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Headaches in Children and Adolescents
Donald W. Lewis, MD
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H eadaches, while often alarming to parents, are
very common during childhood and become
increasing more frequent during the teenage

ears, particularly in adolescent females. The preva-
ence of headache, in general, ranges from 37 to 51%
uring the elementary school years and gradually rises
o 57 to 82% by the high school ages. Recurring or
pisodic patterns of headache or frequent headache
ttacks occur in about 2.5% of 7-year-olds and as
any as 15% of 15-year-olds.1 Before puberty, reports

ndicate that boys are affected more frequently than
irls, but following the onset of puberty, headaches are
eported to occur more frequently in girls.2-5

Headaches can be classified as due to primary
ntities such as migraine or tension-type, or the pain
ay result from secondary causes such as brain

umors, increased intracranial pressure, drug intoxica-
ions, paranasal sinus disease, or common, acute fe-
rile illnesses such as strep or influenza.
The purpose of this review was to provide the
ractitioner with an overview of the spectrum of
rimary headaches and a practical and rational ap-
roach to the evaluation and management of children
ith these recurring headache syndromes. In addition,

pecific syndromes in the secondary headache spec-
rum that commonly occur in childhood will be dis-
ussed.
Robert is a 7-year-old new patient to your practice
hose mother has scheduled an appointment for
valuation of his headache.
What is the appropriate workup for a child with
eadache?

rom the Division of Pediatric Neurology, Children’s Hospital of the
ing’s Daughters, Eastern Virginia Medical School, Norfolk, Virginia.
urr Probl Pediatr Adolesc Health Care 2007;37:207-246
538-5442/$ - see front matter
2007 Mosby, Inc. All rights reserved.
oi:10.1016/j.cppeds.2007.03.003
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linical Evaluation
The evaluation of the child with a headache begins,

nd in most cases will end, with a thorough medical
istory and complete physical, including neurological,
xamination. Clues to the presence of secondary
auses of headache, such as tumors, infection, intoxi-
ation, or hydrocephalus, are uncovered through this
ery systematic process of history and physical. The
rinciple indication for the performance of ancillary
iagnostic testing rests on information or concerns
evealed during this fundamental process.

he Headache History
The headache database developed by Dr. A. David
othner identifies a series of straightforward, simple
uestions for the patient or parent that will gather
ufficient information to generate an appropriate dif-
erential diagnosis, and in most instances, to reach a
pecific diagnosis (Table 1).6

emporal Pattern

What is the time pattern of your headache:

sudden, first headache
episodes of headache
gradually worsening
an every day headache
a mixture of these patterns?

his key question helps determine the temporal pat-
ern of the patient’s headache symptom complex, as
escribed in Table 2. Typically, children and adoles-
ents with headache will present with one of the
ollowing patterns:

a headache of acute onset
recurring patterns of headache with symptom-free

intervals
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gradually progressive patterns of increasing head-
ache
daily or near-daily headaches

ecognition of this one point alone will alert the
ractitioner as to which patients warrant further diag-
ostic testing, as each of these patterns suggests its
wn specific differential diagnosis, which in turn,
uides the need and urgency for ancillary studies.
For example, an explosive, hyperacute headache in

n older adolescent, that begins suddenly while strain-
ng, suggests a vascular event such as the rupture of an
neurysm or an arterial dissection producing subarach-
oid hemorrhage. In this case, emergent noncontrast
omputed tomographic (CT) scan followed by spinal
uid analysis is warranted. Alternatively, a child who
resents with a gradually worsening headache syn-
rome or a headache that causes the child to awaken
rom sleep and vomit will likely warrant a magnetic
esonance imaging (MRI) of the brain so as to visual-
ze the posterior fossa structures. Episodic headaches
ith symptom-free intervals suggest a primary head-

che syndrome such as the migraine or tension-type
eadache in which the value or yield of neuro-imaging

able 1. Key questions to ask in the evaluation of children with
eadaches

eadache Data Base
1. How and when did your headache(s) begin?
2. What is the time pattern of your headache: sudden first head-

ache, episodes of headache, and every day headache, gradually
worsening, or a mixture?

3. How often does the headache occur and how long does the
headache last?

4. Do you have one type of headache or more than one type?
5. Are there warning signs or can you tell that a headache is

coming?
6. Where is the pain located and what is the quality of the pain:

pounding, squeezing, stabbing, or other?
7. Are there any other symptoms that accompany your headache:

nausea, vomiting, dizziness, numbness, weakness, or other?
8. What makes the headache better or worse? Do any activities,

medications, or foods tend to cause or aggravate your head-
aches?

9. What do you do when you get a headache; do you have to stop
your activities when you get a headache?

0. Do the headaches occur under any special circumstances or at
any particular time?

1. Do you have other symptoms between headaches?
2. Are you taking or are you being treated with any medications (for

the headache or other purposes)?
3. Do you have any other medical problems?
4. Does anyone in your family suffer from headaches?
5. What do you think might be causing your headaches?
s quite low. t

08
requency and Duration

How Often Does the Headache Occur and How
ong Does the Headache Last? This question helps to

dentify the characteristic pattern of the individual
eadache attack. A 4-hour attack of pain that occurs
nce a week points toward migraine or tension-type
eadache. On the other hand, brief, 5- to 15-minute
ttacks which occur multiple times per day point
oward the trigeminal autonomic cephalalgias (ie,
luster, paroxysmal hemicrania) or primary stabbing
eadaches.

ocation and Quality

Where Is the Pain Located and What Is the Quality
f the Pain: Pounding, Squeezing, Stabbing, or
ther? This question must be asked carefully so as not

o “lead the witness.” It is thought that children will
ften choose the third of three alternate choices. So as
o limit the influence of suggestions, first ask the child
o describe, demonstrate with a gesture, or draw a
icture of the pain before resorting to a list of choices.

frontal or unilateral pounding headache suggests a
igraine headache, while a global squeezing quality

uggests tension-type headaches. A knife-like pain in

able 2. The five temporal patterns of childhood headache

. Acute headache represents a single episode of head pain without
prior history of similar events. In adults, the “first and worst”
headache raises concerns for aneurismal; subarachnoid hemor-
rhage. In children, this clinical pattern is most commonly due to
febrile illness related to an upper respiratory tract infection–
secondary headache.

. Acute-recurrent headaches imply a pattern of attacks of head pain
separated by symptom-free intervals. Primary headache syn-
dromes such as migraine or tension-type headache usually cause
this pattern. Infrequently recurrent headaches are attributed to
epileptic syndromes (eg, benign occipital epilepsy), substance
abuse, or recurrent trauma.

. Chronic progressive headache represents the most ominous of
the temporal patterns and implies a gradually increasing frequency
and severity of headache. The pathological correlate is increasing
intracranial pressure. Causes of this pattern include pseudotumor
cerebri, brain tumor, hydrocephalus, chronic meningitis, brain
abscess, or subdural collections.

. Chronic nonprogressive or chronic daily headache (CDH) repre-
sents a pattern of frequent or constant headache. CDH is generally
defined as �4 months history of �15 headaches/month with
headaches lasting �4 hours. Affected patients have normal
neurological examinations. There are usually interwoven psycho-
logical factors and great anxiety about underlying organic causes.

. Mixed headache pattern represents the superimposition of acute-
recurrent headache (usually migraine) upon a chronic daily back-
ground pattern, and therefore, represents a variant of CDH.
he orbital region points toward paroxysmal hemicra-

Curr Probl Pediatr Adolesc Health Care, July 2007
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ia or cluster headaches, but also may be an early
eature of optic neuritis, which subsequently is accom-
anied by monocular visual loss. Global pounding
aily headaches are classic symptoms of idiopathic
ntracranial hypertension.
The presence of pain in the occipital region
arrants special mention and a heightened sense of
hysician concern. Posterior fossa neoplasms, such
s a medulloblastoma, may produce occipital pain
ince the structures within are innervated by
ranches of the upper cervical roots. One emer-
ency department based study of 150 children with
cute headache found only two children who iden-
ified the occipital location, but both of these had
osterior fossa tumors.

ther Symptoms

Are There Any Other Symptoms That Accompany
our Headache: Nausea, Vomiting, Dizziness,
umbness, Weakness, or Other? The presence of

utonomic symptoms must be carefully explored.
ausea and vomiting are cardinal features of migraine
ut also may be prominent features of elevated intra-
ranial pressure with brain tumors or idiopathic intra-
ranial hypertension (ie, pseudotumor cerebri). What
s the background temporal pattern and what other
ssociated symptoms are present? If the nausea and
omiting are occurring in the context of discrete,
-hour attacks of pounding headache, then migraine
eads the list of concerns. If the vomiting is occurring
arly in the morning or awakens the child whose
eadaches are gradually and steadily increasing in
requency and severity, then mass lesions must be
ought. Vomiting with personality changes or declin-
ng school performance may be subtle symptoms of
lowly increasing intracranial pressure.
Dizziness requires dissection. Does the patient mean

ightheadedness, unsteadiness, or vertigo? The distinc-
ion is important because each suggests a differing
athophysiology. Lightheadedness suggests cerebral
ypoperfusion or orthostasis. Many migraine sufferers
ill become lightheaded on standing. Unsteadiness or
ertigo suggests ataxia or balance disorders pointing
oward the vestibular or cerebellar systems, in which
ase neuro-imaging must be considered. Dizziness and
ertigo heralding an intense, throbbing headache are
ypical features of basilar-type migraine.
Numbness or weakness likewise must be clarified.
any migraine sufferers will have a peri-oral or hand
umbness (chiro-oral) as part of the “aura” or in the i

urr Probl Pediatr Adolesc Health Care, July 2007
relude phase of their attack. “Weakness” requires
xploration as well. Many headache patients feel
weak all over,” but a localizable pattern of weakness
ay justify neuro-imaging in search for tumors, ab-

