imaging.
Density criteria are used to assist in characterizing the
adrenal pathology.The helical scanning techniques us-
ing smaller slices (3 mm) have improved the accuracy
in assessing density. MRI with chemical shift imaging
has excellent contrast resolution, allowing imaging of
tumors as small as 0.5 cm.The T1-weighted images are
the best for assessing anatomic detail. Accurate imag-
ing and interpretation of these neoplasms is critical
because the majority are clinically benign and do not
require an operation.

If an operation is recommended; the patient can
usually undergo a laparoscopic adrenalectomy. An

open adrenalectomy should be performed if there is
any suspicion for a primary malignancy. The role of
fine-needle aspiration for cytology is limited second-
ary to sparse cellularity. Prior to any surgical or other
invasive procedure (aspiration), the lesion must be
evaluated for function. Functional studies should in-
clude a 24-h urine for cortisol, metanephrines, cate-
cholamines and vanillylmandelic acid to assess for 
either a cortisol-producing neoplasm or a pheochro-
mocytoma. A serum potassium level and possibly an
aldosterone level should be obtained to screen for an
aldosterone-producing tumor.

22.1 Adrenal Cysts

The first adrenal cyst of record was described in 1670
by Greiselius,a Viennese anatomist [4].Since that time,
adrenal cysts have been rare, with an incidence of less
than 0.1% [1]. They account for 4–22% of adrenal in-
cidentalomas [14]. Occurring more commonly in
women, they are equally distributed bilaterally. They
can occur at any age, but children may actually have a
cystic neuroblastoma. Overall, adrenal cysts are most
accurately identified and evaluated with CT scanning.

The most common presentation is as an inciden-
taloma. In a review of 286 cases, they were found inci-
dentally in 34% of patients (Table 1) [16]. Other pre-
sentations included: abdominal pain in 19%, abdomi-
nal mass in 10%, pain and a mass in 10% and
hypertension in 9% [16]. Patients with hypertension
may also have a cystic pheochromocytoma, which
supports the importance of functional studies.

In 1966,Foster classically divided adrenal cysts into
four categories: endothelial cysts,pseudocysts,epithe-
lial cysts and parasitic cysts (Table 2) [3,6].The largest
review was reported in 1999 by Neri and Nance, which
included 515 patients with adrenal cysts (Table 3) [16].
They found that most adrenal cysts were pseudocysts
(56%), followed by endothelial (24%), unspecified be-
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nign (12%), epithelial (6%) and parasitic (2%). Many
simply classify adrenal cysts as either a true cyst or a
pseudocyst.

There are varying opinions regarding the manage-
ment of adrenal cysts. Some authors have recom-
mended aspiration of asymptomatic small non-func-
tioning cysts and surgical excision of cysts greater
than 5 cm diameter [13].Tung recommended attempts
at aspiration in all symptomatic benign cysts, reserv-
ing surgery for recurrence after aspiration [21]. The
current recommendation is for continued observation
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Table 1. Clinical presentation of 286 patients with adrenal
cysts [16]

Presentation Number of
patients (%)

Incidental 97 (34%)
Abdominal pain 53 (19%)
Abdominal mass 30 (10%)
Abdominal pain and mass 30 (10%)
Hypertension 26 (9%)
Flank pain 17 (6%)
Hypertension and a symptom or sign 13 (5%)
Back pain 7 (2%)
Trauma 7 (2%)
Loin pain 2 (1%)
Shock (ruptured angiomatous cysts) 2 (1%)
Vague 2 (1%)

Table 2. Foster’s 1966 classification of adrenal cysts [6]

Histologic type Frequency

Parasitic cysts (hydatid cysts) 7%
Epithelial cysts 9%

Embryonal cysts
Cystic adenomas

True glandular (mesothelial)
Endothelial cysts 45%

Lymphangiomatous 42%
Angiomatous 3%

Pseudocysts 39%

Table 3. Classification of adrenal cysts in 515 patients [16]

Classification (%) Subtype Case number (%)

Parasitic (2%) Echinococcus 12 (2%)

Epithelial (6%) Congenital glandular/retention 6 (1%)
Cystic adenoma 14 (3%)
Epithelial unspecified 8 (2%)

Endothelial (24%) Lymphangiomatous 83 (16%)
Angiomatous 13 (3%)
Unspecified or mixed angio and lymph 23 (5%)

Pseudocyst (56%) Hemorrhagic 188 (37%)
In adenoma 7 (1%)
Pheochromocytoma 21 (4%)
Malignant tumor
– Neuroblastoma 11 (2%)
– Adrenocortical carcinoma 5 (1%)
– Metastatic 1 (<1%)
– Unspecified 1 (<1%)
Pyogenic 3 (<1%)
Unspecified pseudocyst 55 (11%)

Unspecified benign (12%) 64 (12%)

of small benign-appearing asymptomatic adrenal
cysts [3]. Surgical excision or enucleation of benign
cysts can safely be performed laparoscopically.

22.1.1 True Cyst

A true cyst may be a benign or malignant lesion con-
taining epithelial or endothelial cells. The endothelial
cysts include lymphangiomatous (lymphangiectatic
or serous) (Fig. 1) and angiomatous (hemangioma)
cysts.These cysts are typically small and multiple.The
epithelial cysts are also referred to as “glandular”cysts.
Since normal adrenal contains no glandular or ductal
structures, it has been proposed that these epithelial



cysts are derived from embryonic rests. This category
includes cystic adenomas, glandular retention cysts
and embryonal cysts.

22.1.2 Pseudocysts

Pseudocysts are the most common clinically diagnosed
adrenal cysts. A pseudocyst lacks an epithelial lining
and is often a result of hemorrhage or infarction. Cal-
cification within the wall of a cyst is suspicious for ei-
ther a pseudocyst or a parasitic cyst. Rarely, a benign
or malignant adrenal tumor may undergo cystic de-
generation and result in a pseudocyst. Recently, it has
been shown that hemorrhagic adrenal pseudocysts of-
ten contain thin-walled vascular channels [20]. Im-
munohistochemical studies of these channels are con-
sistent with a vascular origin, suggesting that many of
these hemorrhagic cysts are endothelial cysts. A 47-
year literature review by Torres identified 107 patients
with 111 vascular adrenal cysts; 79% were hemor-
rhagic pseudocysts and 21% were endothelial cysts
[20]. The differentiation may be difficult because or-
ganizing thrombus may form endothelial cells. Histo-
logically, hemorrhagic pseudocysts may also display
papillary endothelial hyperplasia [10]. Papillary en-
dothelial hyperplasia may be confused with an an-
giosarcoma. It is differentiated from an angiosarcoma
by the lack of endothelial cell atypia, the presence of a
hyaline core and the absence of gross invasion of ad-
jacent tissues.

Most patients may complain of a vague discomfort;
others may have severe pain that results from an in-
tracystic hemorrhage or rupture. Adrenal cysts may
also become infected. Infected cysts may also present

with pain and these patients will often have a leuko-
cytosis. Surgical resection is recommended for symp-
toms or a suspicion of malignancy.

22.1.3 Parasitic

Parasitic infections, most commonly a hydatid cyst,
can also present as adrenal cysts. These cysts are the 
result of an Echinococcus tapeworm infestation. Echi-
nococcus granulosus is the most common parasite
causing cystic echinococcosis. Echinococcosis is un-
common in northern Europe and North America. It is
endemic to areas of South America, the Mediter-
ranean, the Middle East, Africa, Australia and New
Zealand. Of all patients with echinococcus, less than
0.5% will have adrenal involvement [6].These patients
may have an eosinophilia or a hypogammaglobine-
mia. Serology for echinococcus can be obtained to aid
in the diagnosis of a hydatid cyst. The enzyme-linked
immunosorbent assay (ELISA) and the indirect
hemagglutination test are the most sensitive screening
tests. Testing for antibodies to echinococcus will con-
firm the diagnosis.A CT scan is also a highly sensitive
and accurate method to aid in the diagnosis because it
can identify daughter cysts.

Patients will often remain asymptomatic until the
cyst has increased in size to over 5 cm. Aspiration is
generally not recommended because there is a risk of
cyst disruption and subsequent dissemination of a
parasitic infection.There is no adequate medical treat-
ment for cystic echinococcal infections.These patients
should be surgically treated with an adrenalectomy. It
is critical to avoid spillage of cyst contents, not only to
prevent spread of the disease, but to avoid an allergic
anaphylaxis.

22.2 Myelolipoma

Adrenal myelolipomas were first described in 1905 
by Gierke [7]. These rare tumors are reported in
0.08–2% of the population [5]. They are benign,
non-functional and usually asymptomatic (Fig. 2).
They are most often found incidentally as solitary 
lesions on imaging studies or at autopsy. Rarely, they
may present with symptoms secondary to hemor-
rhage, infarction or from compression of adjacent
structures. There are a few reports of associated en-
docrine function, most often a 21-hydroxylase defi-
ciency or Cushing’s syndrome [22]. Adrenal insuffi-
ciency, primary hyperaldosteronism and pheochro-
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Fig. 1. Lymphangiectatic adrenal cyst 6.5 cm in diameter.
(Courtesy of D. Linos, M.D.)



mocytoma have also been found in association with
adrenal myelolipomas.

Histopathology studies show these tumors to con-
sist of both fat and hematopoietic or myeloid tissue
(Fig.3).It is this finding that suggests that these tumors
originate from reticuloendothelial cells of the blood
capillaries. These cells may undergo adrenocortical
cell metaplasia in response to stimuli such as necrosis,
hemorrhage, infection or stress [19]. It has also been
postulated that these tumors originate from the em-
bolization of hemopoietic stem cells and ectopic
myeloid hyperplasia [23]. The association with other
functional tumors has led other authors to suggest that
adrenal myelolipomas are within the spectrum of a
multiple endocrine neoplasia [2].

These benign tumors are easily identified by their
well-encapsulated fatty appearance on CT scanning
(Fig. 4). They have a low density, typically with nega-
tive Hounsfield units (–100 to –200) and may have ar-
eas of calcification. The presence of gross fat, with a
density below –30 HU confirms the diagnosis [12].The
fatty-appearing adrenal myelolipomas should be dif-
ferentiated from teratomas, liposarcomas, adenomas,
metastatic lesions and primary adrenal malignancy.
Retroperitoneal lipomas and renal angiomyolipomas
are also in the radiologic differential. If the diagnosis
is uncertain, an MRI may be useful to assess tissue
planes for invasion or to identify the origin of extra-
adrenal tumors.

These tumors are rare and the largest series of ad-
renal myelolipomas consisted of 21 tumors in 20 pa-
tients [8].Four patients underwent an adrenalectomy;
two for abdominal pain, one for Cushing’s syndrome
and one for a large tumor (10.5 cm). The patient with
Cushing’s syndrome did have both an adrenal
myelolipoma and an adrenal adenoma. Fifteen non-
operative patients were evaluated over a mean follow-
up period of 3.2 years. Thirteen of these patients re-
mained asymptomatic and two patients had vague ab-
dominal complaints. Serial CT scans were obtained in
12 patients. The mean tumor size increased from
5.1 cm (range 2.2–12 cm) to 5.6 cm (range 2.5–17 cm).
Fifty percent of patients had tumors that had increased
in size. Tumor size did not appear to correlate with
symptoms and no adverse outcomes occurred with
non-operative management. These authors felt that
routine imaging was unnecessary, but that patients
should be followed clinically in order to monitor for
clinically significant growth.

Depending on the level of suspicion for malignan-
cy; the patient may be explored or a fine-needle aspi-
ration may be performed in a patient with normal ad-
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Fig. 2. Gross specimen of a 13-cm right adrenal myelolipoma.
(Courtesy of D. Linos, M.D.)

Fig. 3. A thin rim of adrenocortical cells adjacent to bone
marrow tissue and mature adipose tissue in a myelolipoma
[25]. H&E stain, ¥200

Fig. 4. Non-contrast CT scan showing bilateral adrenal 
masses with fat densities similar to retroperitoneal or sub-
cutaneous fat consistent with myelolipomas [22]



renal function. Otherwise, these tumors are benign
and do not require surgical intervention unless they
are symptomatic.

22.3 Hemangioma

Adrenal hemangiomas are rare and benign. There
have been approximately 50 cases reported in the
world literature since the first adrenalectomy for a he-
mangioma by Johnson and Jeppesen in 1955 [11, 15].
They are usually small, non-functional and asympto-
matic. Large tumors (25 cm) have been reported and
these are at risk for bleeding.Histologically,most have
a cavernous appearance with the presence of hyper-
vascularization (Figs.5,6).The patients are often in the
5th through 7th decade of life. They are twice as likely
to occur in women [18].

The diagnosis can be made on both CT and MRI
studies. A CT scan with contrast will show peripheral
enhancement and a central area of low attenuation.
(Fig.7).This central area may fill with contrast with de-
layed imaging. These lesions typically contain calcifi-
cations, which may be speckled in appearance. These
calcifications may have the appearance similar to a
phlebolith.MRI imaging will show a low T1 signal and
a moderate to high T2 signal. If there are areas of hem-
orrhage or necrosis, these will enhance on T1-weight-
ed images [9].

Adrenalectomy has been recommended by some
authors [17].However,most reserve adrenalectomy for
symptomatic tumors, tumors that are suspicious for a
malignancy such as a hemangiosarcoma and for larg-
er tumors at risk for bleeding. Patients with a sympto-
matic or large tumor with benign characteristics are
candidates for laparoscopic adrenalectomy.
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Fig. 5. Gross specimen of a 9.5-cm left adrenal gland con-
taining a cavernous hemangioma. (Thiele 2001 [19a])

Fig. 6. Hypervascularization and normal adjacent adrenal
tissue in an adrenal hemangioma [24]. H&E stain, ¥100

Fig. 7. Contrast-enhanced CT scan showing a low-density
mass with peripheral enhancement in the right adrenal gland
consistent with a hemangioma [24]



22.4 Lymphangioma

The lymphangioma is one of the most common cystic
adrenal neoplasms (Fig. 8). Classified as endothelial
cysts, they account for 16% of all adrenal cysts
(Table 3). Only the hemorrhagic pseudocyst is more
prevalent. Lymphangiomas are typically small and
most are reported as incidental findings at autopsy.
These lesions are multiloculated and many have calci-
fications present on imaging studies.The cyst contents
may range from clear to milky to hemorrhagic. They

are difficult to differentiate from organizing hemor-
rhagic pseudocysts because both lesions may contain
endothelial cells.Surgery is rarely indicated in these le-
sions because they are usually small and asympto-
matic.
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23.1 Definition

Adrenal incidentaloma is a tumor discovered seren-
dipitously in the course of diagnostic evaluation or fol-
low-up of unrelated disorders.Adrenal incidentalomas
may represent a variety of entities or diseases. Based
on their silent nature, they have also been called “clin-

ically unapparent adrenal masses”. Since image stud-
ies are increasingly available worldwide and they are
used more frequently, this finding may become a real
public health challenge.

Diagnostic and therapeutic implications of inci-
dentalomas are different in several populations. Such
is the case of patients with arterial hypertension, in
whom the likelihood of an adrenal tumor to be func-
tioning is higher than in the population with normal
blood pressure. Patients with history or concurrent
lung, breast, colon and other extra-adrenal malignan-
cies have high potential for developing adrenal metas-
tases. The frequency of adrenal metastases from lung
cancer at autopsy ranges from 17% to 38% and pa-
tients with adrenal masses in the setting of extra-
adrenal malignancy have a frequency of adrenal
metastases between 32% and 73% [32].Based on these
facts, to consider an adrenal tumor as truly incidental,
patients should not have any clinical condition that
may imply a higher risk for an adrenal tumor.

23.2 Prevalence

The prevalence of adrenal incidentalomas ranges from
1.1% to 32% in autopsy series (Table 1) and from 0.3%
to 1.9% in series based on computed tomography (CT)
(Table 2). The frequency of adrenal tumors increases
with age, being 0.2% in young people and 7% in sub-

23 Adrenal Incidentalomas

Miguel F. Herrera, Juan Pablo Pantoja, Nayví España

Table 1. Prevalence of adrenal incidentalomas in autopsy series

Year of the study First author No. of patients Prevalence (%)

1967 Devenyi [11] 5,120 3.5
1967 Kokko [24] 2,000 1.0
1970 Gragner [17] 2,425 2.5
1972 Russell [46] 35,000 1.9
1985 Abecassis [1] 988 1.9
1996 Reinhard [45] 498 5.0



jects older than 70 years. No sex differences have been
reported in autopsy series and no significant geo-
graphic or ethnic variability has been reported [4].
Considering the continuous technological improve-
ments, the number of incidental small tumors that can
be found in imaging studies may be higher than pub-
lished figures using old generation CTs. However,
tumors smaller than 1 cm rarely represent a clinical
problem.

23.3 Clinical Importance

Adrenal incidentalomas are clinically important, with
the main concerns relating to hormonal overproduc-
tion and the risk of malignancy. In terms of function,
clinically silent adrenal masses may subsequently be
proven to be pheochromocytomas, aldosteronomas,
or cortisol-producing adenomas, which may lead to
complications if they remain untreated. In terms of
malignancy, since adrenal cortical carcinoma has a
dismal prognosis and metastatic tumors cannot be
cured, it is particularly important to make the diagno-
sis at an early stage. In the evaluation of adrenal inci-
dentalomas, diagnostic efforts are therefore directed
to investigate hormonal hyperfunction initially and in
the presence of a nonfunctioning tumor, to differen-

tiate benign from malignant lesions. The majority of
surgically resected adrenal incidentalomas are non-
functioning cortical adenomas [59]. Among the func-
tioning tumors, pheochromocytoma is the most 
frequently found [20, 35]. The frequency of pheo-
chromocytoma is particularly higher in the older
population. Cortisol secreting adenomas are the sec-
ond in frequency,followed by aldosteronomas [44,59].
Diagnoses found in 380 surgically treated patients re-
ported in a large multicentric Italian study are shown
in Table 3 [35].

23.4 Natural History

The natural course of adrenal incidentalomas is still
unknown. In the few follow-up studies published in
the literature, it seems that most adrenal incidentalo-
mas diagnosed as benign and non-functioning in the
initial evaluation remain unchanged. Up to 20% of
non-functioning tumors develop hyperfunction. Tu-
mors 3 cm or larger are more likely to develop hyper-
function than smaller lesions. Tumor enlargement by
at least 1 cm has been identified with a frequency be-
tween 5% and 25% and reduction in mass size has
been documented in few cases [4, 19].

23.5 Biochemical Evaluation

23.5.1 Pheochromocytoma

Many laboratory tests have been used to screen for
pheochromocytoma. Considering that tests are labo-
ratory dependent, the optimal screening test is still
debatable. Traditionally, the 24-h urinary measure-
ment of total metanephrines has been the suggested
method [20].However,considering the sensitivity and
specificity of different tests in certain situations, for
patients with vascular or inhomogeneous adrenal
masses, in whom the pretest probability of having a
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Table 2. Prevalence of adrenal incidentalomas in CT scan series

Year of the study First author No. of patients Prevalence (%)

1982 Glazer [16] 2,200 0.7
1982 Printz [42] 1,423 0.3
1985 Abecassis [1] 1,459 1.3
1986 Balldegrun [5] 12,000 0.7
1991 Herrera [20] 61,054 0.4
1994 Caplan [8] 1,779 1.9

Table 3. Histology of 380 surgically resected adrenal inci-
dentalomas [35]

Diagnosis No. of patients %

Cortical adenoma 198 52
Cortical carcinoma 47 12
Pheochromocytoma 42 11
Cyst 20 5.2
Myelolipoma 30 7.8
Metastasis 7 1.8
Ganglioneuroma 15 3.9
Other 21 5.5



pheochromocytoma is high, it has been suggested to
screen the patient with both fractionated plasma free
metanephrines (normetanephrine and metanephrine)
and 24-h urinary measurements of total meta-
nephrines and catecholamines. On the other hand,
when the clinical and imaging suspicion is low, 24-h
measurement of total metanephrines and cate-
cholamines is sufficient. The reason for not advising
the measurement of plasma metanephrines in this
group is because their specificity is approximately
89% and false positive elevation of plasma meta-
nephrines may result in needless further laboratory
testing, imaging or even surgery [41, 59].

23.5.2 Cortisol-Producing Adenoma

Patients with cortisol-producing adenomas have so-
called subclinical Cushing’s syndrome, which is char-
acterized by the lack of the usual obvious stigmata of
Cushing’s syndrome but with the side effects of con-
tinuous endogenous cortisol secretion. Cortisol-pro-
ducing adenomas account for 5–10% of all adrenal in-
cidentalomas [44,59].Therefore,evaluation of cortisol
overproduction is essential in these patients.The 1 mg
dexamethasone suppression test has been the pre-
ferred method. After dexamethasone administration,
most normal individuals have serum cortisol con-
centrations suppressed to less than 139.75 nmol/l.
There is a consensus that patients with levels above
this value need further testing. Some authors have 
proposed testing of patients with cortisol values
≥149.7 nmol/l in order to increase the detection [44].
Some centers have used a higher dose of dexametha-
sone (3 mg) to reduce false positive results [3, 4].

23.5.3 Aldosterone-Producing Adenoma

In approximately 1% of patients with adrenal inciden-
talomas, an aldosterone-producing adenoma (APA) is
diagnosed. Initial recommendation was to screen
these patients with serum electrolytes [20]. However,
many authors have described primary hyperaldos-
teronism in the absence of hypokalemia. The ratio of
plasma aldosterone concentration to plasma renin ac-
tivity (PAC/PRA) has proven to be the most useful tool
for screening [21].The mean value for the ratio in nor-
mal patients and in patients with essential hyperten-
sion rages from 4 to 10, whereas most patients with
APA have a ratio between 30 and 50 [58, 59]. The com-
bination of a PAC above 20 ng/dl and a PAC/PRA ratio

above 30 has a sensitivity of 90% for the diagnosis of
an APA [57].

23.5.4 Other Hormonally Producing Adenomas

Sex-hormone secreting adenomas are rare and patients
usually present with symptoms; thus routine screening
for sex hormone excess in patients with adrenal inci-
dentalomas is not warranted. Nonclassic congenital 
adrenal hyperplasia can present with adrenal masses.
Due to its infrequency and the fact that cosynotropin
may give misleading results in some patients with ade-
nomas,cosynotropin stimulation testing is only suggest-
ed on the basis of clinical suspicion of the disease [59].

23.6 Radiologic Evaluation

The imaging phenotype characteristic of a pheochro-
mocytoma includes enhancement of the lesion on an
intravenous contrasted CT scan and high signal inten-
sity on T2-weighted MR imaging (Fig. 1).

Adrenal cysts appear as homogeneous spherical
masses with a density near that of water. The cyst wall
is usually thin and does not enhance with intravenous
contrast (Fig. 2).A complicated cyst cannot be reliably
distinguished from an abscess or a metastatic tumor.
A pseudocyst can arise in patients with previous adre-
nal hemorrhage. These lesions usually have thick
walls, calcification, nodularity, septation, and soft-tis-
sue components [54].

Adrenal myelolipomas are benign tumors, com-
posed of mature fat cells and hematopoietic tissue
[12]. These tumors have classic fat attenuation values,
occasionally with areas of focal calcification. They can
be correctly diagnosed by CT scans in most patients.
It is highly important to identify these lesions, since
they are usually asymptomatic and no further treat-
ment is required [54].

Several radiologic characteristics of adrenal tumors
on CT scan may help to differentiate benign from ma-
lignant cortical tumors. First of all, tumor size has
proven to be an important predictor of malignancy.
Adrenal cortical carcinoma accounts for 2% of tumors
that are £4 cm, 6% of tumors that are 4.1–6 cm and
25% of tumors that are greater than 6 cm [27].Linos et
al. compared CT and histology reports and found that
CT scan underestimated true dimensions. Based on
this evidence, his group proposed a mathematical cal-
culation to “correct” the tumor size determined by 
radiology [29].
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CT densitometry may help in delineation of the dif-
ferential diagnosis. An attenuation value expressed in
Hounsfield units (HU) of 10 HU has a sensitivity of
71% and a specificity of 98% for the diagnosis of an ad-
renal adenoma. Intravenous contrast-enhanced CT
values on the other hand show too much overlap be-
tween benign and malignant tumors. Heterogeneity
and border shape are also of importance.A <4 cm ho-
mogeneous mass with a smooth border and an atten-
uation value of less than 10 HU on non-contrasted CT
strongly suggests a benign adrenal adenoma [26]
(Fig.3).A big non-homogeneous invasive mass,on the
other hand, most frequently represents a carcinoma
(Fig. 4).
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Fig. 1a, b. MRI T2 (2,400/120). a Axial image. b Coronal image. The arrows highlight a bilateral multinodular pheochromo-
cytoma. Note the characteristic hyperintensity of the lesions

Fig. 2a, b. CT scan showing a left adrenal cyst (arrows). a The
tumor has an evident peripheral calcification and a very low
central absorption coefficient (8 UH). b A more caudal image
showing that the lesion is separate from the left kidney

Fig.3. CT scan shows a small homogeneous round mass with
smooth borders in the center of the right adrenal gland (ar-
row). This image is characteristic of a cortical adenoma



Magnetic resonance imaging has similar effective-
ness to the CT scan in the differential diagnosis be-
tween benign and malignant adrenal tumors. There is
evidence suggesting that chemical shift MR could be
used to characterize adrenal masses. Characteristics
associated with benignity are a signal drop on chemi-
cal-shift imaging and a similar intensity to that of the
liver on a T2-weighted image [39].

Other studies that have been used to characterize
adrenal masses are radioiodocholesterol scanning us-
ing NP-59 and positron emission tomography. Unfor-
tunately, both techniques have limited use and there is
little published data on their accuracy [18].

23.7 Adrenal Biopsy

Both fine-needle aspiration biopsy (FNAB) and Tru-
cut biopsy have a limited role in the evaluation of ad-
renal incidentalomas. They are useful in the diagnosis
of adrenal metastases. In patients with a known extra-
adrenal malignancy and a suspicious lesion, they have
a sensitivity and specificity of approximately 90% [51].
It is important to rule out the presence of a pheochro-
mocytoma prior to the adrenal biopsy, as biopsy may
cause hypertensive crisis that may even lead to death
[9]. In patients with adrenal incidentalomas and no
history of malignancy, it is generally accepted that ad-
renal biopsy has no proven efficacy.

The differential diagnosis between an adrenal ade-
noma and carcinoma is based on the presence of vas-
cular or capsular invasion, which cannot be evaluated

by cytology. In a prospective German study, the diag-
nostic accuracy of adrenal biopsy was evaluated in 231
tumor samples by an ex vivo puncture. Conventional
histology and immunohistochemistry (keratin KL1,
vimentin, S100 protein, chromogranin A, synapto-
physin, neuron-specific enolases, D11, Ki-67, and p53)
were used.The overall sensitivity of the core biopsy for
malignancy was 99% and the specificity was 96% [47,
48]. From this data, it appears that under optimal con-
ditions, adrenal biopsy may be a valuable method.

23.8 Novel Tumor Markers

It has been demonstrated that major histocompatibil-
ity complex class II antigens are absent in adrenal car-
cinomas whereas normal adrenal glands and most ad-
renal adenomas express these proteins [37]. There is
evidence that cancer cells exhibit uncontrolled growth
as a result of a diminished ability to communicate with
the surrounding cells. A major route for the cell-cell
communication is through gap junction pores com-
posed of connexin [10]. Using immunocytochemical
techniques,Murray and colleagues compared a1-con-
nexin 43-gap junction protein levels in normal adrenal
tissue, in adrenal adenomas and in a human adrenal
cancer cell line (H295). In the normal cell gland, the
zona fasciculata showed to have the highest incidence
of gap junctions per cell.The number of gap junctions
per cell was significantly reduced in benign adreno-
cortical adenomas when compared to normal tissue
and there were few or no a1-connexin 43-gap junc-
tions in the H295 cell line [40].

23.9 Management

If hormonal hyper secretion is identified,surgery is in-
dicated. There is no question that the risk involved
with a hypertensive crisis in patients with pheochro-
mocytoma supports early surgical intervention.These
patients should receive a and b blockade before sur-
gery to avoid or reduce intraoperative hemodynamic
instability. Aldosterone-producing cortical adenomas
that present as adrenal incidentalomas should also be
removed. Primary aldosteronism is a known cause of
curable arterial hypertension and patients are benefit-
ed by early adrenalectomy since it has been demon-
strated that long lasting arterial hypertension may not
resolve after adrenalectomy. Subclinical Cushing’s
syndrome, on the other hand, is a more controversial
indication for surgical treatment. The long-term out-
come of the disease is still under evaluation. However,
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Fig. 4. Adrenal adenocarcinoma. The CT shows an extensive
neoplastic solid mass of the right adrenal. The low density in
the center represents necrosis.An area of gross invasion to the
liver is shown by the arrow



in the absence of non-surgical curative treatment and
considering that adrenalectomy has a very low mor-
bidity and almost no mortality, it seems reasonable to
treat these patients with surgery.

In terms of the risk of malignancy, all suspicious
masses on imaging studies should be removed. For
non-suspicious lesions,surgical indications have been
based on the likelihood of a tumor being malignant ac-
cording to tumor size and age of patient. Schteingart,
for example, has recommended surgery for masses
>6 cm. Considering the low frequency of malignancy
in tumors <3 cm, he recommends observation with
further imaging for these lesions, and for masses be-
tween 3 and 6 cm he suggests surgical intervention if
the patient is younger than 50 years [49].

Based on the analysis of a large cohort of patients,
we and others have suggested surgical treatment for
masses larger than 4 cm and clinical observation for
nonsecretory adrenal incidentalomas smaller than
4 cm.Serial radiologic scanning at 3–6 month intervals
during the first year after detection and every
1–2 years thereafter seems to be appropriate for these
patients, and surgery is indicated for lesions that grow
or become functional during follow-up [20, 31, 34].

23.10 Surgical Approaches

Surgical approaches to the adrenal gland include open
anterior transabdominal, flank, thoracoabdominal,
posterior and, most recently, laparoscopic adrenalec-
tomy that can be performed using a transperitoneal or
retroperitoneal approach.Since Gagner and colleagues
described laparoscopic adrenalectomy in 1992 [14],la-
paroscopic adrenalectomy has become the standard
technique in most institutions.

Several retrospective case-controlled studies have
demonstrated that laparoscopic adrenalectomy is as-
sociated with marked decrease in the postoperative
length of stay, the amount of pain medication and the
total recovery time until resumption of normal activ-
ity (Table 4).The indications for laparoscopic adrenal-
ectomy have been extended for virtually all non-
malignant adrenal tumors. Most endocrine surgeons
agree that large tumors and clearly malignant tumors
should be excised using an open technique. Patients
with invasive adrenal carcinomas should undergo en
bloc excision of the adrenal cancer with Gerota’s fascia
and surrounding involved organs [7, 15, 50].

Between the two most common laparoscopic ap-
proaches, most surgeons have adopted the transperi-
toneal flank approach.Advantages of this approach are

good anatomic landmarks,the possibility of removing
larger adrenal masses and the benefit of gravity to en-
sure good view of the field in the case of hemorrhage
[28].The posterior retroperitoneal approach although
is the preferred technique for some surgeons, having
selected advantages in patients with previous intra-
abdominal surgery [56].

23.10.1 Surgical Complications

In general, pheochromocytomas involve higher intra-
operative risk due to extreme fluctuations in blood
pressure and the risk of bleeding. Surgical complica-
tions correlate with tumor size. For this reason, some
authors choose laparoscopy for pheochromocytomas
<6 cm and favor an open approach for larger or extra-
adrenal pheochromocytomas [6].

Miguel F. Herrera, Juan Pablo Pantoja, Nayví España236

Table 4. Laparoscopic versus open adrenalectomy

Study Laparo- Open
scopic anterior

Prinz [43] n 10 11
OR time (min) 212 174
PO Stay (days) 2.1 6.4

Brunt [7] n 24 25
OR time 183 142
PO stay 3.2 8.7

MacGillivray n 14 9
[33] OR time 289 201

PO stay 3 7.9
Return to activity 8.9 14.6

Vargas [55] n 20 20
OR time 193 178
PO Stay 3.1 7.2

Korman [25] n 10 10
OR time 164 124
PO stay 4.1 5.9

Linos [30] n 18 86
OR time 116 155
PO stay 2.2 8

Shell [50] n 22 17
OR time 267 257
PO stay 1.7 7.8
Return to activity 1.6 7.9

Acosta [2] n 17 12
OR time 180 120
PO stay 6 6

n, number of patients; OR, operative room time; PO, post-
operative stay.



The most common complications of the open ab-
dominal approach are incidental splenectomy, wound
infection, hemorrhage and lung problems. Complica-
tions of the open retroperitoneal approach include
pleural injury, wound infection, and bleeding [22, 53].
Complications of laparoscopic surgery are bleeding,
wound infection,subcutaneous emphysema,and pan-
creatic or splenic injury. However, complications of
laparoscopic adrenalectomy are usually mild and un-
frequent (Table 5).

