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Preface

The evaluation and management of neurological emergencies are shared by
neurologists, emergency medicine physicians, internists, hospitalists, and
family practitioners. The way we care for these patients is defined by the
work of those for whom we have tremendous respect.

When I was a resident at the University of Virginia, I loved to spend rainy
afternoons in the library reading the monographs and essays of famous neu-
rologists, many of whom had described the syndrome that would bear their
name. | have always been as fascinated by neurologists as by neurology.
While interviewing for residency, I shared a pizza with Roger Bannister. Over
a cup of coffee at the ANA, Stan Prusiner explained his discovery of the prion
protein drawing it for me on a napkin. Through the educational courses at the
American Academy of Neurology, and in my role of Editor-in-Chief of
Seminars in Neurology, 1 have had the incredible opportunity of getting to
know and becoming friends with the great neurologists of our time.

When Springer asked me to edit a textbook on neurological emergencies,
I thought about those afternoons in the library at the University of Virginia and
how much it would mean to our colleagues and the next generation of neurolo-
gists to have a book that was written by neurologists that are Living Legends.
Although this book is intended for neurologists, emergency medicine physi-
cians, internists, family practitioners, and hospitalists, it is more than an ordi-
nary textbook. It is a collection of the scholarly work of those who have spent
their careers doing the work they love, advancing knowledge for the care of
patients in their area of expertise. I am grateful that they would write for this
textbook, greatly admire their work, and cherish their friendship.

This book is dedicated to the authors, and with love to my dear husband,
Robert M. Pascuzzi, MD., and to our beautiful daughters, Annie and Jan.

Indianapolis, IN, USA Karen L. Roos, MD
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Headache in the Emergency
Department

Carrie E. Robertson, David F. Black,
and Jerry W. Swanson

Abstract

Headache is the fourth most common reason for adult patients to present
to the emergency department. Approximately two-thirds of these visits are
for primary headache disorders, such as migraine, cluster, and tension-
type headache. When evaluating a patient with headache in the emergency
department, the physician must first decide if the headache represents a
primary headache disorder or whether there is some other underlying
etiology. Once a serious cause for headache has been excluded, the physi-
cian can focus on pain management. The first half of this chapter discusses
the differential and diagnostic work-up of headaches with potentially dan-
gerous etiologies. The last half addresses management strategies for pri-
mary headache disorders, with special focus on prolonged and intractable
migraine headaches.

Keywords

Emergency department ¢ Emergency room ¢ Headache ¢ Migraine
e Migraine management ¢ Pregnancy headache ¢ Primary headache
* Reversible cerebral vasoconstriction ® Secondary headache e Status
migrainosus ® Subarachnoid hemorrhage ¢ Thunderclap headache
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Introduction

Headache is an extremely common malady that

of Medicine, Mayo Clinic, causes numerous sufferers to present to the
Rochester, MN, USA emergency department for relief and diagnosis.
e-mail: black.david@mayo.edu While some headaches are symptomatic of a
J.W. Swanson, MD () serious underlying disorder, fortunately, most are
Department of Neurology, College of benign origin. Headaches can be classified
of Medicine, Mayo Clinic, L. . . .

Rochester, MN, USA within two major categories as outlined by
e-mail: swanson.jerry @mayo.edu the International Headache Society Headache
K.L. Roos (ed.), Emergency Neurology, DOI 10.1007/978-0-387-88585-8_1, 1
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Classification of Headache Disorders (ICHD-II)
[1]: (1) primary headache disorders, and (2) sec-
ondary headache disorders. Primary headache
disorders include such diagnoses as migraine,
cluster headache, and tension-type headache.
These are thought to represent an abnormal
activation of the intrinsic pain system that may
include both central and/or peripheral mecha-
nisms. The predisposition to such disorders
depends on both genetic and environmental
factors.

A primary headache is diagnosed based on the
patient’s history and the absence of an identifi-
able underlying etiology. Imaging and laboratory
investigations are most often used to help exclude
secondary causes for headache. There is an exten-
sive and varied list of possible sources of second-
ary headache, some of which include intracranial
neoplasms, infections, hemorrhage, homeostatic
derangements such as hypothyroidism, toxic
exposure such as carbon monoxide poisoning,
and many others.

This chapter will address the differential diag-
nosis of headache disorders likely to be seen in
the emergency department as well as various
diagnostic approaches utilized in the evaluation
of secondary causes of headache. It will also out-
line several treatments for primary headache dis-
orders. Therapeutic options for many secondary
headache disorders are covered in other chapters
of this book and are beyond the scope of this
chapter. For an exhaustive list of all headache dis-
orders and their diagnoses, the reader should see
the ICHD-II [1] classification.

Epidemiology

The symptom of headache is a frequent reason
for visits to the emergency department (ED). In
the National Hospital Ambulatory Medical Care
Survey in 2006, headache was the fourth most
common reason that adults (patients 15 years
and older) sought care in an emergency depart-
ment. It was the third most common reason
among women and the seventh most common
reason among men. Overall, headache accounted
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for over 3.3 million emergency department visits
which represented 2.8% of a total of over 119
million visits [2].

In the largest study of its kind, Goldstein and
colleagues evaluated a representative sample of
all of the adult ED visits for headache between
1992 and 2001, and found that approximately
two-thirds of the visits were for a primary head-
ache disorder [3]. Of those that presented with a
secondary headache disorder, the vast majority
were benign. In fact, only 2% of visits were found
to be due to a serious pathologic etiology [3].
Previous studies also found that the majority of
patients presenting to the emergency department
with headache had primary headaches, with rates
of secondary causes as low as 4% [3]. Certain
clinical characteristics such as sudden onset,
older age, and marked severity increase the
probability of finding an underlying cause [3, 4].

Pathophysiology

A detailed discussion of the pathophysiology of
all primary headache disorders is beyond the
scope of this chapter; nevertheless, a brief over-
view of the pathophysiology of migraine is
appropriate. Migraine headache likely is a result
of alterations in central pain nociception regula-
tion with consequential activation of meningeal
and blood vessel nociceptors. Headache and its
related neurovascular changes occur as a result of
activation of the trigeminal system. Reflex links
to the cranial parasympathetics comprise the
trigeminoautonomic reflex. Activation leads
to vasoactive intestinal polypeptide release and
vasodilation [5].

Substance P, calcitonin gene-related peptide
(CGRP), and neurokinin A are contained in
trigeminal sensory neurons [6]. Excitation leads
to release of substance P and CGRP from sensory
C-fiber terminals [7], which contribute to neuro-
genic inflammation [8]. These substances inter-
play with blood vessels, causing dilation, plasma
protein extravasation, and platelet activation [9].
Neurogenic inflammation is thought to sensitize
nerve fibers (peripheral sensitization) resulting in
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responses to formerly innoxious stimuli, like
blood vessel pulsations [10], leading to, in part,
the pain of migraine [11]. Central sensitization
can also take place. After meningeal receptors
are activated, neuronal activation takes place in
the trigeminal nucleus caudalis [12] and in the
dorsal horn in the upper cervical spinal cord
[13, 14]. Positron emission tomography has
demonstrated brainstem activation during
migraine headache in areas approximating noci-
ceptive pathways as well as in systems that mod-
ulate pain [15].

Clinical Features

Primary headaches are defined by their
onset, duration, and associated features such as
nausea/vomiting, visual aura, conjunctival tear-
ing, rhinorrhea, etc. These discriminating fea-
tures are broken down in detail under the
differential diagnosis section. Some secondary
headaches have classic presentations as well. The
following is a list of clinical features on the his-
tory and exam that may be seen with particular
headache etiologies.

History of Trauma

A history of trauma increases the chance of
intracranial hemorrhage (subarachnoid, subdural,
epidural, intraparenchymal), and may also pre-
cede a carotid or vertebral dissection. Cerebral
venous thromboses are another uncommon but
serious complication of closed head injury [16].
Trauma to the cribriform plate or dural sleeve
could result in a cerebrospinal fluid (CSF) leak
causing a low-pressure headache. Trauma result-
ing in fractures to the skull base or cervical verte-
bra can contribute to severe posterior head and
neck pain. Minor head injuries can trigger a
migraine in patients with a migraine history.
Postconcussive headaches following closed head
injury may mimic migraine or tension headaches
and may have associated symptoms such as
cervical pain, dizziness, cognitive impairment,

and psychologic/somatic complaints such as
irritability, anxiety, depression, fatigue, and sleep
disturbance [17].

Fever or Known Infection

The presence of an infection elsewhere in the
body should raise suspicion that the infection
could have spread to the central nervous system.
Patients should be assessed for the presence of
neck stiffness/meningismus (resistance to passive
movement of the neck), fever, or altered menta-
tion. Recent medications for headache should be
noted, as nonsteroidal anti-inflammatory drugs
and acetaminophen may mask fever. Fever may
also occur in the setting of vasculitis, malignancy,
thrombosis, and subarachnoid hemorrhage. In
subarachnoid hemorrhage, however, the fever
tends to be delayed and is therefore less likely to
be present on assessment in the ED.

Immunocompromise
(HIV or Immunosuppression)

Patients with compromised immune defenses are
at increased risk for possible CNS infections,
including meningitis, encephalitis, or abscess. In
addition, patients with AIDS are at increased
risk of opportunistic CNS neoplasms, such as
lymphoma. Certain ~ immunosuppressants,
such as cyclosporine, tacrolimus, and gemcit-
abine, are associated with an increased risk of
posterior-reversible leukoencephalopathy. Other
immunosuppressive agents, such as liposomal
cytarabine, IVIG, intrathecal methotrexate, and
azathioprine, can present with headache in the
context of aseptic meningitis.

Concurrent Headache in Close Friends,
Family, or Coworkers

If people with whom the patient has had contact
have also developed new headaches, this should
raise suspicion for an infectious or toxic exposure.



Infectious meningitis may present with isolated
headache, or may have associated neck stiffness,
meningismus, photophobia, nausea/vomiting,
fever, or rash. If the symptomatic group of people
have been in an enclosed environment (especially
in winter), consider carbon monoxide poisoning.
Carbon monoxide poisoning may have associ-
ated confusion, nausea/vomiting, chest pain,
weakness, or dizziness. Tachypnea and tachycar-
dia are the most frequent physical findings [18].
At carboxyhemoglobin levels greater than 31%, a
cherry-pink coloring of skin is almost always
seen [19]. However, a patient presenting mainly
with headache would be expected to have milder
levels, and would only rarely present with this
classic coloring [20].

History of Cancer

A history of malignancy should raise concern
regarding possible metastases to brain paren-
chyma or meninges. The most common
metastases to the adult brain include lung (36—
46%), breast (15-25%), and skin (melanoma)
(5-20%). Almost any systemic tumor can metas-
tasize to the brain, however, including kidney,
colon, testes, and ovaries [21]. Headache in the
setting of metastases may be nonspecific, but
may be associated with nausea/vomiting, focal
neurologic deficits, or seizures. They may be
described as getting progressively worse in fre-
quency or intensity, and may worsen in the supine
position, with straining, or with cough. A malig-
nancy-associated hypercoagulable state may
place the patient at an increased risk of cerebral
infarction and cerebral venous thrombosis (CVT).
Headache may also occur as a side effect of
chemotherapy (such as fluorouracil, procarba-
zine, or temozolomide). Associated anemia,
hypercalcemia, or dehydration may also precipi-
tate headaches.

Pregnancy

Primary headaches, such as tension-type head-
aches and migraine, often improve or remain
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unchanged during pregnancy [22—24]. Therefore,
if a pregnant patient presents to the emergency
department with her first-ever headache or a
change in her headaches, the physician should be
aggressive in his search for secondary causes.

For pregnant women after 20 weeks gestation,
it is necessary to exclude preeclampsia/
eclampsia. The presentation may be similar to
migraine, and may even be accompanied by a
visual aura. Associated altered mental status and
seizures are concerning for eclampsia. CVT and
reversible cerebral vasoconstriction may occur
both during pregnancy and in the first few weeks
after delivery [25]. Both carotid and vertebral
dissections have been reported during pregnancy
and following prolonged delivery [26-29].
Furthermore, the risk for ischemic stroke, intrac-
erebral hemorrhage, and subarachnoid hemor-
rhage appears to be most elevated during the
2 days prior to, and the 1 day following, delivery.
This risk remains somewhat elevated for 6 weeks
postpartum [30, 31].

Visual Loss

There is a large differential for headaches pre-
senting with associated visual loss. Bilateral
visual loss may occur in the setting of papille-
dema with increased intracranial pressure from a
mass or CVT. A pituitary mass can compress the
optic chiasm and cause varying degrees of bilat-
eral visual loss, especially in peripheral vision.
Posterior reversible leukoencephalopathy syn-
drome (PRES) may present with both headache
and bilateral visual loss, possibly associated with
hypertension, and sometimes seizures. An isch-
emic stroke or mass in one hemisphere may pres-
ent with headache and associated visual loss in
one visual field (homonomous hemianopsia).
Monocular visual loss (amaurosis) with head-
ache in a patient over age 50 is immediately
concerning for temporal arteritis. Associated
features may include temple tenderness, reduced
temporal artery pulse, jaw claudication,
increased erythrocyte sedimentation rate, fever,
weight loss, or shoulder aching (polymyalgia
rheumatica). Idiopathic intracranial hypertension
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is often accompanied by transient visual obscura-
tions which are episodes of visual loss lasting
seconds; these are often monocular. Acute angle-
closure glaucoma can present with rapidly pro-
gressive visual loss and associated eye pain or
headache.

Headache Induced by Valsalva
Maneuver

Exertion, cough, strain (Valsalva), bending over,
or lifting heavy objects all tend to increase intrac-
ranial pressure. If a headache is precipitated by
these maneuvers, consider structural processes
affecting the posterior fossa, such as a Chiari
malformation [32]. Patients with increased intrac-
ranial pressure may also have papilledema, nau-
sea/vomiting, and worsening of their headache in
a supine position. Disorders associated with
intracranial hypertension such as CNS infection,
masses, and hematomas may also worsen with
these maneuvers. CVT can be associated
with increased intracranial pressure due to venous
hypertension. Idiopathic intracranial hyperten-
sion (pseudotumor cerebri) may present simi-
larly, although this is a diagnosis of exclusion. It
is important to note that there are benign head-
aches, such as cough headache, that may be
triggered by cough or strain. Furthermore,
migraineurs most often describe their headaches
as worsening with activity in general, frequently
including Valsalva maneuvers.

Pupillary Abnormalities

Patients presenting with a headache in the ED
should routinely be examined for a Horner’s syn-
drome (small pupil that does not dilate well in the
dark with associated mild eyelid ptosis). Though
a Horner’s syndrome may occur in primary head-
aches such as trigeminal autonomic cephalalgias
(TACs) and rarely migraine headaches, the pres-
ence of a Horner’s syndrome should alert the cli-
nician to the possibility of a carotid or vertebral
dissection. A lung/neck malignancy can also
cause a Horner’s syndrome, and could be associ-

ated with headache in the setting of brain
metastases. A larger pupil that reacts sluggishly
to light may be seen with acute-angle glaucoma,
or a lesion along the pupillary pathway (includ-
ing optic neuropathy, cranial nerve III palsy, or a
brainstem lesion).

Red Flags

A helpful mnemonic to remember the clinical
“red flags” during evaluation of headache was
developed by Dr. David Dodick [33]. He sug-
gested using SNOOP, which stands for:

Systemic signs/symptoms/disease (fever,
myalgias, weight loss, history of
malignancy, or AIDS)

Neurologic signs or symptoms (altered
mentation, seizure, papilledema, focal neu-
rologic findings)

Onset sudden (thunderclap headache)
Older age (new onset of headache after
age 50)

Pattern change from previous headaches
(especially if rapidly progressive in severity
or frequency)

When any of these are present, further labs, imag-
ing, and/or spinal fluid analysis should be consid-
ered to investigate for a secondary cause of
headache.

Approach to Diagnosis

The clinical history is the most valuable tool the
clinician has to efficiently and accurately diag-
nose and treat a patient suffering from headache
in the emergency department. The suddenness of
onset and whether the patient has had similar
headaches in the past can help guide differential
diagnoses and management. A severe and unex-
pected headache that reaches peak intensity
within seconds, often referred to as a “thunder-
clap headache,” should be considered a neuro-
logic emergency, and requires a systematic
work-up (Fig. 1.1). It is tempting to assume that
patients with a chronic history of headaches are
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6
( CT head )
For SAH (90-98%sensitive within 12 hours), intracranial hemorrhage, hydrocephalus, mass
\ J
A
4 N\

Lumbar puncture
Glucose, protein, cells, Gram's stain, xanthochromia (maximalsensitivity between 12 hours and 2 weeks
post onset)

\__Opening pressure may help for cerebral venous thrombosis or spontaneous intracranial hypotension )

If negative **

A

/ MRI brain (with diffusion and contrast) \
May pick up cerebral infarct, PRES, and pituitary tumors missed on CT

Pachymeningeal enhancement may be present for spontaneous intracranial hypotension
Consider MRI neck with fat sat if suspicion of dissection is high
MRA*
May pick up unruptured aneurysm, carotid/vertebral dissection, diffuse segmental vasoconstriction as
with reversible cerebral vasoconstriction syndrome
MRV*

Cerebral venous thrombosis not seen on MRI

@MR imaging not available or contraindicated, CTA/CTVmay be useful /
If negative
v
Consider primary causes of headache:
Primary cough/exertion/sexual headache, migraine variant, primary idiopathic thunderclap headache

**If headache has resolved, consider observation. If headache
persists or if suspicion for secondary headache is high, can proceed
with further work up

Fig. 1.1 Proposed work-up for sudden-onset headache

presenting to the emergency department for treat-

ment only. However, if the headache has changed

dramatically in pattern, a more thorough diagnos-
tic evaluation should be performed. Answers to
the following questions should be sought:

e Previous headache history/pattern? How does
this headache compare with previous
experiences?

e Onset and progression of this headache?

e Location and quality of pain?

e Radiation?