cess, stroke, vascular anomaly, or hemiplegic
igraine.
When these associated symptoms occur through the

ourse of the day is often important. Traditionally,
orning headaches or headaches that occur primarily

n awakening raise concerns about intracranial space-
ccupying lesions. Similarly, headaches that are trig-
ered or precipitated by straining, accompanied by
omiting, declining school performance, personality
hanges, or focal neurological symptoms can indicate
umor, abscess, or hydrocephalus.
What Do You Do When You Get a Headache or Do
ou Have to Stop Your Activities When You Get a
eadache? This question goes to the heart of disabil-

ty. Do the headaches interfere with activities of daily
iving? A headache that stops the child in his tracks
nd forces him to lie down and rest, or seek comfort in
quite cool place, or to ask for medicine is more

isabling than a casual mention of headache as the
hild passes by on the way out the door to play
utside. Migraine, cluster, and paroxysmal hemicrania
re disabling types of headaches, whereas tension-type
ay just slow the patient down a bit, but not be truly

isabling.
The degree of disability imposed by the headache is

n essential component of the management decision-
aking process. The term often used is “headache

urden.” Frequent disabling headaches that result in
issed school days and delayed activities impose a

igh headache burden and deserve a more aggressive
trategy for prevention. This topic will be further
iscussed in the treatment sections.
Do You Have Any Other Medical Problems? The
atabase questions also help to identify the coexist-
nce of other symptoms or signs, such as fever, recent
rauma, or other medical conditions (eg, sickle cell
nemia, bleeding diathesis, or autoimmune disorders).
he presence of fever with acute headache must raise
oncerns for viral or bacterial meningitis, although in
he majority of instances, acute headache with fever is
ue to self-limited illness such as a viral upper
espiratory tract infection or pharyngitis. Headache
ccompanied by fever in the immunocompromised
atient must raise concerns for opportunistic

nfections.
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Does Anyone in Your Family Suffer from Head-
ches? Ask this question in an open-ended fashion
sing the term “headache,” not a specific diagnosis
uch as migraine since, oftentimes, a parent may have
igraine but has been mislabeled as “sinus” or

stress” headache. Migraine, one of the most common
rimary headache syndromes, is usually inherited and
ften through maternal lineage. Although family his-
ory is not one of the diagnostic criteria for migraine,
t is, nonetheless, a useful clue to determining if the
atient has migraine.
Further questioning should also probe the presence
f any family history of other neurological disorders.
rain tumors may have an inherited pattern in condi-

ions such as tuberous sclerosis (eg, subependymal
iant cell astrocytoma), neurofibromatosis (eg, menin-
iomas, acoustic schwannomas, astrocytoma), or von
ippel–Lindau (eg, cerebellar hemangioblastoma).
lso, certain vascular malformations may have heri-

able patterns (eg, cavernous angioma).
What Do You Think Might Be Causing Your
eadache? This question is often the most important

ne to ask and addresses the inner fears of the patient
nd their family. The majority of families who present
o the office for evaluation of their child’s headache
re fearful of brain tumors. The children share these
ame concerns; even children as young as 4 or 5 years
f age harbor these fears. Teenage boys may well be
he most disturbed, even though they may try hard to
ide their fears. One study of children’s drawings of
heir headaches found that over half of the teenage
oys drew themselves dead or as dying, thus indicat-
ng genuine concerns about life-threatening illness
nderlying their headaches.
Recognizing this fact can be extremely useful in

stablishing patient and parental confidence and trust.
t the conclusion of each headache evaluation, I try to
ut myself into the parent’s shoes. Once I have
onvinced myself of the diagnosis based on history
nd reassured myself that the physical and neurologi-
al examinations are normal, I can confidently tell the
amily that there are no signs of brain tumors or
nything “bad.” Confident reassurance is one of the
ost potent therapeutic interventions. Conversely, if

ou have not reassured yourself as to the diagnosis,
hen further testing or referral may be needed. The
equence of reassurances must start with the clinician.
My typical dialog conveying migraine as the diag-
osis starts with my facing toward both the family and

he patient: s

10
“When families come to see me about their daugh-
er’s (son’s) headaches, one of the key things they are
sually worried about is brain tumors or bad things
nside the head. Let me tell you now that there are no
igns of brain tumors or any other bad things.”
I turn toward the patient:
“You have migraine headaches and now let’s talk
bout what that is and how we help to stop these from
appening.”
At this point there is often an audible sigh of relief

nd the first step of treatment has been taken. As stated
bove, confident reassurance is often our most potent
reatment measures for children and adolescents with
eadache.
The headache history itself will, in most instances,
ield the necessary information to make the correct
iagnosis. Table 3 reiterates the headache red flags.

he Physical Examination

The general physical examination must include vital
igns with blood pressure and temperature. Careful
alpation of the head and neck for sinus tenderness,
hyromegaly, or nuchal rigidity should be performed.
ead circumference must be measured, even in the
lder children, because slowly progressive increases in
ntracranial pressure will cause macrocrania, particu-
arly in young children. The skin must be examined for

able 3. Headache history red flags!

istorical
Age �3 years
Morning or nocturnal headache
Morning or nocturnal vomiting
Headache increased by Valsava or straining
Explosive onset
Progressively worsening over time (chronic progressive pattern)
Declining school performance or personality changes
Altered mental status
Epilepsy

hysical examination
Hypertension
Head circumference �95%
Neurocutaneous markers
Meningeal signs
Papilledema
Abnormal eye movements
Motor asymmetry
Ataxia
Gait disturbance
Abnormal deep tendon reflexes
igns of a neurocutaneous syndrome, particularly neu-

Curr Probl Pediatr Adolesc Health Care, July 2007
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ofibromatosis and tuberous sclerosis, which are
ighly associated with intracranial neoplasms.

eurological Examination

Detailed neurological examination is an essential
art of the evaluation. Perhaps the best way to conduct
he neurological examination is to think anatomically.
ach element of the examination assesses a specific

egion of the brain. In the headache evaluation, we are
ooking for any signs of increased intracranial pres-
ure, integrity of the brain stem, asymmetry of motor
r sensory systems, coordination problems, or gait
isturbances:

Mental status assesses the cerebral cortex.
Cranial nerve examination checks the brain stem

function and integrity.
The motor and sensory systems evaluate the de-

scending and ascending pathways.
Coordination looks at the cerebellar and vestibular

pathways.
Gait observation puts multiple systems through a

dynamic challenge.

An interesting study of a large population of children
ith brain tumors (n � 3000) found that about

wo-thirds of the children had headache as one of their
resenting symptoms. Of note, over 98% of children
ith brain tumors with headache had objective neu-

ological findings. The key features include altered
ental status, abnormal eye movements, optic disc

istortion, motor or sensory asymmetry, coordination
isturbances, or abnormal deep tendon reflexes.7

The toughest part of the neurological examination is
iewing the optic nerves and looking for papilledema.
irect ophthalmoscopy can be a challenge for even the
ost experienced physicians, particularly in young

hildren. The key for a successful examination of the
undus is to have the patient fix their gaze on a far
oint (eg, a still picture or object) and for the examiner
o look at the patient’s right (or left) eye with their
ight (or left) eye, bringing the ophthalmoscope in
rom the side while being careful not to obstruct the
iew of the target object (Fig 1). The optic disc is
ocated nasally to the fovea, so if the patient is visually
xed on a target at the horizon level, then the examiner
an “find” the disc at about a 30- to 45-degree angle to
he patient. If office examination is unsuccessful,
ilated ophthalmoscopic examination will be neces-

ary.

urr Probl Pediatr Adolesc Health Care, July 2007
There is a new devise available called Panoptic
Welsh-Allen) that has made viewing the optic nerves
uch easier. There is a learning curve required, but

nce mastered, seeing the optic nerve becomes much
asier and efficient.
The value of physical and neurological examinations

annot be overstated.

eurodiagnostic Testing

The role of further ancillary diagnostic studies such
s laboratory testing, electroencephalogram (EEG),
nd neuro-imaging for a child or adolescent with
ecurring patterns of headache has been extensively
eviewed in a practice parameter of the American
cademy of Neurology (AAN) and is available online

t www.aan.org.8 This parameter did not address the
cute headache or the headache associated with fever.
The practice parameter determined that there is

nadequate documentation in the literature to support
ny recommendation as to the appropriateness of
outine laboratory studies (eg, hematology or chemis-
ry panels) or performance of lumbar puncture.
Routine EEG was not recommended as part of the
eadache evaluation. Data compiled from eight studies
howed that the EEG was not necessary for differen-
iation of primary headache disorders (eg, migraine,
ension-type), from secondary headache due to struc-
ural disease involving the head and neck, or those due
o a psychogenic etiology. In addition, EEG is unlikely
o define or determine an etiology of the headache or
istinguish migraine from other types of headaches.
urthermore, in those children undergoing evaluation
or recurrent headache who were found to have par-
xysmal EEGs, the risk of future seizures is negligible.
The role of neuro-imaging is better defined. Data

ompiled from six pediatric studies permitted the
ollowing recommendations:

. Obtaining a neuroimaging study on a routine basis
is not indicated in children with recurrent head-
aches and a normal neurological examination.

. Neuroimaging should be considered in children in
whom there are historical features to suggest:
Recent onset of severe headache,
Change in the type of headache, or
Neurological dysfunction.

. Neuroimaging should be considered in children
with an abnormal neurological examination (eg,

focal findings, signs of increased intracranial pres-
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sure, significant alteration of consciousness) and/or
the coexistence of seizures.