23.11 Cost Effectiveness Analysis 
for the Diagnosis and Treatment

Most adrenal incidentalomas should be left untreated
because the majority are either benign adenomas or
other disorders that neither affect the patient’s health
nor warrant the cost and risks of diagnostic or thera-
peutic interventions.However,some disorders such as
cancer or pheochromocytoma may cause serious
health risk and deserve treatment. Therefore identify-
ing and curing primary adrenocortical cancer,
pheochromocytoma and Conn’s syndrome achieve the
most cost-effective results.This is guided by the aim of
improving life expectancy at acceptable cost. If a 3 cm
adrenal incidentaloma is left untreated, quality-
adjusted life expectancy is decreased by a mean of
one quality-adjusted life year (QALY). By contrast, a
pheochromocytoma decreases life expectancy in
4 QALY and the presence of cancer in 15 QALY [23].

Pheochromocytoma screening by urinary meta-
nephrines is warranted in all patients except the most
elderly or unfit.Full hormonal analysis is likewise war-
ranted when Conn’s syndrome is suspected.In patients
with large incidentalomas, screening for adrenocorti-
cal cancer is cost-effective. Small non-suspect lesions
(<4 cm) may be ignored in elderly and/or unfit pa-
tients [23].

23.12 Conclusions

Adrenal incidentalomas require the exclusion of hy-
perfunction and malignancy. Surgical excision is rec-
ommended for patients with hormonally functioning
tumors, for masses suspicious of malignancy and for
non-suspicious non-functioning tumors equal to or
greater than 4 cm. For non-resected tumors, further
laboratory and image evaluation for a minimum of
1 year is highly recommended.
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24.1 Introduction

Historically, the adrenal tumor that was discovered 
incidentally, usually during an imaging procedure 
(CT, MRI, ultrasound) for symptoms unrelated to 
adrenal disease (e.g., back pain), was called an inci-
dentaloma [1].

As more physicians (and patients on their own) or-
dered these easily available imaging studies for com-
mon diseases potentially related to adrenal pathology
(and not the known syndromes), such as mild and
nonparoxysmal hypertension, diffuse obesity, and di-
abetes, an increasing number of unsuspected (but
hardly incidental) adrenal tumors were found. I have
proposed that these tumors be included with the true
incidentalomas under the broader term “adrenaloma”

because they share the same diagnostic and thera-
peutic dilemmas [2]. The term adrenaloma implies
that the discovered tumor (incidentally or not) arises
from the adrenal but is not obviously an aldosterono-
ma, a Cushing’s syndrome adenoma, a pheochromo-
cytoma, a virilizing or feminizing tumor, or a func-
tioning adrenal carcinoma.

Recently, at a State of the Science Conference at the
National Institute of Health, the term “clinically inap-
parent adrenal mass” was coined [3]. The widespread
teaching is that most adrenalomas are indolent tu-
mors, nonfunctioning and asymptomatic, causing no
harm to the patient [4,5].Recent studies,however,have
shown that a high percentage of these tumors can be
subclinically functioning, causing symptoms milder
than those encountered in the well known adrenal
hyperfunctioning syndromes but still harmful to the
patient [6–14]. Thus, the screening tests of serum
potassium, urinary VMA and serum cortisol do not
suffice and more detailed and in depth laboratory in-
vestigation is necessary.The fear of adrenal carcinoma
that dictated the approach to these tumors in the past
(with the main emphasis on the size of the tumor)
should be changed to the fear of the subtle function of
these usually benign adrenal cortical adenomas with
coexistent metabolic pathology (e.g., hypertension,
obesity, diabetes).

24.2 Frequency

The overall frequency of adrenal adenomas in 87,065
autopsies in 25 studies was 5.9% (range 1.1–32%) [15].
The frequency of adrenal masses discovered by CT,
MRI or ultrasonography is somewhat lower. Abecas-
sis et al. [16] in a 2-year period examined 1,459 pa-
tients and found 63 (4.3%) with adrenal masses. Of
those, 19 patients (1.3% of examined patients and
30% of patients with adrenal masses) had adrenalo-
mas.At the Mayo Clinic [17], in a 5-year period,61,054
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patients underwent CT scanning. In 2,066 (3.4%) pa-
tients, an adrenal abnormality was found; among
these, 259 patients (12.5%) had an adrenaloma or 
adrenal lesion larger than 1 cm, without biochemical
evidence or symptoms suggestive of cortical or
medullary hypersecretion or general constitutional
symptoms suggestive of malignant disease. Similar
findings have been described in more recent studies
[18–20]. Thus, in the era of widespread use of high-
resolution ultrasonography, new generation CT scans
and MRI, we can anticipate a 5% incidence of adren-
alomas.

24.3 Pathology

The majority of surgically removed clinically inap-
parent adrenal masses have been classified as non-
functioning cortical adenomas [21–23]. Benign 
masses such as nodular hyperplasia, adrenal cysts,
myelolipomas,ganglioneuromas,hematomas,hamar-
tomas, hemangiomas, leiomyomas, neurofibromas,
teratomas, as well as infections (tuberculosis, fungal,
echinococcosis, nocardiosis) are also included in the
pathology of these resected tumors. Potentially lethal
neoplasms, however, such as pheochromocytomas
and primary carcinomas are always first on the list of
resected adrenalomas [24–28]. Pheochromocytoma 
is the most frequently found hormone-producing
adrenaloma that occasionally has a normal preoper-
ative laboratory evaluation [29–33]. Few cases of al-
dosteronomas and androgen-producing adenomas
have been described among cases of surgically re-
moved adrenalomas [3–34]. In a large multicenter,
retrospective Italian study of 380 surgically treated
adrenalomas (out of 1,096 collected), 198 (52%) were
cortical adenomas, 47 (12%) were cortical carcino-
mas,42 (11%) were pheochromocytomas and 93 were
other less frequent tumors [7].

24.4 The Goal of Evaluation

Although by definition the clinically inapparent adre-
nal masses appear “nonfunctioning”, on the basis of
clinical and essential laboratory findings more and
more investigators have shown that a high percentage
may be subclinically functioning and/or associated
with other metabolic abnormalities (Fig.1).In a multi-
center, retrospective evaluation of 1,096 patients with
adrenal incidentaloma, the work-up revealed that
9.2% had subclinical Cushing’s syndrome, 4.2% had

pheochromocytoma and 1.6% had clinically unsus-
pected aldosteronomas [22].

Rossi et al. [10] prospectively followed 50 consecu-
tive patients with clinically inapparent adrenal mass-
es. Detailed hormonal investigation found 12 of 50
(24%) to have subclinical Cushing’s syndrome defined
as an abnormal response to at least two standard tests
of the hypothalamic-pituitary-adrenal axis function,
in the absence of clinical signs of Cushing’s syndrome.
In the same study, 92% of patients had hypertension,
50% obesity,42% type 2 diabetes mellitus and 50% ab-
normal serum lipid concentrations. The clinical and
hormonal features improved in all patients treated by
adrenalectomy but were unchanged in all who did not
undergo surgery (follow-up 9–73 months).

Interestingly, all 13 patients who had resection of
truly nonfunctioning adenomas because of large size
had improved clinically to such an extent that antihy-
pertensive and antidiabetic therapy was reduced or
discontinued. All the improvements persisted during
follow-up.

Another multicenter study [12] of 64 consecutive
patients with clinically inapparent adrenal masses
found a higher than expected prevalence of abnormal
glucose tolerance in 39 (61%) patients. The same au-
thors [35] following 62 consecutive patients with clin-
ically inapparent adrenal masses found abnormal glu-
cose tolerance curves in 66%.

Midorikawa et al. [11] studying 15 patients with
clinically inapparent adrenal masses (4 with subclini-
cal Cushing and 11 with truly nonfunctioning tumors)
found a high prevalence of altered glucose tolerance
and insulin resistance.Adrenalectomy reversed insulin
resistance in all patients with subclinical functioning
and truly nonfunctioning adrenal adenomas.

Terzolo et al. [8] followed 41 patients with clinical-
ly inapparent adrenal masses (12 with subclinical
Cushing’s syndrome) and compared them with 41
controls. He found that the 2-h post-challenge glucose
was significantly higher in these patients than in con-
trols. Similarly, both systolic and diastolic blood pres-
sures were higher in studied patients. The calculated
whole-body insulin sensitivity index (derived from the
oral glucose tolerance test) was significantly reduced
in the patients.They concluded that patients with these
tumors (subclinically functioning or nonfunctioning)
display some features of the metabolic syndrome such
as impaired glucose tolerance, increased blood pres-
sure and high triglyceride levels.

Garrapa et al. [3] evaluated body composition and
fat distribution, as measured by DEXA (dual-energy
X-ray absorptiometry) in women with nonfunction-
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Fig.1a–f. Clinically inapparent adrenal masses with ‘unexpected’clinical behavior.a Cortical adenoma on a 37 y.o. female with
subclinical Cushing’s syndrome and metabolic syndrome significantly improved after surgery. b Cortical adenoma on a 
40 y.o. male that during a 3 years follow up turned from ‘non-functioning’ to overt Cushing’s syndrome. c Aldosteronoma on
a 45 y.o. hypertensive but normokalemic male followed for years for this 2.5 cm “incidental” mass. d Pheochromocytoma on
a 32 y.o. asymptomatic normotensive female. e ‘Indolent’ myelolipoma that ruptured during its follow up causing severe 
intraabdominal bleeding on a 27 y.o. male. f Solitary metastatic adrenal carcinoma, 10 years after hysterectomy for cervical
cancer on a 62 y.o. female

ing clinically inapparent adrenal masses and in
women with Cushing’s syndrome compared with
healthy controls matched for age, menopausal status
and body mass index.Women with clinically inappar-
ent adrenal masses had larger waist circumference re-
flecting intra-abdominal fat. The blood pressure was
higher in patients with these tumors than in controls

and 50% of patients were hypertensive. High density
lipoprotein cholesterol levels and mean triglyceride
values were also higher in patients with clinically in-
apparent adrenal masses than in controls. If central fat
deposition, hypertension and low HDL are important
risk factors for cardiovascular disease, then patients
with clinically inapparent adrenal masses, whether



subclinically functioning or nonfunctioning, are at
higher risk than the general population for cardiovas-
cular disease.

Chiodin et al. [14] performed a longitudinal study
evaluating the rate of spinal and femoral bone loss lev-
els in 24 women with clinically inapparent adrenal
masses. They were divided into two groups on the ba-
sis of the median value of urinary cortisol excretion.
The group with higher cortisol values (subclinical
Cushing levels) had more lumbar trabecular bone loss
than those with low cortisol secretion (not hyper-
secreting tumors).

Therefore the cavalier attitude towards clinically in-
apparent adrenal masses should be changed.These tu-
mors are at an intermediate stage in between normal
and pathological.They should be screened to rule out:
(a) subclinical Cushing’s syndrome, (b) subclinical
pheochromocytoma, (c) subclinical primary aldos-
teronism, (d) adrenal carcinoma (primary or solitary
metastasis).

24.5 Screening for Subclinical Cushing’s
Syndrome

Patients with subclinical Cushing’s syndrome have
none of the signs and symptoms of typical Cushing’s
syndrome (plethora, moon face, central obesity, easy
bruising, proximal muscle weakness, acne, osteoporo-
sis, etc.).

The frequency of subclinical Cushing’s syndrome
among patients with adrenaloma ranges from 12% to
24% [10, 36]. Depending on the amount of glucocorti-
coids secreted, the clinical significance of subclinical
Cushing’s syndrome ranges from slightly attenuated
diurnal cortisol rhythm to atrophy of the contralater-
al adrenal gland,a dangerous condition after unilater-
al adrenalectomy if appropriate therapeutic measures
are not taken early enough [37].

The best screening test for autonomous cortisol se-
cretion is the short dexamethasone suppression test.A
2- or 3-mg dose is better than the usual 1-mg dose to
reduce false-positive results.A suppressed serum cor-
tisol (<3 µg/dl or 80 nmol/l) excludes Cushing’s syn-
drome. A serum cortisol greater than 3 µg/dl requires
further investigation, including a confirmatory high-
dose dexamethasone suppression test (8 mg), a corti-
cotropin-releasing hormone (CRH) test and analysis
of diurnal cortisol rhythm. If serum cortisol concen-
trations are not suppressible by high-dose dexam-
ethasone, the diagnosis of subclinical Cushing’s syn-
drome is established. Another suggested test is the

growth hormone (GH) response to GHRH. A blunted
GH release might prove a sensitive and early sign of
subclinical Cushing’s syndrome [8]. As already dis-
cussed, glucose tolerance is altered in patients with
clinically inapparent adrenal masses (with and with-
out subclinical Cushing) and a glucose tolerance test is
recommended in patients with clinically inapparent
adrenal masses [10, 12, 38]. Finally, bone mineral den-
sity of the spine should be performed to detect re-
duced bone mass in patients with subclinical Cush-
ing’s syndrome [14].

Adrenal scintigraphy with 131I-6b-iodomethylnorc-
holesterol (NP 59) can reveal a “functioning” but not
“hypersecretory”tumor when there is an uptake of the
nucleotide in the tumor site and no-uptake in the con-
tralateral suppressed gland.Some authors [39,40] sug-
gested a significant positive correlation between ab-
normal cortical secretion and NP 59 uptake, making
NP 59 scanning a cost effective diagnostic tool for eval-
uating clinically inapparent adrenal masses.

Others [15] found it cumbersome because it re-
quires several days to obtain the images, and owing to
the inability to take up NP 59 when there is hemor-
rhage or inflammation they do not recommend rou-
tine use of NP-59 scanning.

24.6 Screening for “Subclinical 
Pheochromocytoma”

The typical patient with pheochromocytoma is hy-
pertensive and may have paroxysmal hypertension
and related symptoms (headache, hypertensive crisis,
sweating and cardiac arrhythmias). The proposed
term “subclinical pheochromocytoma”refers to the to-
tally asymptomatic clinically inapparent adrenal
masses that histologically prove to be a pheochromo-
cytoma.In several series of clinically inapparent adre-
nal masses, the frequency of pheochromocytomas
range from 10% to 40% [31, 33]. Although the per-
centage of asymptomatic pheochromocytomas among
patients with nonfunctioning adrenal tumors is rela-
tively high,most test positive on hormonal evaluation,
which is a measurement of 24-h urinary meta-
nephrines and vanillylmandelic acid (VMA) or frac-
tionated urinary catecholamines. In the National Ital-
ian Study Group,27 patients (3.4% of the total patients
with incidentaloma) were found to have pheochromo-
cytoma; 24-h urinary catecholamine and VMA con-
centrations were elevated in 86% and 4.6% of patients,
respectively [22],indicating that a combination of tests
is more useful clinically than an individual test.The ef-
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ficacy of single-voided (“spot”) urine metanephrine
and normetanephrine assays for diagnosing pheo-
chromocytoma has recently been documented. Such
tests may avoid the inconvenience of 24-h urine col-
lection [41].

There is no indication for routine use of 131I-meta-
iodobenzylguanidine (I-MIBG) scintigraphy in the
evaluation of an adrenaloma unless catecholamine
and urinary metabolites are elevated.

Because there are cases of clinically inapparent ad-
renal masses that preoperatively had negative urinary
VMA, metanephrines and MIBG scanning but which
intraoperatively behaved (with later histologic proof)
as pheochromocytomas, prophylactic measures
should always be taken (e.g., arterial line, immediate
access to intravenous nipride) during surgery.

24.7 Screening for “Subclinical Primary
Aldosteronism”

Typical primary aldosteronism is characterized by hy-
pertension with hypokalemia, elevation of plasma al-
dosterone and suppressed plasma renin activity. Sub-
clinical primary aldosteronism describes the patient
with an adrenaloma who is normotensive or hyper-
tensive with normokalemia [42].More than 40% of pa-
tients with primary aldosteronism are normokalemic;
therefore, the previously recommended measurement
of potassium as the only test to rule out primary aldos-
teronism in the case of clinically inapparent adrenal
masses should be abandoned [42]. Instead, a detailed
time-consuming evaluation is necessary, especially in
all hypertensive patients, to rule out primary aldos-
teronism which may be the cause of hypertension in
up to 15% of these patients [43, 44]. In a normotensive
patient with a serum potassium level greater than
3.9 nmol/l, no further hormonal evaluation is neces-
sary. The screening for subclinical primary aldostero-
nism should include, in addition to serum potassium,
the upright aldosterone level to plasma renin activity
(PRA) ratio,since a single value of aldosterone may be
normal.Patients with two or more samples positive for
aldosterone/PRA ratio (>40) should undergo the flu-
orocortisone suppression test (0.4 mg every day for
4 days) or the acute saline suppression test (2 l of 0.9%
NaCl solution infused intravenously in 4 h) to confirm
the diagnosis. Bilateral adrenal venous sampling with
measurement of aldosterone and cortisol levels is the
necessary next step to lateralize, and determine the
subtype of primary aldosteronism in order to identify
the patient who will be cured by surgery.

24.8 Screening for Adrenal Carcinoma

The risk of a clinically inapparent adrenal mass har-
boring a primary carcinoma of the adrenal is very low
[45]. The annual incidence of the latter has been es-
timated to range from 1 case per 600,000 to 1 case per
1.6 million persons. Its prevalence is approximately
0.0012% [46]. In contrast, metastatic carcinoma to the
adrenal is a common finding in patients with lung,
breast,colon and other extra-adrenal malignancies. In
published series of surgically resected adrenalomas,
the frequency of histologically confirmed primary ad-
renal carcinoma ranges from 4.2% to 25% [7].The fre-
quency of adrenal metastasis from lung cancer at au-
topsy ranges from 17% to 38%. In patients with an ad-
renal mass in the setting of extra-adrenal malignancy,
the probability of this mass being metastatic ranges
from 32% to 73% [5, 33, 47].

24.9 Size of Tumor

The size of a clinically inapparent adrenal mass is fre-
quently used to predict potential malignancy and the
need for surgery. Although most clinically treated ad-
renal malignancies are discovered when they are larg-
er than 6 cm in diameter, several reports have de-
scribed very large tumors that never metastasized and
small adrenal tumors that did (Figs. 2 and 3). In sever-
al series, adrenocortical carcinomas with a maximum
diameter of 3 cm or less have been described [15, 33,
37, 47].

The size of a clinically inapparent adrenal mass as
reported on a CT scan is usually less than the size re-
ported histologically. This underestimation ranges
from 16% to 47% [48].In an analysis of the CT and his-
tology reports of 76 patients with various diseases, we
found that the mean estimated diameter of the adre-
nal tumor was 4.64 cm on the CT report when the real
size (pathology report) was 5.96 cm. Further analysis
of different CT scans revealed a consistent underesti-
mation in all groups. In the group of adrenal tumors
with a maximum diameter of less than 3 cm, the mean
diameter reported on CT was 2.32 cm in contrast to the
true histological size of 3.63 cm (P<0.001). We there-
fore proposed the formula Histologic Size = 0.85 +
(1.09 ¥ CT size) to correct the underestimated CT size
and thus to use the size criterion more accurately [48].
A recent study [49] showed that the above “Linos for-
mula” turned out to be significantly more accurate
than direct radiologic measurements in predicting the
real pathological size of the tumor.
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24.10 Imaging

In addition to assessing distant metastasis and tumor
size, imaging studies may suggest malignancy. On CT,
one may see a poorly delineated ragged tumor with
stippled calcifications and with areas of necrosis;
such lesions are suggestive of malignancy, especially 
if enlarged lymph nodes or local invasion is also de-
tected.

On MR imaging studies, one should look for het-
erogeneously increased, early T2-weighted signal,
weak and late enhancement after gadolinium injec-
tion or an intravascular signal identical to the tumor
signal.When NP59 scintigraphy is available,the lack of
(or very weak) uptake in the tumor and normal con-
tralateral uptake is suspicious for malignancy.Positron
emission tomography (PET) can be used following the
administration of 2-deoxy-2[18F]-fluoro-D-glucose.
The 18F-FDG-PET scan is a useful tool for confirming
isolated metastases and selecting patients for adrena-
lectomy. It has been used in studies to distinguish be-

tween primary and metastatic adrenal lesions, espe-
cially in patients with other primary malignancies [50]
(Fig. 3).

24.11 Fine-Needle Aspiration

Fine-needle aspiration (FNA) biopsy of a clinically in-
apparent adrenal mass has a limited role. It is useful in
cases of coexistent extra-adrenal carcinoma (usually
lung cancer) to confirm the radiologic evidence of ad-
renal metastasis. Generally, FNA cannot differentiate
cortical adenoma from carcinoma because it cannot
detect invasion of the tumor into the capsule.

In a study by Silverman and co-workers [51],3 of 33
FNA specimens that contained “benign”adrenal tissue
were later proved to be malignant. Each malignant le-
sion was smaller than 3 cm in diameter. In 14 patients
in whom the FNA was nondiagnostic, two masses
proved to be malignant.

Although it has been suggested that FNA is useful
in the differential diagnosis of a cystic adrenal mass,
we strongly object to such practice because cystic
pheochromocytomas are prevalent. Diagnostic punc-
ture of such a lesion (or of a rare cystic echinococcal
parasitic cyst) can be harmful to the patient. The pos-
sibility of seeding a malignant adrenal neoplasm in
the retroperitoneum is an additional reason that FNA
should be discouraged.

24.12 Genetic and Molecular Biology 
Studies

Currently, the only accepted criteria for determining
whether a clinically inapparent adrenal mass is benign
or malignant are metastasis (synchronous or meta-
chronous) and local invasion into adjacent structures.
The mapping and identification of genes responsible
for hereditary syndromes (e.g., multiple endocrine
neoplasia type 1,Li-Fraumeni) have increased our un-
derstanding of adrenocortical tumorigenesis. Onco-
genes and tumor suppressor genes involved in adrenal
carcinomas include mutations in the p53 tumor
suppressor gene. Amongst these, the Ki67 index (%
immunopositive cells) when above 5% can be a use-
ful indicator in the differentiation of adenomas from
carcinomas [52]. Adrenal carcinomas are monoclon-
al, whereas adrenal adenomas may be polyclonal 
in approximately 25–40% of cases [53]. Although
these findings do not have direct clinical applica-
tion, it is hoped that future research will facilitate
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mass was suspicious for malignancy on CT scan (a) but his-
tologically was proved a benign cortical tumor (b)



the diagnosis and predict the natural course of these
tumors.

24.13 Management of Clinically 
Inapparent Adrenal Masses:
Surgery Versus Follow-Up

Several recent studies that we briefly discussed de-
monstrated that:
1. A relatively high percentage of clinically inappar-

ent adrenal masses, especially adrenal cortical
adenomas, are subclinically functioning.

2. A relatively high percentage of patients with clin-
ically inapparent adrenal mass display pathologi-
cal features such as: impaired glucose tolerance,

insulin resistance, increased blood pressure, high
triglyceride levels, low HDL, central fat deposition
and reduced trabecular bone mineral density.

3. When adrenalectomy was done in patients who 
either had proven subclinical hypercortisolism or
even truly nonfunctioning tumors, the associated
abnormalities and symptoms (such as hyperten-
sion, obesity, altered glucose tolerance) were nor-
malized or significantly improved.

In the era of laparoscopic adrenalectomy that carries a
minimal mortality and morbidity, it appears logical to
advocate surgery in patients with clinically inapparent
adrenal mass when:
1. There is laboratory evidence for a subclinically

functioning tumor
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c A 2.9 cm potentially lethal pheochromocytoma



2. There are associated pathological features such as
hypertension, impaired glucose tolerance (or dia-
betes),pathological triglyceride profile,central fat
deposition, reduced bone mineral density

3. There is clinical and radiological evidence for pri-
mary or solitary metastatic adrenal carcinoma

The age and the anxiety of the patient should also play
a role in the decision to operate or not.

Conservative management is recommended of
those patients with clinically inapparent adrenal mass
in whom: (a) there is no clinical or laboratory evidence
for subclinical function of the tumor; (b) there are no
associated symptoms potentially related to the clini-
cally inapparent adrenal mass; (c) there is no suspicion
of adrenal carcinoma.In these patients a yearly check-
up should be continued for 5–10 years with the main
emphasis on the possibility that the silent, nonfunc-
tioning tumor may develop hyperfunction.

Limited, complete follow-up studies (with repeated
radiologic and hormonal evaluation) have been per-
formed on patients with clinically inapparent adrenal
masses. Barzon and associates [54] followed 75 pa-
tients with clinically inapparent adrenal masses [6],
observed them for a median of 4 years, and found 9
clinically inapparent adrenal masses to have enlarge-
ment. Overt Cushing’s syndrome developed in two
patients, subclinical Cushing’s syndrome in three and
clinical pheochromocytoma in one. No patient had a
malignancy. The estimated cumulative risks for mass
enlargement and hyperfunction were 18% and 9.5%
respectively after 5 years, and 22.8% and 9.5% after
10 years. In an other study [55], 53 patients with clini-
cally inapparent adrenal masses were followed for
6–78 months (medium 24 months).During the follow-
up, 22 lesions (41.5%) increased in size and 6 lesions
(11.3%) decreased in size or disappeared. No clinical-
ly inapparent adrenal mass grew or developed hyper-
secretion. Thus, during follow-up of the truly non-
functioning clinically inapparent adrenal masses,
yearly hormonal evaluation should be emphasized
rather than repeating imaging studies.

24.14 What Is the Best Surgical Approach
in the Management of Clinically 
Inapparent Adrenal Masses?

Traditionally, surgical approaches to the adrenals have
been anterior transperitoneal, posterior extraperi-
toneal and thoracoabdominal (for large tumors) [56].
The application of laparoscopic techniques in surgery

of the adrenal glands has essentially replaced all tra-
ditional open approaches in the same manner that
laparoscopic cholecystectomy has replaced traditional
open cholecystectomy.Because there are so many ben-
efits associated with the laparoscopic approach, open
andrenalectomy should be reserved for very large ad-
renal carcinomas invading the surrounding tissue. We
have compared the anterior,posterior and laparoscopic
approach in 165 patients who underwent adrenalecto-
my between 1984 and 1994 [57].Although in this study
we included our early cases and learning experience,
the advantages of the laparoscopic approach were
clearly shown in terms of morbidity (12.2% in the an-
terior approach,8.1% in the posterior approach and 0%
in the laparoscopic approach), mean operating time,
mean length of postoperative hospitalization (8.1 days
versus 4.5 days versus 2.7 days) and minimal postoper-
ative pain. The lack of long incisions and their im-
mediate and long-term complications (e.g., wound
infection, hernia, esthetic dissatisfaction) and the op-
portunity for an early return to full activity make the
laparoscopic approach the procedure of choice for
nearly all clinically inapparent adrenal masses, includ-
ing the laparoscopically removable primary or second-
ary carcinomas [31,58] (Fig.3).Although the posterior
open adrenalectomy has more advantages than the
anterior open andrenalectomy, the advantages of ante-
rior laparoscopic adrenalectomy outweigh the advan-
tages of the posterior laparoscopic approach [59, 60].
The anterior (or lateral) laparoscopic adrenalectomy
enables the removal of large tumors, the performance
of additional procedures (e.g., cholecystectomy) and
the performance of bilateral laparoscopic adrenalec-
tomies when indicated [61,62].We have simplified [63]
the anterior laparoscopic technique,which has become
easier and more “friendly”to the surgeon compared to
the originally described techniques [58]. Thus, more
and more surgeons will switch to the laparoscopic ap-
proach for the management of adrenal tumors.
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25.1 Introduction

Hereditary genetic syndromes associated with adrenal
tumors have become increasingly important to iden-
tify in order to appropriately treat not only the adrenal
disease but to recognize and manage other syndrome
manifestations as well. This association has been rec-
ognized in patients with pheochromocytomas, where
hereditary disease was recently identified in nearly
every fourth patient [64]. Fewer patients with adreno-
cortical tumors have had a genetic predisposition for
hereditary syndromes,all of which have been rare.The
identification of genetic syndromes can be expected to
become an increasingly important aid in disease clas-
sification and prognostic evaluation,and for the treat-
ment of individual patients.

25.2 Hereditary Pheochromocytoma

Classification � Paraganglia are neural ganglionic tis-
sues distributed from the middle ear and the base of
the skull, along the great vessels of the thorax and ab-
domen down to the pelvis. Chromaffin-negative para-

ganglia belong to the parasympathetic nerve system,
and act as chemical sensors involved in pH regulation
or oxygen sensing, similar to the carotid body. Chro-
maffin-positive paraganglia, including the adrenal
medulla, are part of the sympathetic nervous system,
and can secrete catecholamines in response to stress.
The specific function of extra-adrenal sympathetic
paraganglia (such as the organ of Zuckerkandel at the
aortic bifurcation) has not been clearly elucidated
[65].

Pheochromocytomas are uncommon tumors with a
characteristic chromaffin tissue reaction originating
in the neural crest-derived cells of the adrenal medul-
la,or in extra-adrenal sympathetic paraganglia,where
they may be denoted as extra-adrenal pheochromocy-
tomas.

The term “paraganglioma” should refer to neopla-
sia of the paraganglion system. The nomenclature
overlaps, since the name paraganglioma is commonly
used to depict only the non-functioning tumors orig-
inating in parasympathetic ganglia, which occur most
often in the head and neck region. The inactive para-
gangliomas in the head and neck are also called glo-
mus tumors, the most common of which originate in
the carotid body and are often called chemodectomas.

Prevalence of Hereditary Disease � It has long been
thought that most pheochromocytomas were sporadic
and only about 10% were hereditary,constituting part
of the familial syndromes, principally multiple en-
docrine neoplasia type 2 (MEN 2), von Hippel-Lindau
(VHL) disease, and rarely neurofibromatosis type 1
(NF 1) [10, 25, 34, 41, 46, 49, 62, 63, 65, 90, 91]. Recently
other germ-line mutations in genes encoding succi-
nate dehydrogenase subunits D and B (SDHD, SDHB)
were identified in familial paraganglioma, and in cas-
es of familial pheochromocytoma [3, 7, 31, 46, 65]. A
subsequent molecular study revealed an unexpected-
ly high incidence of hereditary disease by identifying
germ-line mutations in susceptibility genes for pheo-

25 Genetic Syndromes Associated with Adrenal Tumors

Göran Åkerström, Per Hellman



chromocytoma or paraganglioma, in as many as 24%
of patients in a large series of apparently sporadic
pheochromocytomas [64].Of patients with mutations,
45% had VHL mutations, 20% RET mutations, 17%
SDHD and 18% SDHB mutations. Young age, multifo-
cal or bilateral, and extra-adrenal tumors were signif-
icantly associated with mutations. Of patients pre-
senting at the age of 10 years or younger, 70% had
germ-line mutations, and VHL mutations in particu-
lar were identified in 42% of patients aged 18 years of
age or younger. Medullary thyroid carcinoma devel-
oped during follow-up in patients with RET mutations,
while hemangioblastoma,islet-cell pancreatic tumors,
or renal cell carcinoma appeared in patients with VHL
mutations, and glomus tumors in patients with SDHD
or SDHB mutations. This study emphasized that
hereditary disease may be more common in patients
with apparently sporadic pheochromocytoma and
paraganglioma than was previously anticipated. Iden-
tification of germ-line mutations is obviously crucial-
ly important for appropriate screening and manage-
ment of syndrome-associated lesions during follow-
up in both the proband and the family. Genetic
screening to disclose the hereditary tumor syndromes
should therefore be recommended routinely in pa-
tients with pheochromocytoma, and especially so in
young patients with multifocal or extra-adrenal tu-
mors. It should also be routine when diagnostic meth-
ods become readily available in patients with para-
ganglioma, where 50% may have a hereditary predis-
position.

25.2.1 Multiple Endocrine Neoplasia Type 2

In multiple endocrine neoplasia type 2 (MEN 2A),
which was described by Sipple in 1961 [75],virtually all
patients have medullary thyroid carcinoma, 50% have
pheochromocytoma, and approximately 15% hyper-
parathyroidism (HPT) [15,19,38].Variants of MEN 2A
include MEN 2A with cutaneous lichen amyloidosis,
and MEN 2A with Hirschsprung’s disease.

The MEN-2B syndrome is rare, and consists of
medullary thyroid carcinoma, pheochromocytoma in
approximately 50% of patients, and developmental
abnormalities consisting of a marfanoid habitus, tall
slender body and long extremities, thick lips, and mu-
cosal neuromas [68]. The characteristic mucosal neu-
romas often cover the anterior parts of the tongue,lips,
buccal mucosa,conjunctiva and eyelids.Gastrointesti-
nal complaints due to intestinal ganglioneuromatosis
with obstipation and megacolon are common, but

clearly have a different genesis than the aganglionosis
of Hirschsprung’s disease.