* Severity?

e Duration?

* Any fluctuation in intensity? If so, what makes
it better or worse? Specifically, is the severity
affected by certain positions, times of day,
cough, Valsalva, or sleep?

Any associated symptoms such as:

— Nausea/vomiting

— Photophobia/phonophobia

— Visual changes (blurring, diplopia, flash-
ing/colorful lights)

— Whooshing/roaring tinnitus

— Weakness, numbness, or difficulty
walking

— Autonomic features (tearing, conjunctival
injection, rhinorrhea, flushing/sweating)

— Seizures

Current pregnancy, infection/fever, immuno-

compromised state?

Current medications (anticoagulants, nitrates)

and any recent medication changes?

Past medical history of recent trauma,

cancer, previous blood clots/miscarriages, or
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polycystic kidney or connective tissue disease

(last two may increase chance of aneurysm

and therefore subarachnoid hemorrhage)?

e Family history of migraines, clots, bleeding?
* Any family members, friends, or coworkers
also suffering from new headache?

A general examination with special attention
to vital signs is necessary, followed by a careful
examination for any focal neurologic findings.
This should include:

e Detailed eye exam (for papilledema, pupillary
abnormalities, and visual field abnormalities)

* Auscultation for carotid, temple, or orbital
bruits

» Palpation of bilateral temple regions to assess
for prominent superficial temporal arteries
with reduced pulsation

e Identification of any reported areas that
increase or cause pain such as the “trigger
zones” in trigeminal neuralgia

* Examination of cranial nerves, strength, and
sensation, with special attention to symmetry

e Deep tendon reflexes and plantar reflexes

(Babinski sign)

e Unless impossible, the gait should be observed
for subtle ataxia/weakness. This may also help
elicit positional changes in headache severity

Labs and Imaging

Given the wide variability of secondary headache
presentations, it is often difficult to identify which
patients require more evaluation than just a his-
tory and physical examination. As mentioned
previously, if there are any associated red flags
such as immunocompromised state, older age, or
a change in the pattern of headache, further
work-up should be considered. A sudden onset,
extremely severe, “worst headache of my life”
presentation should be treated as a medical emer-
gency and be evaluated in a systematic fashion
for subarachnoid hemorrhage or alternative
etiologies (see Fig. 1.1).

Serologic Testing
Initial blood tests for headache might include a
CBC to look for leukocytosis or glucose/

electrolytes to look for metabolic derangements
and any evidence of dehydration (especially if
vomiting). Sedimentation rate should be consid-
ered in any patient older than age 50 with a new
type of headache, to screen for giant-cell (tempo-
ral) arteritis. Coagulation factors (PT and PTT)
should be considered if there is concern for hem-
orrhage, such as with a thunderclap presentation
or if the patient is on anticoagulants. If the head-
ache has associated altered mentation, consider
liver function tests and a drug/toxicology screen.
If carbon monoxide poisoning is suspected, testing
for carboxyhemoglobin may also be useful.

ECG

Although rare, cardiac ischemia may present with
isolated headache, and is referred to as “cardiac
cephalalgia.” If a patient has cardiac risk factors,
associated shortness of breath, or a new headache
that is precipitated by exertion, consider an ECG
and/or stress testing to look for ischemia [34].

Computed Tomography of the Head

Computed tomography (CT) is the most widely
available brain imaging technique in the emer-
gency department, and in most cases is adequate
to rule out mass effect (from a tumor, abscess,
stroke, or other lesion) and acute blood
(subarachnoid, epidural, subdural, or intraparen-
chymal). It is important, however, to understand
that CT has its limitations. CT of the head will
miss subtle, early, or small infarcts, and may also
miss small subarachnoid and subdural hemor-
rhages. With a well-read head CT, the sensitivity
for subarachnoid hemorrhage in the first 12 h is
around 90-98% [35-37]. CT becomes less sensi-
tive with increasing time from the onset of head-
ache, with a sensitivity of about 58% at 5 days
and about 50% at 1 week [35]. Sensitivity for any
type of hemorrhage is reduced if the hematocrit is
less than 30% [38]. Lesions and mass effect in
the posterior fossa can also be difficult to visual-
ize, especially with a poor-quality CT, given the
artifact from surrounding bone structures.

A CT head is normally performed without
contrast in the emergency room. However, it may
be reasonable to add contrast if there is suspicion
for CVT or metastases.



Lumbar Puncture

When infection is suspected, it is necessary to
analyze spinal fluid for inflammatory cells, pro-
tein and glucose concentrations, Gram’s stain,
and cultures. Ideally the patient should have this
procedure in the lateral decubitus position, and
opening pressure should be measured. Normal
opening pressure is 5-22 ¢cm H,0O. Care must be
taken to relax the patient with legs extended when
measuring the opening pressure, to avoid a spuri-
ous elevation of the measurement.

The opening pressure may be elevated with
many pathologic processes, including infection
or inflammation of the meninges. It may also be
elevated with mass effect, increased venous pres-
sure (such as from CVT), idiopathic intracranial
hypertension, or metabolic disorders causing
cerebral edema (anoxia, hypertensive encephal-
opathy, hepatic encephalopathy). If there is a
concern for a mass lesion, a head CT should be
performed prior to lumbar puncture. If a mass
lesion is present, the lumbar puncture should be
deferred due to the risk of herniation. It may be
reasonable to skip the head CT if the following
are not present: age greater than 50, immuno-
compromised state, previous brain injury (stroke,
infection, mass), seizures, altered mentation, or
focal neurologic findings [39].

If subarachnoid hemorrhage is a consideration
and the head CT is negative for blood, a lumbar
puncture is required to look for xanthochromia, a
yellowish appearance to the CSF. In subarach-
noid hemorrhage, xanthochromia is caused by
blood breakdown products, such as oxyhemoglo-
bin and bilirubin. Xanthochromia may also be
positive if the CSF protein concentration is more
than 150 mg/dL, if there are more than 400 red
blood cells (RBCs), or with hyperbilirubinemia.
Xanthochromia may be undetectable if tested too
early (less than 12 h after a hemorrhage) or too
late (longer than 2 weeks) [38]. If available, spec-
trophotometry is significantly more sensitive than
visual inspection for xanthochromia [40, 41],
though specificity seems to be lower [42].

In the event of a “traumatic spinal tap,” RBCs
may be elevated in the CSF. To try and differenti-
ate whether the RBCs are from the lumbar punc-
ture or an acute hemorrhage, it is reasonable to
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compare the number of RBCs in the first tube to
the last tube of CSF. Usually, if the red blood
cells are from the procedure, the blood will
become progressively dilute and there will be
fewer RBCs in the last tube drawn. Keep in mind,
however, that if the number of RBCs in the last
tube is not zero, it does not necessarily rule out
subarachnoid hemorrhage [38].

MRI

MRI is not frequently available in the
emergency department for evaluation of head-
ache. Furthermore, there are limited instances
where an MRI would be necessary in an emer-
gent situation. One of the cases where a clinician
might consider MRI is in a patient with persistent
thunderclap headache with a negative head CT
and lumbar puncture. If there are no other histori-
cal clues to diagnosis, an MRI provides the best
visualization of the posterior fossa, and may
demonstrate cerebral infarcts or posterior leuko-
encephalopathy (PRES) missed on CT. Pituitary
tumors and colloid cysts that were not evident on
CT may also be more conspicuous on MRI.
Subdural fluid collections and pachymeningeal
enhancement may be noted in spontaneous intrac-
ranial hypotension. If an MRI is to be performed
in a patient with normal kidney function, it should
be with diffusion and contrast imaging to increase
sensitivity. If the patient has reduced kidney func-
tion, especially in the setting of hemodialysis or
prior renal transplant, the benefits of using con-
trast (gadolinium) should be weighed against the
risk of causing the rare, but sometimes fatal, con-
dition of nephrogenic systemic fibrosis (NSF).

Vascular Imaging

If there is suspicion for dissection, the patient
should be evaluated with carotid ultrasound,
MRA, or CTA (of both the head and neck). If the
emergency department is equipped to perform an
MRI, MRI with fat saturation sequences will
often identify the mural hematoma. An MRA or
CTA will help delineate the extent of a dissec-
tion. MRA may also help identify unruptured
aneurysms or diffuse vasoconstriction. If the
patient has a contraindication to MR imaging,
such as a pacemaker, then a CTA would be
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preferred. An MRV or CTV may be helpful in
identifying cerebral venous thromboses that were
not identified on CT or MRL

Differential Diagnosis
Primary Headaches

As previously described, the majority of patients
presenting to the emergency department with
headache have a primary headache [3]. Thus, cli-
nicians must have a basic understanding of the
various types of primary headaches, their presen-
tations, and their management. The following list
is not comprehensive, but covers some of the
more common primary headaches. Also listed are
some rare, but uniquely presenting headaches
that may mimic more serious conditions.

Migraine

According to the diagnostic criteria of the
International Headache Society (ICHD-2), a
diagnosis of migraine without aura requires at
least five attacks lasting 4—72 h with nausea/vom-
iting or photophobia/phonophobia. At least two
of the following must also be present: unilateral
location, pulsating quality, moderate to severe
pain intensity, or worsening of pain with physical
activity. Migraine with aura is similar, but is asso-
ciated with focal neurologic symptoms that typi-
cally last for 5-60 min. Aura (when present)
typically precedes the headache, but may occur
during the headache as well. Visual auras are
most common, and tend to occur unilaterally
(hemianopia) with a combination of scotomas
(blurred or graying visual areas) and positive
phenomenon such as sparkling/flashing lights or
colors. Sensory auras also tend to be a combina-
tion of negative features (numbness) and positive
features (tingling), and may occur in a cheiro-
oral (hand and face) distribution [43]. These tend
to slowly march over 5-30 min. Unilateral weak-
ness may accompany hemiplegic migraines,
while brainstem symptoms, such as dysarthria,
vertigo, and diplopia (with or without visual field
defect) may be seen in basilar-type migraines.
Areduced level of consciousness or transient loss

of consciousness may also accompany basilar
artery-type migraines.

In the emergency department, neurologic defi-
cits should not be assumed to be related to
migraine headache unless the patient has a
clear history of the same symptoms with their
typical migraine aura. Often the difficulty with
migraineurs in the emergency department is
not that of diagnosis, but of treatment. This is
especially true in patients with status migraino-
sus, a debilitating attack of an otherwise typical
migraine that lasts longer than 72 h. See the treat-
ment section for recommendations on managing
migraine in the emergency department.

Tension-Type Headache

A tension-type headache is typically described as
a bilateral, nonthrobbing pressure or tightness
that is mild to moderate in intensity and does not
worsen with physical activity. It may last minutes
to days and can have associated muscle spasm,
especially in the cervical region. There may be
photophobia or phonophobia, but usually no nau-
sea or associated aura.

Cluster Headache and Other Trigeminal
Autonomic Cephalalgias

The TACs are a group of headaches associated with
autonomic symptoms, including conjunctival injec-
tion, tearing, nasal congestion, rhinorrhea, sweating,
ptosis, eyelid edema, and miosis. They are divided
into subcategories according to their duration.

Cluster Headache

e The longest attack occurs in the most well
known of these disorders, cluster headache.
These patients present with severe attacks of
unilateral pain in the orbital, supraorbital, or
temporal areas, with typical autonomic fea-
tures ipsilateral to the pain. Cluster headaches
usually build in intensity, lasting 15 min to 3 h,
and may recur up to eight times a day. During
an attack, the pain is extremely severe and the
patient may seem restless, and may pace back
and forth, not wanting to lie down. These may
occur at similar times of day, and may recur for
weeks or months (clusters), separated by
remission periods. Cluster headaches are three
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times more prevalent in men and may be inher-
ited in about 5% of cases [1].

Paroxysmal Hemicrania

* Episodic paroxysmal hemicrania is similar to
cluster headache in that the patient has periods of
repeated attacks separated by periods of remis-
sion. The attacks tend to be of shorter duration
than cluster, lasting 2—-30 min, and are described
as severe unilateral orbital, supraorbital, or tem-
poral pain accompanied by the autonomic symp-
toms described earlier. These typically occur
more than five times a day from 7 days to 1 year,
with pain-free periods of 1 month or longer [1].
In some patients, the attacks may be precipitated
mechanically by bending or neck movement. If a
patient has attacks for more than 1 year without
remission, the headaches are referred to as
chronic paroxysmal hemicrania [1]. By defini-
tion, attacks are prevented completely by thera-
peutic doses of indomethacin.

Short-lasting unilateral neuralgiform
headache attacks with conjunctival
injection and tearing/cranial autonomic
features (SUNCT)

e Similar to the other TACs, SUNCT headaches
are described as unilateral stabbing or pulsating
pain in the orbital, supraorbital, or temporal
region associated with ipsilateral autonomic
symptoms. As evidenced by their names, these
headaches are the shortest in the group. They
may last 5 sec to 4 min, and occur 3-200 times
per day [1]. Similar to trigeminal neuralgia, these
paroxysmal pains may be triggered by chewing,
smiling, light touch, or a cool breeze.

Benign Cough Headache

Benign cough headache is usually bilateral, short
lasting (1 sec to 30 min), and only occurs in asso-
ciation with coughing or straining. It occurs more
often in men over the age of 40 [1]. Symptomatic
cough headache may be caused by Arnold Chiari
malformation (Fig. 1.2), posterior fossa mass
lesions, cerebral aneurysms, or other carotid/
vertebral disease [1].

Fig. 1.2 Chiari I malformation. Sagittal unenhanced
T2-weighted MRI demonstrates descent of the cerebellar
tonsils >5 mm below the foramen magnum with an associ-
ated syrinx at C6. Note that without gadolinium and
clinical screening, a patient with low CSF pressure from a
CSF leak may be misdiagnosed as having a Chiari 1
malformation

Benign Sexual or Orgasmic Headache

Two types of headache may occur with sexual
activity. One is a dull aching pain in the head and
neck (similar to tension headache) that intensifies
with increasing sexual excitement. The other is
an explosive (or thunderclap) type of headache
that occurs with orgasm. With an orgasmic head-
ache, it is important to rule out subarachnoid
hemorrhage, reversible cerebral vasoconstriction
syndrome, and other sources of thunderclap
headache [1].

Benign Exertional Headache

It is not uncommon for headaches, especially
migraine, to worsen with exertion. However,
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a throbbing headache lasting 5 min to 48 h,
brought on by and occurring only with exertion,
may represent benign exertional headache [1]. In
the emergency department, such a patient should
also be evaluated for exertional cardiac ischemia,
as headache may sometimes be the only present-
ing symptom [34].

Secondary Headaches

While primary headaches present more often, the
goal in the emergency department is not neces-
sarily to diagnose which primary headache is
present, but rather to rule out sources for second-
ary headache. Amongst the secondary headaches,

Table 1.1 Differential for thunderclap headache
What to look for

Sudden onset

Headache type

Subarachnoid hemorrhage

May have decreased consciousness,

possible neck stiffness
Intracranial hemorrhage

Focal neurologic signs, altered

n

the most concerning are those that present with
an explosive, debilitating, or “thunderclap” pre-
sentation. When a patient presents in this way,
the first goal is to rule out a subarachnoid
hemorrhage. There are many other headaches in
which the patient may describe “the worst head-
ache of their life” with acute onset. These are out-
lined in Table 1.1. More detailed descriptions of
some of these are included in the text below.

Subarachnoid Hemorrhage

While the classic thunderclap headache should
not be missed, some patients with subarachnoid
hemorrhage present with more subtle symptoms
(Fig. 1.3). Any headache that is unusual for the
patient, especially if there is associated neck pain

Testing
CT without contrast. If no acute blood,
check CSF for xanthochromia

CT without contrast

mentation, possible seizures

Cerebral venous sinus

Headache may be postural (worse

MRV preferred. CT with contrast may

thrombosis

Cervicocephalic arterial
dissection (carotid or vertebral)

Pituitary apoplexy

Acute hypertensive crisis

Spontaneous intracranial
hypotension

Reversible cerebral vasocon-
striction syndrome (RCVS)

Ischemic stroke

supine) and may worsen with
Valsalva. Check for papilledema

May have associated neck pain
Check for presence of Horner’s sign
and other neurologic deficits

Often have nausea

May have change in consciousness,
visual loss, or double vision

May present with pituitary
insufficiency

Presence of hypertension, usually
more than 180/110

Postural headache, better supine,
worse upright

May present with recurrent
thunderclap headache, occipital or
diffuse

May have photophobia, nausea
New neurologic deficits, especially
in a vascular distribution

reveal Delta sign.