Care must be taken not to over-, or under-, interpret
hese recommendations. Neuro-imaging may be con-
idered in children with recurrent headache based on
lues extracted from the medical history or based on
he findings on neurological examination. Since pub-
ication of this parameter, feedback from clinicians
nd personal experiences have demonstrated that
any in the “managed care industry” have focused

nly on recommendation 1 and not recognized 2 and 3,
hich places the responsibility clearly in the hands of

he clinician to make the decision to perform ancillary

IG 1. Seeing the elusive optic disc.

able 4. Seeing the elusive optic disc

phthamoscopic examination hints:
. The patient must have an unobstructed view to a far target.
. The examiner must not block the patient fixation on a far target.
. The examiner uses their left eye to view the patient’s left eye (and

vice versa).
. The angle of exam is about 20 to 30 degrees to see the nasal

retinal field where the optic disc will be found.
. The examiner should first “find” the red reflex or a vessel and then

ease closer to the patient to see the optic disc architecture.
esting, including neuro-imaging, based on good clin- m

12
cal judgment. The findings of the AAN practice
arameter support the medical decision to perform
cans or to withhold scans, based on clinical determi-
ants for the individual patient.

rimary Headaches
igraine

Migraine represents a recurring pattern of intense,
isabling, pounding, or throbbing pain located around
he forehead or temporal areas. As a migraine attack
egins, the patient will become pale and nauseated and
eek a quiet, dark room to rest. The attacks will
ypically last for a matter of hours but may go on for

to 3 days. Migraine headaches are common in
hildren and adolescents but often go unrecognized or
isattributed to causes such as sinus disease or emo-

ional disorders.
The prevalence of migraine headache steadily in-

reases through childhood and the male:female ratio
hifts during adolescence (Table 5). The mean age of
nset of migraine is 7.2 years for boys and 10.9 years
or girls.9-16

Diagnostic Criteria for Migraine. What qualities

ake a headache into a migraine headache?

Curr Probl Pediatr Adolesc Health Care, July 2007
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Beginning in the 1950s, efforts began to define
igraine in children. Valquist, and later, Prensky and
ommer, all proposed the criteria for pediatric mi-
raine including the following:

paroxysmal headache separated by pain-free inter-
vals,

accompanied variable number of associated fea-
tures including

visual aura
nausea
abdominal pain
throbbing quality
unilateral pain
family history of migraine.17,18

In 1988, the International Headache Society (IHS)
stablished the “gold standard” for the definition
nd criteria for migraine. While these criteria pro-
ided a solid framework for adult migraine, their
ensitivity for the pediatric population was less than
atisfactory.
In 2004, the IHS revised the diagnostic criteria and

lassification system in the “International Classifica-
ion of Headache Disorders” (ICHD). These new
riteria have incorporated many developmentally ap-
ropriate changes that will permit a broader applica-
ility for children and adolescents while maintaining
pecificity and improving sensitivity.19 The currently
ccepted criteria for migraine with aura are shown in
able 6.
These new criteria accept the clinical observations

hat pediatric migraine may be brief (�1 hour) and
ifrontal in location, and the associated symptoms of
hotophobia and phonophobia may be inferred by the
hild’s behavior, such as withdrawing to a dark, quiet
oom to rest during their headache attack.
Pathogenesis of Migraine. Migraine is now consid-

red to be a primary neuronal process (Fig 2).20-22

undamentally underlying migraine is a hyperexcit-
ble cerebral cortex. Multiple genetic influences cause
isturbances of neuronal ion channels (eg, calcium
hannels), which lead to a lowered threshold for a
ariety of external and/or internal factors that then

able 5. The prevalence of migraine headache through childhood

By ages: Preschool Elementary school High school

revalence (%): 1.2-3.2 4-11 8-23
ender ratio: boys � girls boys � girls girls � boys
rigger episodes of regional neuronal excitation fol- g

urr Probl Pediatr Adolesc Health Care, July 2007
owed by cortical spreading depression (CSD). CSD
epresents a slowly propagating wave (�2-6 mm/min)
f neuronal depolarization and is the likely key initial
hase that is responsible for (1) migraine aura, and (2)
ctivation of the “trigeminovascular system.”
The aura phase of migraine represents transient,

ocal somatosensory phenomena such as visual sco-
oma (ie, black spots, shimmering lights) or distor-
ions, dysesthesias, hemiparesis, or aphasia. The
ymptoms of the aura are now thought to be caused by
egional neuronal depolarization and/or the accompa-
ying regional oligemia observed with CSD.
In addition to sustained cortical oligemia, CSD is

ccompanied by the extravasation of plasma proteins
rom dural vessels and activation of meningeal affer-
nts. The sum of these effects is to increase cFOS
xpression in the trigeminal nucleus within the brain
tem. CSD, then, is the key event for episodic activa-
ion of the trigeminal vascular system that culminates
n migraine attacks.
The role played by the brain-stem nuclei is contro-
ersial. Some investigators believe the locus ceruleus
nd dorsal raphi nuclei act as the “migraine genera-
or,” initiating noradrenergic and/or serotonergic sig-
als to the cortex and dural vessels in a parallel
ashion. Other investigators favoring CSD as the
nitiating phenomena believe the brain-stem nuclei
rovide a “permissive” role that favors “central tri-
eminal hyperexcitability.”
While CSD nicely explains the somatosensory aura,
nly about 30% of children and adolescents experi-
nce an aura. Clearly, the processes leading to pain
ay occur in the absence of a perceived aura. Two
echanisms are thought to be responsible for the

able 6. Diagnostic criteria for pediatric and adolescent migraine
I.H.S. 2004)

Diagnostic criteria:
. At least five attacks fulfilling criteria B-D (below)
. Headache attacks lasting 1-72 hours
. Headache has at least two of the following characteristics:

1. Unilateral location, may be bilateral, frontotemporal (not
occipital)

2. Pulsing quality
3. Moderate or severe pain intensity
4. Aggravation by or causing avoidance of routine physical

activity (eg, walking or climbing stairs)
. During the headache, at least one of the following:

1. Nausea and/or vomiting
2. Photophobia and phonophobia, which may be inferred from

their behavior
. Not attributed to another disorder
eneration of the pain of migraine: (1) neurogenic
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nflammation of the meningeal vessels and (2) “sensi-
ization” of peripheral and central trigeminal afferents.
As noted above, CSD initiates vascular dilation with

xtravasation of plasma proteins from dural vessels
nd activates trigeminal meningeal afferents. These
rocesses set the stage for “neurogenic” inflammation
f the dural and pial vessels, mediated principally by
europeptides and calcitonin gene-related protein. The
nflammatory cascade stimulates nociceptive afferents
eading to pain. Many authors question whether neu-
ogenic inflammation alone is sufficient to produce the
ain of migraine.
One of the striking features noted during an attack of
igraine is that seemingly innocuous activities, such

s coughing, walking up stairs, or bending over,
reatly intensify the pain. In fact, the ICHD criteria
nclude “aggravation” by activities as one of the

IG 2. Migraine pathophysiology. Adapted from Peitrobon an
iagnostic features of migraine. This observation cou- c

14
led with elegant research has led to the concepts of
sensitization” of trigeminal vascular afferents,
hereby both peripheral and central afferent circuits
ecome exceptionally sensitive to mechanical, ther-
al, and chemical stimuli. These circuits become so

ensitive that virtually any stimulation is perceived as
ainful, the concept of “allodynia.”23-25

Therefore, the current view of the pathophysiology
f migraine begins with an inherited vulnerability to a
yperexcitable cerebral cortex. A variety of stimuli
ay trigger episodes of CSD, which, in turn, initiates

he processes of localized, neurogenic inflammation
nd of sensitization of both peripheral and central
fferent circuitry.
Migraine Classification. Table 7 shows the classifi-

ation system for the various forms of migraine. Two
linical entities seen in children omitted from this

iessnig.20
lassification are the “Alice in Wonderland” syndrome
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nd confusional migraine; both fall within the spec-
rum of migraine with aura and will be mentioned in
he following sections. Another syndrome in infants
nd young children known as paroxysmal torticollis is
ikely a migraine precursor and will be discussed in the
ection on childhood “periodic syndromes.”
Migraine without aura (common migraine). Mi-
raine without aura is the most frequent form of
igraine seen in pediatrics, accounting for 60 to 85%

f all migraine. The diagnostic criteria are shown in
able 6 and the clinical features of both migraine with
nd without aura are shown in Table 8.
Families or patients may recognize prodromal fea-

ures: mood changes (euphoria to depression), irrita-
ility, lethargy, yawning, food cravings, or increased
hirst. Perhaps the most frequent heralding feature is a
hange in behavioral patterns or withdrawal from
ctivities.
The headache phase begins gradually and is usually

rontal or temporal in location. The pain may or may
ot be unilateral. The quality is generally described as
ounding, pulsing, and throbbing, but the key feature
s its intensity. Activities will be interrupted. Photo-
hobia and/or phonophobia are common and often
rompt the adolescent to seek a quiet, dark place to
est or even to sleep, as sleep often produces signifi-
ant relief.
Nausea, vomiting, and abdominal pain may be the
ost disabling features, as a student with headache
ay be able to stay in the classroom with pain, but the

nset of nausea or vomiting necessitates a visit to the

able 7. Migraine classification

Migraine without aura
Migraine with aura

Typical aura with migraine headache
Typical aura with non-migraine headache
Typical aura without headache
Familial hemiplegic migraine
Sporadic hemiplegic migraine
Basilar-type migraine

Childhood periodic syndromes that are commonly precursors of
migraine

Cyclical vomiting
Abdominal migraine
Benign paroxysmal vertigo of childhood

Retinal migraine
Complications of migraine

Chronic migraine
Status migraine
Persistent aura without infarction
Migrainous infarction

Probable migraine
chool nurse. s

urr Probl Pediatr Adolesc Health Care, July 2007
A migraine headache typically last hours, even days
1 to 72 hours), but does not, generally, occur more
requently than 6 to 8 times per month. More than 8 to
0 attacks per month must warrant consideration of
lternative diagnoses such as organic conditions (ie,
seudotumor cerebri) or the chronic daily headache

able 8. Feature and phases of migraine without aura

Migraine without aura:
Prodromal (hours or days in advance):