The medullary thyroid carcinoma is aggressive in
patients with MEN 2B,and often develops already dur-
ing the early years of life, with mean age at diagnosis
of approximately 16 years. Due to early development
the disease is often advanced at diagnosis, and cure by
surgery is rarely possible. Extensive local spread and
metastases from the thyroid carcinoma have been the
common cause of death. Most patients represent de
novo mutations where no other cases in the family can
be recognized.

The MEN-2 genetic syndrome also comprises cases
of familial medullary thyroid carcinoma, without evi-
dence of other endocrinopathies [26].

Genetics � MEN-2 patients have germ-line mutations
in the RET proto-oncogene, located on chromosome
10q11.2 [16, 27, 37, 44, 58, 59]. This large gene encodes
a tyrosine kinase receptor, with an important role for
neural growth differentiation.RET consists of 21 exons,
and has six “hot-spot”exons in either the extracellular
or the intracellular domains,where mutations occur in
more than 97% of MEN-2 patients [44, 46] (Table 1).
The result of many of these mutations is dimerization
at steady stage and constitutive activation of down-
stream signal transduction. Ligands to RET are glial

Göran Åkerström, Per Hellman252

Table 1. Specific mutations associated with multiple endo-
crine neoplasia type 2 and pheochromocytoma. This table
presents the most common mutations associated with 
MEN-2 and pheochromocytoma (FMTC, familial medullary
thyroid carcinoma). (From Kikumori et al. with permission)
[44]

Exon Affected Clinical % Of all
codon syndrome MEN-2

mutations

Extracellular domain

10 609 MEN-2A/FMTC 0–1
611 MEN-2A/FMTC 2–3
618 MEN-2A/FMTC 3–5
620 MEN-2A/FMTC 6–8

11 630 MEN-2A/FMTC 0–1
634 MEN-2A 80–90

Intracellular domain

13 790 MEN-2A/FMTC
14 804 MEN-2A/FMTC

806 MEN-2A (MEN-2B)
15 883 MEN-2B
16 918 MEN-2B 3–5



cell line-derived neurotrophic factor (GDNF), a mem-
ber of the transforming growth factor (TGF)-B family,
and neurturin [46]. Mutations of the ligands do not
cause medullary thyroid carcinoma or MEN 2, but
GDNF is mutated in 50% of patients with Hirsch-
sprung’s disease.

Extracellular Domain Mutations � Mutations in codon
634, exon 10 of RET account for 75–85% of all muta-
tions in MEN 2 and hereditary medullary thyroid car-
cinoma, and are most commonly associated with the
classical MEN-2A or Sipple’s syndrome [44, 46]
(Table 1). MEN 2A and cutaneous lichen amyloidosis
have been found only in persons with the 634 muta-
tion. Mutations of codon 609, 611, 618 and 620 consti-
tute an additional ~10% of mutations in MEN 2A [44,
46]. Mutations of these codons and codon 630 will
most commonly cause familial medullary thyroid car-
cinoma, but may also lead to MEN 2A. MEN 2A and
Hirschsprung’s disease have occurred with 609, 618
and 620 mutations.

Intracellular Domain Mutations � The most common
intracellular mutation is codon 918 of exon 16 in the
thyrosine kinase domain, which constitutes 3–5% of
all mutations,but has been found in more than 95% of
patients with MEN 2B [16,37,44,46,58] (Table 1).This
mutation affects the tyrosine kinase catalytic site of
the receptor protein.A smaller proportion of MEN-2B
patients have codon 883 mutations,whereas mutations
at codons 790 and 804 of the intracellular domain have
been associated with MEN 2A.

Pheochromocytomas in MEN 2 have been associat-
ed with certain RET mutations [44, 46, 58] (Table 1).
The risk of development of pheochromocytoma is
higher with 634 mutations than with other exon 10
and 11 mutations at codons 609, 611, 618, 620 and 630.
Pheochromocytomas occur also with mutations in 
the intracellular domain,codons 790,804,806,883 and
918 [46].

Genetic testing for the MEN-2 syndrome is well es-
tablished clinically,and thus makes it possible to advise
prophylactic thyroidectomy and a clinical surveillance
program for individuals with the diseased gene [44,46,
58, 64, 65]. Screening of exons 10, 11, 13, 14, 15, and 16
excludes 99% of mutations associated with hereditary
disease.Screening is recommended at the age of 6 years
in MEN 2A, and immediately after birth in MEN-2B
kindred, in order to avoid deaths from thyroid carci-
noma. Genetic testing has been included in the clinical
management of MEN-2 patients more than in any 
other genetic malignancy [44, 46, 58, 64, 65].

Characteristics of Pheochromocytomas in MEN 2 �
Pheochromocytomas have occurred in 30–55% of
MEN-2A and 50% of MEN-2B patients [15, 19, 38, 68].
Medullary thyroid carcinoma has generally been di-
agnosed before or concomitantly with the pheochro-
mocytoma in MEN 2A and B, and consequently
pheochromocytomas have rarely (10–25%) been the
first expression of the syndrome [19, 26, 38, 59, 68].
When medullary thyroid carcinoma is diagnosed first,
pheochromocytomas have developed after an average
duration of 11 years [15, 23, 57, 58]. Mean age at diag-
nosis of pheochromocytomas in MEN 2A is 37 years,
and in MEN 2B 25 years [15, 19, 23, 38, 57, 58].
The pheochromocytomas are frequently bilateral and
multifocal in MEN 2 (Fig. 1), but may develop asyn-
chronously [50, 53, 58, 86].

The histological patterns of the adrenal medulla are
similar in MEN 2A and B, with single or multiple tu-
mors in a background of micronodular, or diffuse,
medullary hyperplasia [18,23,53,58,70,86,87] (Fig.1).
A diameter >1 cm has been used to distinguish
pheochromocytomas from nodules of smaller size.

Pheochromocytomas in MEN 2 are rarely extra-ad-
renal (<1%) [15, 19, 50, 57, 86]. Malignant pheochro-
mocytomas are uncommon (around 10%), but are
more likely to be present with large tumors, and in tu-
mors exceeding 5 cm in diameter [15, 18, 19, 50, 53, 57,
86, 87]. Histological features have been uncertain de-
terminants of benign versus malignant tumors, and 
a diagnosis of malignancy has generally required
demonstration of metastases. On occasion the malig-
nant diagnosis has been disclosed only after decades
of follow-up [17, 18, 46, 47, 63, 70, 87, 91], and in older
series the malignancy rate has reached nearly 25% af-
ter ~25 years of follow-up [17, 47].

Diagnosis, Clinical Features � Measurement of the 
24-h urinary epinephrine, norepinephrine and meta-
nephrine excretion is usually diagnostic for pheochro-
mocytoma in MEN-2A and B patients [33]. Determi-
nation of plasma metanephrines may be even more
predictive and has now been introduced at many 
centers [24]. Pheochromocytomas in MEN-2 patients
predominantly excrete epinephrine and metanephrine,
and present an adrenergic biochemical phenotype [47].
Computed tomography (CT) or magnetic resonance
imaging (MRI) can usually efficiently visualize the
pheochromocytoma in MEN-2 patients, and may
routinely identify lesions larger than 1 cm. Positron
emission tomography (PET) can be used with [11C]-
hydroxyephedrine as a marker for functional diagno-
sis of medullary lesions, and [11C]-metomidate as a
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marker for cortical lesions [43, 73] (Fig. 1). Functional
diagnosis may sometimes be important since inciden-
tal cortical tumors may occur with some prevalence in
patients with a presumed pheochromocytoma diag-
nosis as they do in the normal population (Fig. 2).
131MIBG has been of less value for routine screening of
the MEN-2 patients, but may be of special value in ex-
tra-adrenal and occult pheochromocytomas,or for the
detection of metastases [76,84].Pheochromocytomas

frequently express somatostatin receptors, but octre-
oscans have not been specific or sensitive enough to be
routinely utilized for pheochromocytoma diagnosis
[48, 84].

Annual biochemical screening and CT is done to
exclude development of pheochromocytoma in pa-
tients with MEN 2. Unrecognized pheochromocy-
tomas may cause significant morbidity and mortality
during surgical procedures or pregnancy, and should
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Fig. 1. a CT image of bilateral adrenal tumors in a MEN-2B
patient; b with bilateral uptake of [11C]-hydroxyephedrine on
PET investigation; and c no uptake of [11C]-metomidate.
Histopathological examination of operative specimens in this
patient revealed bilateral pheochromocytomas with con-
comitant medullary hyperplasia in both adrenals; d right ad-
renal; e left adrenal (d and e represent chromogranin-stained,
rearranged operative specimens). Pheochromocytoma with
vague demarcation towards concomitant medullary hyper-
plasia is typical for MEN2



always be excluded prior to thyroidectomy for me-
dullary thyroid carcinoma.

Due to increased detection by screening, ~50% or
more of MEN-2 patients with pheochromocytoma
have been found to be asymptomatic at the time of di-
agnosis. Patients with symptoms have had the com-
mon complaints of headache, palpitations, excessive
sweating, and hypertension.

Surgical Treatment � Prior to pheochromocytoma
surgery MEN-2 patients need a-receptor blockade as
do patients with sporadic disease. Pheochromocy-
tomas in MEN 2 are currently generally removed by la-
paroscopy, with only the few large tumors needing
open surgery [11, 12, 30, 85]. Megacolon in MEN-2B
patients may be managed with open insertion of the
laparoscope [12]. Bilateral tumors can be removed by
bilateral laparoscopy, which is time-consuming be-
cause the patient’s position has to be changed. This is
probably associated with better patient comfort than
open surgery via a subcostal incision, which can also
be performed.

Since virtually all MEN-2 patients have bilateral
nodular hyperplasia with a strong disposition for bi-
lateral tumors, it has been controversial whether pa-
tients with unilateral tumors should be treated with
routine bilateral adrenalectomy, or if unilateral
adrenalectomy might be sufficient [12,19,50,53,58,86,
87]. Most surgeons still support excision of the unilat-
eral pheochromocytoma only, and will leave a macro-
scopically normal gland for careful follow-up [12, 50,
58, 86]. After unilateral adrenalectomy for pheochro-

mocytoma in MEN 2, the risk of recurrent contralat-
eral pheochromocytoma has been 33% after 5 years,
and 50% after 11 years, of follow-up [23, 50, 53, 57, 58,
66,86].The contralateral tumors have developed espe-
cially in patients where the size of the primary tumor
exceeded 5 cm [86].

When bilateral adrenalectomy has been required
the patients can be managed with glucocorticoid and
mineralocorticoid replacement, combined with dehy-
droepiandrosterone in females, to prevent osteoporo-
sis and improve well-being [1, 94]. The addisonian
crisis is reported to develop in 25–33% of patients,and
almost half of patients may feel handicapped despite
adequate hormonal substitution [12, 50, 58].

In order to avoid adrenal insufficiency, efforts have
been made to preserve adrenal function by partial
“cortical-sparing” open adrenalectomy for familial
pheochromocytomas [4, 51, 63, 66, 88]. In one series
with long-term follow-up, recurrence was reported in
21% of patients, and all of these were MEN-2 patients
[51].Recently there has been increased interest in per-
forming unilateral or even bilateral partial adrenalec-
tomies by laparoscopy [4, 40, 51, 63, 92, 95]. These pro-
cedures can be aided by intraoperative ultrasound,but
are rather time-consuming (average operative time for
bilateral procedures 8 h), and more difficult and po-
tentially hazardous with lesions larger than 4 cm [94].
Some authors avoid partial adrenalectomy in MEN-2
patients due to the general presence of medullary hy-
perplasia, and do this mainly in VHL patients (Fig. 2).
Transplantation of adrenal cortex has been successful
in isolated patients [39].

25.2.2 Von-Hippel Lindau Disease

Von Hippel-Lindau (VHL) disease is an autosomal
dominant disorder where patients have central nerv-
ous system hemangioblastoma (cerebellar, cerebral
and spinal),retinal angioma,renal cysts and renal car-
cinoma, endolymphatic sac tumors, neuroendocrine
tumors and cysts of the pancreas,epididymal cystade-
noma, and pheochromocytoma in varying combina-
tions [21, 28, 29, 74]. The incidence has been estimat-
ed to 1/36,000 [54]. Patients have been classified as
VHL type 1 without pheochromocytoma, and VHL type
2 with pheochromocytoma. Type 2A appears without
renal carcinoma (and low frequency of heman-
gioblastoma and retinal angioma); type 2B patients
have renal carcinoma (and high frequency of other
manifestations), and type 2C patients have only
pheochromocytoma [92]. Deaths have been due to
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Fig.2. Adrenal pheochromocytoma and adjacent cortical in-
cidentaloma (arrow).The possible presence of incidental cor-
tical tumors emphasizes the need for functional diagnosis of
adrenal tumors



complications of cerebellar hemangioblastoma, or
metastatic clear cell renal carcinoma [29]. Retinal le-
sions may cause blindness due to retinal detachment
or hemorrhage, but usually respond to treatment with
laser or cryotherapy [29]. Pheochromocytomas have
been found in 7–20% of VHL families, with a cumula-
tive occurrence of 15% in VHL patients [4, 29]. VHL
germ-line mutations may cause at least 10–20% of all
pheochromocytomas, and many cases represent de
novo mutations, where the VHL disease has not been
recognized [21, 64].

Genetics � The VHL gene located on chromosome
3p25–26 is a tumor suppressor gene.VHL type 1 fam-
ilies most often have larger deletions of the VHL gene,
with a resulting non-functioning protein [74]. VHL
type 2 families with pheochromocytoma often have
missense mutations (92%), with a functioning VHL
protein, which may be necessary for the development
of pheochromocytoma [21, 46, 92]. Among mutation
carriers in type 2 families there is a 60–80% risk of de-
veloping a pheochromocytoma. Missense mutations
in codon 167 have been found in 33% of VHL patients
with type 2 disease and pheochromocytoma [91].

VHL Pheochromocytoma � Pheochromocytomas
may be the first manifestation of VHL. The disease of-
ten presents in young patients (median age 28 years)
and is a common cause of pheochromocytomas in
children [29, 46, 72, 74, 91]. The pheochromocytomas
are often small, multifocal and bilateral (50%) at the
time of diagnosis [4, 29, 46, 72, 94]. Extra-adrenal
pheochromocytomas occur in 12%, most of them ab-
dominal, but rare thoracic, neck and middle ear para-
gangliomas have also been reported [65, 91]. Thus,
multifocal tumors can be expected in >60% of VHL
patients. Malignant pheochromocytomas have been
encountered in 3%, the risk being higher with large 
tumors (>5 cm). Occasional patients present with
metastatic malignant disease (personal observation).

Many VHL pheochromocytomas are small and
functionally inactive, and patients are often nor-
motensive and asymptomatic, especially when detect-
ed by screening [4, 29, 72, 91, 94]. They still constitute
a serious threat because a sudden release of cate-
cholamines may occur during surgery or pregnancy
and cause unexpected death [4, 35]. VHL pheochro-
mocytomas mainly release norepinehprine, indicating
a biochemical noradrenergic phenotype [47].

Recommendations from the National Institute of
Health infer that lifelong monitoring of all VHL pa-
tients, apart from ophthalmologic examination and

MRI of brain and spine, should include screening for
pheochromocytoma [29]. This may be done by deter-
mination of urinary catecholamines (or plasma
metanephrines), and abdominal CT (or ultrasound in
young individuals) every 1–2 years. Screening for
pheochromocytoma should begin at the earliest re-
ported age of diagnosis,which has been 4 years [91].A
large proportion of VHL patients (35%) with smaller
pheochromocytomas initially have normal urinary
catecholamines [4,24].Plasma metanephrines may be
better for screening and have demonstrated a 97% sen-
sitivity [4, 24, 91]. MIBG may be negative in 40% of
VHL pheochromocytomas, and functional diagnosis
may be efficiently made by [11C]-hydroxyephedrine
PET [73].

Surgical Treatment � When evaluating VHL patients
for surgery it is important to ensure that other VHL
manifestations are correctly treated.VHL patients may
have pheochromocytomas and concomitant extra-ad-
renal paraganglioma, and also renal carcinoma and
endocrine pancreatic tumors (most likely non-func-
tioning).

Small, apparently non-functioning and slow grow-
ing VHL pheochromocytomas may be followed with-
out surgery, if urinary catecholamines and plasma
metanephrines are normal [91, 93]. Surgery is recom-
mended for larger (>2 cm) and symptomatic tumors,
but should also be considered when other surgery is
indicated or pregnancy planned. Prior to surgery 
the patients should be treated with a-blockade as in
other pheochromocytoma patients.

Laparoscopic removal is recommended for both
unilateral and bilateral tumors. After unilateral
adrenalectomy new pheochromocytomas have devel-
oped in the remaining adrenal gland in 19–33% of pa-
tients after a median of 4 years [94]. Laparoscopic
partial adrenalectomy has been advocated and half to
one-third of one adrenal has appeared sufficient to
avoid corticoid replacement therapy [4, 39, 40, 92, 94,
95].Partial adrenalectomy may be especially well suit-
ed for VHL pheochromocytoma, since VHL patients
generally lack adrenal medullary hyperplasia [4, 47]
(Fig. 3). Ultrasound is of value to help localize a tumor
[94]. The right adrenal tail contains little medullary
tissue, and the risk of recurrence in a remnant in this
location is most likely limited [94]. Partial adrenalec-
tomy is recommended mainly for smaller tumors
(2–3 cm in diameter) or those located at one end of the
adrenal gland. Larger tumors (>4 cm) may cause dis-
tortion and make partial adrenalectomy more diffi-
cult, and are associated with increased risk of recur-
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rence [94].Recurrence can be expected after partial re-
section,but generally with a long delay; repeat surgery
is then indicated [4].

25.2.3 Neurofibromatosis

Neurofibromatosis or von Recklinghausen’s disease is
characterized by multiple café-au-lait spots appearing
early in life, multiple subcutaneous or cutaneous neu-
rofibromas, optic gliomata, iris hamartomas (LISCH
nodules), and specific dysplastic bone lesions (sphe-
noid dysplasia, pseudarthrosis, or scoliosis) [27, 46,
93]. The patients may develop sarcomatoid degenera-
tion of neurofibromas (rhabdomyosarcoma), malig-
nant peripheral nerve sheet tumors,and brain tumors.

Neurofibromatosis occurs in families without
acoustic neuromas (neurofibromatosis type 1, NF1),
and those with acoustic neuromas (neurofibromatosis

type 2, NF2). NF1 affects1/4,000 individuals, and is the
most common familial cancer syndrome with predis-
position to pheochromocytoma [46]. However, the
risk of pheochromocytoma is low in NF1, about 2%
[46, 93]. In autopsy series the prevalence of pheochro-
mocytomas has been 3–13% [93]. Pheochromocy-
tomas are not part of NF2, for which the gene has been
located to chromosome 22 [71, 93]. NF1 patients may
suffer from macrocephaly,height retardation,and cog-
nitive disorders [32]. They may also present with duo-
denal carcinoid tumors (often in the papilla of Vater),
with positive staining for somatostatin, and they may
have combinations of such carcinoid tumors and
pheochromocytoma [42, 93, 96]. NF1 patients have
also had the occasional co-occurrence with thyroid
carcinoma [14, 60, 93].

Genetics � NF1 is an autosomal dominant trait with
variable expression,and 50% of patients represent new
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Fig. 3. a CT image of bilateral and multifocal pheochromocytomas in a VHL patient, one tumor in the left and two in the right
adrenal. Histopathological examination revealed one left (b) and two right-sided pheochromocytomas (c, d), without signs
of adrenal medullary hyperplasia (b, c and d represent chromogranin-stained rearranged operative specimens). The adrenal
medulla in VHL patients is typically normal or atrophic



mutations [46]. The NF1 gene is a tumor suppressor
gene mapped to chromosome 17q11.2 [46].Because of
the large gene size mutation analysis has been difficult,
although recent reports have indicated that 70% of
NF1 patients have truncation mutations [69].The gene
product, neurofibromin, has homology with guano-
sine triphosphatase (GTPase)-activating proteins, in-
volved in regulation of ras oncoproteins [46]. NF1 ac-
counts for more than 90% of cases with neurofibro-
matosis.As many as 30–50% of NF1 patients represent
new germ-line mutations and have no family history
of neurofibromatosis [46,93].Specific mutations asso-
ciated with pheochromocytoma have not been identi-
fied in NF1.

Pheochromocytomas � Pheochromocytomas in NF1
occur at a later age than in MEN 2 and VHL, with a
mean age at diagnosis of around 50 years, and seldom
occur before 20 years of age [46]. The NFI pheochro-
mocytomas are mainly norepinephrine secreting. Ap-
proximately 10% of NF1 patients with pheochromo-
cytoma have multiple or bilateral tumors [93]. Extra-
adrenal pheochromocytomas are rare in NF1 (6%).
Malignant pheochromocytomas, with metastases to
liver,lung,and bone,have been reported in 12%.Mixed
pheochromocytoma and ganglioneuroma, gan-
glioneuroblastoma, and neuroblastoma may also oc-
cur [93].

Clinical Features/Treatment � NF1 has been associat-
ed with high incidence of spontaneous abortions [93].
Undiagnosed pheochromocytomas in NF1 patients
during pregnancy have caused high fetal and maternal
mortality, and patients should be evaluated for
pheochromocytoma before pregnancy is planned
[93]. Neurofibromatosis may be challenging for the
anesthesiologist due to facial deformity or presence 
of neurofibromas obstructing the airway, and pos-
sible adverse reactions to neuromuscular blockade.
The treatment is surgical as for other pheochromo-
cytomas.

25.3 Hereditary Extra-adrenal 
Paraganglioma

Paragangliomas are rare tumors of the parasympa-
thetic system composed of neural crest-derived chief
cells. Tumors of the head and neck region occur most
often in the carotid bodies, which sense hypoxia and
may stimulate increase in heart rate and ventilation
[5]. Other locations include the jugular, vagal, tym-

panic, and mediastinal paraganglia. Both parasympa-
thetic paraganglioma and sympathetic, extra-adrenal
pheochromocytomas may occur around the abdomi-
nal aorta,mainly in the upper abdomen,and in the or-
gan of Zuckerkandel at the aortic bifurcation. Para-
gangliomas are thought to be hereditary in 50% of
cases, with an autosomal predisposition for the devel-
opment of tumors mainly in other parasympathetic
ganglia [7, 9]. Some families may develop tumors in
sympathetic paraganglia, as extra-adrenal pheochro-
mocytoma, and some families have combinations of
these two entities, and adrenal pheochromocytomas.

Genetics � The enzyme complex succinate dehydro-
genase (SDH) is part of the mitochondrial complex II
with an important role in the mitochondrial respira-
tory chain. Proteins SDHA and SDHB form the cat-
alytic core of the enzyme complex, while SDHD and
SDHC form to anchor complex II to the inner mito-
chondrial membrane [20,65].The mitochondrial com-
plex is thought to play a role in the oxygen sensing of
the carotid body. Germ-line mutations in the mito-
chondrial complex II genes, SDHD at chromosome
11q23,SDHB at chromosome 1p36,and SDHC at chro-
mosome 1q21–23, are reported to cause hereditary
paraganglioma (PGL) [2, 5, 9, 20, 46, 65, 67, 79]. SDHD
gene mutations (PGL1) are revealed in a majority
(50%) of families with hereditary head and neck
parasympathetic paraganglioma, and in one family
with both parasympathetic and sympathetic paragan-
glioma. SDHD acts as a tumor suppressor gene, and in
PGL1 families the disease is expressed only with mu-
tation transmitted by the father, indicating imprinting
of the maternal gene. Germ-line SDHB mutations
(PGL2) are reported in 20% of families with head and
neck paragangliomas [5]. SDHB mutations are more
common in families with adrenal or extra-adrenal
sympathetic paragangliomas, with or without para-
sympathetic paragangliomas (Fig. 4). Both maternal
and paternal imprinting has been demonstrated for
SDHB mutations [9]. In some families the SDHB pos-
itive parent had not presented with disease although
the proband had manifested disease at an early age,in-
dicating a variably penetrant gene. It is claimed to be
important to test for SDHB mutations in patients with
pheochromocytoma,with or without associated para-
gangliomas, especially in families where the proband
is young and no parent has evidence of disease [9].Co-
occurrence of head and neck or extra-adrenal para-
ganglioma or pheochromocytomas, in the same per-
son or other family members, indicates germ-line mu-
tations in mitochondrial complex II genes. Germ-line
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SDHC gene mutations (PGL3) have been revealed in
one family [5].

Paragangliomas should be surgically resected if
possible. The most common carotid body paragan-
glioma generally does not involve the internal carotid
artery (Fig. 5). Larger paragangliomas, especially in
the abdomen, may be locally invasive and require ex-
tensive surgery for removal (Fig. 6).
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Fig. 4. a CT image of a large pheochromocytoma growing
around the abdominal vena cava and aorta (arrow) in a 14-
year-old boy with severe hypertension and norepinephrine
excess. The tumor was removed with the vena cava below the
renal veins, without aortic resection. b Recurrence occurred
after 7 years with a Zuckerkandel extra-adrenal pheochro-
mocytoma below the aortic bifurcation (again norepineph-
rine excess) displayed in an MRI image (arrow). This tumor
was successfully removed. The patient’s mother had a history
of adrenal pheochromocytoma and pharyngeal paragan-
glioma.Mutation in the SDHB gene was identified in this fam-
ily [3, 79]

Fig.5. Angiographic image of carotid body tumor in a patient
with a previous operation for pheochromocytoma, with typ-
ical vascular supply from the external carotid artery (arrow).
The patient has high risk for SDHB mutation and will be sub-
jected to genetic investigation

Fig. 6. a Patient with cervical paraganglioma (arrow) at the
origin of the vertebral artery,which was resected.b The patient
had concomitant extra-adrenal paraganglioma involving part
of the left kidney and growing around the abdominal aorta.Re-
moval of the tumor required resection of the abdominal aorta
and multiple separate grafts to major abdominal arteries



25.4 Hereditary Cortical Tumor 
Syndromes

25.4.1 Multiple Endocrine Neoplasia Type 1

Adrenocortical lesions are overrepresented in MEN 1
patients (36–41%),and the majority are bilateral,non-
functioning adrenal cortical hyperplasia, or adenoma
[13, 77, 78]. Adrenocortical carcinoma is exceedingly
rare [13, 78]. The adrenocortical lesions in MEN 1 are
probably not due to menin gene mutations [78]. They
seem to occur especially in patients with endocrine
pancreatic tumors, and are hypothetically thought to
be due to the influence of locally secreted insulin and
insulin-like growth factors [78].The lesions need to be
removed for malignancy prevention if there is obvious
growth, or if the tumor diameter exceeds 3 cm.

25.4.2 Carney Complex

The Carney complex (CNC) was first reported in 1985.
CNC is described as a form of multiple endocrine hy-
perplasia, with tumors of two or more endocrine
glands, including primary pigmented adrenocortical
disease (PPNAD), GH- and prolactin-producing pitu-
itary adenomas, testicular neoplasms, thyroid adeno-
ma or carcinoma, and ovarian cysts [81, 82].

A minority group of CNC patients presents during
the first 2–3 years of life,but the majority in the 2nd or
3rd decade. Spotty skin pigmentations are the most
common manifestation at the time of presentation,but
are not invariably present. Pigmentations include blue
nevi and café-au-lait spots, which may be seen on the
border of the lips, the conjunctiva, and on the vaginal
and penile mucosa. Heart myxomas may occur at a
young age; other myxomas with predilection for eye-
lids, nipple, and external ear canals may also be iden-
tified in infancy. Mammary myxoid fibroadenomas
may occur together with other myxoid changes.Cush-
ing’s syndrome is the most common endocrine mani-
festation, and is characterized by an atypical, asthenic
rather than obese body habitus, and sometimes a pe-
riodic Cushing’s syndrome. Cushing’s syndrome is al-
ways caused by PPNAD, which typically consists of
multiple, small, pigmented nodules, and typical atro-
phy between nodules. Acromegaly may occur in 10%
of patients, being due to a GH-secreting pituitary ade-
noma. Testicular tumors can be of different types, and
occur in half of affected males; testicular microcalcifi-
cations can be visualized by ultrasound in every adult
male patient. Thyroid nodules may be seen by ultra-

sound in 75% of patients; most represent follicular
adenomas,and occasional patients may have follicular
thyroid carcinoma.

Genetics � Half of CNC cases are familial [81, 82]. The
syndrome is autosomal dominant, but transmission
most often occurs with a female affected parent. Two
genetic loci have been identified in CNC families. One
locus is found at chromosome 2p16, where the gene is
not yet identified [83].Several other CNC families have
mapped to another locus at chromosome17q22–24.At
this locus the PRKARIA gene coding for a regulatory
subunit of protein kinase A is identified as a tumor
suppressor gene responsible for development of the
disease [45].

Clinical and biochemical screening is recommend-
ed for the diagnosis of CNC.Testing for PRKARIA mu-
tations is not presently recommended for patients with
CNC, but is suggested for patients from families with
known mutations, to avoid medical surveillance of
non-carriers [82].

25.4.3 Beckwith-Wiedemann Syndrome

The Beckwith-Wiedemann syndrome (BWS) is a rare
disease characterized by macroglossy, earlobe pits or
creases, abdominal wall defects, gigantism, and with
increased risk of benign or malignant tumors of mul-
tiple organs [8,36,97].Most common is Wilms’tumors
of the kidney, rhabdomyosarcoma, hepatoblastoma,
and adrenal carcinoma. Most BWS cases are sporadic;
families exist with an autosomal dominant trait with
incomplete penetrance. BWS maps to chromo-
some11p15.5, and uniparental paternal isodisomi for
this locus including the IGFII gene have been identi-
fied in affected individuals [36]. Complete loss of one
IGFII allele and a duplication of the remaining allele in
association with IGFII overexpression are demon-
strated in tumors of the BWS.

25.4.4 Li-Fraumeni Syndrome

The Li-Fraumeni syndrome is a rare, autosomal, dom-
inant familial syndrome with high incidence of multi-
ple malignancies at an early age, including breast can-
cer,leukemias,soft tissue sarcomas,gliomas,laryngeal
carcinoma, lung cancer and adrenocortical carcinoma
[52,55].Affected patients often develop the first tumor
before the age of 30 years, and new neoplasms are of-
ten encountered especially in patients treated with
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chemotherapy or irradiation [55].The disease is due to
germ-line point mutations in the p53 tumor suppres-
sor gene, situated at chromosome 17p13 [80]. The sec-
ond allele is inactivated in tumors by deletion of the
short arm of chromosome 17 (17p).p53 germ-line mu-
tations are found in children with adrenocortical car-
cinoma without the classical family history of the Li-
Fraumeni syndrome [89]. It has been recommended
that genetic testing for p53 mutations should be un-
dertaken in all children with adrenal cancer; and that
also the relatives should be tested.

25.4.5 Familial Adenomatous Polyposis

Familial adenomatous polyposis (FAP) is an auto-
somal dominant disorder with multiple adenomatous
polyps of the colon and rectum, which can undergo
malignant change [46]. The adenomatous polyposis
coli (APC) gene is located at 5q21.Spontaneous germ-
line mutations are common. Somatic APC mutations
are seen in many other human carcinomas. Patients
with FAP develop various extracolonic manifesta-
tions, including adrenocortical adenomas and car-
cinomas and with an apparent higher incidence than
in normal individuals [56]. The incidence of adrenal
incidentaloma thus appears to be increased, 7.4%
compared to 0.6–3.4% reported for a normal popula-
tion.
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26.1 Introduction

Adrenal tumors identified during pregnancy are ex-
traordinarily rare. While incidentalomas (adrenalo-
mas) are commonly identified with abdominal com-
puted tomography (CT) imaging (1–4%) or autopsy
(5–17%), pregnant women should undergo neither
CT scanning nor autopsy! [8]. Therefore, identifying
those rare, functioning adrenal tumors during
pregnancy is uncommon. The most widely reported
of this unique combination is with pheochromo-
cytomas. Its prevalence in full-term pregnancies is
1/50,000–54,000 [12]. Other adrenal tumors found
during pregnancy are even more unusual; in fact, the
English medical literature uncovers only 18 pregnant
women with aldosteronomas and 97 with cortisol
producing tumors [11, 13]. Such rarity should not be
surprising: uncovering inherently very rare retroperi-
toneal tumors that may affect weight gain, swelling,
hypertension, headache, malaise, and the like during a
9-month gestational period in young women is diffi-
cult (Fig. 1). Clearly, to identify such rare lesions, one
must have serendipity, a high index of suspicion, or
the adrenal tumor must be “functional” (hormonally
active).

At the Mayo Clinic in Rochester, Minnesota, only 4
cases of adrenal tumors were reported in 30,246 preg-
nant patients between 1975–1996 [5]. These four pa-

tients, plus a recent fifth case, showcase, and well rep-
resent, the rare patients surgeons may encounter and
highlight truisms for their treatment.