CSF may be normal or have increased
pressure or elevated protein concentration
MRI and MRA of head and neck. Can start
with carotid ultrasound or get CTA if MRI
not available

Start with CT if acute to look for blood.
However, MRI may be required

Need to rule out other causes of headache
with high BP

ECG

Consider CT head for blood, stroke,

or PRES

MRI is more sensitive for PRES

MRI to look for pachymeningeal enhance-
ment and low-lying cerebellar tonsils
Can check LP for opening pressure
Cerebral angiogram is gold standard; can
check MRA or CTA

MRI with diffusion-weighted imaging; if
large or subacute/chronic, may show on CT

(continued)
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Table 1.1 (continued)

Headache type
Third ventricular colloid cyst

Acute expansion of mass in
posterior fossa

Intracranial infection (e.g.,

bacterial meningitis)

Primary sexual or exertional
headache

Primary cough headache
Glaucoma

Primary thunderclap headache

What to look for

Headache often positional, can be
followed by syncope or even death
if hydrocephalus is severe

May have reduced consciousness,
cerebellar signs, or asymmetric
pupils if associated with herniation
Fever, chills, meningismus,
leukocytosis

Sudden onset before, during,

or right after orgasm or peak

of exertion. Look for previous
episodes

Sudden onset with cough or strain,
lasting minutes (1 s to 30 min)
Slowly responsive dilated pupil,
with ipsilateral pain

Maximum intensity in <1 min. Lasts

Testing
CT often sufficient, but MRI may be

required
CT head should show mass effect

CSF studies; MRI may show meningeal
enhancement

Diagnosis of exclusion (especially if this is
the first occurrence); specifically need to
rule out aneurysm with SAH and RCVS

Diagnosis of exclusion
Ophthalmology consult

Diagnosis of exclusion

1 h to 10 days
Modified list from Schwedt et al. 2006 [44]

Fig. 1.3 Acute subarachnoid hemorrhage. Axial, unen-
hanced head CT demonstrates acute, high-attenuation
subarachnoid blood products surrounding the brainstem,
and filling the suprasellar cistern, sylvian fissures, and
interhemispheric fissure

or stiffness, should raise the possibility of a suba-
rachnoid hemorrhage. Evaluation should include
ahead CT followed by a lumbar puncture if nega-
tive (see approach to diagnosis).

Other Intracranial Hemorrhage
Hemorrhage into brain parenchyma may present
similarly to a subarachnoid hemorrhage. If the
blood tracks into the CSF, it may cause menin-
geal irritation and neck stiffness. Focal neuro-
logic symptoms, including seizures and altered
mentation, may be present depending on the size
and location of the hematoma. Epidural and sub-
dural hematomas may present with headache,
often following trauma. A careful history must be
taken as the associated trauma may be remote
with subdural hematomas. Be concerned about
hemorrhage in a patient on anticoagulation ther-
apy with a new-onset headache, especially if they
are older.

Cerebral Venous Thrombosis

Presentation depends on the size and location of
the thrombosis (Fig. 1.4). The most frequent
symptom is headache, which may be subacute
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Fig. 1.4 Superior sagittal sinus thrombosis. Axial, unen-
hanced head CT (a) demonstrates high-attenuation mate-
rial consistent with thrombus within posterior aspect of the

over days or a more sudden ‘“thunderclap”
presentation. A large deep venous thrombosis
may cause increased intracranial pressure, lead-
ing to blurred vision, nausea/vomiting, positional
headache, and occasionally a cranial nerve VI
palsy. This can progress into subacute mental sta-
tus changes and coma. A small cortical venous
thrombosis may present with focal neurologic
findings or seizures [45]. Risk factors for CVT
are similar to risk factors for other venous throm-
bosis, and include infection, malignancy, oral
contraceptives, pregnancy/postpartum, and his-
tory of a hypercoagulable state.

On a head CT with contrast, the classic appear-
ance of a CVT is the “empty delta sign,” which is
the empty-appearing triangle created when the
confluens sinuum fails to fill with contrast. This
sign is present 25-30% of the time, but more
often the CT shows nonspecific focal or general-
ized edema, gyral enhancement, or enhancement
of the falx/tentorium [45]. Diagnosis relies on
imaging of the cerebral venous system, with

superior sagittal sinus. T'1-weighted, gadolinium-enhanced
MRI (b) demonstrates a filling defect (“empty delta sign”)
within the superior sagittal sinus due to thrombus

either an MRV or CTV (if MR imaging is con-
traindicated or difficult to obtain). Anticoagulation
appears to be safe in these cases, and may even
improve outcome. Even with anticoagulation, the
mortality is around 5-10% [46].

Meningitis
The presence of fever, neck stiffness, meningis-
mus, or altered mentation associated with head-
ache is concerning for inflammation of the
meninges, or meningitis. Unfortunately, the pre-
sentation may be subtle. In one study of bacterial
meningitis, only 44% of patients presented with
the classic triad of fever, neck stiffness, and
change in mental status. However, 95% had at
least two of the following four signs and symp-
toms: headache, fever, neck stiffness, and altered
mentation [47]. Some patients present with head-
ache in isolation.

In the emergency department, it is necessary
to first rule out infectious -etiologies of
meningitis, including bacteria, viruses, fungi, and
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mycobacteria. This should be done with a blood
culture and a lumbar puncture for CSF (with or
without preceding CT, see lumbar puncture sec-
tion). Meningitis may be due to noninfectious eti-
ologies as well, and present with headache, with
or without fever. Etiologies for noninfectious
meningitis include leptomeningeal metastases,
systemic autoimmune diseases, or medications
(NSAIDs, IVIG, intrathecal chemotherapy).

Cervicocephalic Dissection

Carotid and vertebral dissections are often asso-
ciated with head or neck pain. In one study, 8% of
245 patients with cervical dissections presented
with head and/or neck pain as their only symptom
[48]. In all but one of these cases, the pain was
different from their previous headaches. While it
is difficult to recommend extensive testing for
dissection in every new-onset headache, this
should atleast be on the differential. Investigations
for dissection should be considered in an other-
wise unexplained acute or thunderclap headache,
or with a new progressive headache associated
with neck pain, a Horner’s syndrome, cranial
nerve palsies, monocular vision loss (amaurosis
fugax), or other focal neurologic signs. A history
of preceding trauma to the neck, even minor
trauma such as chiropractic neck manipulation or
whiplash from a roller coaster ride, increases the
suspicion for dissection.

Ischemic Stroke

Headache is not uncommon in the setting of isch-
emic stroke, especially with large strokes. If a
patient has a history of migraine headaches, the
ischemic stroke may trigger one of their typical
headaches. This can make diagnosis quite chal-
lenging as migraineurs can have neurologic
symptoms as part of a migraine aura (see migraine
section). If a migraine patient is presenting in the
emergency department with a typical migraine,
but has a new or changed neurologic aura, con-
sider the possibility of ischemia or other focal
neurologic injury.

Reversible Cerebral

Vasoconstriction Syndrome

Reversible cerebral vasoconstriction syndrome
(RCVS) is characterized by a sudden severe
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thunderclap headache associated with vascular
narrowing in the vessels of the circle of Willis
and its branches. The term represents a group of
disorders including Call-Fleming syndrome,
benign angiopathy of the CNS, postpartum
angiopathy, drug-induced vasospasm, migrain-
ous vasospasm, and migrainous angiitis [25, 49].
Headaches tend to last minutes to hours, and may
recur over a few days to weeks. Because of the
vasoconstriction, most patients also have focal
neurologic deficits, and one-third of patients have
seizures. CSF is normal or near normal (protein
<80 mg/dL, WBC <10 cells mm?), [25] and there
may be a slight elevation of ESR [49]. The gold
standard for diagnosis is  conventional
angiography which shows multifocal segmental
vasoconstriction, reversible within 12 weeks after
onset. MRA or CTA is the recommended first-
line imaging procedure, however. MRI and CT
may be normal, may show features similar to
posterior reversible encephalopathy syndrome
(PRES), or may show evidence of intracranial
hemorrhage, especially cortical subarachnoid
hemorrhage. Patients typically do well even with-
out treatment, although cerebral infarction may
occur [50]. There are some case reports suggest-
ing possible benefit with calcium channel block-
ers such as nimodipine, but there has not been a
well-designed trial to explore this further [49].

Low-Pressure Headache
When there is a decrease in CSF, patients may
develop an orthostatic headache that is worse in
the upright position and better while recumbent
(Fig. 1.5). Low-pressure headaches are often
throbbing (not always) and either bilateral or holo-
cephalic. These may occur as thunderclap head-
aches and occasionally present only with exertion.
There may be a variety of associated symptoms,
many of which are also orthostatic in nature. These
include dizziness, hearing changes with a sense
that sounds are muffled (from stretching of cranial
nerve VIII or changes in perilymphatic pressure),
visual blurring, reduced consciousness (from
compression of the diencephalon), and ataxia or
other gait disorders (from compression on the
posterior fossa and spinal cord) [51].

The depletion of CSF may be from
hypovolemia, overshunting of CSF, or a CSF
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Fig. 1.5 Intracranial hypotension. Coronal T1-weighted,
gadolinium-enhanced MRI (a) demonstrates prominent

pachymeningeal enhancement. Sagittal T1-weighted,

leak. A history of recent lumbar puncture, epidu-
ral, spinal surgery, or motor vehicle accident sug-
gests apersistent traumatic CSFleak. Spontaneous
CSF leaks may occur through weak meningeal
diverticula or weak dura, and may be associated
with connective tissue disorders [51]. A head CT
is usually unremarkable, although subdural fluid
collections are sometimes appreciated. On MRI,
typical findings include pachymeningeal enhance-
ment, descent of the cerebellar tonsils (resem-
bling Chiari I malformation), crowding of the
posterior fossa, decreased ventricle size, and sub-
dural fluid collections (typically bilateral).
Lumbar puncture is not necessary for diagnosis,
but when it is performed, the opening pressure
may be normal to low and CSF protein concen-
tration may be normal to high. Pleocytosis (WBC
in the 10-50 cells/mm® range, rarely up to 220
cells/mm?) may also occur [52, 53]. Most of these
are self-limited and respond well to bed rest, caf-
feine, and increased fluid intake. However, a per-
sistent headache may require an epidural blood
patch by anesthesiology. Severe or persistent
cases may need to be further evaluated with CT
myelography to identify the leak for possible sur-
gical repair.

unenhanced MRI (b) shows descent of the cerebellar
tonsils through the foramen magnum with flattening of the
pons against the clivus consistent with “brain sag”

Hypertensive Crisis and PRES
In a study of 50 patients presenting with hyper-
tensive urgency (blood pressure greater than
180/110), the two most common presenting com-
plaints were headache (42%) and dizziness (30%)
[54] (Fig. 1.6). With hypertensive crisis, there is
also evidence of end-organ damage such as
stroke, hypertensive encephalopathy, or acute
pulmonary edema. A patient presenting with
headache and marked elevation of blood pressure
presents a diagnostic dilemma. Severe hyperten-
sion may be a source for headache, but severe
headache pain may also result in secondary ele-
vation of blood pressure. Furthermore, a patient
may have an underlying process, such as a hem-
orrhagic or ischemic stroke, that is associated
with both. The possibility of ischemic stroke is
particularly worrisome because lowering blood
pressure could potentially exacerbate cerebral
ischemia. Before attempting to lower blood pres-
sure, a careful neurologic examination should be
performed to look for signs of ischemic stroke.
Posterior reversible leukoencephalopathy, also
termed posterior reversible encephalopathy syn-
drome (PRES), is a syndrome involving vasogenic
edema preferentially affecting the white matter of
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Fig. 1.6 Posterior reversible leukoencephalopathy syn-
drome (PRES). Axial unenhanced CT (a) shows subtle
loss of differentiation between gray and white matter

the posterior brain, including the occipital lobes
and cerebellum. Symptoms may include
headache, nausea/vomiting, seizures, altered
mentation, and sometimes other focal neurologic
signs, such as bilateral visual loss [55]. The name
is somewhat misleading because PRES does not
necessarily have to be posterior, reversible, or
limited to white matter.

PRES may occur with hypertensive encephal-
opathy, as well as preeclampsia/eclampsia, and
some immunosuppressive agents such as
cyclosporin, tacrolimus, and IVIG. When
diagnosing PRES, MRI is more sensitive than CT
and demonstrates an increased T2 signal abnor-
mality. Posterior reversible leukoencephalopathy
may sometimes be noted as hypodense regions
on a head CT.

Pituitary Apoplexy

Pituitary apoplexy occurs when a pituitary tumor
(typically a benign adenoma) spontaneously
hemorrhages or when it outgrows its blood sup-
ply (causing pituitary infarct) (Fig. 1.7). Patients

within the occipital lobes. Axial FLAIR MRI (b) dem-
onstrates abnormal T2 signal in the posterior white
matter

may present with a sudden-onset severe
headache, mimicking subarachnoid hemorrhage.
They may have associated nausea, visual loss, or
double vision. On occasion, they may present
with a change in consciousness or adrenal failure.
A head CT may show changes consistent with
acute hemorrhage, but may miss subtle hemor-
rhage or infarct. If pituitary apoplexy is suspected
and the CT is negative, consider MRI [56].

In addition to neurosurgery (for possible
urgent transsphenoidal resection), an endocrinol-
ogist is often involved acutely and in recovery to
help manage high-dose corticosteroids and other
hormonal replacements [57].

Idiopathic Intracranial Hypertension

The typical patient is an obese female presenting
with headache that is daily, severe, throbbing,
lasts hours, and may wake the patient from
sleep. Patients may have associated nausea/
vomiting, transient visual obscurations or loss of
vision (from papilledema), sparks/flashes in their
vision, or horizontal diplopia. They may have
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Fig. 1.7 Pituitary apoplexy. Unenhanced CT (a) and MRI (b) demonstrate acute hemorrhage into a pituitary
adenoma

associated tinnitus that is synchronized with their
pulse [58]. Most work-up for idiopathic intracra-
nial hypertension is performed as an outpatient.
However, if the patient presents to the emergency
department for evaluation, a head CT would need
to be performed to exclude a mass lesion. A lum-
bar puncture should show normal composition
and an elevated CSF pressure (>20 cm H,O in the
nonobese, >25 cm H,O in the obese). As this is a
diagnosis of exclusion, at some point the patient
should have further testing such as an MRI and
MRY to exclude sources for venous hypertension
(from a dural venous thrombosis, AVM, or AV
fistula) [59, 60]. In one study, 9.4% of 106
patients with presumed idiopathic intracranial
hypertension had a CVT [61].

Management generally begins with treatment
of obesity and discontinuing any medications
associated with intracranial hypertension, such as
nitrofurantoin, retinoic acid, excessive vitamin
A, anabolic steroids, tetracycline, etc. [58].
Medical therapy with acetazolamide or furo-
semide may be attempted. If the patient fails
therapy or has progressive visual loss, a surgical
procedure such as optic nerve sheath fenestration
or shunting may be required [59, 60].

Postconcussive

Postconcussive headaches following closed head
injury may mimic migraine or tension headaches.
Furthermore, trauma may trigger a typical
migraine in a migraineur. Sometimes postcon-
cussive headaches are part of a syndrome of
symptoms including cervical pain, dizziness,
cognitive impairment, and psychologic/somatic
complaints such as irritability, anxiety, depres-
sion, fatigue, or sleep disturbance [17]. Imaging
performed on a patient with a headache following
trauma is primarily done to rule out traumatic
lesions such as intracranial hematomas. While
subtle MRI changes may be seen later, there are
no specific imaging findings to help diagnose a
postconcussive headache [62]. As mentioned
previously, dissection, cerebral venous thrombo-
ses, and CSF leaks with resulting intracranial
hypotension should be considered in the differen-
tial for a headache following closed head injury
and trauma.

Third Ventricular Colloid Cyst

Colloid cysts are benign congenital cysts that
arise in the anterior third ventricle (Fig. 1.8).
They are usually asymptomatic, and found
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Fig. 1.8 Colloid cyst. Unenhanced CT (a) shows a hyperdense lesion anterior to the third ventricle that is seen as a
low-signal lesion on T2-weighted MRI (b)

incidentally on imaging in adulthood. However,
if the cyst obstructs the foramen of Monro it can
disrupt CSF flow and lead to hydrocephalus. If
both foramen of Monro are obstructed, this may
lead to syncope, coma, or death. Occasionally,
the tumor will act as a ball valve and only
intermittently obstruct CSF flow. When this hap-
pens, the patient may complain of a severe
positional headache, relieved in recumbency,
sometimes associated with nausea and vomiting
[63, 64].

Trigeminal Neuralgia

Classic trigeminal neuralgia presents as paroxys-
mal attacks of intense, sharp, and stabbing pain
along one or more divisions of the trigeminal
nerve. These attacks last from less than 1 s to
2 min, and are often precipitated by stimulating
certain “trigger zones.” Chewing, talking, brush-
ing teeth, cold air, or the slightest touch may trig-
ger the paroxysmal pain [1]. Trigeminal neuralgia
is most commonly due to compression of the
trigeminal nerve by a blood vessel near its origin

where it exits the brainstem. A demyelinating
lesion or infarct at this so-called dorsal root entry
zone may also cause trigeminal neuralgia, and
should be suspected in younger patients present-
ing with these symptoms. Much less commonly
trigeminal neuralgia is due to compression by a
mass lesion such as a meningioma or schwan-
noma, or is idiopathic. Imaging is frequently per-
formed to rule out a secondary etiology, but
usually in an outpatient, rather than emergent,
setting.

Glaucoma

Acute-angle glaucoma may present with head-
ache and associated eye discomfort, and there are
also reports of subacute angle-closure glaucoma
presenting with headache as the main presenting
complaint [65]. If not identified and managed
properly, either of these can result in permanent
vision loss in the affected eye. Be concerned about
glaucoma if the patient’s headache pain came on
suddenly when exposed to the dark. When going
from light to dark, the sudden dilation of the pupil
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may block the outflow channels in the anterior
chamber, leading to sudden increased intraocular
pressure. The patient may complain of sudden
severe unilateral headache and eye discomfort,
associated with blurred vision in the affected eye
and “halos” around lights. The affected eye is
often red with a middilated, sluggishly reactive
pupil (may be irregularly shaped) and a hazy cor-
nea [66]. Nausea and vomiting may be present.
This is best evaluated by an emergent ophthal-
mology consult.