Mood changes
Irritability
Euphoria
Increased thirst
Increased urination
Fluid retention
Food cravings (high CHO food)
Yawning, sighing

The headache:
Gradual onset
Escalates over minutes to hours
Lasts 2-72 hours
Frontal, bitemporal, retro-orbital, unilateral
Pounding, pulsing, throbbing
Intensity increased by activity

Autonomic symptoms:
Nausea, vomiting, anorexia
Periumbilical abdominal pain
Diarrhea
Pallor
Photophonia/photophobia
Desire to sleep
Cool extremities
Periorbital discoloration
“Goose flesh”
Increased or decreased blood pressure
Syncope

Migraine with Aura:
Visual:

Negative scotoma
“Fortification” scotoma
Field deficits, hemianopic, quadrantanopic
Photopsia
Visual distortions; teichopsia

Metamorphopsia
Prosopagnosia

Sensory:
Numbness
Tingling
Perioral numbness
Hemidysesthesias

Motor:
Hemiparesis
Monoparesis

Psychic:
Confusion
Dysphasia
Amnesia
Dysequilibrium
yndromes.
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The time of day when the headache occurs tends to
hift through childhood. Younger children will com-
lain in the afternoon, after school. The younger
eenagers will frequently report their headaches occur-
ing about lunchtime, often precipitated by the chaos
f the school cafeteria with its combination of bright
ights, loud noise, and peer pressures. Older teens will
cquire the more adult pattern of morning headache.
his morning occurrence frequently raises the suspi-
ion of a space-occupying lesion.
While most adolescents may readily relate these

ymptoms, the developmentally challenged teenager
ay be unable to verbalize these complaints. Caregiv-

rs will report repeated, cycling events of quiet,
ithdrawn behavior with pallor, regurgitation, vomit-

ng, and desire to rest. These stereotyped episodes may
rompt investigation for epilepsy, gastroesophageal
eflux, or hydrocephalus, when, in fact, they may
epresent migraine.
Migraine with aura (classic migraine). Approx-

mately 14 to 30% of adolescents will report visual
isturbances, distortions, or obscuration before or as
he headache begins. The aura (“cool breeze”) is an
nconsistent feature in childhood and adolescence.
ften the presence of an aura must be elicited with
ery specific questions: “Do you have spots, colors,
ights, dots in your eyes before or as you get a
eadache?”
Hachinski’s classic report of children’s visual symp-

oms during migraine found three dominant visual
henomena:

. binocular visual impairment with scotoma (77%)

. distortion or hallucinations (16%)

. monocular visual impairment or scotoma (7%)26

The onset of the visual aura is gradual and lasts
inutes. Sudden images and complicated visual per-

eptions should prompt consideration of complex
artial seizures, even if followed by headache. Young
dolescents may experience bizarre visual phenomena
distortions, illusions, micropsia, and macropsia)
ithin the spectrum of the “Alice-in-Wonderland syn-
rome.” Transient visual obscurations, brief episodes
f near-complete blindness, are also features of
seudotumor cerebri.

he Migraine “Variants” and Childhood
recursors to Migraine

The migraine variants represent a heterogeneous

roup of disorders characterized by headache accom- n

16
anied by disturbing neurological signs, such as hemi-
aresis, altered consciousness, nystagmus, or ophthal-
oparesis. A few of these entities may manifest first in

nfants and young children and are considered “pre-
ursors” to more typical migraine patterns. Only after
areful history, physical, and appropriate neurodiag-
ostic studies can these diagnoses be comfortably
ntertained. All of these represent diagnoses of exclu-
ion.
Our concepts regarding the cause and mechanisms of

he migraine variants have changed. The focal neuro-
ogical features were once thought to occur as a result
f vasoconstriction within a specific vascular distribu-
ion with resulting regional oligemia. Now, given the
urrent views regarding the pathophysiology of mi-
raine with aura, the focal neurological symptoms and
igns that distinguish these entities represent the mi-
raine aura with regional areas of dynamic neuronal
xcitation followed by depolarization and oligemia.
Table 7 depicts the ICHD categorization of the forms
f migraine available online at www.i-h-s.org. Several
ther clinical entities, peculiar to childhood, that have
inks to migraine will be reviewed in this section
ncluding “Alice-in-Wonderland” syndrome (now
iewed as migraine with aura), ophthalmoplegic mi-
raine (now viewed as a cranial neuralgia), confu-
ional migraine (often a trauma-triggered phenome-
on), alternating hemiplegia of childhood (probably a
etabolic disorder), and paroxysmal torticollis (a par-

xysmal dyskinesia).
Basilar-type Migraine (BM). BM, also known as
asilar artery or vertebro-basilar migraine, is the most
requent of migraine variants. It is estimated to repre-
ent 3 to 19% of all migraine.27-29 The wide range of
requency relates to the rigor of the definition. Some
uthors included any headache with dizziness to be
ithin the spectrum of BM, whereas others require the
resence of objective signs or symptoms of posterior
ossa involvement before establishing this diagnosis.
he formal ICDH criteria require two or more symp-

oms and emphasize bulbar and bilateral sensorimotor
eatures (Table 9).
The age of onset of BM tends to be in young

hildren, with a mean age of 7 years, although
he clinical entity probably appears as early as 12 to
8 months as episodic pallor, clumsiness, and vom-
ting in the condition know as benign paroxysmal
ertigo.
Affected patients will have attacks of intense dizzi-

ess, vertigo, visual disturbances, ataxia, and diplopia.

Curr Probl Pediatr Adolesc Health Care, July 2007
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he key features of basilar migraine are shown in
able 10. These early, transient features may last for
inutes or up to 1 hour and are then followed by the

eadache phase. Unlike the majority of migraine
eadaches, the pain may be occipital in location. The
uality of the pain may be ill-defined and the terms
uch as pulsing or throbbing may not be used. A small
ubset of patients with BM will have their posterior
ossa symptoms after the headache phase is well
stablished.
The pathogenesis of BM is not well understood.
hile focal cortical processes, oligemia or depolariza-

ion, can explain the deficits in hemiplegic migraine,
he posterior fossa signs of BM are more problematic.

single case report of a 25-year-old woman with BM
xists wherein transcranial Doppler and single photon

able 9. Diagnostic criteria for basilar-type migraine

(A) Fulfills criteria for migraine with aura
(B) Accompanied by two or more of the following types of

symptoms:
Dysarthria
Vertigo
Tinnitus
Hypacusia
Diplopia
Visual phenomena in both the temporal and the nasal fields of
both of the eyes
Ataxia
Decreased level of consciousness
Decreased hearing
Double vision
Simultaneous bilateral paresthesias

(C) At least one of the following:
At least one aura symptom develops gradually over �5 minutes
and/or different aura symptoms occur in succession over �5
minutes
Each aura symptoms lasts �5 and �60 minutes

(D) Headache fulfilling criteria migraine without aura begins during
the aura or follows aura within 60 minutes.

able 10. Key clinical features of basilar-type migraine

ertigo 73%
ausea or vomiting 30-50%
taxia 43-50%
isual field deficits 43%
iplopia 30%
innitus 13%
ertigo 73%
earing loss *
onfusion 20%
ysarthria *
eakness (Hemiplegia, quadriplegia, Diplegia) 20%
yncope *

No data available.
mission computed tomography (SPECT) were per- s

urr Probl Pediatr Adolesc Health Care, July 2007
ormed through the course of a BM attack. These data
uggest decreased posterior cerebral artery perfusion
hrough the aura phase at a time when the patient was
xperiencing transient bilateral blindness and ataxia.30

Patients experiencing posterior fossa symptoms ac-
ompanied by headache may require neurodiagnostic
nvestigations including MRI and magnetic resonance
ngiography (MRA) of the brain and upper cervical
ord, and EEG, in addition to metabolic studies such
s an ammonia level, lactic acid, and urinary toxin and
rug screens.
The management of basilar-type migraine is essen-

ially the same as migraine with or without aura and
nvolves analgesic medications and the prudent use of
rophylactic agents, if the symptoms occur frequently
nough to justify daily medications.
Familial Hemiplegic Migraine (FHM). Familial
emiplegic migraine is an uncommon, autosomal-
ominant form of migraine with aura caused by a
issense mutation in the calcium channel gene

CACNA1A) mapping to chromosome 19p13 in about
0% of the families. Mapping to chromosome 1q31
as been reported in other families with FHM.3132

hese discoveries of the molecular genetics of FHM
ave broadened our understanding of the fundamental
echanisms of migraine and demonstrated the overlap
ith other paroxysmal disorders such as acetazol-

mide-responsive episodic ataxia.31

Clinically, FHM is a migraine headache heralded by
n aura, which has “stroke-like” qualities producing
ome degree of hemiparesis. The terminology is mis-
eading since there is a wide variety of symptoms and
igns beyond pure motor deficits that may accompany
his migraine variant. Barlow proposed the much more
ppropriate term hemi-syndrome migraine to empha-
ize the diversity of associated symptoms, but unfor-
unately, his suggestion did not received broad accep-
ance.33 The ICHD criteria (Table 11) require that
ome degree of hemiparesis must be present, so the
erm “hemiplegic” will likely persist.
The transient episodes of focal neurological deficits
enerally precede the headache phase by 30 to 60
inutes, but occasionally, extend well beyond the

eadache itself (hours to days) (Table 12). The loca-
ion of the headache need not be contralateral to the
ocal deficits.
The appearance of acute, focal neurological deficits

n the setting of headache necessitates thorough inves-
igation for disorders such as intracranial hemorrhage,

troke, tumor, or vascular malformations. In addition,
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omplex partial seizures or drug intoxication with a
ympathomimetic must be considered. Neuro-imaging
MRI and MRA) and EEG are warranted. Investiga-
ions for embolic sources or hypercoagulable states are
ikewise appropriate.
There are no treatment trials reported for the man-

gement of hemiplegic migraine.
Sporadic Hemiplegic Migraine. This clinical entity
as recently added to the ICHD to include those
atients who present with the abrupt onset of focal
eurological signs or repetitive episodes of focal
eurological symptoms without family history. The
iagnostic criteria are the same as FHM except for the
equirement of an affected first- or second-degree

able 11. 2004 ICHD criteria for familial hemiplegic migraine

(A) Fulfills criteria for migraine with aura and
(B) Aura consisting of fully reversible motor weakness and at least

one of the following:
Fully reversible visual symptoms including positive features (eg,
flickering lights, spots, or lines) and/or negative features (eg,
loss of vision).
Fully reversible sensory symptoms including positive features
(eg, pins and needles).
Fully reversible dysphasic speech disturbance.