Patient 1: A 36-year-old woman at 27 weeks’ gesta-
tion (gravida 2, para 1) presented to the emergency
room with intractable emesis and dyspnea. She 
suffered a myocardial infarction (Fig. 2) resulting in
her death and that of her fetus. At autopsy an un-
suspected right-sided pheochromocytoma measuring
13¥10¥10 cm was found.In retrospect,during her pre-
vious pregnancy she had experienced symptoms (pal-
pitations, flushing, headache, and emesis) of cate-
cholamine excess.Unfortunately most adrenal tumors
will be masked by the “symptoms” of a normal preg-
nancy – and most adrenal tumors will, therefore, go
undiagnosed.
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Fig.1. The retroperitoneal location of the adrenal glands and
the hormonal milieu of pregnancy make detection difficult



Truism #1 One needs a high index of suspicion to 
diagnose adrenal tumors!

Truism #2 Most pregnant women with symptomatic
adrenal masses have pheochromocyto-
mas.

Truism #3 Untreated pheochromocytomas are lethal.

pregnancy while undergoing routine screening for
vHL disease. Early in the second trimester (17 weeks),
she underwent an open right adrenalectomy, distal
pancreatectomy,and an elective suction and curettage
with bilateral tubal ligation. She died 3 years later due
to metastatic pancreatic islet cell cancer.

Truism #4 Most adrenal tumors – whether in preg-
nant or non-pregnant patients – are found
serendipitously.

Truism #5 Familial endocrine syndromes (multiple
endocrine neoplasia [MEN], vHL, etc.)
should lower thresholds to evaluate pos-
sible adrenal abnormalities.

Truism #6 If surgical intervention is advisable during
pregnancy, the second trimester is best.

Patient 3: A 22-year-old woman (gravida 2, para 1)
was seen at 12 weeks’ gestation with increasing weak-
ness and fatigue. Identification of hypertension and
hypokalemia led to documentation of hyperaldos-
teronism and suppressed renin levels. An abdominal
magnetic resonance imaging (MRI) study showed a
3¥2¥2-cm right-sided adrenal mass (Fig. 4). She had
induced labor at 32 weeks’gestation for superimposed
preeclampsia. The infant had respiratory distress
syndrome for 15 days but eventually recovered. Two
months postpartum the mother underwent a right-
sided posterior adrenalectomy without complication.
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Fig. 2. An electrocardiogram showing evidence of ST segment elevation compatible with myocardial infarction

Fig. 3. Magnetic resonance imaging reveals a right-sided ad-
renal mass in a young woman with von Hippel-Lindau dis-
ease. (From Harrington et al. [5]. Reprinted with permission
of Springer-Verlag)

Patient 2: A 29-year-old woman (gravida 2, para 1)
with a family history of von Hippel-Lindau (vHL) dis-
ease was found to have a 3-cm right adrenal mass
(Fig. 3), a 6-cm pancreatic mass, and an unsuspected



Truism #7 MRI is the best imaging modality to visu-
alize adrenal glands during pregnancy.

Truism #8 Most adrenal masses found during preg-
nancy do not require immediate resection.

Truism #9 Functional adrenal tumors carry morbid-
ity to the mother and the fetus.

Patient 4: A 21-year old woman (gravida 2,para 1) pre-
sented at 30 weeks’ gestation complaining of intermit-
tent right upper quadrant abdominal and back pain.
Abdominal ultrasonography (US) revealed a healthy

fetus (Fig. 5) and a 6¥5¥4-cm solid right-sided adre-
nal mass (Fig. 6). An exhaustive endocrine work-up
found no laboratory abnormalities. The patient deliv-
ered a healthy baby at 39 weeks’ gestation. A postpar-
tum CT scan showed a heterogeneous mass (Fig. 7).
The mass was resected laparoscopically and found to
be a benign adrenal adenoma with central hemor-
rhage (Fig. 8).
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Fig.4. Magnetic resonance imaging identifying a right-sided
aldosteronoma. (From Harrington et al. [5]. Reprinted with
permission of Springer-Verlag)

Fig. 5. Ultrasonography depicts a healthy fetus

Fig.6. Ultrasonography identifies a 6-cm right adrenal mass.
(From Harrington et al. [5]. Reprinted with permission of
Springer-Verlag)

Fig.7. Postpartum computerized tomographic scan showing
a heterogeneous right adrenal mass



Truism #10 Most adrenal masses are benign.
Truism #11 Laparoscopic adrenalectomy is the gold

standard procedure for all patients un-
less hemodynamic instability or tumor
size compromise surgical technique.

Truism #12 Laboratory testing during pregnancy is
an inexact science.

Patient 5: A previously healthy 38-year-old woman de-
veloped difficulties during early pregnancy. Extended
work-up led to identification of a large adrenal mass
(Fig. 9). Concern for malignancy arose, surgical con-
sultation was obtained, and an open adrenalectomy
was performed. Histologic analysis revealed adrenal
cortical carcinoma (ACC). The patient is fit and well
now 9 months later.

Truism #13 Although rare, physicians must worry
about adrenal masses being malignant.

Truism #14 Most adrenal masses occur in women.
Truism #15 Adrenalectomy is the only treatment for

ACC.

26.2 Diagnosis and Risk

Early diagnosis and expedient treatment facilitate 
fetal and maternal survival in most pregnant patients
with adrenal tumors. Unfortunately, in the undiag-
nosed mother with a pheochromocytoma,the mortal-
ity rate is 17–48% [12]. When the tumor is diagnosed
in the antenatal period, maternal mortality rates are
2–4% [10]. Diagnosis intrapartum or after delivery
carries a maternal mortality of 14–25% [10]. Diagno-
sis before delivery has a fetal mortality of 11–15%. In
delayed diagnosis, fetal mortality is a staggering 26–
54%.While it is important to diagnose adrenal abnor-
malities,the accuracy is clearly suboptimal in the preg-
nant patient. In fact, the sensitivity is 89% and speci-
ficity 67% for diagnosing pheochromocytomas in
pregnancy [10].

The maternal mortality in undiagnosed pregnant
women with cortisol-producing tumors with 5 years of
follow-up is 50% [3]. The complications of being hy-
percortisolemic during pregnancy are hypertension
(65%), superimposed preeclampsia (32%), diabetes
(32%), congestive heart failure (11%), wound break
down (8%), and death (5%).Although no comprehen-
sive data exists for pregnancy and aldosteronomas,
diagnosis and treatment of a cortisol- or catecho-
lamine-producing tumor appears crucial to the sur-
vival of both the mother and the fetus.

There are several key signs and symptoms that
should prompt further investigation of a possible
functioning adrenal mass (especially when these fea-
tures are present in the first trimester). One must re-
member that pheochromocytomas are, in fact, re-
sponsible for 1/200 cases of hypertension in all pa-
tients [2]. Even in pregnancy, pheochromocytoma is
rarely associated with proteinuria (<20%) or throm-
bocytopenia as is commonly seen in women with
preeclampsia or eclampsia. The primary symptoms 
of a pheochromocytoma are indeed: hypertension
(98%), headaches (80%), hyperhidrosis (65%), and
heart palpitations (60%). The symptoms of pregnant
women with Cushing’s syndrome are the same as in
the non-pregnant state: truncal obesity, abdominal
striae, moon facies, and glucose intolerance. As 
such, they are often masked by pregnancy. Signs 
specific for cortisol-producing tumors include hyper-
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Fig. 8. Benign adrenal adenoma with central hemorrhage

Fig. 9. Preoperative computerized tomographic scan show-
ing what turned out to be an adrenal cortical cancer



tension, hypokalemia, muscle weakness, or paralysis.
The diagnosis of an adrenal tumor will therefore only
occur if the physician is actively looking for such signs
and thinking about them. The presence of such fore-
shadowing signs raises suspicion for the presence of
an adrenal mass; serologic,urine,and imaging studies
should then be considered.

26.3 Hormone Levels and Lab Analysis

Laboratory studies can be difficult to interpret due to
the biochemical changes that a woman’s body under-
goes during pregnancy.While pregnancy causes many
hormone levels to be elevated,most hormone levels re-
main the same as when a woman is not pregnant. Im-
portantly, catecholamine levels remain normal in
pregnancy, but do become elevated in the presence of
a pheochromocytoma. Therefore, changes in cate-
cholamine levels can be measured accurately without
considering the effect of pregnancy. In order to diag-
nose a pheochromocytoma, a 24-h urine specimen
should be obtained. Although several groups now 
tout plasma catecholamine analysis, we prefer the
greater accuracy of 24-h urinary studies. Urinary-free
catecholamines (epinephrine, norepinephrine, and
dopamine) levels should be measured (Table 1).Break-
down products of metanephrines (M) and vanillyl-
mandelic acid (VMA) should also be checked. While
the sensitivity for urinary M (67–91%) or VMA
(28–56%) is low, the specificity for both M (83–100%)
and VMA (98–100%) urinary levels are excellent. If
normal levels of urine catecholamines are obtained on
two separate occasions, then a diagnosis of pheochro-
mocytoma can be excluded.

In normal pregnancy both aldosterone and renin
levels are increased. By 8 weeks’ gestation there is a
fourfold increase in aldosterone levels, which contin-
ues to rise to a maximum of ten times the normal 
level at delivery. Progesterone is markedly increased 
in pregnancy and acts as a competitive inhibitor of
aldosterone in the distal tubules; therefore, the physi-
ological effects of increased aldosterone are tempered
in pregnancy [6]. Consequently, measuring aldos-
terone is inherently inaccurate during pregnancy.
There is sparse literature on the biochemical diagno-
sis of aldosterone-producing tumors during pregnan-
cy. When attempting to assess aldosterone levels, hy-
pokalemia should be corrected because a low potassi-
um level will suppress aldosterone. Urine potassium
levels must be measured to confirm potassium wast-
ing. Plasma renin levels can be checked, but levels are
usually higher in pregnancy. While virtually all preg-
nant women will have “physiologic” hyperaldostero-
nism, coupling low potassium levels and lower than
normal (typically high) renin levels should prompt
imaging for an aldosteronoma.

There are no definitive criteria for hypercorti-
solemia in pregnancy; normally, urinary-free cortisol
and plasma cortisol levels are elevated (68–252 µg/dl)
at least three times as high as in the non-pregnant state
(11–83 µg/dl). Diurnal rhythms are normally main-
tained in pregnancy but are typically blunted in Cush-
ing’s syndrome [9].Hence the plasma cortisol levels of
pregnant women remain elevated but on a normal cy-
cle.Having stated that,making the diagnosis and iden-
tifying the source of hypercortisolism in pregnancy is
difficult. A dexamethasone suppression test is not ac-
curate in the estrogen excess state of pregnancy be-
cause of the elevation of total serum cortisol. In preg-

26 Adrenal Tumors and Pregnancy 269

Table 1. Measurement of urinary-free catecholamine levels

Normal pregnancy values Non-pregnancy values

Epinephrine (µg/24 h) 0.5–20 0.5–20

Norepinephrine (µg/24 h) 10–70 10–70

Metanephrine (µg/24 h) <1.3 <1.3

Vanillylmandelic acid (µg/24 h) <6.5 <6.5

Dopamine (nmol/24 h) 300–3,900 300–3,900

Aldosterone 4–10¥ increase 1–21 ng/dl

Renin Elevated ?

Serum cortisol ? 7–25 µg/dl AM
2–14 µg/dl PM

Urine-free cortisol 68–252 µg/dl 24–108 µg/24 h



nancy there will effectively be a lack of suppression by
dexamethasone. It has been suggested that a 24-h
urine-free cortisol level in multiple samples and serum
cortisol measurements at 0800 and 2300 hours (as-
sessing the diurnal rhythm) be drawn. If these results
suggest an unusually elevated cortisol, plasma ACTH
levels should be measured in order to differentiate the
tumor as ACTH dependent or independent.

26.4 Adrenal Imaging During Pregnancy

Imaging studies should follow a confirmed biochemi-
cal diagnosis (especially in the case of a pheochromo-
cytoma). MRI is the preferred modality to use in the
pregnant patient because it will produce high quality
images but will not expose the fetus to harmful radia-
tion or toxic contrast dye. Pheochromocytomas often
appear as bright masses on T2-weighted images, al-
lowing one to distinguish a pheochromocytoma from
the asymptomatic or incidental adrenal adenoma
found in as many as 5% of such studies [10]. More re-
cent literature suggests that abdominal US can be help-
ful in detecting pheochromocytomas [12]. Given both
ionizing radiation and contrast dye are teratogenic to
the fetus, both CT and angiography are contraindicat-
ed in pregnancy. While metaiodobenzylguanidine
(MIBG) is selectively taken up by adrenergic tissues,
MIBG scans are similarly contraindicated in pregnan-
cy (Table 2) [2, 6].

26.5 Treatment

Total eradication of an offending adrenal mass in-
volves surgical resection. However, depending on the
stage of pregnancy and the type of tumor, medical
management may be more appropriate therapy … at
least initially.While most functioning adrenal tumors

should be removed sooner rather than later, adding a
fetus to the equation alters “best management”. Surgi-
cal resection in the first trimester is controversial be-
cause of the increased risk of fetal morbidity and mor-
tality. Surgical intervention in the third trimester 
carries a high risk of spontaneous delivery, and
adrenalectomy during this late stage is usually de-
ferred until delivery or postpartum.The safest time for
adrenal resection is the second trimester: less terato-
genicity, less fetal morbidity and mortality, and less
likely to induce premature delivery.

As described elsewhere in this text,after the diagno-
sis of pheochromocytoma has been confirmed and the
tumor localized, the first line of therapy is pharmaco-
logic. Alpha-blockade is performed preferably with
phenoxybenzamine, as there is no evidence that this
drug is teratogenic to the fetus. If symptoms continue
and are not well controlled with this alpha-blocker,then
a beta-blocker may be added, but this is controversial
during pregnancy. Propranolol is commonly used but
can cause intrauterine growth retardation (IUGR)
(Table 2); therefore, its use should be very temporary
(<72 h) or fetal monitoring must occur frequently.

Operative resection is the only curative treatment
for pheochromocytoma. However, urgent surgical in-
tervention must be weighed against the potential mor-
bidity and/or mortality of the fetus and mother versus
the risk of medically managing blood pressure
through delivery. In early pregnancy, before 24 weeks’
gestation, adrenalectomy carries more risk: 44% risk
of fetal demise. A 22% risk of fetal death occurs if re-
section is performed after 24 weeks [6]. Despite these
statistics an operation may need to be performed with-
in the first 24 weeks if the mother and fetus are deteri-
orating or in an attempt to protect both from labile
blood pressures.Delaying operation on the other hand
creates an increased risk of stroke, myocardial infarc-
tion, or hemorrhage into the tumor [10]. If surgical
delay is chosen, then it is best to treat the patient med-
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Table 2. Contraindications in pregnancy

Imaging study Complications

Computerized tomography Teratogenic to fetus
Metaiodobenzylguanidine Teratogenic to fetus

Medications Complications

Spironolactone Feminizing affect on male fetuses
ACE inhibitor (angiotensin-converting enzyme) Oligohydramnios and neonatal renal failure
Propranolol (beta-blockers) Intrauterine growth retardation (IUGR)



ically until the fetus is viable and ready for cesarean
section.Vaginal birth and concomitant adrenalectomy
is contraindicated because of the 31% risk of maternal
mortality for such a practice; unfortunately a 19% risk
of maternal mortality is associated with a planned C-
section [6]. Detection of the pheochromocytoma dur-
ing the third trimester is cause to postpone operation
until a pre-planned C-section delivery of a mature 
fetus can occur [12]. In the interim medical manage-
ment is usually sufficient.

Although timing of intervention is difficult for
pheochromocytomas, such is not the case for cortisol-
producing tumors. Resection should be performed
immediately, as early as 12 weeks’ gestation, due to the
proven detrimental affects of extreme hypercorti-
solemia on the fetus.According to a report of 60 women
with 69 pregnancies,fetuses growing in the presence of
cortisol-producing tumors are at an increased risk to be
delivered stillborn (12%), or prematurely (52%), spon-
taneously abort (12%), or are born with IUGR (25%)
[15]. While it is better for the fetus to have the mother
receive surgical treatment, at least one study (n=43)
suggests there are significant risks associated with
adrenalectomy: premature birth (47%), IUGR (35%),
neonatal death (12%), and perinatal death (12%) [3].
Additional studies find that if the patient delays opera-
tion until after the delivery, the risk is great for: prema-
ture birth (72%), IUGR (26%), neonatal death (7%),
stillbirth (12%), and perinatal death (19%) [10].

Medical treatment remains controversial as to its 
effectiveness in the case of Cushing’s syndrome. Preb-
tani et al. [13] suggest that in the first trimester med-
ical therapy should be used and operation can wait un-
til the second semester. In the third trimester medical
therapy is advised until fetal development is complete.
Part of the dispute is due to the limited number of re-
ported cases and data.If the tumor is discovered in the
third trimester, there are three published cases where
ketoconazole was successfully used despite its known
teratogenic association and its ability to cause
transplacental passage and reduction of fetal steroid
production [13]. Lo has suggested the usage of
metyrapone to treat the hypercortisolism. Metyra-
pone is an inhibitor of 11-beta-hydroxylase and leads
to a reduction of cortisol levels. This treatment could
be used to stabilize patients prior to operation or as 
an alternative for poor surgical candidates. While
metyrapone has the potential to cross the placenta and
affect fetal adrenal steroid synthesis, there have been
no identifiable adverse effects reported [9]. Prior to
elective operation, hypertension and diabetes should
be controlled as well.

With primary aldosteronism in pregnancy,surgical
intervention is preferred but medical management is
a viable option. Hypokalemia must be corrected im-
mediately because of its detrimental affect on fetal en-
ergy supply resulting in IUGR [4]. Operation, if select-
ed,should be performed in the early second trimester.
After resection,potassium levels and hypertension im-
mediately improve. If the adenoma is detected in the
third trimester,medical management is suggested,us-
ing potassium supplementation and anti-hyperten-
sives, such as methyldopa, beta-blockers, calcium
channel blockers, or hydralazine. Spironolactone and
angiotensin converting enzyme (ACE) inhibitors are
contraindicated in pregnancy. Spironolactone has
feminizing affects on male fetuses. ACE inhibitors
cause oligohydramnios and neonatal renal failure.

26.6 Operative Strategy

The rarity of these tumors is such that most of the lit-
erature on adrenal tumors during pregnancy focuses
on the removal of pheochromocytomas. A pheochro-
mocytoma may be removed by open or laparoscopic
techniques without interfering with the gravid uterus,
but the risk of spontaneous abortion is increased with
laparotomy [2]. Regardless of the technique, the pa-
tient must be carefully positioned. Facilitating ex-
posure for the surgeon is paramount, but keeping 
the gravid uterus off the inferior vena cava (IVC) 
to maintain venous return to the heart is important.
Left lateral decubitus positioning for a right adrenal-
ectomy (Fig. 10) and use of the reverse Trendelenburg
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Fig. 10. Preoperative view depicting left lateral decubitus 
positioning for a right adrenalectomy



position for resecting either gland minimizes IVC
compression.

There are laparoscopic considerations to be aware
of. The unknown effects of the carbon dioxide (CO2)
pneumoperitoneum on the fetus,possible risk of uter-
ine damage during trocar placement, premature labor
due to increased intra-abdominal pressure, and fetal
acidosis are all possible harms to the fetus [12]. Given
thousands of pregnant women have safely undergone
laparoscopic cholecystectomy, laparoscopic adrena-
lectomy during pregnancy should similarly be safe and
efficacious. Two well documented adrenalectomies in
pregnant women showed no maternal hypotension,
hypoxia, increased end-tidal carbon dioxide, or de-
creased fetal heart rate during laparoscopic operations
[1]. With the use of laparoscopy during pregnancy
there is less fetal depression secondary to the de-
creased use of narcotics, a lower rate of maternal
wound complications, diminished postoperative ma-
ternal hypoventilation, and more rapid return to a full
diet for the mother which decreases nutritional stress
on the fetus [12].

If the surgeon decides that adrenalectomy will not
occur intrapartum, then tumor removal may occur at
delivery or postpartum. This decision depends on the
ability to locate the tumor at the time of the C-section.
It is suggested that a longer longitudinal incision be
made to facilitate easier localization and removal.Dur-
ing an open adrenalectomy, control of excess cate-
cholamine release is maintained via deep anesthesia
and adrenergic blocking medications.Magnesium sul-
fate has been shown to inhibit catecholamine release,
block catecholamine receptors directly, and have a di-
rect dilator affect on vessel walls.Once the tumor is re-
moved the mother’s symptoms are relieved and post-
partum complications are minimal, assuming the pa-
tient is well hydrated.

In patients with cortisol-producing tumors, the 
collective literature suggests the frequency of mater-
nal and fetal complications in patients undergoing
adrenalectomy during pregnancy is lower than those
having adrenalectomy postpartum [1]. Nonetheless,
debate continues as to whether or not surgical inter-
vention can be postponed until after the delivery.
Pricolo et al. [14] found that in a study which in-
cluded 19 women with 26 pregnancies involving cor-
tisol-producing adrenal adenomas, that fetal and
neonatal complications,when adrenalectomy was per-
formed intrapartum,compared favorably (1 in 7,14%)
to operations performed postpartum (12 complica-
tions in 19 patients, 63%). Similarly, resection during
pregnancy generated fewer maternal complications

(7%) than postpartum adrenalectomy (84%). Early
surgical resection to correct hypercortisolism appears
safer for both mother and child.The general consensus
is that surgical intervention depends on the severity of
hypercortisolism and the gestational age of the fetus
[13]. If adrenalectomy is postponed until after the
delivery, vaginal delivery is preferred over C-section
because of the mother’s poor tissue healing and po-
tential for wound breakdown [3].

26.7 Summary

Adrenal tumors causing problems during pregnancy
are rare. Having such lesions diagnosed before child-
birth is extraordinarily uncommon and typically
serendipitous.Most functional adrenal tumors require
surgical resection or medical intervention to prevent
IUGR or fetal death. Therefore, when a pregnant
woman presents with hypertension without protein-
uria and/or without thrombocytopenia (typical for
preeclampsia),the physician must begin to explore the
possibility of pheochromocytoma. Primary hyperal-
dosteronism and cortisol-producing adenomas are
even more difficult to detect, but clinical suspicion
with confirmatory laboratory analysis and imaging
studies (MRI is best choice) allow physicians the 
opportunity to intervene earlier. While most patients
can undergo delayed resection following childbirth
(Fig.11),surgeons should opt for adrenalectomy in the
second trimester for most cortisol-producing tumors
and those pheochromocytomas and aldosteronomas
that remain refractory to pharmacologic therapy.
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Fig.11. Healthy mother and child following adrenalectomy at
39 weeks’ gestation
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27.1 Introduction

Partial adrenal resection,also known as adrenal-spar-
ing surgery or subtotal adrenalectomy, is the removal
of an adrenal tumor with preservation of the normal
surrounding adrenal tissue. The aim of a partial adre-
nal resection is to safely and completely resect the 
adrenal mass while leaving intact a functional portion
of the gland. Partial adrenalectomy was initially de-
scribed using the standard, open technique [8, 22],
whereas recent reports refer to a laparoscopic ap-
proach [7, 9, 10, 16, 25]. Laparoscopy lends itself nice-
ly to partial adrenalectomy because of the high level of
magnification that allows for a more detailed inspec-
tion of the adrenal gland, aiding in the distinction be-
tween the tumor mass and the normal adrenal tissue.
The focus of this chapter is on laparoscopic partial ad-
renal resection, with a description of the indications,
preoperative evaluation, operative technique, and
postoperative follow-up of patients undergoing this
procedure. Despite some reported successes with par-
tial adrenalectomy, it is important for the reader to
keep in mind that the current standard of care for pa-
tients undergoing surgery for an adrenal mass is com-
plete resection (Fig. 1).

27.2 Indications

The two most common disorders for which a partial-
adrenal resection may be performed are bilateral pheo-
chromocytoma and unilateral solitary aldosteronoma.

27.3 Bilateral Pheochromocytoma

Both the multiple endocrine neoplasia syndromes and
von Hippel Lindau disease predispose to the develop-
ment of pheochromocytomas of the adrenal medulla.
Approximately 50% of patients with MEN 2-A and
MEN 2-B will develop pheochromocytomas, and un-
like those with non-familial disease, patients with an
inherited predisposition are far more likely to develop
bilateral tumors [3]. These tumors are thought to 
slowly develop in the background of adrenal medul-
lary hyperplasia [2]. Patients who develop bilateral
pheochromocytomas require bilateral adrenal resec-
tion, following which they are left with essentially no
functional adrenal cortical tissue and require lifelong
steroid replacement with the attendant side effects of
steroids and risk of acute adrenal insufficiency. Be-
cause these tumors involve only the adrenal medulla,
it is an appealing concept to remove only the tumor it-
self and the adrenal medullary tissue, and leave in
place the steroid-producing adrenal cortex. Several
cases of partial adrenal resection for patients with fa-
milial pheochromocytoma have been described [8,10,
16,22].In those patients with synchronous tumors,the
bilateral adrenal resection can be done at one opera-
tion. In patients with a familial predisposition to
pheochromocytoma who develop a unilateral tumor,
a partial adrenal resection should still be considered,
as approximately one-third of these patients will go on
to develop a pheochromocytoma in the remaining
gland [3]. The preoperative evaluation and technique
of partial adrenal resection for bilateral pheochromo-
cytoma is discussed later in the chapter.
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Normal
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Fig. 1. Illustration of the technique of subtotal adrenalectomy. This was published in one of the earlier case reports describ-
ing open partial adrenal resection. In this case, a 48-year-old airline pilot, who was strongly opposed to requiring steroid 
supplementation, underwent a bilateral partial adrenal resection for pheochromocytoma (IVC, inferior vena cava; RV, renal
vein). (From [22], with permission)



27.4 Solitary Aldosteronomas

Partial adrenalectomy has also been described for pa-
tients with solitary cortical tumors, most commonly
for aldosterone-producing tumors (Conn syndrome).
Unlike patients with bilateral pheochromocytomas,
patients with unilateral adrenal tumors are not at risk
of steroid dependence following complete resection,
provided they have a normal,functioning gland on the
other side. However, in the event of a tumor or hemor-
rhage of the opposite adrenal gland,a partial resection
of the aldosteronoma leaves the patient with func-
tional adrenal tissue.Because aldosteronomas are usu-
ally small (<2 cm),solitary,and eccentrically located at
the margin of the adrenal gland, a limited resection is
technically feasible. In addition, these tumors are al-
most always benign and are unlikely to recur.As such,
some authors have suggested that aldosteronomas can
be safely enucleated, leaving the remainder of the
gland and its blood supply undisturbed [11]. One re-
port of laparoscopic adrenal-sparing surgery in 13 pa-
tients with solitary aldosteronomas suggested exclu-
sion criteria for partial resection as a diameter greater
than 3 cm, tumors located in a concentric position in
the gland, and tumors directly attached to the adrenal
vein [9]. Using these criteria maximizes the chance of
safe enucleation of the tumor with the preservation 
of a sufficient amount of well-vascularized adrenal 
tissue.

27.5 Other Tumors

Partial adrenalectomy has been described for patients
with adrenal cortical tumors other than aldosterono-
ma, including Cushing’s adenomas [7,25].Once again,
commonly used inclusion criteria include a tumor size
less than or equal to 3 cm. In one study, if the tumor
was located in the central portion of the gland or the
spared remnant was expected to be less than 50% of
the total adrenal gland,a partial adrenal resection was
not performed [7]. Another study identified the ideal
size of a tumor appropriate for partial resection as
1.1–2.5 cm, citing both the difficulty in reliably locat-
ing a tumor less than 1 cm in diameter within the gland,
and the challenge of resecting a tumor greater than
2.5 cm while preserving functional adrenal tissue [25].

In general, a nonfunctional tumor is a rare indica-
tion for partial adrenal resection. It may be indicated
in selected cases of a benign tumor such as a gan-
glioneuroma or myelolipoma [7]. However, the usual
indication for removal of a nonfunctioning adrenal

mass is size greater than 4–5 cm or suspected malig-
nancy,both contraindications to partial resection.The
possibility of adrenocortical carcinoma or metastatic
cancer of the adrenal gland is an absolute contraindi-
cation to partial adrenal resection.

27.6 Preoperative Evaluation

The preoperative evaluation of patients being consid-
ered for partial adrenalectomy is of paramount im-
portance.As with all patients undergoing adrenal sur-
gery, a complete hormonal evaluation is performed
and localization studies are undertaken to identify the
side of the tumor. Once this is done, there are several
additional considerations in patients for whom a par-
tial adrenal resection is considered. A thin slice
(3–5 mm slice interval) computerized tomographic
(CT) scan provides excellent detail of the structure of
the adrenal and underlying abnormality.With current
technology,CT can detect lesions as small as a few mil-
limeters in diameter [26]. In cases where a partial re-
section is considered, it is imperative to exclude addi-
tional lesions or masses in the adrenal gland. For ex-
ample, in a patient with a hormonally active tumor on
the left side and more than one mass in the left adre-
nal gland, it is impossible to determine which mass is
productive. In that scenario, a complete adrenal resec-
tion should be performed [7]. The location of the
tumor within the gland can be helpful in planning the
surgical approach; in general,anterior,peripherally lo-
cated tumors are technically easier to resect than those
located posteriorly or centrally within the gland. The
CT should be done both unenhanced and with intra-
venous contrast, as it is important to define preopera-
tively the location of the tumor in relation to the main
adrenal vein.In addition,delayed images are necessary
to determine the likelihood of malignancy, an impor-
tant consideration in the work-up of any adrenal mass,
and of obvious importance in those considered for a
partial resection. In order to minimize the chance of
performing a partial resection for a malignancy,
Jeschke et al.performed partial adrenal resection only
on those patients with an adrenal mass with attenua-
tion of 11 HU or less on the unenhanced images, and
37 HU or less on the delayed-enhanced images [9].
Several references [12, 14] are cited in the aforemen-
tioned study as evidence for the reliability of these cri-
teria in distinguishing an adenoma from a carcinoma.

In addition to CT, magnetic resonance imaging
(MRI) is commonly utilized in the work-up of pheo-
chromocytomas, which appear bright on T2-weighted
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images.This can be helpful in identifying patients with
MEN-2A or familial disorders who may have bilateral
lesions. Preoperative MRI of patients with bilateral
pheochromocytomas are shown in Fig.2 [10,25].Com-
puted tomography, MRI, and nuclear scintigraphy all
play an important role in the postoperative follow-up
of these patients, as outlined later in the chapter.

27.7 Technique

The technique of laparoscopic adrenalectomy is well
described in Chaps. 31–33. Patient positioning, trocar
placement, and exposure of the adrenal gland in adre-

nal-sparing resection are the same as that for complete
adrenal resection [18].Laparoscopy provides a view of
the adrenal gland with parenchymal detail not possi-
ble in the open approach, such that the tumor tissue is
more readily identified. Both the transperitoneal and
retroperitoneal approaches are described for partial
adrenal resection.As is true in cases where a complete
resection is performed, the transperitoneal approach,
as popularized by Gagner and many others, is more
commonly used [4]. However, it has been suggested
that the retroperitoneal approach may better lend it-
self to partial resections by providing a more detailed
view of the adrenal and more precise differentiation
between normal and abnormal tissue [25].

Intraoperatively, it is imperative to distinguish the
normal adrenal tissue from the tumor itself, and to
rule out additional lesions in the gland that may not
have been apparent on preoperative studies. Intraop-
erative ultrasound can be used to examine the entire
adrenal gland and hence localize the tumor and define
its relation to adrenal vessels and surrounding struc-
tures. Intraoperative ultrasound has been described
for both partial and complete adrenal resection [5, 7,
10, 16]. Once the adrenal gland is exposed, the intra-
operative ultrasound probe is inserted through one of
the 10-mm ports and the adrenal gland identified
cephalad to the kidney. The tumor is visualized with-
in the substance of the adrenal gland and, depending
on the type, may appear hyper- or hypoechoic in rela-
tion to the normal adrenal tissue [21].The extent of re-
section needed and the size of a potential adrenal rem-
nant can be accurately assessed. Synchronous lesions
prohibiting a partial resection are identified. Follow-
ing tumor resection, intraoperative ultrasound is used
to inspect the gland to ensure a complete resection.
Due to the small size of many adrenal lesions,and what
can be a subtle distinction between normal and ab-
normal tissue, the use of intraoperative ultrasound
when performing a partial adrenal resection is strong-
ly recommended. An example of a preoperative and 
laparoscopic intraoperative ultrasound in a patient
with an aldosterone-producing tumor is shown in
Fig. 3 [21].