General Approach to the
Management of Primary Headache
in the Emergency Department

Once secondary headache disorders are excluded,
the primary goal of the treating physician is to
provide relief of headache pain and the accompa-
nying symptoms such as nausea and vomiting.
The majority of patients who present to the ED
with headache will be diagnosed with a severe
and/or prolonged migraine attack. Occasionally,
patients with other diagnoses such as tension-
type or cluster headache will present to the
emergency department. Often the individual will
have utilized her/his usual headache remedies
without success. If the attack has lasted hours or
longer and has been accompanied by poor oral
intake of fluids with or without vomiting, the
patient will likely be fluid depleted. If the patient
is dehydrated, intravenous fluids need to be
administered along with pharmacologic agents
that treat the pain and other manifestations that
accompany the pain. Often patients are quite dis-
tressed and anxious due to the duration and/or
severity of the attack. The following general prin-
ciples should be utilized:
* Place the patient in a darkened, quiet room.
e Provide reassurance.
* Provide IV rehydration.
e Treat nausea and vomiting quickly.
e Implement treatment with non-oral medica-
tion as soon as possible.
e Do not restrict antiemetics in patients with
nausea, as many of the agents in this class
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are dopaminergic antagonists which have an
antimigraine action in addition to their
antiemetic effect.

e Avoid drug-dependency-producing agents
when possible (avoid butalbital and limit
opioids, or at least use opioids with care).

e Rather than minimal dosing, use medication
doses that are likely to be most effective.

* Use “migraine-specific” therapy when possible.

* Educate the patient regarding his condition.

e The patient should be counseled to make
arrangements for follow-up as an outpatient
for consideration of approaches that will opti-
mally manage headaches.

Protocols for Acute Treatment of
Migraine in the Emergency Department

There are several protocols employing a variety
of agents that can be utilized for management of
primary headache disorders in the emergency
department. Again, most patients will be present-
ing with migraine and most of the protocols have
been developed specifically for this disorder.
Several of these have been shown to be effective
in small prospective, controlled trials. To address
the severe headaches that lead patients to seek
care in the emergency department, many of these
protocols focus on parenteral agents. Obviously,
the treating care provider may elect to use an
oral agent for management that can be self-
administered by the patient.

The medications fall into relatively few
categories of agents: (1) migraine-specific drugs
(dihydroergotamine and sumatriptan); (2) dopamine
(D))-blocking agents, such as neuroleptic drugs
and metoclopramide; (3) other non-dependency-
producing medications; and (4) opioid drugs.

It is important to note that drugs from differ-
ent classes are often used together. This is done to
maximize efficacy, to treat symptoms other than
pain (e.g., nausea and vomiting), and, in some cases,
to reduce the likelihood of side effects of another
agent. For example, D, antagonists are always
administered with intravenous dihydroergotamine
to minimize its side effects of nausea and vomiting.
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Sumatriptan (5HT 1B/D Receptor Agonist)

Sumatriptan, 4 or 6 mg injected subcutaneously,

has been shown to be both efficacious for treat-

ment of acute migraine headache and for

associated symptoms [67]. The dose can be

repeated after an hour. Response rate at 1 h after a

single dose of 6 mg is 70% [68]. Side effects

include chest tightness, tingling, flushing, dizzi-

ness, and limb heaviness. Sumatriptan is the trip-

tan of choice in the emergency department because

it is the only triptan available in a subcutaneous

formulation, which provides a rapid serum con-

centration and bypasses nausea, vomiting, and

gastroparesis. Sumatriptan is at this time the only

triptan to be considered “compatible” with breast-

feeding by the American Academy of Pediatrics.
Contraindications for sumatriptan include:

* Pregnancy (relative contraindication)

* History or suspicion of ischemic heart disease

e History of coronary artery disease or
Prinzmetal’s angina

* Severe peripheral vascular disease

e Use of an ergot alkaloid (i.e. DHE, ergot-
amine) or other SHT 1 agonist (i.e. another
triptan) within 24 h

* Uncontrolled hypertension

e Previous adverse reaction

* Basilar or hemiplegic migraine

e Ischemic cerebrovascular disease

Dihydroergotamine
Dihydroergotamine mesylate (DHE) is an effec-
tive parenteral treatment for migraine attacks. The
beneficial effects of DHE were initially attributed
to vasoconstriction, but other mechanisms involv-
ing neurogenic inflammation and activity within
central serotonergic systems provide a better
explanation [69, 70]. It is important to note that
headache resolution after treatment with IV DHE
and metoclopramide has been reported in patients
suffering headaches secondary to viral or carcino-
matous meningitis; thus, response does not imply
the diagnosis of a primary headache such as
migraine or cluster headache [71]. Common side
effects of DHE are nausea, vomiting, diarrhea,
abdominal cramps, and leg pain.

DHE may be administered subcutaneously,
intramuscularly, or intravenously. The intravenous
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route is the most rapidly effective. Unfortunately,
the side effects of nausea and vomiting seem to be
more prominent with intravenous administration.

The usual dose when administered subcutane-
ously or intramuscularly is 1.0 mg [72, 73]. In
order to help prevent nausea, give an antiemetic
such as 10 mg IV metoclopramide or 10 mg IV
prochlorperazine approximately 10 minutes
before giving DHE intravenously. The side-
effects and the utility of these D, blocking agents
are outlined elsewhere in this chapter. DHE,
0.5 mg, is then slowly administered over a few
minutes [74-76]. An additional 0.5 mg dose may
be administered a few minutes later if no signifi-
cant nausea or chest pain has developed. A one
mg dose via subcutaneous, intramuscular, or
intravenous routes may be repeated after one
hour. In the case of status migrainosus or truly
intractable migraine, the patient may require hos-
pital admission, and could be treated with repeti-
tive or continuous DHE, using published protocols
such as those of Raskin or Ford [77-79]. For
instance, if the patient tolerates the medicine, IV
DHE could be given as 0.5, 0.75, or 1.0 mg every
8 hrs for 2-5 days along with an antiemetic such
as metoclopramide 10 mg IV every 8 hours.
Please see (Fig. 1.9) for an example protocol. If
extrapyramidal symptoms such as dystonia,
akathisia, or oculogyric crisis develop from the
metoclopramide, these could be addressed using
parenteral benztropine mesylate or diphenhy-
dramine. Alternatively, parenteral benztropine
mesylate or diphenhydramine could be given
with as a pretreatment with each dose of DHE/
metoclopramide to prevent these extrapyramidal
side effects.

Contradictions for DHE include:
e Uncontrolled hypertension
e Ischemic heart disease
* Vasospastic angina
e Severe peripheral vascular disease
* MADO inhibitors within the last 2 weeks
e Prior use of a triptan within the last 24 h
¢ Significant hepatic disease
¢ Pregnancy
* Hemiplegic or basilar artery-type migraine

Antidopaminergic Agents
Antidopaminergic agents have well-recognized
antiemetic and sedative effects which prove useful
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Metoclopramide 10 mg IV q 8
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No DHE for 8 hrs, then
give 0.3-0.4 mgDHE q8hrsx5
doses for next 3 days

DHE 0.5mg IV q8 hrs
for 2 - 5 days

Nausea?

Metoclopramide 10 mg IV
g 8 hrs PRN nausea

DHE 0.75mg IV q 8 hrs
for 2 - 5 days

Fig. 1.9 Repetitive (every 8 hours) intravenous (IV)
dihydroergotamine mesylate (DHE)-Raskin protocol.
PO, Orally; IM, intramuscular; BP, blood pressure;
PRN, as needed; q, every. (Used with permission from

in the treatment of acute headache. In addition,
there is significant clinical and experimental data
suggesting that there is relative hyperactivity of
dopaminergic neurotransmission in at least some
migraineurs. These agents may have a specific
antimigraine effect via blockade of D, dopamine
receptors [80].

Common acute side effects of these agents
include akathisia, acute dystonia, dizziness, and
somnolence. Prolonged exposure (which is not
an issue in the emergency department setting)
may result in drug-induced tardive dystonia, par-
kinsonism, and tardive dyskinesia. The dizziness

NO

Metoclopramide 10 mg IV
q 8 hrs PRN nausea

DHE 1.0mg IV q8 hrs
for 2 - 5 days

Seminars of Neurology.....blah blah blah.... Adapted
from Raskin31; presented at: Headaches in the ED; AAN
Annual Meeting; May 4, 2007; Boston, MA.)

may be due to hypotension; therefore, carefully
monitoring of vital signs, including a standing
blood pressure prior to discharge, should be rou-
tine after administration of these agents.

The acute extrapyramidal side effects can be
ameliorated by diphenhydramine, 25 mg, (intra-
venously or intramuscularly) or benztropine,
1 mg (intravenously or intramuscularly).

Rare but potentially fatal complications of these
drugs include prolonged QT syndrome and tor-
sades de pointes. Some individuals have an under-
lying genetic predisposition to the disorder, but it
can also be acquired secondary to pharmacologic
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agents. For a list of agents which may produce a
prolonged QT interval, see the online resource at
Arizona Center for Education and Research on
Therapeutics [79]. If a patient is taking one of
these agents, treatment with a D, agent should be
used with care. Prior to the parenteral administra-
tion of any of these agents, it is suggested that an
ECG be obtained and the QT interval be carefully
measured. If there is evidence of a prolonged QT
interval, these agents should not be used.

Controlled trials show that a number of these
drugs are effective in the acute management of
migraine headache.

Prochlorperazine

Prochlorperazine has been shown to be an
effective pain-abortive agent that can be used in
repeated intravenous doses in a hospital or
emergency department setting [80, 81].
Prochlorperazine, 10 mg per cc, can be diluted
with 4 cc of normal saline to the concentration of
2 mg per cc. This is injected at a rate of 1 mg/min
until the headache is relieved, or a maximum of
10 mg is administered [82, 83]. Most often, a
dose of 10 mg of intravenous prochlorperazine is
injected over 2-5 min and this is repeated every
20 min, up to a maximum dose of 30 mg.
Prochlorperazine, administered as a 25-mg rectal
suppository, is also effective for acute migraine
therapy [84]. Its onset of action, however, is
substantially slower than when administered
intravenously.

Chlorpromazine

A number of studies demonstrate that chlorprom-
azine is an effective parenteral, acute treatment
for migraine attacks. Prior to intravenous
administration of this agent, the patient is often
pretreated with 500 ml of normal saline to reduce
the hypotensive side effect; more fluid may be
appropriate if the patient has been vomiting or is
dehydrated.

One of the most effective and easiest to use
protocols is 12.5-mg chlorpromazine IV, which is
repeated at 20-min intervals to a maximum of
37.5 mg [85]. Another protocol consists of chlo-
rpromazine 0.1 mg/kg IV, which is repeated every
15 min as needed, up to a total of three doses
[86]. Alternatively, chlorpromazine, 25 mg per
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cc, is diluted with 4 cc of normal saline to a con-
centration of 5 mg per cc. To reduce the risk of
hypotension, chlorpromazine can be adminis-
tered at a rate of 5 mg (1 cc) every 5 min until the
headache is relieved, or the entire 25 mg is admin-
istered. An additional 10 mg (for a total of 35 mg)
may be given in some cases. Chlorpromazine,
1 mg/kg intramuscularly, is also an effective
headache-abortive treatment, but its action is
slower in onset and the efficacy is less than by
intravenous administration [87, 88]. Bigal et al.
performed a double-blind randomized controlled
study of 128 tension-type headache sufferers who
either received placebo or 0.1 mg/kg of chlorpro-
mazine IV as a one-time dose [89]. At 60 min,
effects were statistically different from placebo
for pain, nausea, photophobia, phonophobia, and
need for rescue medication. Side effects included
drowsiness and postural hypotension.

Haloperidol

In a small open study, haloperidol, 5 mg IV over
a few minutes, resulted in headache relief [90].
A more recent randomized, controlled trial found
that 5 mg of haloperidol in 500 cc of normal
saline as a 20—30-min one-time infusion resulted
in 16/20 (80%) of patients enjoying a marked
relief from pain (a drop of greater than three on
the visual analog pain scale) versus 15% in the
placebo group measured between 1 and 3 h after
infusion [91]. Side effects included 53% motor
agitation (akathisia) and 53% sedation. Three of
20 patients treated with haloperidol returned to
the emergency department with recurrent head-
ache within 2-3 days. Haloperidol seems to cause
less sedation and less hypotension than prochlo-
rperazine or chlorpromazine.

Droperidol

Droperidol can be administered as 2.5 mg intrave-
nously over 1 min, and may be repeated every
30 min, up to a total of 7.5 mg [92]. Droperidol
can also be effective when administered via the
intramuscular route in doses ranging from 2.75 to
8.25 mg [93]. Though randomized controlled stud-
ies have demonstrated an effect equal to prochlo-
rperazine, there is now a black-box warning for
droperidol because it may provoke QT interval
prolongation, torsades de pointes, or cardiac arrest.
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ECG monitoring should occur before, during, and
for up to 2—4 h after administration, especially for
those with congestive heart failure, bradycardia,
cardiac hypertrophy, hypokalemia, hypomag-
nesemia, or those patients using diuretics or other
drugs known to cause QT interval prolongation
[94]. As already noted, QT prolongation is a risk
of all drugs in this class.

Metoclopramide

Metoclopramide, while not a neuroleptic agent,
does have D, dopamine receptor-blocking prop-
erties [78]. It can be administered in a dose of
10 mg intravenously over a few minutes [95, 96].
Metoclopramide is generally less effective than
the above neuroleptic agents, but efficacy can be
substantially enhanced when used in combina-
tion with other antimigraine agents [97].

Sodium Valproate

Several preliminary or open-label studies found
intravenous sodium valproate to be an effective,
well-tolerated, acute abortive agent for migraine in
the emergency setting [98, 99]. Sodium valproate,
300500 mg diluted in 100 cc of normal saline, is
infused at a rate of 20 mg/min. Intravenous val-
proate has several advantages including lack of
cardiovascular side effects (no telemetry required),
no interaction with triptans or ergot alkaloids, lack
of sedation, and absence of dependence or habitu-
ation. Trials have used various dosing regimens.
The half-life is 9-16 h, bioavailability is approxi-
mately 100%, and therapeutic blood levels are
reached almost immediately [100].

In an open-label trial, Mathew et al. used
300-mg IV sodium valproate in 61 migraineurs
and found that 73% of attacks had significant
improvement within 30 min [99].

An open-label comparison between intrave-
nous valproate 500 mg versus 10-mg IM meto-
clopramide followed by IM DHE 1.0 mg found
that both worked equally well and valproate had
fewer side effects [98].

A randomized, controlled study comparing
intravenous valproate (500 mg) with IV prochlo-
rperazine (10 mg) over 2 min found that prochlo-
rperazine was statistically and clinically superior
to IV valproate in reducing pain and nausea in
migraine patients [101].
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Another open-label trial of intravenous valproate
in doses ranging from 300 to 1,200 mg applied to
a mixture of headache types found that 63% had
at least a 50% reduction in pain intensity and
only two people had dizziness [102]. It should
be avoided in patients with hepatic disease. It is
contraindicated in pregnancy; thus, women of
childbearingageshouldhaveanegative pregnancy
test before administration. Controlled trials need
to be performed to confirm the efficacy of this
agent.

Magnesium Sulfate

The evidence for magnesium sulfate’s efficacy is
far from overwhelming, but it can be used safely
during pregnancy. One study concluded that 1 g
of magnesium sulfate, given intravenously,
resolved or improved acute migraine headaches
(as well as cluster headaches) [103]. Improvement
was more likely if basal serum ionized magne-
sium levels were low (less than 0.70 mmol/L).
These results have not been confirmed in a
placebo-controlled study. In this trial, magnesium
sulfate had no significant side effects except mild
flushing.

A recent study of 113 migraineurs compared
10-mg intravenous metoclopramide versus 2-g
intravenous magnesium sulfate versus placebo.
The study measured pain reduction at 30 min and
found no difference compared to placebo for
either magnesium or metoclopramide [104].
Another study found magnesium to be moder-
ately helpful, but not as effective as prochlorpera-
zine [81]. Yet another study showed that
magnesium sulfate (1-g IV) was no better than
placebo in pain relief when all patients with
migraine were analyzed. However, in migraine
with aura, there was significant improvement of
pain and of all associated symptoms compared
with controls with a therapeutic gain of nearly
37% at 1 h [105].

Nonsteroidal Analgesics

Analgesics are widely used for acute treatment of
headache. Ketoralac, a nonsteroidal anti-inflam-
matory drug which is available for injection, can
be useful for treatment of some migraine attacks.
The medication is given in a 30-60-mg IM injec-
tion [77]. Intravenous ketorolac (0.4 mg/kg) can
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terminate both headache- and migraine-associated
allodynia in up to 68% of patients within 1 h of
treatment, even in those patients who have failed
to respond to sumatriptan [106]. Ketorolac at a
dose of 30-mg IV was beneficial but not as effec-
tive in reducing pain as 10-mg IV prochlorpera-
zine [107]. Most patients should also be treated
with an antiemetic. Drowsiness, dyspepsia, and
nausea are potential side effects. Acute renal fail-
ure and gastrointestinal hemorrhage have been
precipitated rarely by this agent.