(C) At least two of the following:
At least one aura symptom develops gradually over �5 minutes
Each aura symptom lasts �5 minutes and �24 hours
Headache that fulfills criteria for migraine without aura begins
during the aura or follows the onset of aura within 60 minutes

(D) At least one first-degree or second-degree relative has had
attacks fulfilling A-C.

(E) At least one of the following:
History and physical and neurologic examinations not
suggesting any organic disorder, history or physical or
neurologic examinations suggesting such disorder, but is ruled
out by appropriate investigations

able 12. The features of hemiplegic migraine

Motor:
Hemiplegia, hemiparesis
Monoplegia, monoparesis

Sensory:
Hemidysesthesia
Hemihypesthesia
Hemianesthesia
Cheiro-oral dysesthesias
Digito-lingual dysesthesias

Mental Status:
Confusion
Dysphasia, aphasia, dysarthria

Visual:
Hemianopic defects
Quandantanopic defects
elative. t

18
“Periodic Syndromes of Childhood” that Represent
recursors of Migraine. Four childhood conditions
re included in this category: benign paroxysmal
ertigo, cyclic vomiting syndrome, abdominal mi-
raine, and benign paroxysmal torticollis. The latter is
ot included within the ICHD spectrum but is tradi-
ionally viewed as a precursor to migraine and evi-
ence is mounting to its migrainous nature.
Benign Paroxysmal Vertigo (BPV) occurs in young

hildren and is characterized by abrupt episodes of
nsteadiness or ataxia. The child may appear fright-
ned by the sudden loss of balance. Astute observers
ay report nystagmus or pallor. Verbal children may

eport dizziness and nausea. The spells may occur in
lusters that typically resolve with sleep. Long-term
ollow-up suggest that many children with BPV
volve to migraine, specifically basilar-type migraine.
The diagnosis of BPV is one of exclusion. Epilepsy,
tological pathology, and central nervous system
CNS) pathology should be ruled out before this
iagnosis is tenable.
Treatment of BPV can include symptomatic treat-
ent such as antiemetics, although sleep will stop a

luster of attacks in most patients. For a child in whom
requent events are occurring, a trial of cyproheptadine
2 to 4 mg) orally at bedtime may be effective but the
uration of treatment is typically brief (4 to 6 weeks).
eassurance regarding the benign nature of the con-
ition is generally all that is required.
Cyclic or cyclical vomiting syndrome (CVS) is char-

cterized by recurrent episodes of severe vomiting
ith interval periods of “wellness.” A distinctive

eature of CVS is that, during attacks, children with
VS will experience a higher intensity of vomiting per
our (eg, �4 emesis/h) than children with other
hronic vomiting from gastrointestinal causes. The
pisodes may occur on a regular basis and parents can
ften predict within a few days when the next episode
s due. Children with recurring episodes of vomiting
equire a thorough diagnostic investigation to exclude
ntermittent bowel obstruction (eg, malrotation), ele-
ated intracranial pressure (eg, hypothalamic tumors,
r hydrocephalus), epilepsy (eg, benign occipital epi-
epsy), and metabolic disorders such as urea cycle
efects and organic acidurias.
The diagnostic criteria for CVS are shown in Table
3. The age of onset is about 5 years and boys and
irls are affected equally. The age of diagnosis is
bout 8 years and the majority of children “out grow”

heir symptoms by age 10; however, a significant

Curr Probl Pediatr Adolesc Health Care, July 2007
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roportion of patients will have symptoms through
dolescence and even as young adults. The attack
requency is often 2 to 4 weeks and the duration of
ttacks averages about 24 to 40 hours, typically
ommencing in the early morning hours.
CVS is an early childhood form of migraine, which
ay then evolve into abdominal migraine, and, later,

o typical adult-type migraine.
After a complete diagnostic workup to rule out other
edical conditions, a comprehensive treatment plan
ay be put into place. As with migraine, acute

reatments and preventive strategies may be consid-
red. For children with infrequent episodes, one per
onth or less, an attempt to treat individual episodes
ay be considered without the initiation of prophy-

axis. For acute treatment of attacks, aggressive rehy-
ration, sedation, and an antiemetic agent represent the
ainstay of therapy. Oral or intravenous (IV) hydra-

ion with a glucose containing solution is essential.
ntiemetic choices include ondansetron (0.3 to 0.4
g/kg IV or 4 to 8 mg oral disintegrating or tablet),

romethazine (0.25 to 0.5 mg/kg/dose), metoclopro-
ide (1 to 2 mg/kg up to 10 mg twice a day), or

rochlorperazine (2.5 to 5 mg twice a day). Sedation
ith a benzodiazepine (lorazepam 0.05 to 0.1 mg/kg
p to 5 mg) or diphenhydramine (0.25 to 1 mg/kg) is
ften necessary. Enthusiasm for nasal (5 mg) or
ubcutaneous sumatriptan (�0.07 mg/kg) preparations
s growing with field experiences mounting, although
one of the triptans have been subjected to clinical
rials for CVS and none are FDA approved.
Initiation of a migraine prophylactic agent for CVS

hould be strongly considered since CVS is an extraor-
inarily disabling condition for both the child and the
amily. Options include the antihistamine cyprohepta-

able 13. 2004 ICHD criteria for cyclical vomiting

Description:
Recurrent episodic attacks, usually stereotypical in the individual
patient, of vomiting and intense nausea. Attacks are associated
with pallor and lethargy. There is complete resolution of
symptoms between attacks.

Diagnostic criteria:
A. At least five attacks fulfilling criteria B and C
B. Episodic attacks, stereotypical in the individual patient, of intense

nausea and vomiting lasting 1-5 days
C. Vomiting during attacks occurs at least five times/hour for at least

1 hour
D. Symptom-free between attacks
E. Not attributed to another disorder. History and physical examina-

tion do not show signs of gastrointestinal disease.
ine (2 to 4 mg/d), a tricyclic antidepressants such as e

urr Probl Pediatr Adolesc Health Care, July 2007
mitriptyline (5 to 25 mg/d), anticonvulsants such as
alproate (�10 to 14 mg/kg/d) or topiramate (1 to 10
g/kg/d), beta-blockers such as propranolol, or cal-

ium channel blockers such as verapamil.
An up-to-the-minute reference list for CVS and

bdominal migraine is available online at
ww.cvsaonline.org.
Abdominal migraine is a new addition to the 2004

CHD classification and is an idiopathic, recurrent
isorder seen mainly in school-aged children charac-
erized by episodic vague, midline, or periumbilical
bdominal pain (Table 14). First described nearly a
entury ago, abdominal migraine describes a subset of
hildren with recurrent episodes of abdominal pain
hat have features similar to those of migraine head-
che. Children with abdominal migraine report recur-
ent attacks of midline or poorly localized pain that is
ull in nature and generally lasts for hours. As with the
sual pattern of migraine headache, a particularly
triking characteristic of abdominal migraine is the
omplete resolution of symptoms between attacks.
ttacks may be associated with pallor and flushing,

nd parents often report dark circles under the eyes.34

requently identified between the ages of 3 and 10
ears of age, abdominal migraines occur in patients
ho have a strong family history of migraine
eadaches.35

The diagnosis of abdominal migraine requires thor-
ugh investigation for gastrointestinal causes and is

able 14. 2004 ICHD criteria for abdominal migraine

Description:
An idiopathic recurrent disorder seen mainly in children and
characterized by episodic midline abdominal pain manifesting in
attacks lasting 1-72 hours with normality between episodes. The
pain is of moderate to severe intensity and associated with
vasomotor symptoms, nausea and vomiting.

Diagnostic criteria:
. At least five attacks fulfilling criteria B-D
. Attacks of abdominal pain lasting 1-72 hours
. Abdominal pain has all of the following characteristics:

1. Midline location, periumbilical or poorly localized
2. Dull or “just sore” quality
3. Moderate or severe intensity

. During abdominal pain, at least two of the following:
1. Anorexia
2. Nausea
3. Vomiting
4. Pallor

. Not attributed to another disorder. History and physical
examination do not show signs of gastrointestinal or renal
disease or such disease has been ruled out by appropriate
investigations.
xcluded if any of the following is present: mild
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ymptoms not interfering with daily activities; burning
ain; non-midline abdominal pain; symptoms consis-
ent with food allergy or other gastrointestinal disease;
ttacks less than 1 hour; or the persistence of symp-
oms between attacks.36,37

Little data exist regarding the treatment of abdomi-
al migraine; however, anecdotal evidence demon-
trates that many of the guidelines used in the treat-
ent of migraine headaches are also efficacious in the
anagement of abdominal migraines. Russell and

oworkers reported success with a series of measures
hat include the reassurance there is no serious abdom-
nal pathology, as well as avoidance of triggers
hought to instigate migraine headaches such as choc-
late, caffeine, and amines. Patients are also encour-
ged to avoid both alterations in sleep patterns and
kipping meals. By restricting the diet and gradually
eintroducing foods, an attempt to identify specific
oods that may be affecting the individual patient may
e helpful. Little is reported regarding the use of drugs
o manage the attacks of abdominal migraine. Medi-
ations that have demonstrated some utility include
izotifen, propranolol, and cyproheptadine.38