Several different techniques are described for tu-
mor resection in adrenal-sparing surgery. It is gener-
ally agreed that manipulation and dissection of the
preserved remnant should be avoided as much as pos-
sible.Many authors advocate preservation of the adre-
nal vein and at least one of the arteries to ensure con-
tinued blood supply and function of the remaining tis-
sue [1, 7, 19]. In addition, division of the main adrenal
vein may cause congestion of the remaining adrenal
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Fig. 2. a Preoperative magnetic resonance image revealing
bilateral adrenal masses in an 81-year-old woman with bilat-
eral pheochromocytomas. (From [10], with permission).
b T2-weighted magnetic resonance image of a young man
with bilateral pheochromocytomas. (From [25], with per-
mission). Both of these patients subsequently underwent
bilateral partial adrenal resection



tissue and difficulty in obtaining adequate hemostasis
[7]. In cases of pheochromocytoma, dissection of the
gland while the vein is intact may lead to the release of
excessive amounts of catecholamines and hemody-
namic instability.This risk can be minimized with pre-
and intraoperative pharmacologic management along
with gentle handling of the tumor [9, 15]. Some au-
thors contend that preservation of the main adrenal
vein is unnecessary since adequate venous drainage
will occur through collateral pathways. Kaouk et al., in
a case report of bilateral partial adrenal resection for

pheochromocytoma, describe dividing the left main
adrenal vein and preserving the right. There was no
additional bleeding noted from the left side, and there
were minimal hemodynamic fluctuations as a result of
leaving the right vein intact [10]. In a study of 22 pa-
tients who underwent laparoscopic partial adrenalec-
tomy,the decision of whether or not to divide the main
adrenal vein depended on the individual case, taking
into account the location, size, and type of tumor. In
that report, the adrenal vein was preserved in half of
the cases (Table 1) [25].
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Fig.3a,b. Ultrasound images of a patient with a right-sided aldosterone-secreting tumor.a Percutaneous ultrasound obtained
with the patient in the lateral decubitus position demonstrates a 2.6 cm adrenal mass above the superior pole of the right kid-
ney. b Intraoperative laparoscopic ultrasound (left panel) further localizes the tumor and clearly shows its relationship to the
inferior vena cava. On the right is a laparoscopic view of the ultrasound probe over the tumor. (From [21], with permission)
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Table 1. A summary of the series published by Walz et al. Between 1994 and 1997, 22 patients underwent unilateral subtotal 
laparoscopic partial adrenal resection using the retroperitoneal approach. Division of the main adrenal vein was decided on
an individual case basis, depending on the relationship of the vein to the adrenal tumor. Details of patient follow-up are in-
cluded [25]

MEN: multiple endocrine neoplasia.
*Dark area: preserved part.



It should be emphasized that the tissue surrounding
the gland must be adequately mobilized and the mar-
gins well exposed prior to beginning a partial resection
[9].In doing so,it should be kept in mind that excessive
manipulation and dissection of the normal adrenal tis-
sue can disrupt the blood supply and compromise its
long-term function.A number of different instruments
and techniques can be used for the tumor excision.One
author describes outlining the edges of resection with
the bipolar electrocautery in order to demarcate the re-
section margin and minimize bleeding from the sur-
face of the gland [9].Following cauterization of the sur-
face, the tumor is resected with endoscissors. A fine 
endoscopic instrument with electrocautery,such as en-
doscissors, allows for precise dissection along a plane

between normal tissue and tumor. Alternatively, the
harmonic scalpel can be used for resection, and may
provide better hemostasis (Fig. 4) [10, 25]. Neither the
endoscissors nor the harmonic scalpel will provide ad-
equate hemostasis for the main adrenal vein,which re-
quires suture ligatures, clips, or a vascular stapler. In
general, electrocautery or the harmonic scalpel is ade-
quate for most of the small vessels, with only the main
vein requiring a ligature or clip.

The vascular stapler can also be used for the resec-
tion itself, to divide the tissue between the tumor and
normal adrenal [7]. This may be most appropriate in
cases of small, peripherally located lesions, and will
generally achieve excellent hemostasis. Some argue,
however, that the relatively large size of the endoscop-
ic staplers do not allow for adequate precision in sep-
arating normal from abnormal tissue in a gland as
small as the adrenal and may risk sacrificing more
normal adrenal parenchyma than necessary [9, 10]. In
addition, authors who advocate the use of a stapler for
resection warn that in patients with familial pheochro-
mocytoma and adrenal medullary hyperplasia,the tis-
sue may be too thick to safely accommodate division
with a vascular stapler. Imai et al.published a report of
five patients who underwent laparoscopic partial
adrenalectomy using the vascular stapler.All had soli-
tary tumors that were either aldosterone or weakly
cortisol producing. Patient data and tumor size are
shown in Table 2,and drawings depicting the tumor lo-
cation within the adrenal are illustrated in Fig.5.All tu-
mors were peripherally located, such that it was tech-
nically feasible to perform the partial resection using
the stapler [7].

An alternative method of resection has been de-
scribed by Walther et al. After the laparoscopic ultra-
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Fig. 4. Technique of partial left adrenalectomy using the har-
monic scalpel. This patient had bilateral pheochromocy-
tomas, and underwent bilateral laparoscopic partial resec-
tions. The tumor is shown on the left side of the picture, while
the arrows indicate the preserved adrenal remnant. (From
[10], with permission)

Table 2. A summary of the five patients who underwent laparoscopic partial adrenal resection as published by Imai et al.These
patient data emphasize that partial adrenal resection can be performed safely with a complete tumor resection [7]

Case Disease Age Sex Side Operating Blood lossa Tumor Marginc

time (min) sizeb (mm) (mm)

1 APAd 40 M R 210 Minimal 20 5
2 APAd 50 F R 132 Minimal 7 5
3 APAd 56 M L 120 Minimal 23 10
4 WFAe 70 F L 105 Minimal 26 9
5 WFAe 76 M R 145 Minimal 20 5

a Estimated blood loss very little in all cases.
b Maximal diameter of tumor.
c Length between tumor margin and cutting edge.
d Aldosterone producing adenoma.
e Weak functioning adrenocortical adenoma.



sound is used to identify tumor and normal tissue, su-
ture ligatures are placed through the adrenal gland ad-
jacent to the tumor. These sutures separate the tumor
from a thin rim of normal, cortical tissue, and the en-
doscopic scissors are used to excise the tumor.The pre-
viously placed sutures provide hemostasis, and addi-
tional sutures are placed as needed. These authors
found that the harmonic scalpel produced similar re-
sults with regards to hemostasis [24].

Since a partial resection is carried through the well-
vascularized substance of the adrenal gland instead of
the relatively avascular plane between the adrenal and
the kidney, a major concern is possible postoperative
bleeding from the raw surface of the gland. It is gener-
ally agreed that the pressure of the pneumoperi-
toneum reduces bleeding from the remaining adrenal
parenchyma intraoperatively. In order to reduce the
incidence of postoperative bleeding, several authors
advocate the use of fibrin glue or Surgicel to seal over
the resection margin prior to releasing the pneu-
moperitoneum [1,9,19].It is also a good idea to release
the pneumoperitoneum and check for bleeding prior
to removal of the trocars.

In general, the resection is carried out with the goal
of a 0.5–1.0 cm margin, depending on the tumor type.
In cases of an aldosterone-producing adenoma, it is
generally agreed that a 2–3 mm resection margin is
adequate [9, 11] since these tumors are almost always
benign, infrequently recur, and can be reliably diag-
nosed on preoperative studies. In one study of eight
patients undergoing adrenal-sparing surgery for al-
dosterone-producing tumors, the authors describe
simply enucleating the tumor after dissecting around

the margin with electrocauterized endoscissors [11].
This is not recommended for familial pheochromocy-
toma, which occurs in the setting of diffuse medullary
hyperplasia and is far more likely to recur. Since
medullary tissue is largely present only in the main
portion of the gland,preservation of only the tail of the
gland may ensure a more complete resection of adre-
nal medullary tissue [10].

Table 3 represents a list of recently published re-
ports on laparoscopic partial adrenal resection. All 
of the studies listed in Table 3 report minimal in-
traoperative blood loss and no need for postopera-
tive blood transfusion. The operative time did not
differ significantly compared with complete adrenal
resection. In one study, the authors compare the
operative time and blood loss in 22 patients under-
going partial adrenalectomy to 46 patients under-
going complete adrenalectomy during the same
time period [25]. The operating time for subtotal re-
section was, on average, 20 min shorter than that for
the complete resections (not a statistically significant
difference), and blood loss was minimal in both
groups. Hospital stay in patients undergoing partial
adrenal resection was similar to that for patients
undergoing complete adrenal resection. There are
no reports in the literature of major intraoperative
or immediate postoperative complications following
partial adrenal resection. In the early postopera-
tive period, all patients should undergo appropri-
ate clinical and/or biochemical testing to ensure
complete excision of hormonally active tumors; i.e.
plasma potassium levels in the case of aldosterono-
mas.
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Fig. 5. Location of the adrenal tumor and the line of resection in five patients who underwent laparoscopic partial adrenal 
resection for aldosterone or cortisol secreting tumors. In these cases, the resection was performed using the vascular stapler
(T, tumor; IVC, inferior vena cava; C, adrenal central vein). (From [7], with permission)



27.8 Follow-up

The two main issues with regard to long-term follow-
up in patients who have undergone partial adrenalec-
tomy are function of the spared adrenal tissue and re-
currence of the resected tumor. In patients who have
undergone bilateral partial adrenal resection, the pa-
tients are followed closely for the possible requirement
for steroid supplementation. Measurements of serum
cortisol, with or without adrenocorticotrophic hor-
mone stimulation, are routinely done in patients who
have had bilateral resections. An adequate serum cor-
tisol level, or an appropriate response to stimulation,
indicates function of the preserved tissue.

It is more difficult to reliably assess the function of
the preserved adrenal tissue in cases of unilateral par-
tial adrenal resection. CT scans with intravenous con-
trast obtained during the 6-month postoperative peri-
od can assess the blood supply in the adrenal remnant.
Perfusion of the remaining tissue indicates viability,
but does not directly assess hormonal function. Nu-
clear scans are a more reliable test of adrenal gland
function,since iodocholesterol-labeled agents are tak-

en up by adrenal tissue with intact steroidogenesis
pathways and intracellular cholesterol [26].These tests
are often expensive and time-consuming, however,
and may not be indicated for routine follow-up.

It is necessary to follow patients for tumor recur-
rence who have undergone partial adrenal resection.
This is true for all such patients, but is of special con-
cern in patients with familial pheochromocytoma and
bilateral adrenal medullary hyperplasia. Because la-
paroscopic adrenal resection was introduced only in
the past decade, the follow-up for patients who have
had laparoscopic partial adrenal resection is not long
enough to draw valid conclusions. It is helpful, how-
ever, to review the literature and follow-up for patients
who had open partial adrenal resections,as many were
operated on over a decade ago. In a report by Lee et al.
from MD Anderson, 14 patients underwent open bi-
lateral cortical-sparing adrenalectomy for familial
pheochromocytoma [13]. The patients were followed
for a median of approximately 11 years.Thirteen of the
14 patients did not require steroid supplementation
and had normal postoperative plasma cortisol con-
centrations. Three patients had recurrent pheochro-
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Table 3. A comprehensive summary of the published literature on laparoscopic partial adrenalectomy with a list of the 
different techniques used to perform the resection

Author No. of Indication for surgery Operative technique Follow-up
patients

Walz et al. 1998 [25] 22 Solitary aldosteronoma Electrocautery, harmonic Mean 11 months
scalpel, clips

Cortisol-producing adenoma
Pheochromocytoma
Non-functional tumor

Jeschke et al. 2003 [9] 13 Solitary aldosteronoma Endoshears, bipolar, Median 39 months
fibrin glue

Kok et al. 2002 [11] 8 Solitary aldosteronoma Endoscopic scissors Mean 25 months
with electrocautery,
enucleation
Vascular stapler in one 
patient

Al-Sobhi et al. 2000 [1] 7 Solitary aldosteronoma Bipolar, harmonic scalpel, Median 12 months
fibrin glue

Imai et al. 1999 [7] 5 Solitary aldosteronoma Vascular stapler 3 months
Cortisol-producing adenoma

Neumann et al. 1999 [16] 4 Bilateral pheochromocytoma Not specified 2–24 months

Walther et al. 2000 [24] 3 Pheochromocytoma Harmonic scalpel and 3 weeks–3 years
suture ligatures

Kaouk et al. 2002 [10] 1 Bilateral pheochromocytoma Harmonic scalpel, clips 3 months

Radmayr et al. 2000 [19] 1 Bilateral pheochromocytoma Bipolar, harmonic scalpel, 2 months
fibrin glue



mocytoma at 10, 14, and 27 years. Neumann et al. pub-
lished their results of open partial adrenal resection
for pheochromocytoma, and report a recurrence
6 years postoperatively. Irvin et al. reported three pa-
tients in whom a bilateral resection was performed,
and two patients recurred, at 4 and 7 years, one dying
from a stroke prior to re-exploration (Irvin et al. 1983,
personal communication). This review of the open lit-
erature supports the conclusion that although partial
resection may be successful in preserving adrenal
function in patients with bilateral pheochromocy-
tomas, there is a significant risk of tumor recurrence
in these patients, often many years following surgery.

27.9 Literature Summary

There are several published series and case reports in
the literature on laparoscopic partial adrenalectomy.
The largest series includes 22 patients who underwent
subtotal adrenalectomy by the retroperitoneal ap-
proach [25]. A summary of this study is shown in
Table 1. There were no major complications and all of
the patients with hormone secreting tumors were bio-
chemically cured. There were two patients with MEN-
IIa who had previously undergone a total adrenalec-
tomy on the contralateral side. One of these patients is
off steroids while the other requires low-dose steroid
supplementation. The remainder of the patients un-
derwent unilateral adrenal resection with an intact ad-
renal on the other side. The authors conclude that in
selected cases, subtotal adrenalectomy is a safe proce-
dure that can maintain adrenal function of the pre-
served cortex. It is important to note that there is only
one patient with bilateral resections in whom pre-
served cortex is evident, and also that the follow-up
time is relatively short (mean 11 months, range 1–
31 months). Jeschke et al. performed partial adrena-
lectomy in 13 patients with solitary aldosterone-pro-
ducing adenomas. There were no intraoperative or
postoperative complications, and all tumors were
completely resected.Patients had significant improve-
ment in their hypertension, and serum aldosterone
levels returned to normal in all patients. The patients
were followed up at 3 months with enhanced CT scans,
all of which showed good blood supply to the adrenal
remnant. There was not, however, a more specific as-
sessment of function of the remaining adrenal tissue.
Investigators in Germany and Austria reported their
results in four patients who underwent bilateral adre-
nal-sparing surgery for hereditary pheochromocy-
toma [16]. After a follow-up that ranged from 2 to

24 months, all patients had normal 24-h urine cate-
cholamine excretion, with a normal cortisol response
to ACTH stimulation. Although these results indicate
preservation of cortical function and successful tumor
resection,the follow-up time is relatively short to draw
conclusions with regard to tumor recurrence.Kaouk et
al. from the Cleveland Clinic reported a case of an 81-
year-old woman with bilateral pheochromocytoma
who underwent partial adrenal resection [10].Because
of tumor location,the right main adrenal vein was pre-
served,and the left divided.There was no major intra-
operative hemodynamic instability and the total oper-
ative time was 5 h. Three months postoperatively the
patient had no evidence of residual or recurrent tu-
mor; however, she did require steroid supplementa-
tion. As described in the technique section, Imai et al.
report resection of five solitary hormone-producing
tumors of the adrenal using the vascular stapler
(Table 2, Fig. 4). There was minimal blood loss, no
complications, and normal aldosterone levels in those
patients with aldosterone-producing tumors. The fol-
low-up period, however, was limited to 3 months, and
there is no assessment of adrenal remnant function.A
comprehensive summary of recently published cases
of laparoscopic partial adrenal resections is listed
Table 3.

27.10 Conclusions

The advent of operative laparoscopy has revolution-
ized adrenal surgery, and with partial resection some
surgeons are challenging the limits of adrenal surgery,
seeking to investigate new and possibly improved
methods of caring for patients with these rare tumors.
The published literature on the subject supports the
conclusion that partial adrenalectomy is a technically
feasible and safe procedure.The normal postoperative
hormone values documented in published studies in-
dicate that tumors of an appropriate size and location
within the gland can be completely resected while
leaving in place residual cortical tissue. Still in ques-
tion,however, is whether or not the remaining tissue is
reliably functional. In the few cases of bilateral subto-
tal resection, some patients still required steroid sup-
plementation during the follow-up period of the study.
Another major consideration is tumor recurrence, es-
pecially in patients with familial pheochromocytoma
and adrenal medullary hyperplasia.Although the goal
of a subtotal resection in cases of pheochromocytoma
is to remove the entire adrenal medulla while preserv-
ing only the adrenal cortex, preservation of the cortex
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may leave behind enough adrenal medullary tissue to
risk a future recurrence. In summary,partial or subto-
tal adrenal resection is a safe procedure,which may be
considered in certain select cases where preservation
of adrenal tissue is paramount to the well-being of the
patient.Documentation of preserved adrenal function
and published studies of long-term follow-up will
need to be done, however, to justify partial adrenalec-
tomy as a routine procedure for adrenal tumors.
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28.1 Introduction

The successful diagnosis and treatment of patients
with adrenal tumors requires a well orchestrated mul-
tidisciplinary approach. This chapter emphasizes 
the perioperative anesthetic concerns associated with
adrenal resections. While not meant to be all-inclu-
sive, it highlights important factors in anesthetic de-
cision-making. The surgeon’s appreciation of anes-
thesia-related concerns can facilitate the patient’s
evaluation and avoid delays in assessment. The goals
of the anesthesiologist include: (1) gathering infor-
mation about the patient’s adrenal disease and gener-
al health status, (2) identification of specific problems
associated with the patient’s condition, (3) institution
of interventions that will minimize perioperative risks
and (4) development of a concise anesthetic and peri-
operative plan tailored to the patient’s individual
needs.

In general, anesthesia for non-functional adrenal
tumors follows the principles for general abdominal
surgical cases.Functional tumors,though,require spe-
cial considerations and are discussed.

28.2 Pheochromocytoma

Preoperative Evaluation and Considerations � Ap-
proximately 50% of pheochromocytoma related
deaths in the hospital occur during induction of anes-
thesia or during surgery for other causes [1], under-
lining the important role the anesthesiologist assumes
in the treatment of this disease. The patient’s clinical
presentation is usually related to massive release of
catecholamines originating from chromaffin tissue.
The typical symptom complex (headache, tachycardia
and diaphoresis) is secondary to the secretion of cate-
cholamines, which results in paroxysmal or sustained
hypertension, tachydysrrhythmias and ectopic elec-
trocardiographic (ECG) patterns [2, 3]. About 30% of
patients with pheochromocytoma will present with
left ventricular dysfunction secondary to catecho-
lamine induced cardiomyopathy [4]. Intravascular hy-
povolemia requiring fluid resuscitation may necessi-
tate insertion of a pulmonary artery catheter to care-
fully monitor left ventricular filling pressures [5].
Preoperative cardiac workup including an echocar-
diographic examination may be indicated in addition
to the routine preoperative testing. A search for hy-
pertension induced end-organ damage should be in-
cluded in the assessment. Careful physical examina-
tion including fundoscopy may reveal valuable infor-
mation. Basic central nervous system (CNS) and renal
function can be assessed through a precise history and
basic laboratory testing. An extremely nervous and
tremulous patient, with muscle weakness and weight
loss, may often be encountered and may require seda-
tive therapy.

Glucose levels may be elevated as a result of in-
creased sympathetic discharge [6]. Concomitant al-
pha-adrenergic blockade for hemodynamic treatment
(see below) can prove beneficial because it supports
endogenous insulin secretion.Exogenous insulin ther-
apy may be necessary.A blood count may reveal poly-
cythemia reflecting hemoconcentration, indicating
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the need for fluid resuscitation. Its adequacy can be
monitored by a decrease in the hematocrit of 5% [6].
Rarely, pheochromocytomas are associated with
medullary thyroid cancer as part of the multiple en-
docrine neoplasm (MEN) 2 syndrome.In these cases a
careful airway examination to rule out tracheal in-
volvement and displacement is indicated.

Further testing and examination should be direct-
ed by the patient’s history and physical examination.

Preoperative Therapy � Preoperative sympatholytic
therapy with alpha- and beta-adrenoreceptor blockers
and fluid resuscitation remains the standard of care for
the patient with pheochromocytoma. Phenoxybenza-
mine has been in use for over 50 years [7] and has
proven to be safe and cost-effective [8]. While its co-
valent, non-competitive binding to alpha-1-adrenore-
ceptors results in the intended sympatholytic effect, its
non-selectivity results in potential problems that need
to be addressed by the anesthesiologist. Blockade of
presynaptic alpha-2-adrenoreceptors leads to an in-
terruption of the feedback loop regulating the release
of norepinephrine in presynaptic nerve endings. This
disinhibition can lead to detrimental effects in the
heart such as tachycardia. Beta-adrenergic blockade
may become necessary [2, 4], but requires caution in
patients with myocardial depression. The irreversibil-
ity of the blockade, secondary to alkylation of the re-
ceptor by the drug, makes the synthesis of new recep-
tors the rate limiting step for its reversal [9]. This may
lead to prolonged hypotension in the immediate post-
operative period. In addition, CNS effects, primarily
somnolence in patients receiving phenoxybenzamine,
have been described [4]. This observation may be 
secondary to its clonidine-like effect on alpha-2-
adrenoreceptors and may require the anesthesiologist
to adjust anesthetic drug dosing.

The selective, competitive alpha-1-adrenoreceptor
blocker doxazosin has the advantages of reversible
binding at the receptor, not crossing the blood brain
barrier, and obviating the drug-induced need for con-
comitant beta-blockade in the preoperative period [2,
10]. Other drugs in current use include prazosin, tera-
zosin and metyrosine. The latter interferes with the
synthesis of catecholamines and has proven an valu-
able adjunct to antiadrenergic blockade [11]. Contin-
uation of alpha-1-adrenoreceptor blocker therapy un-
til the day of surgery is recommended [6].

In addition to the use of beta-1-blockers to coun-
teract the presynaptic effects of phenoxybenzamine,
these drugs may be utilized to prevent epinephrine se-
creting tumor-induced tachycardia [2]. It is strongly

recommended that beta-blockade should be institut-
ed only after alpha-blockade,to prevent cardiac failure
secondary to drug induced myocardial depression in
the setting of increased afterload [6].

Anesthetic Management � The most commonly em-
ployed anesthetic technique for the resection of
pheochromocytoma is general endotracheal anesthe-
sia with or without neuraxial blockade via an epidur-
al catheter [2]. The main goal of the anesthetic man-
agement is to anticipate and treat surges of sym-
pathetic discharge. Despite preoperative adrenergic
blockade, labile intraoperative hemodynamics are
common [12]. The anesthesiologist’s familiarity with
the procedure and cooperation with the surgeon is im-
portant to identify and anticipate phases of increased
stimulation. Intubation, positioning, incision and sur-
gical manipulation of the tumor are only a few points
during the procedure that warrant increased vigilance
[13]. Availability of fast acting antihypertensives and
the avoidance of drugs that stimulate the sympathetic
autonomic system are necessary.

Preoperative medication can be useful to treat the
anxious patient, thus reducing the level of sympathet-
ic output. Benzodiazepines like midazolam seem a
likely choice and can be titrated to effect without ma-
jor impact on hemodynamics.If opioids are used,syn-
thetic derivatives, such as fentanyl and sufentanil,
should be favored over morphine, which can release
histamine and stimulate catecholamine release [6].
Under adequate sedation and local anesthesia,invasive
hemodynamic monitoring with a peripheral arterial
line should be established prior to induction of anes-
thesia.If central venous and pulmonary pressure mon-
itoring is deemed necessary as per the patient’s car-
diovascular status, the placement pre-induction has to
be balanced against the hazards of potential adverse
hemodynamic derangements. In the hands of the 
experienced practitioner this procedure can be per-
formed safely at this time. The same is true for the 
potential insertion of an epidural catheter [2, 13].

Induction of anesthesia is achieved by intravenous
injection of propofol, etomidate or barbiturates in
combination with synthetic opioids. Ketamine should
not be used, due to its ability to stimulate the sympa-
thetic nervous system and cause hypertension and
tachycardia. Once loss of consciousness has been in-
duced, anesthesia can be deepened by ventilation of
the patient’s lungs with an inhalational agent. While
virtually all anesthetic gases have been successfully
used in the past, halothane and desflurane should be
used with caution. Halothane has the potential to sen-
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sitize the myocardium to catecholamine and increase
the risk for arrhythmias. Desflurane, although quickly
titratable, can stimulate the sympathetic nervous sys-
tem, especially when concentrations are being in-
creased rapidly [6, 14]. Iso- and sevoflurane are com-
mon choices.

Paralysis to facilitate endotracheal intubation and
ventilation can be achieved with a variety of drugs,
such as cis-atracurim and vecuronium, both of which
are virtually devoid of histamine releasing effects and
are hemodynamically inactive. Pancuronium, which
has sympathetic properties, and atracurium and mi-
vacurium, which are associated with histamine re-
lease, should be used judiciously. Although probably
not clinically significant, the choice of succinylcholine
for rapid sequence induction may theoretically lead to
hypertension due to tumor compression by abdominal
muscle contraction or histamine release [6].In this set-
ting, rocuronium should be considered as an alterna-
tive.

Placement of an endotracheal tube should only be
performed in the setting of adequate levels of anes-
thesia. The use of intravenous boluses of esmolol, li-
docaine or additional opioids just prior to intubation
may help to blunt the reflexive sympathetic discharge
associated with laryngoscopy [6].

Maintenance � Following induction, anesthesia is
usually maintained by administration of a volatile
anesthetic with or without the addition of nitrous ox-
ide.Opioids are supplemented as needed.If an epidur-
al catheter is in place it may be dosed with local anes-
thetics, opioids or a combination, thereby decreasing
systemic requirements for pain medication. Local
anesthetics may be useful in the control of hyperten-
sion.Opioids administered alone may have the advan-
tage that they do not cause the degree of sympathec-
tomy seen with local anesthetics and, therefore, will
not aggravate potential hypotension after the pheo-
chromocytoma is resected.

Hypertensive episodes during the procedure should
be anticipated and can be treated with the combina-
tion of: (1) changes in the concentration of the volatile
agent used and (2) infusions of intravenous drugs with
rapid onset and short half-life. Commonly, nitroprus-
side, phentolamine, trimetaphan, nitroglycerine or
nicardipine are used, the choice being dependent on
the anesthesiologist’s familiarity and comfort with the
drug [13].Intravenous magnesium infusions have also
been used successfully [2]. If difficulties in controlling
blood pressure are persistent, cessation of manipula-
tion by the surgeon should be requested.

Although preoperative adrenergic blockade may
have been satisfactory, additional administration of
direct adrenoreceptor blocking drugs is often indicat-
ed intraoperatively. Labetalol and esmolol lend them-
selves to intraoperative use, because of their relatively
short action [15]. Careful titration of beta-blockers is
necessary to prevent cardiac pump failure in patients
with catechol-induced cardiomyopathies. Transeso-
phageal echocardiography may be indicated in this 
select patient population [16].In addition to the hemo-
dynamic monitoring, electrolyte and glucose moni-
toring should be available. Hyperglycemia preopera-
tively may be followed by hypoglycemia after isolation
of the tumor [17]. The ability to treat either abnor-
mality should be readily available.

Conclusion of Surgery and Postoperative Considera-
tions � The use of short acting drugs is especially ad-
vantageous in light of frequently encountered hy-
potension after resection of the tumor. Lightening of
anesthetic depth,intravenous fluid administration and
use of vasopressors, such as phenylephrine, are often
necessary and are guided by invasive monitoring. In
contrast,many other patients remain hypertensive and
require continuation of sympatholytic therapy. In the
otherwise healthy individual and in the absence of
complications, extubation is usually performed at the
conclusion of surgery. Electrolyte and glucose moni-
toring should be continued until values have stabi-
lized.

28.3 Conn’s Syndrome

Preoperative Evaluation and Considerations � Pri-
mary hyperaldosteronism results from the uninhibited
secretion of aldosterone from either hyperplastic ad-
renal glands, mineralocorticoid-secreting adenomas
or, rarely, cancers. Clinical sequelae are hypokalemia,
hypomagnesemia, alkalosis, weakness, paresthesias,
tetany, nephropathy induced polyuria and refractory
hypertension [3,6,18,19].Fluid retention secondary to
sodium absorption by the kidneys may result in an ex-
tracellular volume increase of up to 30% [18],thus con-
tributing to the possibility of congestive heart failure
in these patients. Other mechanisms have been pro-
posed by which aldosterone may be involved directly
in the propagation of cardiac dysfunction [20]. Elec-
trolyte abnormality induced arrhythmias are addi-
tional concerns [18]. Inverted T-waves and U-waves
may be visible on the ECG [3]. If surgery is planned
and myocardial compromise is suspected, a thorough
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cardiac workup is indicated. Invasive monitoring with
a pulmonary artery catheter or transesophageal
echocardiography may be indicated during the proce-
dure.A potentially increased sensitivity to neuromus-
cular blockade should be considered in the patient
with muscle weakness [18]. Respiratory muscle weak-
ness may lead to decreased pulmonary reserve and
cough reflexes.

The anesthesiologist should be aware that chronic
hypokalemia by itself can lead to cardiomyopathy with
fibrosis, nephropathy, depression of baroreceptor ac-
tivity and antagonistic effect on insulin secretion [18].
Careful consideration when administering drugs and
anesthetics that can further impact these systems is
warranted.

The occasional presentation of primary hyperal-
dosteronism with pheochromocytoma or acromegaly
should alert the anesthesiologist to the possibility of
unexpected phases of paroxysmal hypertension or a
difficult airway [21]. The presence of concomitant os-
teoporosis warrants special care during positioning of
the patient.

Preoperative Treatment � The goals of preoperative
management are: (1) control of hypertension, (2) op-
timization of cardiac function, (3) restoration of the
intravascular fluid status and (4) correction of acid-
base and electrolyte abnormalities.

The aldosterone antagonist spironolactone has
been recommended for the treatment of hyperaldos-
teronism. One to 2 weeks of treatment may be neces-
sary for the onset of effects [14, 22]. Spironolactone
may also be helpful in those patients receiving pro-
longed treatment with ACE inhibitors for hyperten-
sion and heart failure. Increased aldosterone levels
(“aldosterone escape”) have been found in this pa-
tient population [18]. Overall, an individually tailored
combination of antihypertensives and diuretics is in-
dicated. Of interest, it has been suggested that intra-
operative hemodynamics may be more stable when
electrolytes and hypertension are controlled with pre-
operative spironolactone therapy when compared to
other antihypertensive drugs.

In addition to hypertension, hypokalemia-related
problems are responsible for most other complications
in this population. Hypokalemia should be corrected
preoperatively,realizing that completely normal values
may not be achievable. The total body deficit may be
as high as 400 mEq,requiring at least 24 h for repletion
to avoid cardiac toxicity [14].Potassium depletion may
be higher in patients with a high sodium intake [18].
Potassium repletion may be difficult without con-

comitant repletion of magnesium stores.Development
of tonic muscle contractures has been reported to oc-
cur secondary to potassium repletion in Caucasians
with Conn’s syndrome [23]. Hypovolemia from exces-
sive use of diuretics should be corrected.

Anesthetic Management � General endotracheal
anesthesia is most commonly used for patients with
Conn’s syndrome.Epidural use of local anesthetics re-
quires definitive intravascular volume repletion pre-
operatively in order to avoid sympathectomy-induced
hypotension.

Preoperative Medication � Administration of benzo-
diazepines may be indicated in the anxious, hyperten-
sive patient. Preoperative opioids, which depress the
respiratory drive,should be administered with caution
and with monitoring in the patient with pulmonary
muscle weakness. If bilateral adrenal resection or 
manipulation is planned, a stress dose of cortisol
should be considered preoperatively and continued for
24 h [6].

Induction � Induction agents should be chosen 
according to the patient’s hemodynamic status. Intra-
venous barbiturates and opioids should be titrated
carefully. Previously hypertensive patients may be-
come profoundly hypotensive if hypovolemia is in-
adequately corrected. Depressed hypokalemia-in-
duced baroreceptor function may contribute to this
problem. The necessity for insertion of invasive 
hemodynamic monitoring prior to induction is de-
pendent on the patient’s cardiovascular status.Etomi-
date is characterized by the absence of hemodynam-
ic effects, but can suppress adrenal function even 
after a single dose [24]. Although the clinical signifi-
cance is not clear, this fact should be kept in mind in
the patient in whom postoperative hypocortisolism is
expected.

Excessive hyperventilation after loss of conscious-
ness may lead to aggravation of hypokalemia and
should be avoided [6]. When choosing a paralytic
agent the increased sensitivity of patients with 
Conn’s syndrome should be kept in mind. Hypo-
kalemia and alkalosis can potentially lead to a pro-
longed effect of non-depolarizing neuromuscular
blockers [18]. Thus, drugs of shorter action like 
vecuronium and cis-atracurium should be favored
over ones with a longer half-life like pancuronium.
Careful monitoring of neuromuscular blockade with
a twitch monitor may be helpful in the further titra-
tion of drugs.
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Maintenance � Inhaled anesthetic agents, with or
without the addition of nitrous oxide or intravenous
anesthetics,are acceptable.Sevoflurane and enflurane,
which are burdened with potential nephrotoxicity,
should probably be avoided in the patient with
nephropathy [6]. The myocardial depressive effects of
halothane should be kept in mind when treating pa-
tients with cardiomyopathy.