In a small study comparing ketorolac 60-mg
IM versus IV DHE/metoclopramide in various
doses, only six of nine patients had moderate
relief with ketorolac versus eight of nine who
were given DHE/metoclopramide [77].

Corticosteroids

Corticosteroids are typically given in combina-
tion with other antimigraine agents to enhance
efficacy. Dexamethasone can be given IV or IM.
Doses as high as 10-20-mg IV given over
10 min, followed by 4-mg I'V every 6 h as needed,
are very effective [108-110]. Alternatively, a
one-time IM injection of 8 mg can also be
employed [111].

A meta-analysis of studies that evaluated
the efficacy of dexamethasone in addition to
other therapy for acute migraine was per-
formed. The analysis included studies that used
randomized, double-blind, placebo-controlled
methodology and that were performed in the
emergency department. A pooled analysis of
seven trials involving 742 patients suggested a
modest but significant benefit when dexame-
thasone was added to standard antimigraine
therapy. The analysis showed the addition of
dexamethasone reduced the rate of patients
with moderate or severe headache on 24- to
72-h follow-up evaluation (RR of 0.87,95% CI
of 0.80-0.95; absolute risk reduction of 9.7%).
The treatment of 1,000 patients with acute
migraine headache using dexamethasone in
addition to standard antimigraine therapy
would be expected to prevent 97 patients from
experiencing the outcome of moderate or
severe headache at 24-72 h after emergency
department evaluation [112].

C.E. Robertson et al.

Opioids

Despite multiple effective regimens of nonopioid
medications, opioids continue to be commonly
used for acute management of headache in the
emergency department. In a nationwide survey of
811,419 adult migraine sufferers who visited an
emergency department, 51% were treated with
opioids and an alarming 77% of these had not
received any nonopioid medications as a first-line
attempt [113]. In a Canadian survey of 500 emer-
gency department visits for headache, 59.6% of
patients received narcotics as first-line treatment
[114]. Opioids are not “migraine specific,” and
are generally not as effective as other agents.
Further, in the setting of frequent emergency
department or outpatient visits, their use
raises concern about rebound and tolerance.
Nevertheless, there are some patients for whom
an opioid is the most effective and best-tolerated
agent for acute, severe headaches, and opioids
continue to play a role as rescue agents.
Meperidine is the most commonly utilized agent
in this setting. It may be administered intrave-
nously or intramuscularly, most commonly in a
dose of 75-150 mg. It should be accompanied by
promethazine, 25-50 mg, or hydroxyzine,
25-100 mg, intramuscularly to treat nausea and
vomiting; these also provide sedative and anxi-
olytic effects [115].

Because clinical trials assessing efficacy and
side effects of meperidine performed to date have
been small and have not arrived at consistent con-
clusions, Friedman et al. performed a systematic
review and meta-analysis to determine the
relative efficacy and adverse effect profile of
opioids compared with nonopioid active com-
parators for the treatment of acute migraine [116].
Four trials (involving 254 patients) compared
meperidine to dihydroergotamine, four trials
(involving 248 patients) compared meperidine to
an antiemetic, and three trials (involving 123
patients) compared meperidine to ketorolac.
Meperidine was less effective than dihydroergot-
amine at providing headache relief (OR of 0.30;
95% confidence interval [CI] 0.09-0.97) and
trended toward less efficacy than the antiemetics
(OR of 0.46; 95% CI 0.19-1.11); however, the
efficacy of meperidine was similar to that of
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ketorolac (OR of 1.75; 95% CI 0.84-3.61).
Compared to dihydroergotamine, meperidine
caused more sedation (OR of 3.52;95% CI 0.87—
14.19) and dizziness (OR of 8.67; 95% CI 2.66—
28.23). Compared to the antiemetics, meperidine
caused less akathisia (OR of 0.10; 95% CI 0.02—
0.57). Meperidine and ketorolac use resulted in
similar rates of gastrointestinal adverse effects
(OR of 1.27; 95% CI 0.31-5.15) and sedation
(OR of 1.70; 95% CI 0.23—-12.72). The authors
appropriately conclude that emergency depart-
ment physicians should consider alternate paren-
teral treatments for migraine headaches.

Indeed, meperidine is losing favor among pain
specialists for use as an analgesic and many
authorities argue that other opioids should be
used for acute pain. This is due to meperidine’s
poor efficacy, toxicity, and multiple drug interac-
tions [117]. The argument can be made that if a
parenteral opioid is needed, then an opioid other
than meperidine should be selected and adminis-
tered in an equipotent dose [118].

Cluster Headache Treatment

Therapeutic options for cluster headache vary in
some respects from other primary headache
disorders and are therefore considered separately.
Effective treatments include:

Oxygen

A range of 8—12 L/min of 100% oxygen through a
closed face mask can abort most cluster headache
attacks if the sufferer can begin therapy at the
onset of the attack. Sometimes, a flow rate of
15 L/min is effective when lower flow rates are
not. Oxygen’s effectiveness in cluster headache
has been proven in a double-blind controlled
trial [119].

Sumatriptan

In one study, 96% of cluster headache sufferers
achieved pain relief in 15 min with 6-mg SC
sumatriptan [120]. The maximal recommended
dose per 24 h is 12 mg. Now that it comes in a
4-mg subcutaneous dosage, a cluster patient may
use up to three doses a day. Some may break open
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the subcutaneous device and dole out only small
quantities in order to make their medicine last
longer and treat more attacks.

Dihydroergotamine

One milligram IV dihydroergotamine preceded
by 10-mg metoclopramide can rapidly abort clus-
ter headache attacks in less than 15 min [121].
Subcutaneous or IM injections of 1-mg DHE up
to 2-3 times a day can be used outside of the
office or emergency department, but onset of
relief is slower. Intranasal DHE is difficult to use
and too slow to abort individual attacks, but it
may lessen attack severity.

Corticosteroids

Corticosteroids can provide a temporary reprieve
lasting days to weeks in many patients with clus-
ter headache. Corticosteroids have been used to
treat cluster headache for over 50 years, and they
have been shown to be more effective than pla-
cebo [122]. In alarge, retrospective series, Kudrow
found that 60 mg a day produced a complete
remission in up to 77% of patients [123].

In one open-label study, 13 cluster headache
patients used 30 mg/kg of IV methylprednisolone
as a 3-h infusion in saline on the eighth day of the
cluster period [124]. Only 3 of 13 patients had a
complete remission of headache, and the mean
interval until the next attack was 2—7 days indi-
cating no advantage over prednisone.

In another study using IV methylprednisolone,
250-mg boluses over three consecutive days,
followed by 90 mg per day of oral prednisone
tapered off over 4 weeks, lowered attack
frequency substantially for several weeks [125].

Special Circumstance: Treatment
of Headache in the Pregnant Patient

Because home treatment options are somewhat
limited, the pregnant migraine sufferer may be
forced to come to the emergency department
for management. There is general agreement
that Tylenol, possibly combined with caffeine,
is a good first-line choice for the acute migraine
attack [23, 24, 126, 127], as both are felt to be
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generally safe during pregnancy. The drawback
to Tylenol is that it is a short-acting analgesic
and, if taken too frequently, could contribute to
a potential rebound, or analgesic overuse,
headache. Furthermore, by the time the patient
arrives to the emergency department, there is a
strong possibility that she has already tried
this.

As mentioned early in the section on head-
ache management, the initial approach should
include conservative measures, such as making
sure the patient is well hydrated. Magnesium
sulfate is considered safe for the fetus and may
help with the migraine [128]. Ibuprofen and
naproxen are generally considered safe during
the second trimester, but should be avoided dur-
ing the third trimester as they may cause prema-
ture closure of the ductus arteriosus [24, 129].
Some studies have shown a small risk of
increased spontaneous abortion and congenital
malformations when these NSAIDs are taken in
the first trimester, so one might also be cautious
early in pregnancy [130].

For nausea, metoclopramide has been used
during all stages of pregnancy with no evidence
of embryo, fetal, or newborn harm, and is consid-
ered FDA class B (no evidence of risk in humans,
but no controlled studies) [130]. Other antiemet-
ics such as prochlorperazine remain class C due
to limited information, and therefore should be
reserved for when the benefits are thought to out-
weigh the potential risks [129, 130].

As mentioned previously, narcotic medica-
tions should be avoided if at all possible, given
the association with drug dependency and
rebound headache. With prolonged use in
pregnancy, especially in the third trimester, there
is a risk of neonatal addiction and respiratory dis-
tress. Of the opiate medications, codeine has been
associated with more reports of cleft lip/palate,
cardiac, and respiratory defects and should there-
fore probably be avoided, especially during the
first trimester [131]. Morphine, oxycodone, and
meperidine are probably not teratogenic, but the
data is somewhat limited [130]. Given the limited
options during pregnancy, these may be consid-
ered for very short-term use, during status
migrainosus, if necessary.
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Sumatriptan was embryolethal in rabbits
when given in large doses intravenously, and
produced some vascular and skeletal anomalies
when given in large doses orally [130]. The data
in human fetuses is less clear. In the sumatriptan
pregnancy registry, sumatriptan use has been
associated with an increased risk of preterm
delivery and low birth weight [132]. There have
also been a small number of recorded birth
defects, with any-trimester exposure proportion
of 4.4% (95% CI 2.8-6.8%) as compared to the
prevalence of birth defects in migraineurs, which
has been estimated at 3.4% [130]. In other retro-
spective and observational cohort studies, the
risk has been even less [130]. Ultimately, there is
not enough data on sumatriptan use in human
fetuses to detect minor anomalies. Furthermore,
some of the existing studies lack the long-term
follow-up needed to detect late adverse effects.
As there is insufficient data to rule out risk to the
fetus, all triptans including sumatriptan remain
FDA pregnancy class C.

Corticosteroids have been shown to increase
major malformations when used in the first tri-
mester. Therefore for the first trimester, they are
FDA class D [130], showing positive risk to
humans. One of these risks appears to be a small
risk of orofacial defects [130]. For the rest of the
pregnancy, animal studies show clear risk to the
fetus, but the human studies are less clear.
Because of the limited information, they are
considered FDA class C during second and third
trimesters. Of the corticosteroids, oral prednisone
seems to have less risk than prednisolone [130],
and has been advocated by some as an option for
the short-term management of status migrainosus
[23, 129].

Ergotamine/DHE should be avoided during
pregnancy (FDA class X) as there have been idio-
syncratic responses to treatment that have been
associated with fetal toxicity and teratogenicity,
possibly due to the disruption of maternal-fetal
vascular supply [130]. Valproic acid (FDA class
D, human data suggests risk) is also a known
teratogen, and should be avoided during preg-
nancy [130].

Summary of pregnancy list in the acute setting
[24, 129, 130]:
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e Probably safe in the acute setting (FDA class
B): Tylenol, caffeine, magnesium, NSAIDs
during the second trimester, metoclopramide,
morphine, oxycodone, and meperidine

* Use if the benefit outweighs the risk (FDA
class C): NSAIDs during first trimester, trip-
tans, prochlorperazine, oral prednisone, and
codeine

* Probably avoid (FDA class C but shows risk
during first and third semesters): Aspirin

e Avoid (FDA class D or X): NSAIDs or aspirin
during third trimester, sodium valproate, and
ergotamine/DHE
Because of the difficulty in management, the

pregnant patient should receive counseling on

how to minimize the frequency of future head-
aches. This would include avoidance of headache
triggers and maintaining regular meals and sleep
patterns. Physical therapy, exercise, relaxation,
and biofeedback are nonmedication options to
try. Thermal biofeedback, in particular, has been
associated with headache reduction during preg-
nancy [129].
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Low Back Pain Emergencies
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Abstract

Low back pain (LBP) is exceedingly common. Most patients with LBP
present acutely or subacutely. The clinician is frequently faced with the
task of determining whether or not the individual LBP patient has an emer-
gent or soon-to-be-emergent underlying condition. The approach to the
patient with acute or subacute LBP includes a search for red flags in the
history and careful physical and neurological examinations that can indi-
cate the likelihood of an underlying urgent or emergent condition. In the
absence of red flags, patients can be treated conservatively for 1 month or
more without diagnostic testing.

Patients who have or develop red flags should undergo urgent and
sometimes emergent investigation. LBP emergencies include infections
(vertebral osteomyelitis and/or epidural abscess), primary and metastatic
spine tumors, thoracic aortic dissection (TAD), expansion or rupture of an
abdominal aortic aneurysm (AAA), a large lumbar disk protrusion or
extrusion with compression of the cauda equina, and thoracolumbar

fractures.
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Introduction

Low back pain (LBP) is defined as pain located
between the lower rib cage and the gluteal folds,
often extending or radiating into the thigh
(between the hip and knee) and/or leg (between
the knee and ankle) [1]. Acute LBP usually lasts
less than 3 months [2]. It is one of the most com-
mon medical problems in the adult population
[1, 2]. LBP is the second leading reason for visit-
ing a primary care physician in the USA [3] and
the second most common reason for frequent uti-
lization of emergency department services [4]. It
is estimated that up to 90% of adults will experi-
ence LBP at some time in their lives [5], and LBP
is the most common cause of back and spine dis-
ability among young and middle-aged people [6].

LBP represents a substantial socioeconomic
challenge. Frymoyer and Cats-Baril estimated
the total cost of low back disorders in 1990 to be
in the range of $50-100 billion per year [7]. Katz
reviewed this data and suggested that the total
annual cost of LBP was $100-200 billion in 2005
[8]. Socioeconomic effects of a medical condi-
tion include direct and indirect costs. Direct costs
are the costs related to diagnosis and medical
management of the condition (e.g., tests, treat-
ments, hospitalization, office visits, and alterna-
tive therapies). Indirect costs are the resources
expended to address disability associated with
the condition (e.g., lost wages, reduced produc-
tivity, compensation payments, and additional
caregiving expenses) [8]. About two-thirds of the
total costs of LBP are indirect [8]. Because indi-
rect costs are typically dependent on change in
work status, they are difficult to estimate for
adults who are outside the workforce (e.g., unem-
ployed, retired, students, and individuals disabled

by other conditions). About 5% of Americans
miss at least 1 day of work per year due to
LBP [8, 9].

In a randomly selected group of 2,809 adults
obtained from a cross-sectional telephone survey
of North Carolina households, 26% reported
impairing chronic LBP [10]. Eighty-four percent
of those with chronic back pain had at least one
visit to a health-care provider in the previous
year, almost half of whom saw an orthopedic or
neurologic surgeon. Those who sought care had
LBP for a mean of 9.8 years, had a mean age of
53 years, and 62% were women [10]. Forty-six
percent of the patients with chronic LBP received
plain radiographs in the preceding year, and 36%
underwent a computed tomography (CT) scan or
magnetic resonance imaging (MRI), half of
whom received a second advanced imaging study
within the year of reporting [10].

Although most low back disorders do not
present as emergencies, recognition of those that
do is critical to good outcomes. This chapter will
focus on the evaluation and treatment of LBP
emergencies. The critical elements from the
medical history and physical and neurological
examinations will be identified for determining
the etiology and directing appropriate use of
ancillary studies, such as plain X-rays, CT,
MRI, and medical and surgical consultations.
Treatment for the serious causes of LBP will be
addressed.

Epidemiology

The interpretation of epidemiologic studies of
LBP can be confusing, mostly due to the use of
different definitions for back pain, disparities in
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the ages of the populations studied, and
physical and socioeconomic factors which could
contribute to the development of back pain or
influence symptoms [2].

The incidence of LBP varies between studies
[11, 12]. In a population-based, prospective
cohort study of 308 patients free of LBP for
6 months, Cassidy et al. reported a cumulative
incidence of LBP in 18.7% in the subsequent
year [11]. Most of the cases were mild and no
differences were found between genders or across
age groups. In a prospective epidemiological sur-
vey of 2,715 adults free of LBP in the prior
month, Papageorgiou found that the 1-year cumu-
lative incidence of new episodes of LBP for
which evaluation was sought was 5% for women
and 3% for men. However, 31.5% of the patients
reported a new episode of LBP for which no
evaluation was sought. Patients with a history of
LBP in the past had twice the rate of new epi-
sodes compared to those with no past history of
LBP[12].

How often do patients present with a more
serious pathology underlying their acute back
pain? Winters et al. estimated that 5-10% of
patients have underlying life-threatening
problems, such as vascular catastrophes, malig-
nancy, spinal cord compressive syndromes, and
infectious diseases [13]. Deyo et al. estimated
that in primary care, about 4% of patients with
back pain will have compression fractures, 3%
have spondylolisthesis (which can be and is often
an incidental finding), 0.7% have spinal malig-
nant neoplasms, 0.3% have ankylosing spondyli-
tis, and 0.01% have spinal infection [14]. In
contrast to these estimates, Henschke et al.
reported the prevalence of serious spinal pathol-
ogy in 1,172 consecutive patients receiving
primary care for acute LBP from primary care
clinics in Sydney, Australia [15]. There were only
11 cases (0.9%) of serious pathology, eight of
whom had fractures [15]. The likelihood of find-
ing serious underlying pathology in the patient
with acute LBP will depend upon where they are
seen (the likelihood of serious disease is higher in
the emergency department compared to the out-
patient clinic) and their presentation, including
the presence of red flags.
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Clinical Features and Evaluation

The evaluation and diagnosis of back pain is a
challenge. Although most cases are presumed to
be of musculoskeletal origin and benign, as
noted, back pain can be caused by serious
life-threatening conditions [16]. Approximately
85% of patients with isolated back pain cannot be
given a precise pathoanatomical diagnosis [17].