While abdominal migraine rarely persists into adult-
ood, longitudinal evidence suggests an evolution of
bdominal migraines into the more typical migraine
eadaches. In one 10-year follow-up study of children
ho suffer from abdominal migraine, Dignan and

oworkers39 found that, while 61% reported resolution
f abdominal symptoms, 70% developed classical
igraine headaches.
As with CVS, the key to this entity is to recognize

he recurrent pattern of symptoms and to exclude other
astrointestinal or renal diseases by appropriate
nvestigations.
Benign Paroxysmal Torticollis (BPT) is a rare par-
xysmal movement disorder characterized by episodes
f head tilt or torticollis accompanied by vomiting and
taxia that may last hours to days.40 Other dystonic
twisting) features, including truncal or pelvic postur-
ng, were described by Chutorian.41 The original
escriptions of BPT by Snyder suggested a form of
abyrinthitis and demonstrated abnormal vestibular
eflexes.42 Attacks first manifest during infancy be-
ween 2 and 8 months of age.
The link to migraine for BPT is strengthening even

hough the disorder was not included in the most
ecent ICHD classification system. Paroxysmal torti-
ollis is likely an early onset variant of basilar mi-

raine, which itself is a variant of benign paroxysmal e

20
ertigo. Additionally, there is often a family history of
igraine. More intriguing information has recently

een reported wherein four children with this clinical
ntity have been shown to have the mutation in the
ACNA1A gene.43

The differential diagnosis must include gastroesoph-
geal reflux (Sandifer syndrome), idiopathic or parox-
smal torsional dystonia, complex partial seizure;
articular attention must be paid to the possibility of
osterior fossa and craniocervical junction disorders
either congenital or acquired), which may produce
orticollis. Rarely, fourth cranial nerve palsy (eg,
roclear) may produce compensatory head tilt.
There are no clinical trials reported. Once the diag-
osis of BPT is established and the benign nature is
onfirmed, there may be no requirement for treatment
eyond reassurance. If the episodes are recurrent and
isabling, management options may include a trial of
yproheptadine.
Other Migraine Variants. “Alice in Wonderland”

yndrome represents the spectrum of migraine with
ura, but the visual aura is quite atypical and may
nclude bizarre visual illusions and spatial distortions
receding an otherwise nondescript headache. Af-
ected patients will describe distorted visual percep-
ions such as micropsia, macropsia, metamorphopsia,
eleopsia, and macro/microsomatognopsia. The chil-
ren rarely seem frightened by these illusions and
elate the experience in enthusiastic detail. Witnesses
o the child’s event will either remark the child has an
nusual, almost bemused, look on their face or de-
cribe the child changing body positions so that they
an “get under a low ceiling.” Although now absorbed
nder the category of migraine with aura, historically,
Alice-in-Wonderland” syndrome is a distinctive mi-
raine variant most commonly seen in children. Un-
sual visual-perceptual abnormalities may occur with
nfectious mononucleosis, complex partial seizures
particularly benign occipital epilepsy), and drug
ngestions.
Confusional migraine is another migraine variant

een in children and adolescents, omitted from the
004 ICHD, which has perceptual distortions as a
ardinal feature. Affected patients, usually boys,
bruptly become agitated, restless, disoriented, and
ccasionally combative. The confusion phase may last
inutes to hours. Later, once consciousness returns to

aseline, the patients will describe an inability to
ommunicate, frustration, confusion, and loss of ori-

ntation to time and may not recall a headache phase

Curr Probl Pediatr Adolesc Health Care, July 2007
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t all. This disorder often follows minor head trauma
nd is frequently referred to as “footballers’ mi-
raine.” Athletes, following vigorous scrimmage, may
ot remember how to get home, their phone numbers,
r addresses. Clearly, any sudden unexplained alter-
tion of consciousness following head injury warrants
nvestigation for intracranial hemorrhage, drug intox-
cation, metabolic derangements, and epilepsy.
Clinically, confusional migraine most likely repre-

ents an overlap between hemiplegic migraine and
asilar-type migraine. Patients who present with uni-
ateral weakness or language disorders ought best to be
lassified as hemiplegic migraine and patients with
ertiginous or ataxic patterns be classified as basilar-
ype migraine.
Ophthalmoplegic migraine (OM) has recently been

emoved from the “migraine” spectrum and moved to
he group of “cranial neuralgias.” Solid imaging evi-
ence has demonstrated a demyelinating-remyelinat-
ng mechanism for OM, so this reclassification is quite
ppropriate. Curiously still labeled as “ophthalmople-
ic migraine” though, this clinical entity is character-
zed by transient disturbances in Cranial Nerves III,
V, or VI coupled with peri- or retro-orbital pain. The
ey feature is painful ophthalmoparesis but the head-
che may be a minimal, nondescript retro-orbital
iscomfort. Ptosis, limited adduction, and vertical
isplacement (ie, oculomotor nerve) are the most
ommon objective findings.
The time course of OM is quite different from that of

he more commonly encountered migraine variants.
ymptoms and signs of oculomotor dysfunction may
ppear well into the headache phase, rather than
eralding the headache. The signs may persist for days
r even weeks after the headache has resolved.
The differential diagnosis for OM includes aneu-

ysm, mass lesion, or an inflammatory process around
he orbital apex. Therefore, imaging with MRI and

RA is indicated. In those children with external
phthalmoparesis, ocular myasthenia may enter the
ifferential diagnosis and test doses of edrophonium
Tensilon) may be indicated.
Repeated attacks of OM can lead to permanent
eficits; therefore, treatment both acutely and prophy-
actically must be considered. Steroids are commonly
iven during the acute phase of the disorder. Contro-
ersy exists regarding the use of preventive therapies.
Alternating hemiplegia of childhood is a bizarre,

ascinating, and rare clinical condition that was

raditionally considered to be a variant of hemiple- e

urr Probl Pediatr Adolesc Health Care, July 2007
ic migraine, but now is viewed as a metabolic
isease, probably within the spectrum of mitochon-
rial disorders or channelopathy. It has been omit-
ed from the 2004 ICHD Classification system for
igraine. Recently, however, a family with features

hat bridged the phenotype between familial hemi-
legic migraine and alternating hemiparesis of
hildhood (AHC) was reported to have a novel
TP1A2 mutation suggesting a possible common
athogenesis.44

Affected patients have their initial symptoms be-
ore 18 months of life. These unfortunate children
ave attacks of paralysis: hemiparesis, monoparesis,
iparesis, ophthalmoparesis, or bulbar paralysis that
ay be accompanied by variable tone changes

flaccid, spastic, or rigid). A variety of paroxysmal
nvoluntary movements including chorea, athetosis,
ystonia, nystagmus, and respiratory irregularities
hyperpnea) can be seen. The attacks of paralysis
an be brief (minutes) or prolonged (days) and
otentially life-threatening during periods of bulbar
aralysis. Curiously, the attacks generally subside
ollowing sleep. Affected children are frequently
evelopmentally challenged.45,46

The link to migraine was based on the presence of a
igh incidence of migraine in the families of affected
hildren and on cerebral blood flow data that suggest
“migrainous” mechanism.
In 1997, an international workshop was conducted to

ddress the various hypotheses surrounding AHC and
he proceedings have been reviewed by Rho and
hugani.47 Proposed mechanisms include channelopa-

hy, mitochondrial cytopathy, and cerebrovascular
ysfunction, although the former seems to be the most
ikely hypothesis.
The calcium channel blocker flunarezine (5 to 10
g/d), not available in the U.S., can be remarkably

ffective in reducing the attack frequency and severity.
Investigations into the etiology of this entity indicate

hat aggressive evaluation is warranted to rule out
ascular disorders, inborn errors of metabolism, mito-
hondrial encephalomyopathies, or epileptic variants.
The migraine variants are unique to pediatrics and

re a fascinating and challenging group of disorders
haracterized by the onset of focal neurological signs
nd symptoms such as hemiparesis, altered conscious-
ess, nystagmus, or ophthalmoparesis followed by
eadache. Oftentimes, these ominous neurological
igns initially lead the clinician in the direction of

pileptic, cerebrovascular, traumatic, or metabolic dis-
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rders and only after thorough neuro-diagnostic test-
ng does the diagnosis become apparent. Some of
hese entities occur in infants and young children
here history is limited. Only after careful history,
hysical, and appropriate neurodiagnostic studies can
hese diagnoses be comfortably entertained. All repre-
ent diagnoses of exclusion.

anagement of Pediatric Migraine

Once the diagnosis of migraine is established and
our confident reassurance is provided to the patients
nd family, what are the best treatments for pediatric
igraine?
The goals for long-term migraine management are to

chieve the objectives stated in the American Acad-
my of Neurology Practice Parameter (www.aan.org):

. Reduction of headache frequency, severity, dura-
tion, and disability

. Reduction of reliance on poorly tolerated, ineffec-
tive, or unwanted acute pharmacotherapies

. Improvement in the quality of life

. Avoidance of acute headache medication escalation

. Education and enablement of patients to manage
their disease to enhance personal control of their
migraine; and

. Reduction of headache-related distress and psycho-
logical symptoms48

To achieve these goals, an individually tailored
reatment program must include biobehavioral strate-
ies and nonpharmacological methods as well as
harmacological measures.
Treatment options may be divided into three basic

ategories:

. Biobehavioral strategies

. Acute therapies, and

. Preventive measures

The first step in the tailoring process is to determine
he degree of disability imposed by the patient’s
eadaches. How often is the patient missing, coming
ome early from, or arriving late to, school? Are
fter-school or weekend activities affected? Under-
tanding the impact of the headache on the quality of
ife will guide in the decisions regarding the most
ppropriate therapeutic course.49,50