The intraoperative use of an epidural catheter
should include careful consideration of its hemody-
namic consequences. Intravascular volume assess-
ment, a preoperative problem in this patient popula-
tion, may become even more difficult in the setting of
positive pressure ventilation, vasodilatory effects of
anesthetics and intraoperative fluid losses. Intravas-
cular monitoring may become necessary at this point
[6]. Glucose and electrolyte levels should be checked
frequently.

Conclusion of Surgery and Postoperative Considera-
tions � Neuromuscular block reversal and assessment
of patient strength should precede extubation, espe-
cially if preoperative weakness is encountered. A sus-
tained head lift or a strong hand grip for a minimum of
5 s can be considered sufficient. Tidal volumes should
be observed to ensure adequate ventilatory effort. If an
epidural catheter is in place, it should be dosed to allow
for lung excursions not inhibited by pain, thereby
avoiding systemic opioids.Careful observation of elec-
trolytes should continue, since potassium deficiency
may be observed as long as a week after surgery [25].
Temporary or permanent mineralocorticoid or gluco-
corticoid therapy may become necessary, depending
on the extent of the resection. Hypertension may per-
sist into the postoperative period and pharmacologic
treatment should continue [18].

28.4 Cushing’s Syndrome 
from an Adrenal Source

Preoperative Evaluation and Considerations � Sur-
gery for Cushing’s syndrome carries the highest peri-
operative mortality risk among the indications for
adrenalectomy discussed in this chapter [14, 26].
Adrenalectomy for hypercortisolism requires the
anesthesiologist’s full understanding of all aspects of
the clinical complex associated with Cushing’s syn-
drome. The inappropriate secretion of cortisol can
lead to weight gain, hypertension, diabetes, myopathy,
renal calculi, osteoporosis and psychologic changes 
often requiring pharmacotherapy [3, 6].

There are many anesthetic considerations. The 
patient’s typical physique (i.e. obesity concentrated
centrally with facial fat thickening [6]) presents the
anesthesiologist with the potential of a difficult air-
way. A thorough evaluation with a back-up plan for
emergency surgical airway access (tracheostomy)
must be devised should conventional modes of intu-
bation fail. The presence of obstructive sleep apnea
should be considered and integrated in the perioper-
ative plan [27]. Additional considerations related to
obesity involve multiple organ systems. Decreased
chest wall compliance and functional residual capac-
ity in the presence of increased oxygen consumption
results in a severely reduced pulmonary reserve. In-
creased carbon dioxide production requires increased
minute ventilation to maintain normocarbia and 
further contributes to the likelihood of perioperative
pulmonary complications [28]. Pulmonary function
testing and a chest X-ray may be indicated preopera-
tively to rule out any additional and reversible com-
promise. Steroid myopathy involving ventilatory 
muscle may further aggravate pulmonary function.
If chronic hypoxemia is present, polycythemia may
develop and increase the risk for thromboembolic
events.

Cardiovascular aberrations include hypertension,
cardiac dysfunction secondary to chronically in-
creased blood volume and cardiac output. Pulmonary
hypertension may develop in the presence of obstruc-
tive sleep apnea. Sudden death is a known complica-
tion of morbid obesity and thorough preoperative car-
diac work-up is strongly suggested [28]. Obesity and
chronic exposure to high levels of steroids and glucose
can damage the vasculature and make it difficult to ob-
tain vascular access.

Glucose intolerance is common and should be treat-
ed perioperatively. Liver function may be affected and
implications for drug metabolism should be kept in
mind. Liver function testing should be considered.

Increases in weight should be differentiated from
the loss of muscle mass. Myopathy and resulting mus-
cle weakness should lead to a careful titration of neu-
romuscular blocking agents.Intravenous drugs should
be dosed according to ideal rather than actual body
weight and titrated to effect.

Abnormalities involving the intestinal tract include
increased intra-abdominal pressure, intragastric fluid
and increased probability of the existence of a hiatal
hernia, all of which put this patient population into a
high risk category for pulmonary aspiration [28].

Steroid-induced osteoporosis warrants caution
during positioning for surgery.
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Hypokalemia and fluid retention are common fea-
tures of Cushing’s syndrome [14].

Preoperative treatment options for hypercorti-
solism secondary to adrenal etiology are limited and
focus on optimizing the patient’s intravascular fluid
status, electrolyte balance and glucose levels. Spirono-
lactone may be used to treat aldosterone-induced hy-
pervolemia and potassium wasting. Inhibitors of
steroid production such as metyrapone and mitotane
have limited use. Hypertension should be controlled
with pharmacotherapy as needed [14].

Anesthetic Management � General anesthesia, with
or without epidural anesthesia, is used for the patient
with Cushing’s syndrome and management is tailored
towards problems related to obesity. Epidurally deliv-
ered analgesia should be used whenever possible dur-
ing the postoperative course in order to minimize sys-
temically administered respiratory depressant opi-
oids. This allows for early breathing exercises and
helps to decrease the chance of pulmonary complica-
tions arising from atelectasis and hypoventilation. In
light of both the difficulties in identifying landmarks
and the potential vertebral collapse secondary to os-
teoporosis in the obese patient with Cushing’s disease,
an epidural catheter should be inserted preoperative-
ly in the sitting position and should be tested for sat-
isfactory function [28].

Preoperative medication should be kept to a mini-
mum to avoid compromise of the patient’s respiratory
status. If preoperative medication is deemed neces-
sary,careful monitoring,especially for the patient with
sleep apnea, is indicated. Intramuscular injections
should be avoided because of the chance of erroneous
injections into fatty tissue. Aspiration precautions
should include strict adherence to fasting guidelines,
administration of non-particulate antacids by mouth,
and use of prokinetic drugs and intravenous antacids.
A combination of H2-receptor blockers, metoclo-
pramide and sodium citrate can be given [28]. Hydro-
cortisone replacement therapy may be necessary and
should be started at the time of resection of the tumor
[14]. Chronic suppression of the contralateral adrenal
gland or resection of both glands can lead to acute
hypocortisolism.

Induction � The combination of a potentially difficult
airway and the increased chance of pulmonary aspi-
ration may warrant an awake fiberoptic intubating
technique with the patient in the sitting position [28].
A well informed patient will usually understand this
safety maneuver.The procedure can be performed us-

ing the nasal approach under mild sedation and after
anesthetizing the nasal and oropharyngeal cavities.In-
tranasal phenylephrine spray may reduce the risk of
bleeding while intravenous glycopyrrolate may im-
prove visibility by reducing secretions. Surgical back-
up for emergency tracheostomy should be available. If
the patient’s airway allows for standard intubation
with a laryngoscope, a rapid sequence induction with
cricoid pressure becomes mandatory.Pre-oxygenation
is ever more important due to the decreased function-
al residual capacity that predisposes the obese patient
to faster hypoxemia than their non-obese counterpart
[29].Initial administration of neuromuscular blockers
should be reduced and effects monitored in light of the
common occurrence of myopathy and hypokalemia.
Cardiovascular monitoring pre-induction is dictated
by the patient’s cardiovascular status.

Maintenance � After induction of anesthesia and con-
firmation of endotracheal tube placement a nasogas-
tric tube should be placed and intragastric contents
suctioned.A combination of epidural local anesthetics
with a volatile inhalational anesthetic is acceptable for
maintenance of anesthesia.When dosing the epidural,
the dose should be reduced by up to 25% compared
with a patient of normal weight.This phenomenon re-
flects a decreased volume of the epidural space sec-
ondary to higher intra-abdominal pressures leading to
a larger space occupation by engorged vessels [30]. It
should be kept in mind that lipid soluble drugs may be
stored in fatty tissue and undergo prolonged clearance
when administered repeatedly or for a prolonged time.
In this context, an inhalational anesthetic agent with
relatively low lipid solubility such as desflurane or
sevoflurane may be preferred to isoflurane and
halothane.Nitrous oxide should be avoided in patients
with pulmonary hypertension as aggravation of symp-
toms can result from its use.Its potential to distend the
bowel in the setting of already difficult surgical expo-
sure makes it an unlikely choice. Intravenous drugs
with short half-lives and low lipid solubility should be
chosen. The use of propofol or barbiturates may lead
to a prolonged time for awakening [31].

Ventilation may prove problematic and the use of
large tidal volumes and positive end-expiratory pres-
sure with acceptance of high peak airway pressures
may become necessary. The laparoscopic approach
with increased intra-abdominal pressures is of partic-
ular concern and necessitates complete cooperation
between the surgeon and anesthesiologist. A reverse
Trendelenburg position, if feasible, may be helpful in
alleviating difficulties. Careful monitoring of the in-
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travascular fluid status,serum glucose and electrolytes
perioperatively is indicated.

Conclusion of Surgery and Postoperative Considera-
tions � Neuromuscular blockade should be reversed
and the patient should be fully awake and following
commands before extubation of the trachea can be
considered. The upright sitting position and dosing of
the epidural catheter can facilitate improved breathing
dynamics. The patient with sleep apnea may be elec-
tively transferred intubated to an intensive care setting
to allow for careful monitoring of arterial blood gases
and clearance of residual anesthesia. Extubation
should be performed in the presence of a physician
skilled in airway management. Satisfactory levels of
analgesia can be achieved with epidural use of local
anesthetics. Opioids, even when used neuraxially, can
cause respiratory depression in the susceptible patient
with sleep apnea [32]. Supplementation with non-
steroidal analgesics may be beneficial.

Steroid replacement therapy becomes necessary,es-
pecially after bilateral adrenalectomy. Cardiovascular
instability can occur secondary to adrenal insufficien-
cy.Monitoring of electrolytes and glucose levels needs
to be continued until stable levels have been achieved.

28.5 Addison’s Disease

Hypocortisolism per se is not an indication for adre-
nal gland resection and will be mentioned only briefly.
Nevertheless,destruction of the adrenal cortex by can-
cer, granuloma or hemorrhage may rarely require
adrenalectomy. Management of anesthesia follows
many of the aforementioned principles and does not
involve any special considerations other than cortisol
replacement and therapy. With the exception of eto-
midate, which can depress remaining adrenal func-
tion, all other anesthetic drugs may be used without
special consideration, unless concomitant diseases
need to be considered [6]. The involved clinicians
should be familiar with signs and symptoms of hypo-
cortisolism and be ready to treat the problems arising
from it.

28.6 Monitoring

The monitoring for adrenalectomy procedures varies
with the pathology and general health status of the 
individual patient and has been discussed, in part,
above.

ECG, blood pressure and pulse oxymetry monitor-
ing should be employed on a standard basis. An arte-
rial line should be placed pre-induction in patients
with pheochromocytomas in order to be able to assess
and treat the cardiovascular response to induction and
intraoperative stimulation. Postoperative surveillance
should be continued. The respiratory management of
the patient with Cushing’s disease and sleep apnea
may be facilitated by the knowledge of a pre-induction
arterial blood gas.Frequent arterial blood gas analysis
may be facilitated by the presence of an arterial line.In
all other cases, the insertion of invasive hemodynam-
ic monitoring, including central venous and pul-
monary artery catheters, should be considered ac-
cording to the patient’s cardiopulmonary status and
the need for invasive volume monitoring. Trans-
esophageal echocardiography may be indicated in se-
lected patients. Urine output monitoring with a Foley
catheter may assist in the assessment of intravascular
fluid status.Warming devices should be employed and
patient temperature monitored.Hypothermia may de-
lay awakening, reversal of neuromuscular blockade
and may increase bleeding.A twitch monitor is useful,
especially in patients with preoperative muscular
weakness. Continuous end-tidal CO2 monitoring
should be used and may reveal valuable information
during laparoscopic procedures and in patients with
compromised lung function. Electrolyte and glucose
monitoring is advised in patients with functional ad-
renal tumors.

28.7 Adrenalectomy Related 
Perioperative Complications

Adrenalectomies have become relatively safe pro-
cedures over the last few decades. Advances in anes-
thetic monitoring and surgical technique have con-
tributed to this safety. Nevertheless the perioperative
physician should be familiar not only with possible
problems arising from the patient’s specific patho-
logy, but also with problems related to the procedure
itself.

The rate of pneumothoraces approaches 20% [3,14]
and a high level of suspicion should prevail. Intraop-
erative evaluation can often prevent surprises and
emergent intervention in the recovery room. Signs in
the intubated patient are related to the size of the
pneumothorax and can include increased peak airway
pressures as well as hypoxemia. The extubated patient
may complain of chest pain and difficulty breathing.
Insertion on a chest tube may be necessary.
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Estimated blood loss is usually below 300 ml [2],but
hemorrhage after difficult resection should be expect-
ed.Retroperitoneal bleeding may not become obvious
until late if one relies on drainage output as an indica-
tor of hemorrhage. Hemodynamic depression may be
secondary to inadequate fluid resuscitation, bleeding
and hypocortisolism, especially after bilateral proce-
dures. Cardiogenic causes should be in the differential
diagnosis, in view of the high incidence of cardiomy-
opathies in this patient population. Respiratory com-
plications warrant vigilance especially in the obese pa-
tient with Cushing’s disease. Complications related to
laparoscopy are discussed separately.

28.8 Pain Management

The visual analogue pain score varies by surgical tech-
nique and lies between 6–9 with the open approach
[3]. Diaphragmatic function is depressed after upper
abdominal surgery and contributes to the develop-
ment of atelectasis [33, 34]. Pain management can im-
prove respiratory function and contribute to the pre-
vention of pulmonary complications secondary to
splinting [33]. Successful analgesia can help the pa-
tient with early ambulation and thus may decrease the
chance of thromboembolic events. The risk of adverse
cardiac events may be reduced as well [35].

The epidural technique has the advantage that it can
be used intra- and postoperatively. The major advan-
tage of an epidural catheter for pain management is
the relatively low dose of opioids needed in compari-
son to the systemic dose that would be necessary for
satisfactory analgesia. In our experience, epidural pa-
tient-controlled analgesia with a continuous baseline
rate provides good pain relief and high patient satis-
faction. The combination of a low concentration of lo-
cal anesthetic such as bupivacaine 0.08% with or with-
out the addition of an opioid has a high success rate.
At this concentration of local anesthetic, sympathec-
tomy and hypotension, as well as involvement of mo-
toneurons, are negligible. The most commonly en-
countered problems are pruritus, nausea and break-
through pain. The first two are related to the use of
opioids and can be treated with antihistamines,
antiemetics or low dose infusion of naloxone. If com-
plaints persist, the opioid can be removed from the in-
fusion.

Contraindications are an uncooperative patient and
the inability to treat complications from inadvertent
intrathecal or intravascular migration.Coagulopathies
preclude the instrumentation of the epidural space

due to the risk of epidural hematoma formation and
neurologic complications thereof. The use of low dose
heparin or NSAIDS at the time of epidural catheter in-
sertion is controversial [33].In experienced hands,the
small risk of neurologic deficits from epidural catheter
placement should be significantly lower than that of
pulmonary embolism in this patient population. He-
parinization should probably be withheld for some
time if a bloody tap is encountered during placement.
If removal of the catheter is planned, the last dose of
prophylactic unfractionated heparin should not be
given within 6–12 h. Neurologic assessment and in-
spection of the catheter site for signs of infection and
bleeding should be routinely employed.

Complications include postdural puncture head-
ache and intrathecal or intravascular injection. Aspi-
ration at frequent intervals can help exclude the latter
two. Care should be taken to adjust dosing for obese
patients as discussed earlier.

If an epidural catheter is not available, the intra-
venous administration of opioids and NSAIDS can be
considered. Morphine or hydromorphone are com-
monly delivered via patient-controlled analgesia with
good result.Although respiratory depression may be a
concern, the use of patient controlled analgesia is con-
sidered to be safe, and the incidence of respiratory de-
pression has been reported to be between 0.31% and
0.7%. Old age, hypovolemia and the use of a continu-
ous infusion may be risk factors [33]. Skilled staff
should be available to monitor and treat respiratory
depression.

NSAIDS such as Ketorolac may decrease the overall
requirements for opioids. Caution in patients with re-
nal dysfunction, peptic ulcer disease and its an-
tiplatelet action must be considered when using these
drugs.

28.9 Anesthetic Implication 
of Laparoscopic Surgery 
for Adrenalectomy

The laparoscopic approach for adrenalectomy has be-
come a successful and safe alternative to open surgical
removal over the last decade [36, 37]. The advantages
are faster postoperative recovery, earlier ambulation,
shorter hospital stays and less pain [38, 39]. Special
concerns are raised when using this technique for the
resection of pheochromocytomas. The compression
of the tumor by the pneumoperitoneum has been as-
sociated with increased secretion of catecholamines
and intraoperative hemodynamic changes [40, 41].
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This problem though can be managed safely in the
hands of a vigilant anesthesiologist and pheochromo-
cytoma resection can be successfully performed with
this approach [38,41].Catecholamine release by direct
manipulation may actually occur less during la-
paroscopy [38].

General endotracheal anesthesia with or without
the adjunct use of an epidural is usually favored for la-
paroscopic adrenalectomy. The proximity of the sur-
gical field to the diaphragm and the addition of a
pneumoperitoneum is usually not well tolerated from
a respiratory point in the spontaneously breathing pa-
tient. Anesthesia can be maintained with inhalational
agents or be conducted as a total intravenous tech-
nique (TIVA). It has been suggested that inhalational
agents may be more appropriate for functioning adre-
nal adenomas while TIVA may have benefits in non-
functioning tumors [42].

Regardless of the technique, both anesthesiologists
and surgeons should be familiar with the physiologic
changes and complications associated with a pneu-
moperitoneum.

Respiratory changes include a decrease in compli-
ance and functional residual capacity and an increase
in peak airway pressures [43].All are secondary to the
elevation of the diaphragm. The insufflation of CO2
results in systemic absorption and is related to the lev-
el of intra-abdominal pressure [44]. The combination
with impaired ventilation leads to CO2 retention, ne-
cessitating hyperventilation by increasing the respira-
tory rate in order to maintain normocapnia. Patients
with chronic obstructive pulmonary disease (COPD)
may be particularly challenging to treat.

Hemodynamic changes include a reduction in car-
diac output that is partially attributed to decreased ve-
nous return [45, 46]. Preoperative intravenous volume
administration may help alleviate this problem. The
increased peripheral vascular resistance seen with the
institution of a pneumoperitoneum may be deleteri-
ous for patients with limited cardiac reserve [47]. De-
creases in renal perfusion and venous stasis in the low-
er extremities should be kept in mind. Avoidance of
nephrotoxins and deep venous thrombosis prophylax-
is should be considered.

Complications from pneumoperitoneum include
subcutaneous emphysema, as well as pneumothorax
and pneumomediastinum. Endobronchial intubation
from cephalad movement of the carina may occur.Gas
embolism secondary to intravascular or intraorgan
gas injection is a feared complication. The severity of
clinical sequelae are related to the volume and rate of
gas entry [48].The formation of an air-lock in the right

ventricular outflow tract constitutes the worst sce-
nario and can lead to cardiovascular collapse and
paradoxic gas emboli. Diagnosis and treatment are
similar to those of air embolism. Cessation of gas in-
sufflation, head-down and right-side-up position to
displace the air, hyperventilation with pure oxygen
and aspiration of gas through a multi-orifice central
venous catheter are recommended. Cardiopulmonary
resuscitation with vasopressors may become neces-
sary. Rapid absorption of CO2 is of benefit but this
complication can nevertheless be fatal [45].

Vagal tone can increase during insufflation second-
ary to activation of peritoneal stretch receptors and
bradycardia or asystole may result. Release of the
pneumoperitoneum and atropine administration may
be required [45].

In conclusion, the laparoscopic technique for adre-
nal surgery is safe and offers advantages over the open
approach. Complications are rare, but mandate the
close cooperation of anesthesiologists and surgeons
for successful management and outcome.
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29.1 Positions/Incisions (Fig. 1)

The patient lies in the supine position. The preferred
incision for open anterior left adrenalectomy is as
for right adrenalectomy an extended left subcostal
incision. The midline incision may be used if the pa-
tient has a narrow costal angle or in the rare case of
multiple adrenal paragangliomas/pheochromocyto-
mas.

29.1.1 Approaches to the Left Adrenal Gland

The left adrenal gland can be approached via four dif-
ferent routes:
1. Through the gastrocolic ligament
2. Through the lienorenal ligament
3. Through the transverse mesocolon
4. Through the lesser omentum

The best approach is through the gastrocolic ligament
into the lesser sac.

29.2 Step I: Entering the Lesser 
Sac/Exposure of the Pancreas (Fig. 2)

The lesser sac is entered through the gastrocolic liga-
ment.Gentle traction with two hands on the transverse
colon and countertraction of the greater omentum will
demonstrate the avascular plane that can be easily in-
cised by diathermy. The lesser sac needs to be widely
opened so that the anterior surface of the pancreas is
well visualized. Occasionally if exposure is inadequate
the splenic flexure of the colon can be mobilized.
Adhesions from the posterior wall of the stomach to
the pancreas are cauterized.
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29.3 Step II: Mobilization of the Inferior
Border of the Pancreas (Fig. 3)

The peritoneum along the inferior border of the pan-
creas is incised using cautery. The incision continues
all the way from the body to the tail of the pancreas.

29.4 Step III: Exposure of the Adrenal;
Ligation of the Left Adrenal Vein;
Mobilization of the Left Adrenal 
Tumor (Fig. 4)

The left adrenal is exposed by lifting the inferior sur-
face of the pancreas upwards.Gerota’s fascia is opened
and the upper pole of the kidney is retracted inferi-
orly. With blunt dissection the left renal vein is seen.
Following this large vein 3–4 cm from the kidney’s
hilum a smaller, good size though long vertical vein
will appear that leads into the adrenal tumor. This is
the left adrenal vein. With a right angle clamp it is
dissected and securely divided and ligated. When the

tumor is large or highly vascular more large veins can
be encountered requiring similar ligation while pro-
tecting the integrity of the left renal vein.Once the two
to three large veins are ligated the remaining adrenal
tumors can be easily mobilized. The smooth collabo-
ration between the surgeon, who exposes each en-
countered small vessel with a long right-angle instru-
ment (“disecteur”), and his first assistant, who coagu-
lates them using his long “bovie”, is the secret of the
bloodless removal of the adrenal gland and tumor in
toto.
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30.1 Positions/Incisions (Fig. 1)

The position of the patient is supine.A pillow between
his right flank and lower chest turns the torso about
20° to the left. Hyperextension of the operating table
will allow more working space in the subcostal and
lateral area. The preferred incision is an extended
(both laterally and medially) generous right subcostal
incision.

The alternative incision is an upper vertical midline
incision with adequate infraumbilical extension espe-
cially in patients with narrow costal angle.This type of
incision may also facilitate exploration of extra-adre-
nal pheochromocytomas/paragangliomas. Rarely, es-
pecially in very large adrenal carcinomas, a thora-
coabdominal incision may be necessary for better ex-
posure and control.
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30.2 Step I: Kocher Maneuver (Fig. 2)

After initial hand evaluation of the abdomen is done
to assess possible unknown preoperatively pathology,
the hepatic flexure of the colon is mobilized inferiorly

and the right lobe of the liver is retracted upwards.
The aim in the first step is to expose and mobilize the
second portion of the duodenum (Kocher maneuver).
Scissors or monopolar diathermy is used to divide the
lateral attachments of the duodenal loop.
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30.3 Step II: Exposure of the IVC (Fig. 3)

The next and very important step is to expose the 
inferior vena cava from behind the duodenal loop 
to as high as possible. This exposure will lead to 
the adrenal tumor that is usually located higher than

initially expected. On the other hand, this (at least
8–10 cm) exposure of the IVC will allow vascular con-
trol of the dangerous excessive bleeding that may 
occur inadvertently during the removal of the tumor,
especially while trying to divide the right adrenal
vein.
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30.4 Step III: Exposure 
of the Tumor/Initial Mobilization 
(Fig. 4)

With the inferior vena cava safely exposed, the left
hand of the operating surgeon pulls the upper pole of
the right kidney downwards to better expose the adre-
nal tumor. Gerota’s fascia is widely opened and the
tumor is clearly seen. A vein retractor is necessary to

retract the IVC medially in order to expose the inner
border of the adrenal tumor, which usually continues
behind the IVC.

Mobilization of the tumor starts by freeing its me-
dial attachments along the inferior vena cava, starting
from the lower end and moving upwards toward the
main “dangerous” right adrenal vein. Rather small ar-
teries and veins will be encountered that can be cauter-
ized and occasionally ligated depending on their size.
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30.5 Step IV: Identification and Control 
of Right Adrenal Vein (Fig. 5)

The main right adrenal vein is wide and short, drain-
ing directly into the inferior vena cava usually coming
from the most superior and medial “corner”of the ad-
renal. A good and bloodless exposure of the area is
necessary; the tip of a suction keeps the field dry to

allow dissection of the main adrenal vein,allowing the
placement of two clips on the caval site and one on the
gland site. Fine long scissors or a knife blade can be
used to safely divide the vein. In case of inadvertent
avulsion or slippage of the caval clips serious hemor-
rhage can start.A Satinsky vascular clamp should im-
mediately be placed along the previously exposed IVC
for bleeding control and vascular repair.
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30.6 Step V: Mobilization of the Tumor
(Fig. 6)

With the right main adrenal vein clipped and divided,
the rest of the mobilization can be more easily and
quickly done using monopolar diathermy and occa-
sional ligation or clipping of larger vessels. The mobi-
lization starts from the superior edge of the adrenal
tumor that can be more easily seen with continuous
downwards retraction of the right kidney. Special at-

tention is required during this phase because occa-
sionally a large accessory subhepatic adrenal vein
draining into the right hepatic vein can be encoun-
tered, requiring early recognition and safe division.
The mobilization continues from the superior aspect
of the tumor laterally along the essentially avascular
plane requiring cautery use only.At the same time the
posterior aspect of the tumor is mobilized from its
loose connection to the diaphragm.
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31.1 Position

The patient is turned to the prone position after intu-
bation. Pillows or blankets are placed underneath the
chest and pelvis allowing the peritoneal organs to fall
away from the retroperitoneum.The table is flexed into
the jackknife position to eliminate lumbar lordosis.
The knees are flexed and the lower legs supported with
soft pillows.
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31.3 Step I: Resection of the 12th Rib

The first step of the posterior approach is resection
of the 12th rib (or the 11th rib in the rare case that the
12th is rudimentary). To get there the latissimus dorsi
and the lumbodorsal fascia are cut with diathermy and
the sacrospinalis muscle is retracted medially. Using
the diathermy and the periosteal elevator the rib is re-
moved subperiosteally all the way up to its junction
with the vertebral body.Care is taken to avoid injuring
the underlying pleura and the subcostal nerve.

31.2 Incisions

The classical Young curvilinear incision extending
from the 10th rib (4–5 cm from the midvertebral line)
to the iliac crest (8–10 cm from the midverterbral line)
is usually used. Nevertheless, since the adrenal gland
lies beneath the origin of the 12th rib from the verte-
bral body, a single straight incision over the 12th rib
with a small vertical upward extension, if needed, is
adequate in most cases.

Fig. 1 Fig. 2
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31.4 Step II: Reflection of the Pleura

The second step is to reflect upward the pleura that lie
immediately beneath the resected rib. This is done
carefully with blunt or sharp dissection, but occasion-

ally holes are made in the pleura. They should be rec-
ognized and repaired at this point. The underlying
pleura diaphragm can be either divided using dia-
thermy or retracted upward to expose the underlying
adrenal and upper pole of the kidney.

Fig. 4

Fig. 3



31.5 Step III: Recognition 
of the Left Adrenal

Gerota’s fascia is incised and the posterior surface of
the kidney is visualized. Downward retraction is nec-
essary to better expose the adrenal. On the left side it
is found medial to the upper pole of the kidney. The
left adrenal vein is recognised coming off the left renal

vein. As with all adrenal approaches the remaining
veins and arteries are usually small requiring cauteri-
zation and rarely ligation. The adrenal tumor along
with the healthy adrenal tissue, intact, should be mo-
bilized from the surrounding tissues, leaving last its
connections with the kidney, which act as retractors
until then.

31 Open Posterior Adrenalectomy 311

Gerota‘s fascia

Aorta

Left adrenal vein

Diaphragma

Adrenal tumor

KidneyFig. 5



Fig. 29-06 a,b

Fig. 29-06 c
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31.6 Step IV:
Recognition of the
Right Adrenal

Be careful when making the initial
incision remembering that the
right adrenal in the prone position
lies on the “left”side of the patient
(a). The advantage of the posteri-
or approach is the almost immedi-
ate reach of the adrenal following
the resection of the 12th rib (b).
The recognition and careful pre-
paration before ligation of the
short right adrenal vein as it comes
off the inferior vena cava is of
paramount importance for the
safe and smooth progress of the
adrenalectomy (c).
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32.1 Position of Patient

The correct position for right laparoscopic adrenalec-
tomy is supine with slight elevation (20° to 30°) of the

right side by positioning of appropriate sheets or pil-
lows. Slight overextension of the operating table may
also be useful to arc the torso further and provide
more working space. The monitor is positioned in the
familiar position for laparoscopic cholecystectomy for
the surgeon and the operating team is similarly posi-
tioned.

The only additional precautions are: (a) placement
of a urinary catheter since the operation may last
longer than expected and (b) the availability of a tray
with all the necessary instruments (including a Satin-
sky curved clamp) for an immediate open approach
should a major complication occurs during surgery,
especially with an inferior vena cava injury.

32 Right Anterior Laparoscopic Adrenalectomy

Dimitrios A. Linos

Fig. 32-01

Television monitor

Assistant

Surgeon

Assistant

Trocar with insuflation,
scope, and camera
in umbilicus

Trocar sites

Pillow tilts torso 20°

Occasional site
for camera

Fig. 1



32.2 Position of the Trocars

The initial camera trocar is placed in the umbilicus,
as in laparoscopic cholecystectomy, for easier access
and delivery of the adrenal tumor. We always use the
open Hassan technique, which is faster and safer than
the Veress needle technique. Occasionally when we
deal with a very obese patient we can place the initial
camera trocar closer to the subcostal area in the mid-
dle and below the remaining working trocars and
avoid the umbilical site. For large adrenal tumors it is
more helpful to use an additional trocar for the cam-
era at a later stage of the procedure and still start with
the umbilical incision, which can be extended at 
the end of the procedure to allow a larger tumor to be
extracted.

There are four additional trocars that are placed in
a straight line, 1–2 cm below the subcostal margin
starting medially from the subxiphoid, a 10–12 mm

trocar that will accommodate the liver retractor and
finish as far lateral as possible with a 5-mm trocar for
the first assistant’s grasper. Between these trocars, two
additional 10-mm trocars are placed to accommodate
the operating surgeon’s equipment and the second
“helping instrument” of the first assistant, which is
usually the suction-irrigation tip.

32.3 Step I

The first step is to retract the liver with the gallbladder
upwards. The retroperitoneum is incised in order to
further retract the liver and reach as high as possible.
The retractor (preferably cloth covered to avoid liver
injury) will be held upwards during the whole proce-
dure by the second assistant.

Two landmarks are identified: the kidney laterally
and the inferior vena cava (IVC) medially.
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32.4 Recognition of the Adrenal Gland

Once the posterior liver edge is pushed upwards and
the retroperitoneum incised, the surgeon should 
recognize the yellow color of the normal adrenal 
tissue and the adrenal tumor. Again the upper pole 
of the right kidney must be seen and felt and the 

IVC clearly seen. The right adrenal vein cannot be
seen at this point; its recognition and division 
should be left for later on. In contrast to left laparo-
scopic adrenalectomy, where the adrenal vein can be
seen and divided at the earliest stages, the right adre-
nal vein lies too high, and it is not wise to go for it
first.
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32.5 Mobilization of the Adrenal Tumor

The plan to mobilize the right adrenal tumor has two
steps. The first step is the “easy” one; it starts from the
inferior edge of the adrenal, continues with the lateral
one (detaching the adrenal from the upper pole of the
kidney) moving upward and along the liver edge.Dur-

ing these efforts, posterior mobilization is also done
since there are no vessels between the diaphragm and
the adrenal gland. The second step is the more diffi-
cult one and includes mobilization and detachment of
the right adrenal gland from the inferior vena cava.
This steps ends with the division of the right adrenal
vein.
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32.6 Division of the Adrenal Vessels

The adrenal arteries and veins (with the exception of
the main right adrenal vein) are very small and easily
dealt with the use of cautery. There is usually no need
to use endoclips. The newer forms of energy such as
Ultracision (Ethicon Endosurgery Inc.) and Ligasure
(Valley Laboratory) are no better than the cheaper
cautery attached to the common dissector.One should
be patient and careful to skeletonize every small ves-
sel and then cauterize it in order to avoid unnecessary
bleeding.