The patient’s history and findings from the
physical and neurological examinations can be
very helpful in determining the cause of a
patient’s back pain. Because an exact diagnosis
is not possible in many patients, Deyo recom-
mends answering these three questions (1) Is a
systemic disease causing the pain? (2) Is there
social or psychological distress that may
amplify or prolong the pain? (3) Is there neuro-
logical compromise that may require surgical
evaluation [17]? Careful history taking and
physical and neurological examinations are
needed to answer these questions and determine
the cause of an individual patient’s LBP. The
role of the physician in the initial evaluation is
to identify key elements or red flags that can
indicate the possibility of significant spinal and
nonspinal pathology. The presence of these
indicators will help guide further diagnostic
workup and their absence can rule out the need
for additional tests during the first 4 weeks of
symptoms, since spontaneous recovery is
expected within 1 month in 90% of patients
lacking red flags [18].

Clinical practice guidelines from the US
Agency for Health Care Policy and Research
(AHCPR now known as the Agency for Healthcare
Research and Quality or AHRQ at http:/www.
ahrq.gov) and the Institute for Clinical Systems
Improvement (at http://www.icsi.org) have deter-
mined a list of red flags that should be sought in
patients with LBP (Table 2.1). The red flags raise
a suspicion of serious underlying spinal condi-
tions such as fracture, tumor, infection, and/or
severe neurological deficits including the cauda
equina syndrome. It is recommended that clini-
cians evaluating patients with acute or worsening
LBP routinely inquire about these red flags.


http://www.ahrq.gov
http://www.ahrq.gov
http://www.icsi.org
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Table 2.1 Red flags for potentially serious underlying cause of low back pain

Red flag item
Trauma
Age

History of cancer

Fever, chills, night
sweats

Weight loss
Recent infection
Immunosuppression

Recumbency or night
pain

Saddle numbness

Bladder or bowel
dysfunction

Lower extremity
neurological deficit

Description
History of major trauma (e.g., motor vehicle
accident, fall from height) or minor trauma
in the setting of possible osteoporosis
More than 50 years or less than 20 years

Past or present history of any type of cancer

Oral temperature >37.8°C (100°F), chills,
sweats, temperature changes at night
Unexplained weight loss >4.5 kg (10 Ibs) in

3 months, not directly related to a change

in activity or diet

Recent bacterial infection such as a urinary
tract infection

Immunosuppression for any reason (e.g.,
transplant, steroid use, IV drug abuse, HIV)
Pain that is worsened by recumbency or awakens
the patient from sleep, unrelated to movement
or positioning

Reduced sensation in the second—fifth sacral
dermatomes (perianal region)

Urinary retention, increased frequency

of urination, incontinence of urine or stool,
dysuria, hematuria

Progressive or severe neurological deficit

in one or especially both lower extremities,

Rationale

Possible fracture, especially in an older
or osteoporotic patient

Increased risk of tumor, abdominal
aortic aneurysm, fracture, infection

History of cancer increases risk of back
pain caused by metastatic tumors
arising from the lung, breast, kidney,
prostate, others

Constitutional symptoms increase risk
of infection or cancer

May indicate cancer or infection
Increases risk of infection
Increases risk of infection

Increases risk of cancer, infection, or an
abdominal aortic aneurysm

May indicate cauda equina syndrome

May indicate cauda equina syndrome
or infection

May indicate severe nerve root injury
or cauda equina syndrome

weak anal sphincter

History

Similar to the evaluation of patients with chest
and abdominal pain, a systematic approach
should be used to identify LBP red flags. With
regard to the elements in the history, Winters
et al. suggested using the mnemonic OLDCAAR
(Onset, Location, Duration, Context, Associated
symptoms, Aggravating factors, and Relieving
factors) [13]. Onset includes how quickly the
pain began, its course, and the age at onset.
Location of the pain includes what level of the
spine and if there is any radiation of pain to the
lower chest, abdomen, or extremities that might
suggest a visceral origin or nerve root impinge-
ment. Pain in the distribution of the sciatic nerve
(buttock, posterior thigh, leg, and/or foot) is very
suggestive of lumbosacral nerve root compres-

sion and has a sensitivity of 0.95 and a specificity
of 0.88 that the patient harbors a herniated lum-
bar disk or another cause of nerve root impinge-
ment [14]. Deyo et al. estimate the likelihood of a
surgically important lumbar disk in a patient
without sciatica as being 1 in 1,000 [14]. Duration
of more than 4-6 weeks is worrisome unless the
pain is very longstanding. The context in which
the pain begins is important. Trauma, a recent
history of infection or intervention, and a history
of cancer suggest fracture, spinal infection, and
spinal metastasis, respectively. Current immuno-
suppression is associated with infection and
tumors. Important associated symptoms include
fever, chills, weight loss, and neurological symp-
toms. Significant aggravating factors which sug-
gest nerve root compression include provocation
or aggravation of pain by recumbency and
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positive cough, sneeze, and strain effect espe-
cially on radicular pain. Relieving factors include
improvement with sitting or bending forward at
the waist which suggests spinal stenosis and the
assumption of certain postures such as a list or
reluctance to bear weight on an extremity which
can suggest neural compression or musculoskel-
etal disease. In addition, the patient’s past medi-
cal history may yield important facts, such as risk
factors for aortic dissection or abdominal aortic
aneurysm (AAA), previous immunosuppression,
previous cancer, and diabetes. Psychosocial
history can be important as it relates to intrave-
nous (IV) drug use, cigarette smoking, stress, and
a history of other pains in the past.

Physical Examination

The physical examination of patients with acute
LBP should be guided by the history of present
illness and the past medical history. It should
include: vital signs assessment [13], general
observation of the patient, a regional back exam,
and a thorough neurological screening [14, 18].
Findings suggestive of nonspinal pathology may
warrant a careful evaluation of related organ
systems (e.g., genitourinary) as many medical
and surgical conditions can present with acute
back pain.

General Observation

The general appearance of the patient may indi-
cate the presence of serious disease [19]. Are
they pale, cachectic, or jaundiced? Do they prefer
to stand or lay down? In patients with back pain
that does not change with movement, who cannot
lie still, and/or appear to be in excruciating pain,
the possibility of a ruptured AAA or renal colic
should be strongly considered [13]. Are there
scars or needle marks that suggest IV drug use
and possible vertebral column infection?

Fever in a patient with acute LBP has been
considered as an indicator of infection [19, 20].
However, its sensitivity varies considerably from
27% for tuberculous osteomyelitis [21] to 83%
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for spinal epidural abscess (SEA) [22]. It is
important to note that the absence of fever does
not rule out an infectious etiology of back pain
[13]. Blood pressure measurement is also impor-
tant. Hypotension in the patient with acute back
or abdominal pain should alert the physician to
the possibility of a ruptured AAA.

Regional Back Examination

Physical examination of the back should start
with a careful inspection of the skin. Localized
erythema (epidural abscess, inflammatory dis-
ease), hairy patches (spina bifida occulta, menin-
gocele), and birthmarks and café-au-lait spots
(neurofibromatosis) should be documented. The
presence of bruises on the posterior torso, espe-
cially in the older patient, should alert the physi-
cian to physical elder abuse [23].

Observe the patient’s posture while seated,
standing, and walking. Patients with active radic-
ulopathy may prefer to keep their weight on the
unaffected limb; they may flex the hip and knee
and plantar flex the ankle of the affected limb to
reduce tension on an impinged nerve root [24].
Palpate the back, paraspinal muscles, and the
spine for bony abnormalities, shift of midline
structures, muscle spasm, and tenderness.
Vertebral tenderness such as with fist percussion
has traditionally been associated with spinal
infection, but is nonspecific and can be seen with
other causes of LBP including musculoskeletal
etiologies [18].

Lumbosacral spine range of motion should be
tested by assessing flexion, extension, lateral
bending to both sides, and rotation of the spine to
both sides while the pelvis remains stationary.
Pain with forward flexion is associated with disk
disorders, whereas pain with extension is associ-
ated with spinal stenosis [25]. Rigidity of the
entire spine is observed in ankylosing spondyli-
tis. While any limitation in range of motion
should alert the physician to possible underlying
spine pathology [26], given the marked variabil-
ity between patients with and without symptoms,
reduced spinal range of motion is of limited
diagnostic value [18]. Possible causes of spinal
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rigidity include ankylosing spondylitis, infection,
severe spondylosis, disk herniation with muscle
spasm, and musculoskeletal injury.

Screening Tests for Lumbar
Radiculopathy

Straight Leg Raising Test

Laségue Sign

Straight leg raising or the Laségue sign is com-
monly used in a patient with LBP to confirm
radiculopathy, usually affecting the L5 and/or S1
nerve roots, as they are involved in about 95% of
lumbar disk herniations [14, 27]. The maneuver
pulls on the sciatic nerve which in turn stretches
the nerve roots which comprise the sciatic nerve
(L4, L5, S1-3) [28]. Pain is provoked by com-
pression of the nerve root against a structural
abnormality, such as a herniated disk which
restricts nerve root movement [28, 29]. Devillé
et al. in a systematic review reported a pooled
sensitivity for the SLR test of 0.91, but a pooled
specificity of 0.26 for surgically documented
lumbar disk herniation [30].

In the Lasegue test, the patient lies supine
and the examiner places one hand above the
knee of the limb being examined. The exam-
iner places his or her other hand under the
patient’s heel and gradually raises the patient’s
extended leg, flexing the thigh at the hip
(Fig. 2.1). The test is considered positive if
pain (sharp or burning) is elicited along the
course of the sciatic nerve in the ipsilateral but-
tock, posterior thigh, posterior leg, and/or foot
with elevations of 70° or less. It is important to
note that provocation of LBP alone does not
indicate a positive SLR test. A positive crossed
SLR sign in which pain in the affected lower
limb is provoked by raising the contralateral
lower extremity is thought to be highly sugges-
tive of nerve root impingement by a herniated
or extruded lumbar disk. Devillé et al. found a
sensitivity of 0.29, and a specificity of 0.88 for
the crossed SLR test [30]. SLR tests are also
positive in patients with meningeal irritation
(e.g., infection, malignant infiltration) when
the finding should be bilateral.

L.A.Serrano et al.

Kernig Sign

The Kernig sign is a variation of the SLR test.
While the patient lies supine the thigh is flexed at
the hip to 90° with the knee in flexion. The exam-
iner then extends the leg at the level of the knee.
The test is considered positive if sciatica is
elicited and the patient resists full extension of
the knee.

Finally, while performing the Lasegue or
Kernig test, dorsiflexing the foot or even the great
toe increases the stretching of the tibial and sci-
atic nerves and can aggravate the pain in the
patient with nerve root impingement (see Fig. 2.1).
This maneuver is termed Spurling sign [31].

Seated SLR

The seated SLR test is performed by extending
the patient’s knee while they are seated and
assessing for the provocation of symptoms. It has
the advantages of reducing the patient’s discom-
fort by not performing SLR with the patient in a
supine position and also expediting the physical
examination [32].

Several variants of the seated SLR test have
been developed. One is to ask the patient, while
seated, to extend one knee then the other, or to
ask them to perform heel to shin testing. This
maneuver mimics the same position of the spine
as 90° of SLR when supine, but the degree of
stretching of the sciatic nerve is less. It has been
suggested that a positive SLR test while seated is
equivalent to a supine SLR test that is positive at
65° of elevation [24].

Another variation is the slump test [33], a
series of maneuvers designed to increase tension
on the lumbosacral nerve roots. Patients start in a
seated position with their back straight and they
are encouraged to slump, relaxing and flexing the
thoracic and lumbar spine, while looking straight
ahead. The patient is then asked to flex their neck.
The examiner can press on the back of their head
to increase neck flexion. The patient is instructed
to extend one knee (thus performing a seated SLR
maneuver) and then dorsiflex the foot on the same
side. The maneuvers are repeated with the other
lower extremity. With each movement, the patient
is asked to report what they feel. Provocation of
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Fig. 2.1 The Lasegue test. The Laségue sign is tested by
passively flexing the hip with the knee extended (a).
Provocation of ipsilateral radicular lower limb pain is
highly suggestive of nerve root impingement.
Dorsiflexing the patient’s foot while performing a
straight leg raising test (b) will increase tension on the
sciatic nerve and the nerve roots which form the sciatic
nerve. Exacerbation of the patient’s radicular pain with

radicular lower limb pain suggests irritation of
the sciatic nerve or one of the nerve roots that
comprise the sciatic nerve. Subsequent extension
of the neck into a neutral position should reduce
tension on the lumbosacral nerve roots and lessen
the patient’s pain and/or enable them to extend
the knee farther. In a prospective case—control
study of 75 patients with LBP who had under-
gone MRI for suspected lumbar disk herniation,

this maneuver increases the likelihood of lumbosacral
nerve root compression. This maneuver is termed
Spurling sign. From Bartleson JD and Deen HG, Chap.
4, page 67 and 68. In: Spine Disorders: Medical and
Surgical Management by JD Bartleson and HG Deen;
Cambridge University Press, 2009. Copyrighted and
used with permission of Mayo Foundation for Medical
Education and Research

sensitivity of the slump test was higher (84% ver-
sus 52%) than the traditional SLR, but the speci-
ficity was lower (83% versus 89%) [34].

Reverse SLR Test
The reverse SLR test is performed with the patient

in a prone position. One knee at a time is pas-
sively flexed as far as possible trying to touch the
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Table 2.2 Symptoms and signs associated with lumbosacral radiculopathy

Dermatomal sensory

Root  Typical pain distribution distribution Weakness Affected reflex
L1 Inguinal region Inguinal region None Cremasteric
L2 Inguinal region and Proximal anterior Hip flexion Cremasteric
anterior thigh and medial thigh Hip adduction Thigh adductor
Some knee extension
L3 Anterior thigh and Anterior and medial Knee extension Knee
knee thigh Hip flexion Thigh adductor
Hip adduction
L4 Anterior thigh, Anterior knee and Knee extension Knee
anteromedial leg medial leg Hip flexion
Hip adduction
L5 Posterolateral thigh Anterolateral leg, top Foot dorsiflexion, inversion Possibly internal
Lateral leg of foot, great toe and eversion hamstring
Medial foot Knee flexion
Hip abduction
Toe extension and flexion
S1 Posterior thigh and leg, Posterolateral leg, Foot plantar flexion Ankle
heel, and lateral foot lateral foot, heel Toe flexion Possibly external
Knee flexion hamstring
Hip extension
S2 Buttock Posterior leg and Possibly foot plantar flexion Anal reflex
thigh, buttock Possibly hip extension Possibly ankle

From Bartleson JD and Deen HG, Chap. 4, page 65. In: Spine Disorders: Medical and Surgical Management by JD
Bartleson and HG Deen; Cambridge University Press, 2009. Copyrighted and used with permission of Mayo Foundation

for Medical Education and Research.

patient’s heel to their buttock. If pain is elicited in
the ipsilateral limb, typically in the anterior thigh,
it suggests impingement of the L2, L3, or L4
nerve roots which contribute to the femoral nerve
and are stretched by this maneuver. Additional
extension of the hip after the knee is flexed may
increase the sensitivity of this test.

Patrick or FABER Test

The Patrick or FABER (Flexion, ABduction, and
External Rotation) test is used to evaluate for sac-
roiliac and hip joint pathology. It is performed
while the patient is in a supine position. The heel
or lateral ankle of the affected lower extremity is
placed on top of the contralateral knee and the
medial knee on the side of pain is pushed down-
ward causing synchronized flexion, abduction,
and external rotation of the ipsilateral hip. If pain
is elicited in the groin (typically with slow down-
ward pressure on the knee), this indicates possi-
ble hip joint disease. Pain in the sacroiliac area

(usually with quick downward pressure on the
knee) suggests sacroiliac joint pathology.

Neurological Examination

A careful neurological examination is para-
mount in patients with LBP. The evaluation
should search for evidence of spinal cord com-
pression, nerve root impingement including the
cauda equina syndrome, and peripheral nerve
dysfunction. The examination should include:
(1) assessment of motor function, specifically
lower limb strength and coordination; (2)
reflexes including deep tendon reflexes, the
Babinski sign, and the anal wink reflex; (3) sen-
sation (pain and temperature, touch, vibration,
and joint position sense); (4) gait; and (5) rectal
tone and strength [13].

All of the lumbosacral spinal nerve roots
should be assessed [19]. The signs and symptoms
associated with specific lumbosacral nerve root
injury are listed in Table 2.2.
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Motor Function

Individual muscles can be assessed by testing
their strength and tone and gauging their bulk.
The L2-L4 nerve roots provide the motor inner-
vation responsible for leg (knee) extension and
thigh (hip) flexion and can be tested by having
the patient arise from a seated position without
the use of their upper limbs or ascend a step. The
L5 root is largely responsible for ankle and toe
dorsiflexion and foot eversion and inversion and
can be tested by heel walk. The S1 nerve root
innervates the muscles responsible for foot and
toe plantar flexion (in conjunction with the S2
nerve root) and contributes to foot inversion (with
the L5 root), and can be tested by toe walking and
performing toe lifts while standing on one leg.
The intrinsic foot musculature, the bladder, and
the external anal sphincter are supplied by the
S2-S4 nerve roots.