The second step is to establish the pattern. How
ften are the headaches occurring? How long do they
ast? Is there a seasonal variation? How much medi-

ine is the patient requesting per week? Headache a

22
alendars are invaluable to determine the frequency
nd duration of headache and to help identify precip-
tating or provocative phenomena. Knowledge of this
attern will guide the clinical decisions necessary to
ailor the treatment to the patient.
As an example, consider an 8-year-old who has one
r two intense attacks per month of frontal, pounding,
auseating headache at school starting after lunch that
ast for 1 to 2 hours. This qualifies as infrequent
igraine attacks after lunch at school. What is hap-

ening at lunchtime? Is he the target of a bully in the
afeteria or is it the noise and chaos of the lunchroom?
ould this child benefit from eating lunch in the quiet
f the library or a classroom? Pharmacologically, a
imple analgesic agent such as acetaminophen (15
g/kg) or ibuprofen (7.5 to 10 mg/kg) should be

eadily available to the child at school and the boy
ust be educated to request the medicine as soon as

he headache begins. This patient requires no daily
reventive medications and with identification and
limination of triggers may require no medications at
ll.
Alternatively, consider a 16-year-old with three
igraine attacks per week. Each episode lasts for more

han 4 hours and she is missing about 2 days of school
er month. This patient is experiencing significant
isability and will likely require a blend of manage-
ent options including biobehavioral interventions

eg, biofeedback), acute medicines (eg, sumatriptan or
olmitriptan nasal spray), and daily preventative
gents (eg, amitriptyline, topiramate, or valproic acid)
uring the school year. Many patients with this pattern
an be successfully taken off medicine during the
ummer months.
Biobehavioral Strategies. Virtually all patients with
igraine will benefit from a review of the basic

iobehavioral measures that include sleep hygiene,
xercise, dietary modifications, biofeedback, and
tress management (Table 15).51

Good “sleep hygiene” is essential for adolescents
ith frequent migraine headaches. Chaotic sleep pat-

erns, staying up late on weekend nights, sleeping in
ntil afternoon on Saturday and Sunday, and then
etting up early for school on Monday, set the stage
or Monday morning migraines. Sleep disturbances
ave been found to occur in 25 to 40% of children with
igraine. Too little sleep (42%), bruxism (29%),

osleeping (sleeping with parents or other family
ember) (25%), and snoring (23%) were found
mong a population of 118 children using the “Chil-

Curr Probl Pediatr Adolesc Health Care, July 2007
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ren’s Sleep Habit Questionnaire.” Miller and co-
orkers compared children with migraine to matched

ontrols and demonstrated statistically significant dif-
erences in sleep duration, daytime sleepiness, night
wakening, sleep anxiety, parasomnias, sleep onset
elay, bedtime resistance, and sleep-disordered breath-
ng.52 The authors of this study stated that it is unclear,
owever, whether sleep disturbances increased the
ccurrence of migraine, whether frequent and intense
igraine lead to sleep disturbances, or whether the

wo are unrelated. Clearly, further investigation is
ecessary. Nonetheless, current clinical practice is to
ecommend good sleep hygiene.
A regular exercise program is recommended for

dolescents with frequent migraines. A recent study
valuated the effects of exercise and plasma en-
orphin levels in 40 migraine patients. Koseoglu
etected beneficial effects on all migraine par-

able 15. Recommended bio-behavioral program for children and
dolescents with migraine

1. Good sleep hygiene
Regular sleep schedule
Avoid excess, inadequate, or chaotic sleep

2. Regular aerobic exercise (30 minutes/day)
3. Regular meals, avoid missing meals
4. Caffeine avoidance/moderation
5. Dietary adjustments

“Avoidance” diets
6. Identification of migraine triggers
7. Bio-behavioral

(a) Biofeedback
Electromyographic biofeedback
Electroencephalography
Thermal hand warming
Galvanic skin resistance feedback

(b) Relaxation therapy
Progressive muscle relaxation
Autogenic training
Meditation

Passive relaxation
Self-hypnosis

(c) Cognitive therapy/stress management
Cognitive control
Guided imagery

Complementary and alternative
Herbs

Feverfew (Tanacetum parthenium)
Ginkgo
Valerian root

Minerals
Magnesium

Vitamins
Riboflavin (B2)

Acupuncture
Aroma therapy
meters.53 m

urr Probl Pediatr Adolesc Health Care, July 2007
The role of dietary measures has recently been
eviewed by Millichap and Yee, and this topic remains
ontroversial.54 Seven to 44% of children and adults
ho have frequent migraine headaches report that a
articular food or drink can precipitate a migraine
ttack.55,56 In children, the principal dietary triggers
here cheese, chocolates, and citrus fruits. Several
ther dietary precipitants including processed meats,
ogurt, fried foods, monosodium glutamate, aspar-
amine, and alcoholic beverages also have been impli-
ated as migraine triggers. Interestingly, for chocolate,
he median time interval from ingestion to the onset of
eadache was 22 hours (3.5 to 27 hours).57

While about one-third of children with migraine may
eport a dietary association, complete or wholesale
ietary elimination of an arbitrary list of foods is not
ecommended. Once popular, elimination diets are
ow judged to be excessive and generally set the stage
or a battleground at home when parents attempt to
nforce a restrictive diet on an unwilling adolescent,
ltimately producing heightened tensions at home. A
ore reasonable approach is to review the list of foods

raditionally linked to migraine with the patient and
hen invite them to maintain a headache diary to try to
etermine if any temporal relationship exists between
ngestion of one or more of those foods and the
evelopment of headache. If a link is found, prudence
ictates avoidance of the offending food substance.
lacing the patient in control of this experiment will
id in implementation of any dietary changes and keep
he parent out of the fray.
In addition to what they eat, it is important to

ncourage regular meals and to drink plenty of fluids.
any teenagers skip breakfast routinely. Missing
eals is a common precipitant of migraine and has

een identified by the adolescents and children as one
f the leading triggers.58 We recommend that every
atient with frequent migraine should eat three meals
er day, including breakfast, and that they drink plenty
f water.
Caffeine warrants special mention. A link between

affeine and migraine has been established.59,60 Not
nly does caffeine itself seem to have an influence on
eadache, but caffeine may disrupt sleep or aggravate
ood, both of which may exacerbate headache. Fur-

hermore, caffeine-withdrawal headache, which begins
to 2 days following cessation of regular caffeine use,

an last up to a week.61 Every effort must be made to

oderate caffeine use.
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Overuse of “over-the-counter” analgesics has been a
articular focus recently. Recognized in adults some
ears ago, overuse (�5 times/week) of acetamino-
hen, ibuprofen, and, to a lesser extent, aspirin-
ontaining compounds can be a contributing factor to
requent, even daily, headache patterns. When recog-
ized, patients who are overusing analgesics must be
ducated to discontinue the practice. Retrospective
tudies have suggested that this recommendation alone
an decrease headache frequency.62,63

Biofeedback has demonstrated effectiveness in the
reatment of both adults and children with migraine in
everal controlled trials. While the physiological basis
or its effectiveness is unclear, data suggest that levels
f plasma beta-endorphin can be altered by biofeed-
ack therapies.64 Biofeedback therapies commonly
se electrical devices that provide audio or visual
isplays to demonstrate a physiological effect. Ther-
al biofeedback is the most commonly used technique

n pediatrics. Children are taught to raise the temper-
ture of one of their fingers. Thermal biofeedback can
e easily taught to children and its use has been
emonstrated to benefit both the number and the
everity of migraine attacks. Once taught these meth-
ds, the children can manage future headaches, allow-
ng them to feel greater control of their health. The
ogistical drawbacks are the limited availability of

able 16. Acute treatment for childhood migraine

Drug

cetaminophen* 10-15 m

buprofen* 10 mg/

aproxen sodium 2.5-5 m

ombination preparations

Butalbital, aspirin/acetaminophen, caffeine
(Fiorinal, Fioricet, Esgic) 1-2 qid

Isometheptane, acetaminophen, dichloralphenazone

(Midrin)
1-2 cap

cap/d
-HT agonist:
Sumatriptan†

Zolmitriptan†

Rizatriptan†

Strong supporting efficacy and safety data in adolescents.
Not approved for pediatric use.
sychologists (or other providers) in many communi-

24
ies and the reluctance of “third-party” payers to cover
his service.
Stress management and relaxation therapies use

echniques such as progressive relaxation, self-hypno-
is, and guided imagery. Controlled trials have found
elaxation therapies to be as effective in reducing the
requency of migraine attacks as the beta-blocker
ropranolol.65 Stress management is particularly use-
ul in the population of high achieving and over-
cheduled adolescents who can clearly link the stress
f school to their headache patterns. The lessons
earned with stress management may be carried for-
ard into their college and graduate years.
Acute Treatments. Acute treatments, taken at the
nset of the migraine attack (ie, within 20 to 30
inutes), represent the mainstay of migraine manage-
ent. Although a variety of pharmacological agents

re used in the acute treatment of migraine in common
ractice, none have an indication from the FDA for
se in children. An AAN Practice Parameter, focusing
n the pharmacological treatment of migraine in chil-
ren and adolescents, provides a critical review of the
iterature regarding treatment options (Table 16).66

Regardless of the acute agent selected, there are
everal fundamental principles for acute treatment:

. Medicine must be taken within 20 to 30 minutes of

Dose Available

/dose Tabs 80, 160, 325 mg
Syrup 160 mg/tsp

se Tabs 100 chewable, 200, 400, 600, 800
Syrup 100 mg/tsp
Tab 220 (OTC), 250, 375, 500 mg

, repeat hourly, �5

25 mg, 50 mg, 100 mg tabs
6 mg subcutaneous injection
5 mg, 20 mg nasal spray*
2.5 mg, 5 mg
2.5 mg, 5 mg oral disintegrating tablet
5 mg nasal spray
5, 10 mg tabs
5, 10 mg oral disintegrating tablet
g/kg

kg/do

g/kg

sules
the onset of the headache,

Curr Probl Pediatr Adolesc Health Care, July 2007
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. The appropriate dose must be used,

. Medicine must be available where the patient
usually has their headaches (eg, school, work), and

. Medications must not be “overused.”