The first assistant has the main role of exposing
these vessels by pushing apart the tissues in between
the vessels. In this figure the assistant applies trac-
tion-countertraction between the upper pole of the
kidney and the adrenal using a grasper instrument
and the tip of the suction-irrigation instrument. The
suction-irrigation instrument is a very useful instru-
ment because it keeps the space we work in open and
clean from smoke and blood at all times.
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32.7 Exposure and Ligation 
of the Right Adrenal Vein

The fear of the surgeon during right adrenalectomy re-
mains unsuccessful ligation of the right adrenal vein.
The laparoscopic approach allows a better view thus
a better exposure and safer ligation of this short and
wide branch of the inferior vein cava. The usual 
laparoscopic dissecting instrument should clearly ex-

pose the adrenal vein as it enters and usually divides in
the upper pole of the adrenal. The space is limited but
adequate to place at least two clips on the side of the in-
ferior vena cava and one on the adrenal side.The small
scissor dividing the adrenal vein gives the already mo-
bilized adrenal its freedom (and breath to the operat-
ing surgeon). One should be careful that occasionally
there might be more than one adrenal vein originating
from the IVC or even from the hepatic veins.
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32.8 Removal of the Tumor

After the right adrenal vein is safely divided we can
then rotate the adrenal tumor all ways in order to cau-
terize its last attachments to the surrounding tissues.
Soon the whole adrenal gland with its tumor is hang-
ing free at the end of our grasper.The tumor is grasped
by the right adrenal vein remnant trying to avoid rup-

ture of the adrenal capsule.We want to inspect the bor-
ders of the adrenal gland and remove any yellow pieces
left behind. The Endobag can easily accommodate ad-
renal tumors as large as 15 cm in diameter. The En-
dobag is removed from the umbilical site that occa-
sionally has to be extended.After irrigation to confirm
that no bleeders are present a drain is left that usually
comes out the next day.
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33.1 Position of the Patient

The patient is positioned in the lateral right decubitus
position. A pillow is placed under the flank and the
table is angled to increase the space between the costal
margin and iliac crest.The surgeon stands on the right
of the table with the monitor across behind the head
of the patient. The assistant stands opposite to the pa-
tient.

33.2 Placement of Trocars

The first trocar for the camera is placed in the umbili-
cus using the open technique. In the case of an obese
patient a separate camera trocar is placed below and
underneath the trocars for the instruments.These four

additional trocars are placed along a subcortal line.
The first one is placed in the midline to accommodate
the endoretractor. The remaining three are placed at 
5-cm intervals with the last outer one as laterally as
possible. All trocars are 10–12 mm diameter in order
to accommodate all the necessary instruments expect
the very lateral one, which can be a 5-mm one.
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33.3 Step I: Mobilization of the Left 
Colonic Flexure/Exposure 
of the Upper Pole of the Left Kidney 
and Pancreas

The left colonic flexure and descending colon are 
mobilized inferiorly and medially in order to ex-
pose the underlying upper pole of the left kid-
ney. The tip of the surgeon’s working instrument

could “sense” the hard surface of the kidney be-
hind the Gerota’s fascia and the overlying retroperi-
toneal fat.

Further division of the gastrocolic ligament and
mobilization of the transverse colon downward allows
exposure of the pancreas. The use of new forms of en-
ergy such as Ligasure (Valley Laboratory) and Ultraci-
sion (Ethicon Endosurgery,Inc.) may expedite this and
subsequent steps.
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33.4 Step II: Mobilization of the Inferior
Border of the Pancreas Along 
with the Lower Pole of the Spleen;
Exposure of the Left Adrenal Tumor

The retroperitoneum along the inferior border of the
pancreas is opened with diathermy.The attachment of

the lower pole of the spleen to the upper pole of the
kidneys is divided. The main purpose is the upward
mobilization of the inferior surface of the pancreas
along with the spleen. The characteristic yellow color
of the adrenal tumor will now start appearing behind
Gerota’s fascia. The laparoscopic retractor is now in-
serted to keep the pancreas away from the adrenal.
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33.6 Step IV: Removal of the Tumor/
Drainage

The tumor is grasped by the left adrenal vein remnant
or surrounding non-adrenal tissue, trying to avoid

rupture of its capsule. It is positioned in the Endobag,
which is retracted through the initial umbilical port.
The umbilicus has the advantage that we can easily ex-
tend the incision to accommodate large tumors with
minimal esthetic cost.A drain is positioned for 24 h.
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33.5 Step III: Mobilization 
of the Adrenal Tumor

1. We start the mobilization of the tumor from its in-
ner border in the essentially avascular space be-
tween the pancreas (that is retracted and protect-
ed by the endoretractor) and the adrenal.We con-
tinue deep along this plan mobilizing most of the
posterior surface of the tumor.

2. We then move along the superior surface that
again is essentially without major vessels requir-
ing separate clip ligation.

3. We continue mobilizing the external border of the
tumor from the inner surface of the superior pole
of the kidney.There are few vessels requiring care-
ful hemostasis to keep the vision clear.

4. The most “difficult” part of this mobilization
comes on the inferior border of the adrenal tumor
especially recognizing and dividing the left adre-
nal vein that comes off the left renal vein 2–3 cm
from the hilum of the kidney.The pulsating left re-
nal artery needs also to be recognized and pro-
tected.

Most left adrenal arteries and veins are small and only
the left main adrenal vein (and occasionally another
medial accessory vein coming from the inferior
phrenic) needs clip ligation. Monopolar diathermy
and/or other sources of energy (Ultracision, Ligasure)
provide safe and fast hemostasis.



contents

34.1 Background . . . 325
34.2 Anatomic Considerations . . . 325
34.3 Indications for Laparoscopic 

Adrenalectomy . . . 326
34.4 Technique of Laparoscopic Transabdominal 

Lateral Adrenalectomy . . . 326
34.4.1 Patient Positioning . . . 326
34.4.2 Laparoscopic Right Adrenalectomy . . . 328
34.4.3 Laparoscopic Left Adrenalectomy . . . 329
34.5 Complications . . . 331
34.5.1 Short-Term Complications . . . 331
34.5.2 Long-Term Complications . . . 331
34.6 Postoperative Care . . . 331

References . . . 331

34.1 Background

Early successful laparoscopic adrenalectomy was re-
ported in 1992 by Gagner et al. [2, 3]. Since then,
the efficacy, safety and advantages of this approach 
as compared to open techniques have been proven 
in several retrospective studies [4, 5, 7, 8]. Investiga-
tors have shown decreased hospital stays, increased
patient comfort and faster return to normal bowel
function and physical activity. It is clear that laparo-
scopic adrenalectomy can be performed safely in
skilled hands for benign adrenal tumors less than
8–10 cm and small, isolated metastases to the adrenal
gland.Most endocrine surgeons agree that malignant
primary tumors of the adrenal gland are still con-
sidered a contraindication for the laparoscopic ap-
proach.

Various anatomical laparoscopic approaches have
been performed, including lateral transabdominal,
supine transabdominal, and retroperitoneal ap-
proaches. The majority of surgeons have adopted the
lateral transperitoneal approach for laparoscopic

adrenalectomy. This chapter reviews the principles
of laparoscopic adrenal surgery, including anatomic
considerations and the technical aspects for both
right and left laparoscopic adrenalectomy.

34.2 Anatomic Considerations

The adrenal glands are retroperitoneal organs locat-
ed along the superomedial aspect of both kidneys,
embedded in Gerota’s fascia and surrounded by
retroperitoneal fat. The glands have a fibrous capsule
and a chromate yellow hue due to the high lipid con-
tent of the cortex. The fibrous capsule should be kept
intact throughout the dissection, thus avoiding cell
spillage and possible implantation.

The adrenal glands weigh 4–7 g in the normal
adult. The right adrenal gland is more pyramidal 
in shape, lying under the right hepatic triangular 
ligament, lateral and somewhat beneath the vena 
cava and superomedial to the right kidney. The left
adrenal gland is more flattened, bounded superior-
ly by the posterior omental bursa, stomach and the
superior pole of the spleen, medially by the peri-
aortic tissue, and inferiorly by the tail of the pan-
creas and the splenic vessels. Both adrenal glands 
rest posteriorly on the respective crus of the dia-
phragm.

They are highly vascular structures, deriving their
arterial blood supply from a rich plexus of branches
from the inferior phrenic arteries, aorta and renal ar-
teries.Most commonly,they have a single central vein,
but multiple veins can be found. The right adrenal
vein is typically short, 0.3–1 cm long, draining direct-
ly into the vena cava. The left adrenal vein is usually
2–3 cm long, draining from the inferomedial aspect 
of the adrenal gland into the superior aspect of the 
left renal vein. The inferior phrenic vein may join the
left adrenal vein before its entry into the renal vein
(Fig. 1).
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34.3 Indications for Laparoscopic
Adrenalectomy

Laparoscopic adrenalectomy is indicated for virtually
all benign functional adrenal tumors as well as non-
functional tumors that require extirpation due to tumor
size,growth,or imaging characteristics.The indications
for 100 consecutive laparoscopic adrenalectomies as re-
ported by a single surgeon are seen in Fig. 2 [10].

34.4 Technique of Laparoscopic Trans-
abdominal Lateral Adrenalectomy

The technique for both right and left laparoscopic
adrenalectomy follows the principles of open adrena-

lectomy. The dissection is carried out in an extracap-
sular manner. Grasping the adrenal gland with la-
paroscopic instruments should be minimized, if pos-
sible, in order to avoid fracture of the gland,spillage of
tumor cells and possible implantation.If the gland has
been fractured significantly, the surgery may need to
be converted to an open adrenalectomy. Grasping the
periadrenal fat or gently pushing and elevating the
gland results in adequate exposure. Control of the
blood supply may be obtained by electrocoagulation,
ultrasonic dissector, or endoscopic clips. The gland
should be removed intact in an impermeable endo-
scopic device, so that the specimen may be examined
pathologically in its entirety.

34.4.1 Patient Positioning

A well-padded beanbag may used under the patient
on the operating table. After general anesthesia is in-
duced and all necessary monitoring is accomplished,
a urinary drainage catheter and an orogastric tube are
placed. It is essential that the stomach be decom-
pressed, especially on the left side. The patient is
placed in the lateral decubitus position, right side 
up for a right adrenalectomy, or left side up for a 
left adrenalectomy. The table is flexed, the patient’s
lower leg is bent, while the upper leg is kept straight,
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Fig. 2. Indications for surgery in 100 consecutive laparo-
scopic adrenalectomies [10]



and the kidney rest of the table is elevated. All pres-
sure points must be carefully padded to prevent 
neurovascular injury.These maneuvers will maximize
the space between the costal margin and the iliac 
crest (Fig. 3a). This positioning will also allow gravity
retraction of adjacent organs and excellent expo-
sure to the retroperitoneum. It will not permit access
to the contralateral adrenal. For a concomitant bi-

lateral adrenalectomy, the patient will need to be
repositioned at the conclusion of the first adrenalec-
tomy.

The video monitors are positioned on each side of
the patient’s head. The surgeon stands on the ventral
side of the patient. The assistant and/or camera oper-
ator can stay on the same side or opposite side of the
surgeon, according to exposure necessity [1, 8].
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34.4.2 Laparoscopic Right Adrenalectomy

The port sites are demonstrated in Fig. 3b. Most com-
monly, four ports are utilized.In exceptional cases,ad-
ditional ports may be inserted. Pneumoperitoneum is
achieved through the site of the first port, which is lo-
cated lateral to the rectus muscle in the anterior axil-
lary line along the costal margin. Alternatively, this
port may be placed midway between the umbilicus
and the right costal margin. A Veress needle may be
used to achieve pneumoperitoneum to 12–15 torr. In
some cases, particularly patients with pheochromo-
cytoma or chronic obstructive pulmonary disease, the
pneumoperitoneum is poorly tolerated.In these cases,
one can accomplish the operation laparoscopically us-
ing decreased insufflation pressures. A 10 mm port is
placed and a 30 degree side-viewing telescope is uti-
lized to visualize the insertion of the remaining ports.
Two 5 mm ports are placed along the costal margin to-
ward the flank. An additional port is placed medially
to the first port for a liver retractor. This may be either
a 5 mm or a 12 mm port, given the available liver re-
tractors.A 5 mm 30 degree side-viewing telescope may
also be available. This may be used in the 5 mm ports
at various points in the case for optimization of visu-
alization and angle of dissection.

It is important to mobilize the right lobe of the liv-
er by detaching the right triangular ligament from its
lateral and inferior attachments using the ultrasonic
dissector or electrocautery (Fig. 4). This permits visu-
alization of the retrohepatic vena cava and the entire
adrenal gland. Care should be taken in dissecting over
the vena cava as small communicating veins between
the cava and the liver may bleed profusely if not con-
trolled.Mobilization of the right lobe will also allow re-
traction and elevation of the liver, thus avoiding injury
to the liver parenchyma.

The adrenal gland is easily identified once the 
liver is mobilized. The dissection is then carried out
laterally and superiorly. Small arterial branches can
be divided with the cautery or ultrasonic dissector.
The right adrenal vein is located usually medially 
and posteriorly, draining into the vena cava. Once 
the vein is gently dissected, it should be doubly
clipped and transected (Fig. 5). Wide adrenal veins
may need to be sequentially clipped or ligated.
Slipped clips or sutures from the proximal stump
bleed briskly and control may be difficult. Undue
traction on the adrenal vein may tear the vena cava.
Direct gentle caval compression may be attempted
with an endoscopic Kittner dissector to minimize
blood loss. If vascular control cannot be obtained en-

Sanziana Roman, Robert Udelsman328

Fig 33-04

Triangular ligament

Liver

Kidney

Transverse colon

Fig. 4. Right laparoscopic adrenalectomy: mobilization of the triangular ligament of the liver



doscopically, the operation may need to be converted
to an open procedure.

Accessory veins may be clipped or cauterized. The
adrenal gland may extend beneath the vena cava.
Gentle blunt medial traction of the cava and lateral
dissection of the gland releases the medial side of the
adrenal.Inferiorly,the gland is dissected away from the
superior pole of the kidney. The inferior adrenal pole
may extend close to the renal vein.

The dissection is kept close to the adrenal capsule
to avoid injury to hepatic veins superiorly, vena cava
medially and the renal vein or accessory polar renal ar-
teries inferiorly and posteriorly.

The gland is then extracted via an endoscopic
pouch through one of the 10–12 mm port sites. If the
tumor is large, the port site may need to be slightly en-
larged.Morsellation of the gland is not recommended,
as it compromises pathological examination.

34.4.3 Laparoscopic Left Adrenalectomy

The patient is positioned in the left side up lateral de-
cubitus position as described above. Three trocars are
usually employed (Fig. 3c). Pneumoperitoneum is
achieved through the first 10 mm port site located

along the left costal margin, lateral to the rectus mus-
cle.An additional 5 mm port is placed superiorly along
the costal margin and a third port, either 5 mm or
10 mm, is placed in the axillary line. Care should be
taken in inserting this port as the splenic flexure of the
colon may be adherent to the flank area. Occasionally,
this will need to be mobilized prior to insertion of the
third port. The 10 mm or 5 mm 30 degree telescope is
employed via the flank port site, while the dissectors
and grasper are used in the medial ports.

Using the grasper and either the coagulation scis-
sors or the ultrasonic dissector, the colon is displaced
inferiorly and the spleen is mobilized medially by in-
cising the splenorenal ligament. An edge of ligament
should be left on the spleen for grasping purposes,thus
avoiding manipulation injury to the spleen. The dis-
section of the ligament is carried up to the diaphragm
to the level of the gastric cardia. This allows full medi-
al rotation of the spleen and utilizes gravity for expo-
sure. Great care should be exercised to avoid injury to
either the diaphragm or the stomach, especially when
using the ultrasonic dissector.

With the spleen retracted medially, the pancreatic
tail is gently dissected off the retroperitoneum. The
posteriorly located splenic vessels will be in view as the
pancreas is mobilized medially.
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Occasionally it is difficult to locate the left adrenal
gland in the retroperitoneal fat. This is often the case
in patients with Cushing’s syndrome.In such cases,the
intraoperative laparoscopic ultrasound can be utilized
though the 10 mm port.

The anterior surface of the adrenal gland can be
bluntly dissected free from the tail of the pancreas.
This dissection is carried out to the medial edge of the
adrenal gland, where the arterial supply is encoun-
tered.Branches off the aorta,left phrenic artery and re-
nal artery can be taken close to the adrenal capsule
with the cautery or ultrasonic dissector. The branches
should be clearly visualized and dissected prior to
cautery. Utilizing the ultrasonic dissector is preferred
to endoclips, thus avoiding clip clutter.

The lateral and superior aspect of the adrenal gland
is then dissected free from retroperitoneal fat using the
ultrasonic dissector. Inferiorly, the adrenal gland is
gently dissected off the superior pole of the kidney.
The renal capsule should not be injured in order to
avoid bleeding.

The adrenal vein is found in the inferomedial aspect
of the gland draining in an oblique direction into the

renal vein. The adrenal vein is bluntly dissected and
double endoscopic clips are applied. It is important to
note that the inferior phrenic vein may join the adrenal
vein prior to its entry into the renal vein (Fig.6).It is ex-
tremely important to avoid injury to the left renal vein.

In operations for pheochromocytoma, the vein is
preferably taken early in the dissection, thus avoiding
systemic catecholamine release with the surgical
gland manipulation. Prior to clipping of the adrenal
vein, the anesthesiologist should be made aware, in 
order to prepare for the hemodynamic effects of re-
duced circulating catecholamines.

Utilizing a 5 mm 30 degree angled telescope in 
various ports has the advantage of visualizing the ad-
renal from different views,which may facilitate the dis-
section.

Once the adrenal gland is free,it is removed in an en-
doscopic pouch through the 10 mm port site. Hemo-
stasis is assured by releasing some of the pneumoperi-
toneal pressure in order to prevent small venous com-
pressive effect. All port sites larger than 5 mm are
closed in layers with fascial approximation and skin
closure.A closed suction drain is rarely employed.
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34.5 Complications

34.5.1 Short-Term Complications

Most complications of laparoscopic adrenalectomy are
shared with the open techniques. Potential complica-
tions from insertion of the Veress needle include bow-
el perforation, liver injury and splenic injury. The liver
may be injured with the liver retractor during a right
adrenalectomy. Gentle retraction and adequate release
of the right triangular ligament minimizes this risk.
Small capsular tears usually do not necessitate treat-
ment, as they are self-limited. The spleen may also be
injured by retraction with the grasper. Leaving a layer
of the phrenolienal ligament on the splenic capsule af-
fords a grasping area and avoids direct manipulation of
the splenic capsule.Small capsular tears also tend to be
self-limited.Good visualization of the operative field is
important in dissection; therefore placing the patient in
the lateral decubitus position and slight reverse Tren-
delenburg will keep irrigation fluid and blood out of
the operative field. Meticulous dissection in a clear op-
erative field is key to avoiding significant bleeding from
the adrenal veins, vena cava and the renal vein. Major
hemorrhage should prompt open conversion.

Injury to the pancreas, colon or duodenum can be
avoided by careful dissection and manipulation.

34.5.2 Long-Term Complications

Adrenal capsular tear and cell spillage has been re-
ported, with subsequent implantation of tumor cells
along the paracolic gutters and the retroperitoneum
[6]. Adrenal cell spillage should be avoided by careful
manipulation of the gland during dissection and re-
moval.

In patients with Cushing’s syndrome positional
skeletal fractures can be experienced. These patients
may also develop pneumonias. Patients who undergo
bilateral adrenalectomy and/or those with Cushing’s
syndrome will develop adrenal insufficiency postop-
eratively unless replaced with glucocorticoids.The ad-
disonian crisis may present with abdominal pain,nau-
sea, vomiting, fever, malaise, weakness and leukocyto-
sis. Cardiovascular collapse with hypotension and
shock may develop rapidly, if the crisis is not recog-
nized and treated promptly with parenteral glucocor-
ticoids.

Patients with pheochromocytoma may develop
postoperative hypotension and rebound hyperin-
sulinism.

Patients who undergo resection of an aldosterono-
ma are at risk for postoperative mineralocorticoid in-
sufficiency, manifested by hyperkalemia.

34.6 Postoperative Care

Patients who undergo unilateral or bilateral adre-
nalectomy for Cushing’s syndrome should be given
exogenous glucocorticoids and an appropriate taper
should be scheduled. Once the patient can take oral
medications, a maintenance dose of hydrocortisone
or equivalent of 12–15 mg/m2 is administered daily.
The steroid therapy should continue until nor-
mal function of the hypothalamic-pituitary-adrenal 
axis has been achieved. Patients who undergo bi-
lateral adrenalectomies also require mineralocorti-
coid replacement with fludrocortisone acetate 100 µg
per day [9].

Usually, patients will only necessitate parenteral
narcotics for 24 h, and be switched to oral pain med-
ication thereafter. Clear liquids may be started within
24 h and have diet advancement as tolerated. Most pa-
tients will be discharged within 24–48 h postopera-
tively with no physical restrictions. Most patients re-
turn to work within 10–15 days.

Patients with pheochromocytoma should have uri-
nary catecholamines measured within 6 months post-
operatively and then annually.
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35.1 Introduction

The posterior retroperitoneoscopic approach to the
adrenal glands is based on the combination of the clas-
sical open posterior route and the technique of mini-
mally invasive surgery. By doing so the advantages of
both methods are integrated: the direct approach and
limited access minimizing operative trauma. In 1993
and 1994 the technique of posterior retroperitoneo-
scopic adrenalectomy was independently developed at
different locations. Early descriptions were published
from Turkey, United States of America, Italy, and Ger-
many [5, 7, 8, 13]. Further studies demonstrated oper-
ative feasibility [15] and – compared with the laparo-
scopic approach – shorter operative times and less
blood loss [1].Currently,the posterior retroperitoneo-
scopic access has become one of the standard ap-
proaches for adrenalectomy.In this chapter we present

the surgical technique, results, and our experience
based on more than 350 retroperitoneoscopic adrena-
lectomies.

35.2 Surgical Technique

35.2.1 Preparation

Posterior retroperitoneoscopic adrenalectomy is per-
formed under general anesthesia with laryngeal intu-
bation and assisted ventilation. In addition, a naso-
gastric tube is placed routinely. In patients with a
pheochromocytoma, previous cardiac diseases or se-
vere arterial hypertension, a central venous catheter
and an arterial line are inserted. Swan-Ganz catheters
and urinary catheters are not used routinely. Patients
with pheochromocytomas are pretreated with high-
dosage phenoxybenzamine up to a final level of
2–3 mg/kg body weight [19]; patients with hyperal-
dosteronism receive spironolactone 3–4 weeks prior to
operation. Intraoperatively, intravenous antibiotics
(i.e. 2 g cefazolin) are given.

35.2.2 Positioning

The procedure is performed with the patient in the
prone,half-jackknife position (Fig.1).Ideal placement
is essential to create sufficient space between the ribs
and the iliac crest: the hip joints and the knees are bent
(75–90°) and fixed in this position. The patient is po-
sitioned without lordosis on mattresses allowing in-
clination (“sagging”) of the abdomen. The lateral ab-
dominal wall is placed in a vertical line with the table
allowing free movement of all instruments.
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to place a fourth trocar below the first line of ports in
order to pull the kidney down by a separate retractor.

Mobilization of the adrenal gland begins medially
and caudally between the diaphragm and the adrenal
gland.In this area,on the right,the gland arteries cross
the vena cava posteriorly. These vessels are separated
by electrocoagulation or clip application. Clips are
useful,especially in well-vascularized pheochromocy-
tomas. By lifting up the adrenal gland the caval vein is
demonstrated posteriorly in its retroperitoneal-cra-
nial segment (Fig. 4). The vena cava is clearly visual-
ized by the clearing of any fibro-fatty tissue. During
this phase the renal vein and artery must not be iden-
tified. Sometimes, an upper pole artery of the kidney
crosses the caval vein. The short suprarenal vein be-
comes clearly visible running posterolaterally usually
close to the diaphragm. This key vessel is meticulous-
ly prepared for a length of 1 cm and dissected between
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Fig. 1. Positioning of the patient in posterior retroperitoneo-
scopic adrenalectomy. Hip joints and knees are bended

Fig. 2a, b. Positioning of the trocars for posterior retroperi-
toneoscopic adrenalectomy. (a Modified from [16])

35.2.3 Placement of Trocars

Initially, a 1.5 cm transverse incision just below the tip
of the 12th rib is made. The retroperitoneal space is
reached by blunt and sharp dissection of the abdomi-
nal wall. A small cavity is prepared with a finger for
digitally guided insertion of two 5 mm trocars about
5 cm lateral and medial to the initial incision site with
particular attention to the subcostal nerve. Thus, safe
trocar placement is possible without visual control.
The medial 5 mm trocar is inserted at an angle of about
45°, allowing a direct view of the adrenal region and
avoiding bending of the camera. The lateral 5 mm 
trocar is placed exactly lateral and below the 11th 
rib. A blunt trocar with an inflatable balloon and an 
adjustable sleeve is introduced into the initial incision
site and sealed by balloon inflation. The capnoretro-
peritoneum is created by maintaining a CO2 pressure
of 20–25 mmHg. Retroperitoneoscopy is performed
with a 5 mm 30 degree endoscope that is initially in-
troduced via the middle trocar and later positioned via
the medial trocar near the spine (Fig.2a,b).The initial
view shows the fascia of Gerota,which must be opened
by dissection (Fig. 3a, b).

35.2.4 Preparation of the Adrenal Gland

After creation of the retroperitoneal space underneath
the diaphragm by displacing the fatty tissue inferior-
ly, the upper pole of the kidney is seen. By doing so the
area of the adrenal gland is visualized. The kidney is
retracted downwards by one of the instruments from
the middle or lateral trocar. Sometimes it is necessary



clips (Fig. 5a, b). Mobilization of the right adrenal
gland is completed by lateral and cranial dissection
where further small vessels can be found.

For a left-sided retroperitoneoscopic adrenalecto-
my, the adrenal gland vein must be prepared in the
space between the adrenal gland and the diaphrag-
matic branch medial to the upper pole of the kidney
(Fig. 6). After dissection of the main vein (Fig. 7a, b),
preparation of the adrenal gland is continued medial-
ly, laterally, and cranially.All manipulations of the ad-
renal gland are performed carefully using blunt pal-
pation probes to prevent injury to gland tissue.For the
whole dissection the monopolar electrocautery probe
is used allowing a precise preparation of all essential
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Fig. 3. a Initial view on Gerota’s fascia. b After dissection the
perirenal and periadrenal fatty tissue becomes visible

Fig. 4. Right-sided posterior retroperitoneoscopic adrena-
lectomy. View after creation of the retroperitoneal space (vc,
vena cava; a, adrenal gland with tumor; k, upper pole of the
right kidney; arrow, adrenal vein). (Modified from [16])

structures. The harmonic scalpel is also practical but
creates relatively dense fog in the small retroperitoneal
working space (300–400 ml).

35.2.5 Partial Adrenalectomy

If a partial adrenalectomy is planned, the margin of
the neoplasia has to be precisely identified. Therefore,
it may be necessary to resect a portion of the sur-
rounding fatty tissue. Additionally, retroperitoneo-
scopic ultrasonography utilizing a 10 mm flexible
10 MHz probe is utilized.After clear identification, the
tumor is resected with a margin of 0.5–1.0 cm of nor-
mal tissue. These resections are regularly performed
by electrocoagulation with or without clip application
[17]. Preservation of the adrenal vessels depends on
the individual situation and is not related to cortical
function [4, 19].

35.2.6 Final Steps

Extraction of the adrenal tissue is performed through
the middle incision with a retrieval bag system (e.g.,
Endocatch,Tyco Norwalk,CT,USA).Depending on the
tumor size the incision site occasionally has to be en-
larged.Skin and fascia closure are performed after the
optional retroperitoneal drain insertion with reab-
sorbable materials. On the day of the operation bed
rest is abandoned and complete oral intake is allowed.



35.3 Indications and Contraindications
(Table 1)

The posterior retroperitoneoscopic approach to the
adrenal glands is indicated in adrenal tumors up to
6–7 cm in diameter,and in those patients with adrenal
hyperplasia. Tumors less than 4 cm in size, and pa-
tients with little retroperitoneal fatty tissue, are ideal
candidates for this procedure.

Due to the limited working space and the increased
risk of malignancy, tumors larger than 6–7 cm should
not be operated via the posterior retroperitoneoscop-
ic access.This also applies to tumors infiltrating neigh-
boring organs or structures especially in patients with

adrenal metastases. Another contraindication is a
short distance (less than 3–4 cm) between the ribs and
the iliac crest in the prone position,i.e. in patients with
severe osteoporosis or after spine fractures. In these
patients placement of trocars is impossible. In ex-
tremely obese patients (body mass index 45) the ab-
domen causes severe compression of the retroperi-
toneum. In such situations even a gas pressure of
30 mmHg does not create a sufficient and safe retro-
peritoneal space.

35.4 Tips and Tricks

35.4.1 Retroperitoneal Space

A basic aspect of posterior retroperitoneoscopic
adrenalectomy is the increased gas pressure with lev-
els between 20 and 25 mmHg. This allows the creation
of a sufficient space in the retroperitoneum without
any relevant hemodynamic changes [6] even in obese
patients. Additionally, an initial balloon dissection – 
as described in the early publications [14] – can be
avoided.

35.4.2 Misplacement of Trocars

In rare instances of misplacement of one of the trocars
causing tears of the pleura, the procedure can be con-
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Fig. 6. Left-sided posterior retroperitoneoscopic adrenalec-
tomy.View after creation of the retroperitoneal space (rv, re-
nal vessels; a,adrenal gland; k, left kidney; arrow,adrenal vein
joining the diaphragmatic vein). (Modified from [16])

Fig. 5a, b. Right-sided retroperitoneoscopic adrenalectomy
(vc, vena cava; av, adrenal vein; ag, adrenal gland)



tinued.Sealing of the leakage may be possible by pres-
sure with a blunt tip trocar with a balloon. Addition-
ally, a pleural drain should be inserted until the end 
of the operation. We have encountered this compli-
cation four times and have always succeeded in 
completing the operation endoscopically.A “leakage”
of the peritoneum may occur during right or left 
posterior adrenalectomies. On the right the posterior
part of the right lobe of the liver becomes visible, on
the left the spleen or the posterior wall of the stomach
can be seen. If this happens, the retroperitoneoscopic
procedure can be continued and completed, as signif-
icant compression of the retroperitoneum does not
occur.

35.4.3 Hemorrhage

The major potential complication is bleeding. By the
posterior retroperitoneoscopic approach the risk of
arterial bleeding is minimal, as the main renal arter-
ies and the aorta are usually not seen. Clips can con-
trol lesions of small arteries, i.e. of the adrenal gland
or the upper pole of the kidney.Venous bleeding may
occur from suprarenal veins or from the caval vein,
but due to the high CO2 pressure relevant blood loss
does not occur. We have seen very few significant
hemorrhages from these vessels and a complete con-
trol could always be achieved by clip application or
temporary compression.Variations in the anatomy of
the suprarenal veins are a special problem. They are
not found on the left side, but on the right side we en-
countered such anomalies in about 10% of patients
[18]. Especially, conjunctions of adrenal veins with
posterior hepatic veins may complicate dissection.
Another advantage of the posterior retroperitoneo-
scopic adrenalectomy is the small space in which the
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Fig.7a,b. Left-sided posterior retroperitoneoscopic adrenal-
ectomy (k, upper pole of left kidney; av, clipped adrenal vein;
ag, adrenal gland)

Table 1. Indications and contraindications of posterior retroperitoneoscopic adrenalectomy

Indications Primary functioning tumors (size ≤6–7 cm) i.e. Pheochromocytoma
Conn’s adenoma
Cushing’s adenoma

Primary non-functioning tumors (size ≥3 cm and ≤6–7 cm)
Metastases (≤4 cm and without infiltration of surrounding 
structures except fatty tissue)
Nodular or non-nodular hyperplasia with hypercortisolism

Contra- Primary adrenal functioning or non-functioning tumors Laparotomy or laparoscopic approach
indications (size >6–7 cm)

Malignant tumors (except small metastases) Laparotomy
Extreme obesity Lateral laparoscopic approach possible
No distance between ribs and iliac crest Lateral laparoscopic approach possible



whole procedure is performed, limiting the potential
maximum blood loss.

35.4.4 Retroperitoneal Fatty Tissue

In patients with large amounts of fatty tissue in the
retroperitoneum all surgical procedures for adrena-
lectomy become extremely difficult. In these patients,
typically with Cushing’s syndrome or Cushing’s dis-
ease, the benefit of an endoscopically performed pro-
cedure is high especially by avoiding large abdominal
incisions. The trick in endoscopic adrenalectomy is to
resect the fatty tissue around the upper pole of the kid-
ney and the adrenal gland.Sometimes,this can be per-
formed simply by suctioning of the typically soft and
friable fatty tissue. Thereby, the essential anatomic
structures and landmarks can be identified within a
few minutes.