Reflexes

The knee reflex is supplied by the L2-L4 nerve
roots. The ankle reflex is supplied chiefly by the
S1 nerve root with some contribution from S2.
The internal and external hamstring reflexes are
supplied by the L4, L5, S1, and S2 nerve roots.
The internal hamstring reflex is said to be sup-
plied more by the L5 and the external hamstring
more by the S1 nerve root, but asymmetries in the
hamstring reflexes are hard to judge and correla-
tion with a specific nerve root injury is unreliable.
Babinski and Chaddock signs indicate upper
motor neuron (corticospinal tract) damage typi-
cally above the L1 vertebral level (in most adults
the spinal cord ends at the level of the L1 verte-
bral body). The cremasteric reflex is innervated
by L1 and L2 and the superficial anal or anal
wink reflex (contraction of the external sphincter
in response to pricking or stroking the perianal
skin) is supplied by S2—-S4. The plantar reflex is
innervated by L5, S1, and S2 and consists of the
normal plantar flexion of the toes resulting from
stimulation of the foot as occurs with Babinski
and Chaddock sign testing.

a

Sensation

Sensation is evaluated using light touch, pin
prick, change in joint position, and vibration. Hot
and cold stimuli can be used as substitutes for pin
prick. The L1 nerve root supplies superficial sen-
sation to the inguinal area. The L2 and L3 nerve
roots provide sensation to the anterior and medial
thigh. The L4 nerve root is responsible for sensa-
tion over the anterior knee, and medial surface of
the leg and foot (but not the first dorsal web-
space). The L5 nerve root delivers sensation from
the dorsal aspect of the foot, including the first
dorsal webspace. The S1 dermatome covers the
posterior and lateral aspect of the foot and leg.
The S2-S4 nerve roots supply sensation to the
posterior leg, posterior thigh, buttock, and peria-
nal area.

Gait

Observation of casual gait can reveal significant
abnormalities. Trendelenburg sign, due to hip
abductor weakness (chiefly the gluteus medius
muscle), is observed when the patient stands or
walks on one leg and the pelvis on the opposite,
non-weight-bearing side drops. The gluteus
medius muscle receives innervation chiefly from
the L5 and S1 nerve roots. Difficulty with heel
walking suggests L5 distribution weakness or
peroneal neuropathy or, if bilateral, a peripheral
neuropathy. Difficulty with toe walking suggests
S1 radiculopathy. Bilateral difficulty with toe
walking more than heel walking suggests bilat-
eral S1 radiculopathies rather than peripheral
neuropathy [35].

Rectal

Rectal examination in the patient with LBP is
performed to assess rectal tone, anal sphincter
strength, and sensation and can facilitate testing
the superficial anal reflex. It should be performed
in patients with significant low back and/or lower
limb pain, neurological complaints or deficits,
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sphincter complaints, and in association with any
red flags [19]. Poor or absent rectal tone in the
presence of saddle sensory loss strongly indicates
neurological disease such as compression of
the cauda equina or lower spinal cord (conus
medullaris).

Diagnosis

The physician evaluating a patient with acute
LBP should consider two questions when order-
ing a diagnostic test. Can a diagnosis be estab-
lished? And how will the information obtained
influence management? Findings on plain radio-
graphs and advanced imaging (CT scan, MRI)
correlate poorly with symptoms [36-38], and
their initial use in the absence of red flags has
been deemed unnecessary [39]. The American
College of Radiology practice guidelines state
that imaging the acute LBP patient is not indi-
cated except in the presence of red flag features,
which include recent significant trauma, minor
trauma in a patient age >50, weight loss, fever,
immunosuppression, history of neoplasm, steroid
use or osteoporosis, age >70, known IV drug
abuse, or a progressive neurological deficit with
intractable symptoms [40].

A recent meta-analysis of randomized con-
trolled clinical trials that compared immediate
lumbar imaging versus usual clinical care without
immediate imaging for LBP reported no signifi-
cant differences between the two groups in terms
of clinical outcomes [41]. The decision to use any
medical test should be based on a risk/benefit
assessment. Imaging provides benefit in identify-
ing undiagnosed systemic disease and in operative
planning for neural compressive lesions requiring
intervention. This must be balanced against sub-
stantial cost, radiation exposure, labeling subjects
as patients with degenerative spine disease (which
is inevitably present but almost always asymp-
tomatic), and provoking interventions which may
have little basis in evidence. It is well established
that when we image, we intervene [42, 43].

Imaging Studies

This section will focus on imaging studies that
provide evidence of structural or anatomic abnor-
malities that can explain the patient’s spine pain.
The studies include plain X-rays, MRI, plain CT,
and CT myelography. Illustrative examples of all
three imaging modalities are shown in Figs. 2.1—
2.5. Physiologic studies such as electromyography

Fig. 2.2 Imaging findings associated with spondylodisci-
tis. A 65-year-old man with a history of recent abdominal
surgery and postoperative sepsis now presents with back
pain and right lower limb weakness. Sagittal T1 (a)-
weighted and T2 (b)-weighted MRI images show T1

hypointensity bridging the L2 and L3 vertebral bodies. The
central canal is narrowed. Postgadolinium axial (c¢) and
sagittal (d) images show enhancement in the vertebral bod-
ies, epidural space, and paraspinal tissues consistent with
spondylodiscitis. Culture revealed S. aureus infection
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Fig. 2.3 Imaging findings associated with spondylodis-
citis. An 85-year-old man presents from another institu-
tion with progressive back pain and a history of an aortic
graft. A sagittal CT image (A) shows multilevel spondylo-
discitis with pathologic vertebral fractures in direct
continuity with a supragraft aortic pseudoaneurysm (a)
which is also seen on the axial image (B). Sagittal T1

and nerve conduction velocity testing and radio-
nuclide imaging are typically not performed as
part of the emergency evaluation of the patient
with back pain.

Plain Radiography

Plain radiography is the imaging technique most
commonly available to and used by clinicians to
image the lumbar spine. Routine plain lumbosacral
spine radiographs are indicated in patients with
LBP if the pain has persisted for more than 4
weeks despite conservative management, or if
there are red flag risk factors for systemic disease,
fracture, infection, or neoplasm. Thoracolumbar
spine imaging in the setting of blunt trauma is rec-
ommended in patients with a high-force mecha-
nism of injury and any of the following: back and/
or posterior midline tenderness, local signs of tho-
racolumbar injury, abnormal neurological signs,
cervical spine fracture, Glasgow Coma Scale
(GCS) <15, a major injury elsewhere in the body
which distracts one’s attention, and in the setting
of alcohol and/or drug intoxication [44].

In a large retrospective study of 3,173 patients,
Tamir et al. found that in ambulatory motor vehicle

(C)-weighted and T2 (D)-weighted MRI images also
demonstrate spondylodiscitis of L1-L4 and a large ventral
epidural abscess (see arrows). Surgical exploration
showed Q fever (Coxiella burnetii) mycotic aortic aneu-
rysm, epidural abscess, and spondylodiscitis. The patient
succumbed to his disease

accident trauma patients complaining of upper or
LBP, none of the thoracic or lumbar radiographs
were positive for fracture or dislocation [45]. If
the clinical presentation suggests the presence of
potential tumor or infection (history of cancer,
weight loss, recent infection, fever, IV drug use,
or immunosuppression), plain X-rays should be
combined with complete blood count (CBC) and
erythrocyte sedimentation rate (ESR), as the sen-
sitivity of X-rays alone for detecting early cancer
or infection is not as high as when blood tests are
combined with plain films [46, 47].

The standard initial radiographs include two
standing views: anteroposterior (AP) and lateral
[48, 49]. Radiographs are primarily a low-
sensitivity screen for systemic disease. They also
enable clinicians to assess lumbar alignment,
disk space size, the vertebral bodies, and bone
density. Additional views, such as spot lateral
views of the L5-S1 disk space, oblique views,
and flexion and extension views, should be
reserved for patients with musculoskeletal spine
problems to assess structure and stability. The AP
view of the lumbar spine allows for assessment of
the sacroiliac joints. Plain X-rays frequently
show abnormalities that are unrelated to the
patient’s back pain. These include degenerative
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Fig. 2.4 Epidural abscess. A 59-year-old woman presents
to the emergency department with a 1-week history of
increasing back and right lower limb pain. Her right knee
reflex is absent. She has a temperature of 38.6°C. Sagittal
T2 (a), T1 (b), and enhanced T1 (¢) MRI images show a
peripherally enhancing dorsal epidural process compress-

disk and facet joint disease, spondylolysis, some
congenital abnormalities, Schmorl nodes, and
mild degrees of scoliosis [47].

Advanced Imaging Studies

The three imaging modalities commonly used to
help physicians evaluate for anatomic abnormali-
ties are plain CT, MRI, and CT myelography. The
factors which influence the decision regarding

ing the thecal sac (see arrows). On axial T2 (d)-enhanced
and T1-enhanced (e) images, the thecal sac is compressed
and displaced anteriorly and to the left (see arrows) by the
posterior mass. Emergent surgical decompression revealed
a viridans streptococcal epidural abscess

which diagnostic test to use in a patient with
acute LBP include the tissue of greatest interest,
claustrophobia, obesity, presence of internal
metallic objects including clips and wires, patient
and provider preference, availability, and cost of
the test [18].

In this section, we will focus on plain CT and
MRI as they are more readily available in all clin-
ical settings (outpatient, inpatient, and emergency
department) and most commonly used for the ini-
tial evaluation of many patients with back pain.
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Fig. 2.5 Spinal tuberculosis. A 48-year-old woman pres-
ents with upper lumbar and abdominal pain. Pre (a)-gad-
olinium and post (b)-gadolinium-enhanced sagittal MRI
images show T1 hypointensity and enhancement con-
fined to the L2 vertebral body while the disks are unaf-
fected. On axial T1-enhanced image (c), there is a small

Computed Tomography

CT scan utilizes multiple X-ray beams which are
projected at different angles to generate axial
cross-sectional images of the lumbar spine.
Compared to MRI, CT has superior spatial reso-
lution, and enables the clinician to better
demonstrate bony pathologies including frac-
tures, bone destruction, and facet joint disease
[50, 51]. Also, CT scan can be used as a diagnos-
tic test in patients with contraindications to MRI
(e.g., internal metallic objects such as a pace-

-

peripherally enhancing tissue collection in the left psoas
muscle adjacent to the L2 vertebral body (see arrow).
Biopsy revealed Mycobacterium tuberculosis (TB). Up to
50% of TB spine infections will spare the disks. Chest CT
demonstrated her pulmonary disease (d)

maker or surgical clips in critical locations).
Thornbury et al. compared MRI with either plain
CT or CT myelography in 95 patients with acute
low back and radicular pain due to probable her-
niated nucleus pulposus-caused nerve compres-
sion. There was no statistically significant
difference in the diagnostic accuracy among the
three modalities [52]. A more recent study by van
Rijn et al. also found no evidence that CT was
inferior to MRI in the detection of disk herniation
[53]. There are no comparative studies with cur-
rently available technology. While spine MRI has
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changed little over the past 15 years, multidetec-
tor CT has been transformed. The data set for a
lumbar examination can be obtained in less than
10 s, and then can be reconstructed in any plane
with no loss of spatial resolution. CT thus has
superior patient acceptance compared with MRI
which requires patients to lie in a closed space for
about 30 min, and may be a reasonable choice in
the radiculopathy or radicular pain patient with a
low clinical likelihood of systemic disease. CT
has lower sensitivity than MRI in the detection of
spine infection or neoplasm.

CT of the chest and/or abdomen and/or pelvis
(“whole body CT”) is used in many trauma cen-
ters as the initial imaging test for trauma patients.
These images can be reformatted and used to
clear the thoracolumbar spine of significant bony
pathology and some soft tissue conditions.
Compared to plain radiography, this use of CT
has demonstrated superior sensitivity for detect-
ing thoracolumbar spine injury [54, 55].

Magnetic Resonance Imaging

MRI utilizes a potent magnetic field to align
chiefly the hydrogen atoms in the body and uses
radio waves to alter their alignment, causing the
hydrogen nuclei to produce a rotating magnetic
field detectable by the scanner. The energy
released when the radio waves are turned off pro-
duces a signal, which is used to create a magnetic
resonance image. MRI has superior contrast reso-
lution when compared with CT, which allows
much better visualization of soft tissues, includ-
ing the intervertebral disks, ligaments, vertebral
marrow, and contents of the spinal canal includ-
ing individual nerve roots and the spinal cord
[47]. In a prospective study of 37 patients with
suspected vertebral osteomyelitis, X-rays, MRI,
and radionuclide studies were performed and
their accuracy was compared. MRI had a higher
diagnostic yield than plain X-rays or radionuclide
bone scanning (sensitivity 96%, specificity 92%)
[56]. MRI is the imaging modality of choice for
diagnosing spinal infection such as vertebral
osteomyelitis and epidural abscess [47]. MRI can
show the extent of infection and help to determine
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if there is a need for surgical intervention. MRI
also has superior sensitivity in the detection and
characterization of spine neoplasm, including
assessment of the need for emergent surgical
intervention [47]. In the patient with a fracture on
radiographs, MRI provides the best means of
characterizing the fracture in terms of its chronic-
ity, benign versus malignant etiology, and whether
the patient may be a candidate for vertebral aug-
mentation (vertebroplasty or kyphoplasty).

Regarding nerve root impingement, MRI has
superior soft tissue contrast discrimination when
compared to CT or CT myelography. MRI is the
preferred diagnostic study for the visualization of
intrathecal and extrathecal nerve root impinge-
ments, especially when the compressing pathol-
ogy is also a soft tissue (e.g., herniated nucleus
pulposus) [47, 57].

Differential Diagnosis

The differential diagnosis of a patient with LBP
is broad (Table 2.3). In this section, we will cover
urgent and emergent conditions which can pres-
ent with acute lower spine pain as the initial or
chief complaint, including infection, tumors, dis-
eases of the aorta, spondylotic conditions (disco-
genic, spinal stenosis, and spondylolisthesis), and
trauma.

Vertebral Infection

Vertebral Osteomyelitis

Vertebral osteomyelitis is one of the etiologies of
back pain that can cause significant neurological
compromise if misdiagnosed or left untreated
[58]. It is defined as an infection of the bones of
the spine. It can be caused by hematogenous
spread from any source in the body; by direct
inoculation arising from injection, trauma, or spi-
nal surgery; or by contiguous spread from adja-
cent soft tissue infection [59, 60]. Discitis is an
inflammation of the vertebral disk space, usually
associated with infection. The presentation, eval-
uation, and management of vertebral osteomyeli-
tis and discitis are very similar. In fact, they
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Table 2.3 Differential diagnosis of low back pain®

Mechanical low back or leg
pain (97 %)"
Lumbar strain, sprain (70%)*

Degenerative processes of disks and
facets, usually age-related (10%)

Herniated disk (4%)
Spinal stenosis (3%)

Osteoporotic compression fracture (4%)
Spondylolisthesis (2%)
Traumatic fracture (<1%)
Congenital disease (<1%)
Severe kyphosis
Severe scoliosis
Transitional vertebrae
Spondylolysis®
Internal disk disruption or discogenic low
back pain’
Presumed instability®

Nonmechanical spinal
conditions (about 1%)*

Neoplasia (0.7%)
Multiple myeloma

Metastatic carcinoma
Lymphoma and leukemia

Spinal cord tumors
Retroperitoneal tumors
Primary vertebral tumors
Infection (0.01%)
Osteomyelitis
Septic discitis
Paraspinous abscess
Epidural abscess
Shingles

Inflammatory arthritis

Visceral disease (2%)
Disease of pelvic organs
Prostatitis

Endometriosis

Chronic pelvic
inflammatory disease

Renal disease
Nephrolithiasis
Pyelonephritis
Perinephric abscess

Aortic aneurysm

Gastrointestinal disease
Pancreatitis
Cholecystitis
Penetrating ulcer

(often associated with

HLA-B27) (0.3%)
Ankylosing spondylitis
Psoriatic spondylitis
Reiter’s syndrome
Inflammatory bowel disease

Scheuermann disease

(osteochondrosis)

Paget disease of bone

“Figures in parentheses indicate the estimated percentages of patients with these conditions among all adult patients
with low back pain in primary care. Diagnoses in ifalics are often associated with neurogenic leg pain. Percentages may
vary substantially according to demographic characteristics or referral patterns in a practice. For example, spinal steno-
sis and osteoporosis will be more common among geriatric patients, spinal infection among injection drug users, and so
forth.

"The term “mechanical” is used here to designate an anatomical or functional abnormality without an underlying malig-
nant, neoplastic, or inflammatory disease. Approximately 2% of cases of mechanical low back or leg pain are accounted
for by spondylolysis, internal disk disruption or discogenic low back pain, and presumed instability.

°Scheuermann disease and Paget disease of bone probably account for less than 0.01% of nonmechanical spinal
conditions.

d4“Strain” and “sprain” are nonspecific terms with no pathoanatomical confirmation. “Idiopathic low back pain” may be
a preferable term.

*Spondylolysis is as common among asymptomatic persons as among those with low back pain, so its role in causing
low back pain remains ambiguous.

fInternal disk disruption is diagnosed by provocative discography (injection of contrast material into a degenerated disk,
with assessment of pain at the time of injection). However, discography often causes pain in asymptomatic adults, and
the condition of many patients with positive discograms improves spontaneously. Thus, the clinical importance and
appropriate management of this condition remain unclear. “Discogenic low back pain” is used more or less synony-
mously with “internal disk disruption”.

¢Presumed instability is loosely defined as greater than 10° of angulation or 4 mm of vertebral displacement on lateral
flexion and extension radiograms. However, the diagnostic criteria, natural history, and surgical indications remain
controversial.

From Deyo RA, Weinstein JN. Low Back Pain. N Engl J Med, 2001; 344(5):365. Copyrighted and used with permission
of Massachusetts Medical Society. All rights reserved.
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typically occur together (spondylodiscitis) and
therefore will be discussed together. Vertebral
osteomyelitis and disk space infection account
for 1% of all skeletal infections [61], and the inci-
dence seems to be increasing probably due to a
greater number of older people, a rise in the prev-
alence of IV drug abuse, and more spinal injec-
tions and surgical procedures [62].

In a systematic review of 14 studies with 1,008
patients with vertebral osteomyelitis, Mylona
et al. found that back pain was the initial symp-
tom in 86% of patients, followed by fever in 60%
of the cases [61]. Neurological symptoms includ-
ing radiculopathy, limb weakness or paralysis,
dysesthesia or sensory loss, and urinary retention
were reported in 34% of the cases. Of the studies
that reported the vertebral level involved, the
lumbar area was affected in 58% of the patients
[61]. Usually the pain is well localized, reproduc-
ible upon palpation of the spine, and worse at
night and with weight-bearing and activity [59,
60]. In a case series of 41 patients with confirmed
pyogenic infectious spondylitis, the prevailing
clinical symptom was focal back pain aggravated
by percussion [63]. Fever may be present [61],
although its absence does not exclude the possi-
bility of infection [13]. Other constitutional
symptoms such as chills, night sweats, weight
loss, and malaise can also occur [64]. Patients
should be questioned about possible predisposing
factors or events, including underlying illnesses,
hospitalization, invasive procedures, injection
drug use, and travel [59].

The initial evaluation of patients with sus-
pected vertebral osteomyelitis should include:
ESR, C-reactive protein (CRP), blood cultures
(positive blood cultures can prevent the need for
more invasive procedures such as CT-guided or
open biopsy [65]), and plain radiographs of the
painful portion of the spine. It is important to
note that radiographic findings characteristic of
vertebral osteomyelitis, such as narrowing of the
disk space [66], are not apparent for up to
4-8 weeks after the onset of infection [56]. If
focal spinal tenderness and/or an elevated ESR
are present, plain films are negative, and the sus-
picion of spine infection is high, MRI with gado-
linium enhancement is recommended for further
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evaluation [59, 65]. Findings include T2
hyperintensity in the disk, T1 hypointensity in
adjacent vertebral bodies, and enhancement in
the vertebral bodies, disk, epidural space, and
paraspinal tissues [56]. CT scanning is
primarily useful in providing guidance for percu-
taneous biopsy, which can rapidly achieve a
diagnosis [64, 65].

Tuberculous spondylitis (Pott disease) is the
most common spine infection worldwide and its
incidence is increasing in the USA. On MRI, it
may be indistinguishable from pyogenic infec-
tion, but in up to 50% of cases will spare the disk,
presenting as vertebral lesions with paraspinal or
epidural extension [67].

The mainstay of treatment for vertebral osteo-
myelitis and/or discitis is the prompt administra-
tion of antibiotics to reduce the incidence of
subsequent adverse outcomes including neuro-
logical compromise, vertebral destruction, and
abscess formation.

Epidural Abscess

SEA is a suppurative infection of the epidural
space, usually arising from hematogenous
dissemination, direct inoculation of the spinal
canal, or contiguous spread. It is a rare disorder,
comprising 0.2-2 cases per 10,000 hospital admis-
sions [68], although its incidence seems to have
increased likely due to aging of the population,
more spinal injections and surgical interventions,
and increased IV drug abuse. A population-based
study in Minnesota, from 1990 to 2000, found the
incidence of spontaneous epidural abscess to be
0.88 case per 100,000 person-years (95% CI
0.27-1.48) [69]. Risk factors include procedures
(e.g., epidural catheter placement [70] and
paraspinal, peridural, or spinal injections [71]),
diabetes mellitus, alcoholism, HIV infection,
trauma, tattooing, acupuncture, contiguous bony
or soft tissue infection, bacteremia secondary to
distant infection, and IV drug abuse [72, 73].

The presenting symptom is usually severe
midline back pain (70%), followed by fever
(66%) [13, 68]. In a retrospective study of
31 cases of SEA due to Staphylococcus aureus,
the lumbar or lumbosacral region was the
most frequently involved site (61.3%) [74].
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The characteristic triad (fever, back pain, and
neurological deficits) was initially present in just
13% of patients with SEA [75]; the absence of
any one of the symptoms should not preclude
consideration of SEA [13]. Progression of symp-
toms has been reported to occur in four stages (1)
back pain at the affected spinal level; (2) radicu-
lopathic pain radiating from the involved spinal
area; (3) decreased motor strength, sensory defi-
cits, and bowel and bladder dysfunction; and (4)
paralysis [72, 73].

Early recognition and treatment is critical to
avoid permanent disability. Once strongly sus-
pected, the initial diagnostic evaluation should
include: CBC, ESR, and CRP. As previously dis-
cussed, MRI with gadolinium enhancement is the
imaging modality of choice for diagnosing spinal
infection such as vertebral osteomyelitis and epi-
dural abscess [47]. MR is less invasive, can show
the full extent of infection (longitudinal and
paraspinal), and help to determine if there is a
need for surgical intervention. Antibiotic treat-
ment alone or following CT-guided needle aspi-
ration can be utilized in selected cases [72].
Surgery is the treatment of choice for most
patients and consists of decompressive laminec-
tomy, drainage, and debridement and culture of
infected tissues. Surgery is reserved for willing
patients with acceptable operative risk, paralysis
present for no longer than 24-36 h, and no evi-
dence of panspinal infection [73]. Empiric intra-
venous antibiotic therapy should be started with
vancomycin and a third- or fourth-generation
cephalosporin until culture results are available.
Staphylococcal, streptococcal, and gram-negative
bacteria should be covered [72] (Figs. 2.2-2.5).

Tumors

Benign and malignant nonneurogenic tumors of
the spine as well as primary neurogenic tumors
of the spine can present with LBP (Table 2.4).
While malignant primary and metastatic neo-
plasms account for less than 1% of the episodes
of LBP in primary care practice, they are the
most common systemic disease affecting the
spine [14, 46]. The spine is one of the most
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Table 2.4 Tumor types

Benign nonneurogenic tumors of spine
Osteoid osteoma
Osteoblastoma
Osteochondroma
Chondroma
Aneurysmal bone cyst
Hemangioma
Giant cell tumor
Eosinophilic granuloma

Malignant nonneurogenic tumors of spine
Chordoma
Chondrosarcoma
Osteosarcoma
Ewing sarcoma
Multiple myeloma
Lymphoma
Metastatic tumors
Extradural
Often in bones of spine
Meningeal
Carcinomatosis and lymphomatosis
Intradural/intramedullary
Metastases within the spinal cord
Neurogenic tumors
Intradural/extramedullary
Nerve sheath tumors (schwannoma,
neurofibroma)—can be extradural
Meningioma
Lipoma of filum terminale
Paraganglioma—can be extradural and extraspinal
Intradural/intramedullary
Astrocytoma
Ependymoma
Hemangioblastoma
Extradural tumor-like conditions
Extramedullary hematopoiesis
Epidural lipomatosis
Sarcoidosis
Paget disease of bone
Vertebral hemangioma
Synovial cyst
Intradural tumor-like conditions
Dural and spinal cord vascular malformations
Syringomyelia not associated with intramedullary
tumor
Sarcoidosis
Arachnoid cyst—can be extradural
From Bartleson JD and Deen HG, Chap. 1, page 20. In:
Spine Disorders: Medical and Surgical Management by
JD Bartleson and HG Deen; Cambridge University Press,
2009. Copyrighted and used with permission of Mayo
Foundation for Medical Education and Research.

common sites of metastasis, with the most
frequent primary tumors being breast (17%),
lung (16%), prostate (9%), and kidney (7%) [76].
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In a retrospective study of 337 patients with a
radiographically verified diagnosis of spinal epi-
dural metastases (SEM), one out of every five
patients presented with SEM as the initial mani-
festation of malignancy [77].

Malignant tumors can metastasize to the ver-
tebrae and cause pain without neurological symp-
toms. Back pain is the presenting symptom in
90% of patients with tumors of the spine [78],
and is usually constant, progressive, and not
relieved by rest. Often, it is worse at night,
waking the patient from sleep. It is focal to the
level of the lesion and may be associated with
lower extremity weakness, or symptoms of
radiculopathy [60].

If malignancy is suspected, useful laboratory
studies include ESR, CRP, CBC, and serum cal-
cium level. Elevated ESR and CRP strongly cor-
relate with systemic neoplasia [46, 60, 79]. It is
important to note that ESR and CRP are acute
phase reactants and can be elevated in the setting
of inflammation or infection as well as cancer.
Additionally, blood test results can be normal in
the presence of metastatic malignancy. In the set-
ting of suspected tumor, ancillary studies can
include plain radiography, MRI, CT, and radio-
nuclide imaging. Plain radiographs are less sensi-
tive than other imaging techniques. MRI is more
sensitive and specific than other imaging tests for
detecting tumors which cause back pain [47, 57].
The management of patients with back pain sec-
ondary to benign and malignant tumors will
depend on the presence of neurological
symptoms, spine stability, and tumor type [13].
Findings of spinal cord or cauda equina
compression should prompt consideration of
emergent surgical intervention. For patients with-
out neural compression or with compression and
a stable course, consultations with an oncologist,
radio-oncologist, interventional radiologist, and
spine surgeon are recommended.

Signs and symptoms of spinal cord or cauda
equina compression by benign or malignant
tumors mandate urgent or emergent assessment
and treatment. Because of its importance, the
following section focuses on spinal cord and
cauda equina compression.
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Spinal Cord and Cauda Equina
Compression

Extrinsic spinal cord and cauda equina compres-
sion result in epidural spinal compression syn-
dromes (ESCS). While rare, spinal cord, cauda
equina, and conus medullaris compression need
to be considered by the clinician evaluating a
patient with acute and chronic LBP. Up to 90% of
cases are due to SEM, but other etiologies include
SEA, massive disk herniation, and spinal epidu-
ral hematoma. Intradural tumors can also present
with back pain and spinal cord or cauda equina
compression. In a review of 337 patients with
SEM at Mayo Clinic, the thoracic spinal level
was involved in 61%, the lumbosacral level in
29%, and the cervical level in 10% [80]. The
conus medullaris forms the distal, bulbous part of
the spinal cord. The spinal cord typically termi-
nates at the lower end of the L1 vertebral body in
adults, but can end anywhere from the twelfth
thoracic vertebra to the interspace between the
second and third lumbar vertebrae. The cauda
equina consists of a sheaf of bundled lumbosacral
nerve roots which run from the bottom of the spi-
nal cord to the end of the vertebral (spinal) canal
within the sacrum. It can be clinically difficult to
differentiate cauda equina syndrome from conus
medullaris compression (Table 2.5).

The first symptom of ESCS due to SEM is
usually back pain [81, 82] which precedes neuro-
logical symptoms by an average of 7 weeks [83].
Pain gradually increases and may be accompa-
nied by a radicular component which is more
common with lumbosacral level involvement
[82]. Motor weakness is one of the most common
symptoms, affecting 60—85% of patients [82, 83].
If the spinal cord is compressed, the weakness
typically follows a corticospinal tract pattern,
preferentially involving the flexors in the lower
extremities, and if above the thoracic spine, the
extensors of the upper limbs [83]. Below the level
of spinal cord compression, hyperreflexia and
extensor plantar responses are typically present
[83]. Delayed recognition of ESCS due to SEM
reduces the likelihood of a good outcome after
treatment [83, 84].
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Table 2.5 Conus medullaris versus cauda equina syndrome

Vertebral level of injury

Causes

Pain

Motor findings

Reflex loss
Sensory findings

Bowel and bladder function

Sexual function

Conus medullaris

Depends on level of termination of
spinal cord, usually vertebral level
T12-L1; injury is usually to sacral
spinal cord (S1-S5)

Fracture, primary and secondary
tumors, vascular injury, infection,
spondylosis (usually disk)

Less common and less severe;
usually bilateral and affecting
perineum and/or thighs

Less severe, more symmetric,
fasciculations more likely, usually
restricted to sacral roots

Ankle reflex only

Bilateral perineal, more likely
symmetric, loss of pain and
temperature with possible retention
of touch

Usually early and prominent for
both urinary and rectal sphincters

Erection and ejaculation more
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Cauda equina

Between L1 or L2 and the sacrum with
injury to multiple lumbosacral nerve roots

Fractures, primary and secondary tumors,
infection, spondylosis (disk or spon-
dylolisthesis), ankylosing spondylitis
(rarely)

Often and more severe, can be symmetric
or asymmetric and typically radicular
(sciatica)

Less symmetric, can be more severe,
fasciculations less common

Ankle and knee reflexes may be absent

Less symmetric, perineal and lower limb
may be affected, all types of sensation
can be affected

Occurs later and is less severe for both
bowel and bladder

Less likely to be affected

likely to be affected
Onset (depends on cause) More likely to be acute
EMG findings
usually bilateral

Prognosis (depends on
etiology)

Relatively worse

Restricted to sacral myotomes,

More likely to be gradual

Multiple lumbosacral levels, usually
bilateral root involvement

Relatively better

From Bartleson JD and Deen HG, Chap. 3, page 55. In: Spine Disorders: Medical and Surgical Management by JD
Bartleson and HG Deen; Cambridge University Press, 2009. Copyrighted and used with permission of Mayo Foundation

for Medical Education and Research.

In the lumbar spine ESCS affects the lum-
bosacral nerve roots that comprise the cauda
equina and typically produces a cauda equina
syndrome. Presenting symptoms include LBP,
radicular lower limb pain on one or both sides,
motor and/or sensory deficits, and sphincter prob-
lems [85]. Common neurological examination
findings include: positive SLR or other signs of
nerve root irritation (unilateral or bilateral),
decreased deep tendon reflexes in the lower
limbs, and motor and sensory deficits in the
distribution of one or more lumbosacral nerve
roots. Urinary retention (and resulting overflow
incontinence) is the most consistent finding [86—
88]. Any history suggestive of urinary retention
should prompt a check of postvoid residual vol-
ume. The most frequent sensory loss affects the
perineal region, buttocks, and posterior thighs

and legs [86—88]. Anal sphincter tone is decreased
in up to 80% of patients [§6—88].

Expedited imaging is crucial in the evaluation
and management of patients with ESCS [75, 81,
89]. All patients with suspected spinal cord or
cauda equina compression should undergo urgent
MRI, and if MRI is not available or the patient
cannot undergo MRI, plain CT or CT myelogra-
phy should be obtained [57]. Recognition of spi-
nal cord or cauda equina compression by cancer
should prompt consideration of systemic corti-
costeroid administration and evaluation by a
spine surgeon. Two corticosteroid regimens can
be used: a high-dose regimen for patients with
paraplegia or rapidly progressing symptoms and
a lower-dose regimen for patients with pain but
minimal neurological dysfunction [84]. The high
dose of corticosteroid (usually dexamethasone)
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Fig.2.6 Imaging findings of multiple myeloma affecting
the spine. A 70-year-old man presents with low back pain.
A lateral radiograph (a) shows heterogeneous loss of bone
density throughout the lumbar spine. The possibility of

has more evidence of benefit and a relatively high
rate of serious side effects while the low dose has
fewer side effects but less data to support its use
[84]. Patients with small epidural lesions and
normal neurological examinations do not need
corticosteroids [84].

Patients with ESCS require a specific diagno-
sis (tumor and what type, disk, infectious agent,
or hematoma). If the patient has a history of a
specific tumor with a predilection for spinal
metastasis, it can be assumed that the same cancer
is responsible for a new SEM. For unknown mass
lesions, diagnosis is established by imaging-
guided needle biopsy or culture or at the time of
surgical intervention to remove tumor or drain
pus. The definitive treatment of patients with
ESCS is usually surgical decompression, but can
vary depending on the type of tumor and whether
or not an SEA needs surgical intervention. Patients
with progressive or severe cauda equina or spinal
cord compression due to a large herniated disk
will typically require emergent or very urgent
laminectomy and discectomy, preferably within

multiple myeloma was raised and confirmed on subse-
quent sagittal T1-weighted MRI (b), which demonstrates
innumerable tiny marrow-replacing lesions

24-48 h of onset [85, 90]. Patients with SEA will
require antibiotics and usually will require surgi-
cal drainage. The treatment of patients with SEM
can be radiotherapy alone or radiotherapy and
surgery depending on their initial presentation
and the type of tumor [91]. Rarely, patients with
SEM might be treated with surgery alone (e.g., a
patient with a single metastasis and gross total
surgical resection) or chemotherapy alone (e.g.,
lymphoma). Surgery is more likely to be recom-
mended if there is spinal instability or the tumor
is not radiosensitive (Figs. 2.6-2.8).

Vascular Disorders: Thoracic
Aortic Dissection and Abdominal
Aortic Aneurysms

Thoracic Aortic Dissection

One of the causes of back pain that presents a
diagnostic challenge for physicians is thoracic
aortic dissection (TAD) [92]. A recent review of
acute aortic dissection found a reported incidence
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Fig. 2.7 Metastatic prostate cancer affecting the lumbar
spine. Frontal (a) and lateral (b) radiographs in a man with
low back pain reveal extensive blastic (bone-forming)

metastases due to prostate cancer. The discrete lesions are
better seen on a sagittal CT image (c)

Fig. 2.8 Epidural metastatic tumor compressing the
cauda equina. A patient with known colon cancer presents
with a cauda equina syndrome despite a recent tumor sur-
veillance rad