35.5 Results

35.5.1 Perioperative Results

Studies of posterior retroperitoneoscopic adrenalec-
tomy demonstrate both the feasibility and the safety of
this approach (Table 2). The conversion rate to open
surgery is about 5% and decreases with growing expe-
rience [15,18].Operative time ranges between 100 and
200 min; blood loss is minimal. Due to the direct ac-
cess,we can achieve operative times of less than 30 min

in ideal patients with minimal retroperitoneal fatty tis-
sue and small tumors. Up to now, no perioperative
death has occurred after posterior retroperitoneo-
scopic adrenalectomy. This approach has also been
used in recurrent adrenal tumors especially after
transperitoneal open operations and in retroperi-
toneal paragangliomas [19, 20].

Hemodynamic studies show a significant increase
of cardiac output, stroke volume, mean arterial pres-
sure,and mean pulmonary arterial pressure following
retroperitoneal insufflation in the prone position.
Heart rate, systemic vascular resistance, and pul-
monary vascular resistance do not change, however,
making it a safe procedure in patients with cardiac risk
factors [6]. Intraoperatively, absorption of CO2 by the
retroperitoneal tissue without relevant alterations of
arterial blood gas analysis has been demonstrated
[11]. Further studies show stable pulmonary function
in patients undergoing this approach both pre- and
postoperatively [9].

35.5.2 Postoperative Results

Long-term results following posterior retroperitoneo-
scopic adrenalectomy confirm biochemical cure in
functioning adrenal tumors even after partial adrena-
lectomy [12, 17, 18]. Local or locoregional recurrences
have not been published. We have noted temporary
weakness of the subcostal nerve in about 11% of pa-
tients leading to relaxation or hypoesthesia of the
abdominal wall [18].
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Table 2. Studies of posterior retroperitoneoscopic adrenalectomy with more than ten procedures (n.d., no data)

Author Year Adrenalecto- Conversions Operative  Blood loss Remarks
mies (n) (n) time (min) (ml)

Mercan [8] 1995 11 0 150 n.d.

Duh [5] 1996 14 0 202 n.d. Comparison with 
transperitoneal approach

Walz [14] 1996 30 5 124 40 Five partial adrenalectomies

Baba [1] 1997 13 1 142 32 Comparison with 
transperitoneal and retro-
peritoneal-lateral approach

Sasagawa [9] 1998 15 0 162 12 Only partial adrenalectomies

Baba [2] 1999 26 1 144 44 Six procedures: “solo surgery”

Balogh [3] 2000 14 2 128 100

Walz [18] 2001 142 7 101 54 39 partial adrenalectomies

Sasagawa [12] 2003 47 1 198 41 Only partial adrenalectomies



35.6 Summary

The posterior retroperitoneoscopic approach to the
adrenal glands combines the advantages of the poste-
rior open approach and minimal access surgery. This
allows for a direct and safe procedure with short oper-
ative times and a low complication rate. The approach
is not useful for adrenal tumors larger than 6–7 cm in
diameter.
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Cortical-sparing adrenalectomy can be performed in
an open or laparoscopic fashion. Small pheochromo-
cytomas can be approached in an open fashion by 
either a dorsal lumbotomy or an open anterior ap-
proach. In patients with VHL lacking extensive intra-
abdominal adhesions, in those not requiring con-
comitant major pancreatic and renal procedures, and
in patients with small unilateral or bilateral pheochro-
mocytomas, the adrenal glands can be approached la-
paroscopically.Our preferred method is through a lat-
eral transperitoneal approach. The principles for cor-
tical-sparing surgery are the same as for open and
laparoscopic techniques.The adrenal gland is exposed
but not mobilized. In open cases, careful palpation is
performed along with intraoperative ultrasonography
to identify the location of the tumor. In laparoscopic
cases, more emphasis is placed on visual inspection
and laparoscopic ultrasonography, although subtle

differences in texture of the gland can be noted with la-
paroscopic instrumentation. Once the location of the
tumor is identified, only that part of the gland is
mobilized. This is performed carefully with clips,
electrocautery, and harmonic scalpel. Only arterial
tributaries to the involved segment(s) (aortic,renal,or
phrenic) are divided. If the main adrenal vein is in
this region,it too is divided.Provided the remainder of
the gland is left in situ, without mobilization, there are
sufficient emissary veins running with the remaining
arterial tributaries to maintain adequate venous
drainage.When an adequate amount of gland has been
mobilized, it can be separated from the segments to be
spared by means of a stapling device or harmonic
scalpel. Once the specimen is removed, it must be ex-
amined by the surgeon and pathologist to ensure an
adequate margin around the pheochromocytoma
(Figs. 1–5).
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Adrenal tumor

Inferior phrenic vein

Left renal vein Renal arterial branch

Harmonic scalpel

Inferior vena cava

Inferior phrenic artery

Central vein

Aortic arterial branch Fig. 1. Cortical-sparing left adrenalectomy (CSA) with cen-
tral resection. Central vein and aortic branches have been di-
vided. No mobilization is performed of remaining upper and
lower poles to protect emissary veins and arterial branches
(inferior phrenic and renal). Transection is performed la-
paroscopically using a harmonic scalpel
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Renal arterial branch

Aortic arterial branch

Central vein

Adrenal tumor

Fig. 2. CSA (left) with resection of superior pole tumor. Only
inferior phrenic branches are divided

Fig. 3. Upper and lower pole tumors resected. Midportion of
gland preserved on aortic arterial branch and emissary veins

Adrenal tumor

Right renal vein

Renal arterial branch

Harmonic scalpel Central vein

Aortic
branch

Fig. 4. Right CSA resecting upper pole tumor. Only inferior phrenic branches are divided. Central vein is preserved
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Fig. 19-05
Renal arterial branch

Inferior phrenic network

Adrenal
tumor

Aortic branchHarmonic
scalpel

Lap us

Fig.5. Lower pole is resected by dividing aortic and renal arterial branches with their emissary veins.Central vein is preserved.
The intraoperative ultrasound rules out other intraparenchymal nodularity
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37.1 Introduction

Despite the introduction of laparoscopy, which has
revolutionized the practice and concepts of adrenal
surgery, several issues still need to be addressed. For
instance, in many cases, current diagnostic tools do
not allow the accurate prediction of the risk of malig-
nancy in pheochromocytomas; in addition, adreno-
cortical carcinoma is very rarely diagnosed at an ear-
ly and potentially curable stage. These limitations be-
come even more important in the era of laparoscopic
adrenalectomy since adrenal cancer is considered an
absolute contraindication for a laparoscopic approach
due to the risk of dissemination. Although recent re-
ports suggest that fears about the oncologic inadequa-
cy of laparoscopic adrenalectomy might be unjusti-
fied [1], there is no question that operating an adrenal
cancer laparoscopically is much more challenging
than operating on a small benign lesion. The surgeon
would ideally like to know about the presence of a 
cancer prior to operation. Furthermore, even the 
most experienced surgeon would agree that vena cav-
al invasion contraindicates a laparoscopic approach.
Unfortunately, this prediction is not possible in all 
patients.

The management of adrenal incidentalomas is also
controversial. Incidentalomas have a frequency of

about 1.3% of all patients undergoing abdominal com-
puterized tomographic examinations; this incidence
rises to 8% in necropsy series. The incidence of
adrenocortical carcinoma, however, is extremely rare
at about 1/800,000. Larger adrenal lesions are associ-
ated with increased risk of cancer,and incidentalomas
larger than 6 cm should be removed; there is general
consensus that tumors smaller than 3 cm do not rep-
resent an indication for surgery,whether the operation
is performed laparoscopically or not.However,there is
a tendency to consider the decreased invasiveness of
laparoscopic surgery as an argument to broaden sur-
gical indications for smaller sized incidentalomas.
Miccoli et al. [2] documented an increase in the num-
ber of patients referred for adrenalectomy after the in-
troduction of laparoscopic adrenalectomy,and,in par-
ticular more patients were referred who had adrenal
metastases and incidentalomas.

Is it justifiable to operate on patients with/and for
smaller incidentalomas? Proponents of this strategy
argue that this may be the only way to “pick up” adre-
nal cancers at an earlier stage, and that the minimally
invasive removal of an adrenal mass may be preferable
to lifelong follow-up, where the likelihood of malig-
nancy is assessed by size on CT scanning, a somewhat
arbitrary approach. Furthermore, different size crite-
ria have in fact been used when determining surgical
indications in different centers. Importantly, some re-
ports suggest that the cross-sectional anatomy repre-
sented by 2-dimensional CT studies may be inaccurate
and therefore result in an inadequate estimation of the
actual adrenal size and surgical indications which may
be inappropriate for the individual patient [3–5].Thus,
better criteria for establishing when incidentalomas
should be removed are highly desirable.

There are, in addition, technical issues about adre-
nal surgery for consideration. Since the initial report
by Gagner in 1992 [6], laparoscopic adrenalectomy has
rapidly become the surgical procedure of choice for
the treatment of benign adrenal lesions. However, la-
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paroscopic adrenalectomy can at times be challenging.
This is the case in obese patients, where even tumoral
glands may be very difficult to identify. Previous sur-
gery on the kidney,pancreas,or spleen may render the
transperitoneal approach challenging especially for
surgeons with limited laparoscopic experience.In gen-
eral, the advent of minimally invasive techniques has
further emphasized the importance and potential dan-
ger to patients of the learning curve in surgery, creat-
ing a need for alternative training models and im-
provement in surgical education to enhance patient
safety.

The introduction of new technologies may possibly
help surgeons address and hopefully solve many of the
issues mentioned.

In recent years, computer-based image acquisition
modalities have matured to the point that they are now
capable of accurate 3D reconstructions of an organ
system or body region. The advantages of these virtu-
al reality (VR) systems consist in the creation of a vir-
tual environment where complex structures are repre-
sented in a fully 3-dimensional manner, which gives
the surgeon the ability to interact with the image as if
it truly exists, understanding the anatomy of a struc-
ture,the features of a lesion,performing tasks and ma-
nipulations, as well as navigation within the lumen of
blood vessels.

37.2 Current Clinical Applications 
of Virtual Reality in General Surgery

By using dedicated computer software, virtual reality
3D reconstructions are obtained by the processing of
the digital data of current 2D imaging modalities, usu-
ally CT scan or MRI acquisitions. Applications of vir-
tual reality have thus far been used mainly for pre-
operative diagnostic evaluations, which included vir-
tual gastroscopy, bronchoscopy and colonoscopy as
well as virtual reconstruction of liver tumors prior to
resection.

At the European Institute of Telesurgery we have
developed an institutional software program for 3-D
virtual cholangioscopy, based on cholangioMRI
(MRCP) data acquisition. The software reconstructs
the anatomy of the biliary system, including the gall-
bladder, the common bile duct as well as the intrahep-
atic biliary branches; this enables virtual navigation
and transparency of all structures as well as the auto-
mated detection of stones. In a clinical study [7] we
found that the 3D virtual cholangiography had sensi-
tivity and specificity rates higher than standard MRCP,

and provided a detailed preoperative reconstruction of
the biliary anatomy.

The development of systems for 3D reconstruction
of liver anatomy and hepatic lesions has been shown
to improve tumor localization ability. Lamade’ and
coworkers [8] have reported a clinical study showing
that the ability to adequately assign a tumoral lesion to
a liver segment was significantly increased by 3D re-
construction when compared with 2D computed to-
mographic scans. Computer engineers of the “Virtual
Surgery Team” at our Institute have developed a fully
automated software program that, from CT scan im-
ages, provides, in less than 5 min, an automated 3D re-
construction of anatomical and pathological struc-
tures of the liver as well as invisible functional infor-
mation such as portal vein labeling and anatomical
segment delineation according to the Couinaud defi-
nition. In our experience, clinical application and cor-
relation of this method in more than 40 patients
showed that automated delineation of anatomical
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Fig. 1. a CT scan demonstrating a 3-cm left adrenal mass;
b its VR reconstruction



structures was sufficiently accurate and even more
sensitive and specific than manual delineation per-
formed by a radiologist.

37.3 Possible Applications of VR 
in Adrenal Surgery

37.3.1 The EITS VR Software

We have applied a 3D VR software program developed
at our Institution for reconstruction of the adrenal
glands in five patients presenting with adrenal lesions.
From spiral CT contrasted images with 2 mm slices,us-
ing a Unix SGI octane 2 computer station with a
R12000 processor at 400 MHz and 1Gb of RAM,our VR
software automatically detected, delineated and re-
constructed most intra-abdominal organs. The adre-
nal glands were automatically reconstructed and tu-

mors were hand delineated (Fig. 1). This preliminary
clinical experience demonstrated the feasibility of us-
ing VR systems for 3D reconstruction of the adrenal
glands and its lesions,and suggested a number of pos-
sible interesting applications.

37.3.1.1 Diagnostics

The interest in VR for the diagnosis of adrenal lesions
is due to the fact that it has the unique advantage of au-
tomatically reconstructing the gland and facilitating
the delineation of the lesion in the gland.In newer ver-
sions of the software we should also be able to achieve
automatic delineation of lesions as well. The differen-
tiation between the structure of the normal gland and
pathological lesions can be enhanced with high con-
trast by combining the use of thresholding, mathe-
matical morphology and colors. Furthermore, more

37 Virtual Reality and Robotic Technologies in Adrenal Surgery 347

Fig. 2. Although best viewed on a computer monitor screen, these still pictures show how we create a virtual environment
where complex structures are represented in a fully three-dimensional way. The surgeon has the ability to interact with the
image, and understand the anatomy of a structure, the features of a lesion and the relationship with different organs and 
vessels



than conventional imaging, the 3D reconstruction
helps understanding the reciprocal relationship be-
tween the gland, the lesion and adjacent organs. This
is also facilitated by the unique ability of VR to allow
visualization of structures from virtually any angle of
view, as opposed to the flat image obtained with a CT
scan or an MRI scan (Fig. 2).

Another important feature of this virtual reality ad-
renal reconstruction is that it allows “navigation”with-
in the lumen of vessels (Fig. 3), with the obvious im-
plication for the preoperative investigation of venous
thrombosis or tumoral invasion in the inferior vena
cava or renal veins.Furthermore,simultaneous recon-
struction of other organs such as the liver allows eval-
uation of patients with plurimetastatic diseases, facil-
itating the monitoring of the response to chemother-
apy (Fig. 4).

Moreover, VR allows for precise and measurable
evaluation of the volume of an adrenal lesion, which
might be better than simply using diameter size as a
parameter to evaluate the potential malignancy of a
tumor and the surgical indications in patients with in-
cidentalomas. We are currently trying to investigate
the accuracy of VR in assessing the size and volume of
adrenal glands and lesions in comparison to conven-
tional imaging methods. Further investigation will be
needed to understand the significance of volume in
predicting the nature of a lesion.

37.3.1.2 Education and Training

To date, surgical residents’ education has been highly
dependent upon the patients that actually present to
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Fig. 3. VR allows the use of virtual transparency of organs and vessels and, importantly, the intraluminal navigation in hol-
low organs or vessels. The pictures show the VR reconstruction of one of our patients with a left adrenal lesion (in green). The
image on the right shows the inside view of the left renal vein, with the yellow circle indicating the origin of the main adrenal
vein. This navigation allows the detection of eventual stenosis for thrombosis or tumoral invasion. The left image shows a red
cursor indicating the real-time position inside the lumen



the service during their period of rotation, with con-
sequent risk of lack of exposure to important types of
surgical procedures. Adrenal surgery is not common
practice in every hospital and training center. There
may be residents that very rarely have the opportuni-
ty to participate in a laparoscopic adrenalectomy.Vir-
tual reality and surgical simulators can provide the op-
portunity to expose each resident to a wider surgical
experience and to make the training more uniform for
residents in a single training program or even across
many institutions.

Virtual reality images, similar to other digital data,
can also be easily transferred real-time to distant lo-
cations, for tele-education programs in which educa-
tion from a distant expert can be transmitted to those
of the local faculty.An example of this was provided by
Silverstein et al. [9], who used a teleimmersive virtual
reality environment for simultaneously teaching liver
segments and portal vein anatomy to senior surgical
residents at two different locations. These authors re-
ported effective acquisition of the new knowledge with
no difference between those residents who were with
the instructor and those at the remote location as
shown by a 24-question examination test administered
prior to and after the anatomy workshop.

Extremely important for education and training in
adrenal surgery is the ability of VR to provide a safe
training environment where errors can be made with-
out consequences to a patient (“learning curve”) and
where the learning process is based upon learning the
cause of failure. This is the basic concept of surgical

simulators. The trainees can practice, for instance, la-
paroscopic adrenalectomy to achieve a higher degree
of proficiency before performing the procedure clini-
cally.

The ability to objectively assess technical skills and
performance by tracking hand motion and the econo-
my of the trainee’s movements with the computer has
important implications. Digital representation of the
human form allows the incorporation of anatomical,
functional and pathological data, so that next genera-
tions of virtual reality systems and simulators could be
used as part of a certification processes.

In total, all the opportunities afforded by VR and
simulation may improve the level of surgical education
and result in a better quality of performance in clini-
cal adrenal surgery.

37.3.1.3 Preoperative Planning

We have used our software to simulate the first steps of
a laparoscopic adrenalectomy in our patients. VR re-
constructions can indeed be used to perform a “virtu-
al laparoscopy” (Fig. 5) to help in planning a correct
trocar and instrument positioning,calculating the ide-
al distance between trocars according to the patient’s
specific body habitus and internal anatomy (Fig. 6).

Unlike neurosurgery and orthopedic surgery where
firm bony reference frames are available, in adrenal
surgery virtual operation planning, on the basis of 3D
reconstruction of soft tissues, has to overcome the ob-
stacles of the inherent mobility and flexibility of the
abdominal organs,especially when simulating a trans-
peritoneal laparoscopic approach. As a result, current
virtual reality systems have not yet achieved the nec-
essary level of perfection to be used for a reliable sim-
ulation. In the near future, however, it is likely that the
technical issues will be solved and better surgical sim-
ulators will become available. The 3D reconstruction
of the patient’s specific anatomical structures and le-
sions,as well as anomalies,can certainly help surgeons
better comprehend and plan the proposed procedure
for each patient, as well as anticipate possible dangers
and identify the optimal plane for dissection or resec-
tion.

A further application of VR is the preoperative sim-
ulation and planning of robotic assisted surgery.Com-
bining virtual laparoscopy with a virtual Zeus robotic
system we experimented with the possibility of simu-
lating the surgical gestures required for a specific pro-
cedure in a given patient with the system able to
process this information and anticipate possible con-
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Fig. 4. Three-dimensional VR reconstruction of a patient
presenting with metastatic lesions involving the liver and the
left adrenal. The virtual transparency of the liver shows the
inner portal vessels. Metastatic lesions are colored in green
and easily recognized from the normal parenchyma



flict between robotic arms and therefore being help-
ful in planning ideal robotic arm positioning for a
smoother operation. This can apply to robotic assist-
ed adrenalectomy as well as to other procedures.

37.3.1.4 The Concept of 4D and the Interest of VR 
in Patients with Adrenal Incidentalomas

Follow-up of adrenal lesions using medical imaging is
limited to a subjective mental reconstruction. VR can
be used for assessment of the evolution in time of the
volume and morphology of tumors. At our Institute
the images of 3D reconstruction of one patient with
adrenal and liver metastasis undergoing chemothera-
py and one patient with an adrenal incidentaloma
were evaluated over time.The virtual images obtained
by serial follow-up CT scans were processed by the
software and superimposed resulting in a precise and

measurable evaluation of the volume of the lesion and
its evolution over time. This is the concept of 4D VR,
that is, 3D in time. The main difficulty encountered at
the present time lies in the difference in position of the
patient and the organ.New global positioning systems
and magnetic sensor tools are currently in the de-
velopmental stage to overcome this major draw-
back. However, 4D imaging for the assessment of the
evolution of adrenal tumors is a promising novel tool
and concept that represents a major step forward for
the objective follow-up of tumor growth, with im-
portant implications for the management of adrenal
incidentalomas as well as for evaluating the thera-
peutic response in cancer patients. We are now in the
process of performing clinical investigations to verify
the reliability and significance of this concept in adre-
nal surgery. It is likely that it may rapidly become a
valuable option for the follow-up of incidental adrenal
lesions.
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Fig. 5. The concept of virtual laparoscopy. The patient’s abdominal organs as well as the skin are reconstructed from a CT
scan. The virtual laparoscope is inserted and the internal view is shown just as it would be when using a regular laparoscope
in the same patient.Virtual laparoscopy could be used to replace laparoscopic diagnostic explorations or to perform surgical
planning



37.4 Robotic Adrenal Surgery

The introduction of robotic systems in surgery was
welcomed as an opportunity to improve surgical per-
formance. Indeed, due to their intrinsic characteris-
tics, and the ability to merge together a telemanipula-
tor system with computer interfaces, surgical robots
allow tremor filtering, motion downscaling and im-
proved endurance [10, 11]. With these tenets, there
have been claims that robotic assisted surgery may, in
fact, be better than conventional laparoscopy. Howev-
er, after being tested in virtually every type of general
surgery, robotic systems failed to maintain, at least so
far, their promises of making surgery easier for the
surgeon and better for the patient. For instance, at the
2003 SAGES Meeting, the data of two multicenter

prospective randomized studies performed in the USA
were presented [12, 13]. The studies compared robot-
ic assisted cholecystectomy and Nissen fundoplication
to the respective procedures performed by conven-
tional laparoscopy. In both operations, the robotic as-
sisted operations were performed with significantly
longer operative time than in conventional la-
paroscopy; however, complications, blood loss and
functional outcomes were similar between robotic and
conventional laparoscopic surgery. These and other
reports are consistent in showing that robotic assisted
procedures are as safe and effective as standard la-
paroscopic procedures but that longer operative times
and no significant clinical benefits can be expected
from the use of robotic assistance in general abdomi-
nal surgery.
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Fig. 6. Planning of trocar positioning in a patient undergoing VR reconstruction. The software allows placement of our vir-
tual patient in the lateral decubitus position. A virtual laparoscope and instruments are placed in the desired position. The
smaller windows on the left show the inside view and allow planning of the ideal angulation between our dissecting instru-
ments and anticipate possible conflicts. Once the best suitable position has been chosen, the software can calculate the dis-
tance, in centimeters, from the ribs as well as between the trocars. This is a preliminary step in the performance of a simulat-
ed laparoscopic adrenalectomy



Case reports and small case-series about robotic as-
sisted adrenalectomy have been reported [14–16] or
presented in several international surgical meetings.
One may argue that since adrenalectomy is simply a
resective procedure with no anastomosis or extensive
suturing or other difficult tasks involved, there is little
need,if any,for robotic enhancement of dexterity in la-
paroscopic adrenalectomy. However, enhancement of
dexterity is not the only advantage of robotics.

Our group has shown that robotic assistance can be
used for performing surgical operations remotely,
even across transatlantic distances [17,18].This appli-
cation of robotics has interest not only for reaching pa-
tients located distantly but also to make expert assis-
tance available for surgeons in virtually any location.
This may be very helpful when young surgeons per-
form an operation early in their learning curve, or, for
instance,to help endocrine surgeons who have little la-
paroscopic experience implementing laparoscopic
adrenalectomy in their routine practice.

A further advantage of VR simulations is that,in the
near future, the digital data of the best simulated pro-
cedure could be recorded and replayed by a robot au-
tomatically and at a distance. Combining VR with ad-
vanced robotics could guide the surgeons through
technically challenging procedures and avoid injury to
vital structures. The idea of automated surgery is fas-
cinating, but several issues and limitations of current
technology need yet to be overcome.

To make dreams come true there is a lot of work 
to do.

37.5 Conclusions

Virtual reality has great potential to help in several as-
pects of adrenal surgery, including education and
training, preoperative diagnostics, preoperative plan-
ning, and intra- and postoperative applications. Fur-
thermore, the possibilities afforded by robotic sys-
tems, integrated with virtual and augmented reality
capabilities, may further improve surgical technique
and possibly blunt the learning curve and reduce the
operative risks associated with the early phase of edu-
cation in new technology.
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moon facies 78
morbid obesity 291
MRI 3, 152, 180, 181, 186, 202, 242
βMSH 76

MTC 177
multidetector CT 44
multiplanar imaging 48
multiple endocrine neoplasia (MEN) 177, 204,

288
– 2A/2B 4, 51, 195, 252, 260
muscle
– atrophy 78
– weakness 290
MYCN 217
myelolipoma 225, 242
myxoma 260

N
needle biopsy 136
neoplastic hyperandrogenism 168
nephrotoxicity 291
nerve growth factor (NGF) 217
neuraxial blockade 288
neuroblastoma 77, 78
– age of diagnosis 215
– amplification of the MYCN oncogene 214
– clinical presentation 211
– diagnosis 213
– familial 213
– high risk 214, 219
– histology 214, 215
– intermediate risk 214, 219
– low risk 214, 219
– prevention 220
– quantitative DANN content of the tumor (ploidy)

214
– risk factors 213, 214
– 4S 217
– staging 214
– surgical aspects of treatment 217
– treatment by risk group 219
– vaccine 219
neurofibroma 242
neurofibromatosis (NF1) 177, 178, 257
– risk of pheochromocytoma 257
– type 1 204
neuromuscular blocker 290, 291
neurotrophin-3 217
NGF 217
nicardipine 207
nitroprusside 207
nitrous oxide 289
nodular hyperplasia 242
non-functioning tumor 41, 145
non-hyperfunctioning nodule 129
non-screening adrenocortical adenoma 4
nonsteroidal analgesic 293
noradrenaline 3, 35
norepinephrine 51, 178, 179, 256
normetanephrine 196
NP-59 scintigraphy 134
NSAIDS 294
nucleus suprachiasmaticus 35
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obesitiy 69, 78, 242
occult ectopic ACTH syndrome 78
octreotide 81
– scanning 192
OMA 212
omentum 299
open adrenalectomy 185
open anterior left adrenalectomy 299
opioid 290, 294
opsoclomus-myoclonus-ataxia syndrome (OMA) 212
organ of Zuckerkandl 178, 180, 189
osteoporosis 78, 290, 292
ovarian uterine cervix carcinoma 77
Overt Cushing’s syndrome 72

P
p53 germ-like mutation 261
pain management 294
pancreas 78
pancreatic islet cell 77
paraganglia 178, 204, 251
– chromaffin-negative 251
– chromaffin-positive 251
paraganglioma 51, 189, 197, 201, 258
– carotid body 251
– chemodectoma 251
– surgery 259
paralysis 289
paraventricular nucleus 35
paravertebral ganglia 211
paroxysm 201
partial adrenal resection 275
patient-controlled analgesia 294
perioperative
– complication 293
– use of cortisone 2
peripheral vascular resistance 295
peritoneal implant 146
PET 53, 152, 181, 182
pharmacological
– control of blood pressure 3
– treatment 81
phenoxybenzamine 191, 206, 288
phentolamine 3, 207
phenylephrine 52
phenylethanolamine N-methyltransferase 36
phenylpropanolamine 52
pheochromocytoma 3, 42, 51, 77, 189, 195, 232, 242, 251,

253, 287, 341
– adrenalectomy 255
– epidemiolgy 177
– extra-adrenal 251, 256, 258
– norepinephrine secreting 258
– surgical treatment 255
phlebography 2
Pick 3
placenta 77
plasma metanephrine 189, 191, 196, 202, 256

pleura 310
pneumomediastinum 295
pneumoperitoneum 294
pneumothorax 293, 295
polycythemia 287
POMC
– gene 75
– – expression 75
– mRNA 75
port site metastases 143
positron emission tomography (PET) 53, 134, 152, 204, 253
posterior
– approach 4
– retroperitoneal endoscopy 4
postganglionic noradrenergic fiber 35
postoperative
– care 115, 185
– FST 124
– recovery 294
potassium iodid 51
preganglionic cholinergic axon 34
premature pubarche 167
preoperative treatment 290
prevertebral plexus 35
primary
– aldosteronism 2, 115, 127
– hyperaldosteronism 289
– pigmented adrenocortical disease (PPNAD) 260
PRKARIA gene 260
prohormone convertase 76
prone position 309
propranolol 206
prostate cancer 77
pseudocyst 225
pseudoephrine 52
pseudohermaphroditism
– femininus 161
– masuclinus 161
psychiatric disturbance 78
pulmonary hypertension 291
purple striae 78

R
radiation therapy 219
radiological
– evaluation 41
– imaging 43
radiopharmaceutical 50
Recklinghausen’s
– disease 257
– neurofibromatosis 51
recurrent pheochromocytoma 181
renal perfusion 295
renin 119, 127
– renin-angiotensin-aldactone-system 51
repeat operation 143
replacement cortisone therapy 2
resection of the 12th rib 309
reserpine 52
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respiratory complication 294
RET proto-oncogene 195, 205, 252
– genetic testing 253
– intracellular mutation 253
– mutation in codon 634 253
– mutation on chromosome 10 4
– risk of pheochromocytoma 253
– tyrosine kinase receptor 252
retroperitoneal gas insufflation 2
retroperitoneoscopic adrenalectomy 169
right adrenal
– gland 10, 14
– vein 305–307
right laparoscopic adrenalectomy 313
roof-top 4
Roux, Cesar 3

S
sacrospinalis muscle 309
Satinsky vascular clamp 307
scintigraphy 2, 129
screening 179
SDH 204
SDHB 204
SDHC 204
SDHD 204
– gene mutation 258
secretory diarrhea 212
selective
– adrenal venous sampling 2
– venous catheterization
– – of the adrenal 169
– – of the ovarian 169
75Se-selenonocholesterol 50
– scintigraphy 41
semiquantitative adrenal imaging technique 42
sensory parasympathetic 36
sex determination 167
sexual hormone 144
short arm of chromosome (1p-) 217
single-photon emission computed tomography (SPECT)

53, 182
skin 77
sleep apnea 291
small cell
– lung cancer 75
– neuroendocrine carcinoma of the thymus 77
somatostatin receptor subtype 81
SPECT 53, 182
spell 201
spinal cord 34
– compression 219
spironolactone 51, 127, 129, 290
splanchnic nerve 35
spleen 77
sporadic lesion 51
stage 4S neuroblastoma 215
staging system 143
sternotomy 146

steroid
– hormone 144
– myopathy 291
Sturge-Weber syndrome 51
subcapsular arterial plexus 33
subclinical
– pheochromocytoma 244
– primary aldosteronism 245
submyeloablative allogenic bone marrow transplant 219
subtotal adrenalectomy 169, 275
succinate dehydrogenase (SDH) 204, 258
superior adrenal artery 10
supine 303
suppression test 115
suprarenal tumor 2
surgical
– approach 41
– gold standard 4
– strategy 43, 137
– treatment 41
surgically curable primary aldosteronism 115
sympathetic
– discharge 288
– motor 36
– nervous system 33, 251
– sensory innervation 36
sympathoadrenal system 36

T
T1/T2-weighted axial image 44
tamoxifen 170
tandem transplant 219
teratoma 242
testis 77
testosterone 160
thoracoabdominal incision 218, 303
thoraco-phreno-abdominal 145
thoracoscopy 146
Thornton, Knowsley 2
thymic carcinoid 77
thymus 77
thyroid 77
– blockade 50, 52
TIVA 295
total intravenous technique (TIVA) 295
total metanephrine 196
trans-diaphragmatic 4
transesophageal echocardiography 293
transperitoneal laparascopic approach 4
transpleural 4
transverse mesocolon 299
tricyclic antidepressant 52
TrkA/B/C 217
true cyst 224
tumor 75
– extra-adrenal 252
– localization 180
– multifocal 252
– size 43, 245
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tumorlet 77
tyrosine
– hydroxylase 36
– kinase receptor 217

U
ubiquinone oxidoreductase 204
ultrasonography 43
upper vertical midline incision 303
urinary
– catecholamine 256
– free cortisol 71, 79

V
vagal tone 295
vanillylmandelic acid (VMA) 213
vasoactive intestinal peptide (VIP) 212
vasopressin (V3) receptor 77
vasopressor 289
venography 145
venous bypass 146
ventilation 292
ventricular dysfunction 287
ventromedial hypothalamus 37

VIP 212
virilism 168
virilization 167
visual analogue pain score 294
VMA 213
volatile anesthetic 289
von Hippel-Lindau disease (VHL) 51, 177, 178, 195, 202,

255, 341
– chromosome 3p25-26 256
– functioning protein 256
– tumor suppressor 205
– type 1 without pheochromocytoma 255
– type 2 with pheochromocytoma 255

Y
young curvilinear incision 309

Z
Zollinger-Ellison syndrome 78
zona
– reticularis 10, 35
– fasciculata 10, 35
– glomerulosa 10, 35
Zuckerkandl 202
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