Analgesics. Simple analgesics and nonsteroidal
ntiinflammatory drugs (NSAIDs) are quite effective
n children and adolescents. Ibuprofen (7.5 to 10
g/kg) has been shown in two double-blind, placebo-

ontrolled trials to be safe and effective in the treat-
ent of childhood migraine. The first study compared

buprofen (10 mg/kg) to acetaminophen (15 mg/kg)
nd placebo. Both ibuprofen and acetaminophen were
ignificantly more effective than placebo in providing
ain relief at 2 hours. Differences between ibuprofen
ompared with acetaminophen were not statistically
ignificant at 2 hours. Acetaminophen was considered
ffective and well tolerated. In the second study,
buprofen (7.5 mg/kg) was found to reduce headache
everity in children ages 6 to 12 years; however,
ignificant differences at the 2-hour primary endpoint
ere only demonstrated in boys. No statistically sig-
ificant adverse effects of ibuprofen or acetaminophen
ere reported in these studies.67,68

The 2004 AAN Practice Parameter has found that
ibuprofen is effective and should be considered for
he acute treatment of migraine in children.” In addi-
ion, the parameter concludes that “acetaminophen is
robably effective and should be considered for the
cute treatment of migraine in children.”
The “Triptan” agents. The introduction of the
-hydroxytryptamine (5-HT1) agonists, the “triptans,”
as revolutionized the treatment of migraine attacks in
dults. Multiple controlled trials in adolescents have
emonstrated the safety of triptans. Efficacy, however,
as only been demonstrated with sumatriptan and
olmitriptan in the nasal spray forms. None of the oral
riptans have clearly demonstrated effectiveness in
ontrolled, masked trials and none are approved by the
DA for adolescent use.
Nonetheless, children and adolescents who have not
ad sufficient relief from acetaminophen, ibuprofen, or
aproxen may be candidates for the triptans. In our
ractice, the most commonly used triptans are
umatriptan nasal spray (20 mg) and tablets (25, 50,
00 mg), zolmitriptan nasal spray (5 mg), and oral
isintegrating tablets (2.5, 5 mg), almotriptan tablets
6.25, 12.5 mg), and rizatriptan oral disintegrating

ablets (5, 10 mg). y

urr Probl Pediatr Adolesc Health Care, July 2007
Caution should be exercised with the triptan class if
here is a history of hypertension, use of monoamine
xidase inhibitors, basilar or hemiplegic migraine, or
amily history of early coronary artery disease. A clear
ontraindication would be any past history of ischemic
eart disease.
Sumatriptan. Sumatriptan has been the most rigor-
usly studied “triptan” in adolescents (�12 years). It
s available in tablet, nasal spray, and subcutaneous
njection form; the oral tablets and nasal formulations
re preferable for use in children.
Oral sumatriptan has been studied in a double-blind,
lacebo-controlled trial of 25-, 50-, and 100-mg tablets
n 302 adolescents in 35 sites. Response to sumatriptan
et statistical significance when compared with pla-

ebo at 25, 50, and 100 mg at the 180- and 240-minute
ark showing 74% pain relief at the 4-hour mark;

owever, the primary endpoint of the study was at 2
ours, and for this timeframe statistical significance
as not reached.69

Common side effects include the feeling of warmth
r flushing, chest or jaw tightness, facial burning,
tinging, and numbness. Rarely, palpitations, tachyar-
hythmias, and hypotension are seen.
Sumatriptan nasal spray studied in three controlled

rials has demonstrated both efficacy and safety in
dolescent migraine. The first study (n � 14) found
ignificant headache relief at 2 hours in 85.7% versus
2.9% in the placebo group (P � 0.03). Headache-
ssociated symptoms were also significantly improved
n the sumatriptan group; nausea decreased by 36%
nd phonophobia decreased by 57%.70

The second study was multicenter, double-blind, and
lacebo-controlled and included 510 adolescents, ages
2 to 17 years, comparing 5, 10, and 20 mg
umatriptan nasal spray to placebo. The 2-hour re-
ponse rate, defined as reduction in headache severity
rom severe or moderate to mild or no headache, was
6% for the 5 mg dose (P � 0.05), 63% for the 20 mg
ose (P � 0.059), and 53% for placebo. Significant
elief was noted at 1 hour in the 5 and 20 mg dosing
rms (P � 0.05). A pain-free state at 2 hours was
chieved with the 20 mg nasal spray (P � 0.05). Both
hotophobia and phonophobia were reduced with the
0 mg dose (P � 0.05). The only adverse effect noted
as taste disturbance (26%).71

The third trial, a double-blind, placebo-controlled,
wo-way crossover design (n � 83), included younger
hildren (ages 8 to 17 years) with a median age of 12.4

ears. Doses of 10 mg nasal spray were provided for
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hildren weighing 20 to 39 kg and 20 mg for children
eighing �40 kg. The primary endpoint was head-

che relief as defined by a 2-point improvement in
eadache severity based on a 5-point pain scale at 2
ours. At 2 hours, the primary endpoint was met in
4% of patients receiving sumatriptan and in 39% of
hose receiving matching placebo (P � 0.003). At 1
our, headache relief was found in 51% of children
eceiving sumatriptan and in 29% receiving placebo (P

0.014). Complete pain relief was experienced by
1% of those treated with sumatriptan and 19%
eceiving placebo (P � 0.14). Secondary endpoints
ncluded the use of rescue medications and patient
reference; these results also “favored” sumatriptan
NS). Bad taste was again the most common side
ffect (29%).72

Taste disturbance is the most common problem
ncountered with sumatriptan nasal spray. One tech-
ique to limit the unpleasant taste is to instruct the
dolescents in the correct way to administer the nasal
pray medication. It is important to “aim” the spray
oward the upper nose and to keep the head upright
ollowing administration. The patient is coached to
void “sucking” the medicine back into the orophar-
nx, where it can be tasted. In addition, the distur-
ance in taste may be mitigated in many patients by
he use of flavored lozenges or hard candy (eg,
utterscotch) after administration of the nasal spray.
ome migraine sufferers are willing to tolerate the bad

aste given the medication’s beneficial effects on their
eadaches.
Overall, sumatriptan nasal spray 20 mg provided the
ost rapid treatment across this adolescent population

roup. The 2004 AAN Practice Parameter has found
hat sumatriptan nasal spray “is effective and should
e considered for the acute treatment of migraine in
dolescents.”
Subcutaneous sumatriptan. One open-label trial of

he effectiveness of subcutaneous sumatriptan (0.06
g/kg) showed an overall efficacy of 72% at 30
inutes and 78% at 2 hours, with a recurrence rate of

%. Due to the tendency for children to report shorter
eadache duration, a recurrence rate of 6% would
eem appropriate for this study population.73 The
bvious limitation to the use of a subcutaneous prep-
ration is children’s aversion to “shots.”
Rizatriptan. Rizatriptan (Maxalt) is available in 2.5

nd 5 mg tablets and oral disintegrating tablets. A
ingle study of adolescents ages 12 to 17 years (n �

49) in a double-blind, placebo-controlled, parallel- 1

26
roup, single-attack design with 5 mg dosing found
pain relief” at 2 hours for the rizatriptan group was
6%, with a pain relief response of 57% (P � NS) for
he placebo group. Of note, the response rate was
etter on weekends. “Functional disability” was sig-
ificantly improved with rizatriptan 5 mg (44%) com-
ared with the placebo group (36%). There were no
erious adverse events and the most common adverse
vents reported were fatigue, dizziness, somnolence,
ry mouth, and nausea.74

Zolmitriptan. Zolmitriptan (Zomig) tablets were
tudied in adolescents (n � 38) who entered in a
-year open-label trial. The first two migraine sub-
roups were treated with 2.5 mg and subsequent
ttacks with 2.5 or 5 mg at each patient’s discretion.
he overall headache response at 2 hours was 80% (88
nd 70% with zolmitriptan, 2.5 and 5 mg, respec-
ively). Treatment was well tolerated.75

A recent clinical trial of zolmitriptan NS (5 mg) used
novel study design in an attempt to mitigate the high
lacebo response rate seen in previous adolescent
rials. Each study subject initially treated a migraine
ttack with a placebo nasal spray within 30 minutes of
he onset of their headache (single-blind phase). If a
eadache response was obtained at 15 minutes, no
urther medication was taken. Those patients with
ngoing headache of moderate to severe intensity 15
inutes after the first (placebo) spray then took either

he active agent or the matched placebo (double-blind
hase). Zolmitriptan NS demonstrated a headache
esponse rate at 1-hour post-dose superior to placebo
58.1% versus 43.3%; P � 0.02). The onset of action
as as early as 15 minutes. The 2-hour sustained
eadache response rate for zolmitriptan NS was 53.4%
ersus 36.2% for placebo (P � 0.01). Of patients
reated with zolmitriptan NS, 51% were able to return
o normal activities at 1 hour versus 37.5% treated
ith placebo (P � 0.03). There were no serious

dverse events or withdrawals due to adverse events.
here was a low incidence of any adverse events, with
nusual taste (dysgeusia) being the most common side
ffect reported (6.5%).76

Antiemetics. For many children with migraine, the
ccompanying symptom of nausea or vomiting can be
ust as disabling as the pain. Antiemetics, available in
uppository, oral, sublingual, or parenteral forms, are
xtremely useful in children and adolescents with
cute migraine accompanied by disabling nausea or
omiting. Commonly used agents are shown in Table

7.
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Preventive Measures. A diverse group of medica-
ions including antihistamines, antidepressants, and
nticonvulsants have been used to prevent attacks of
igraine, but few have demonstrated effectiveness in

ontrolled trials. Their use should be limited to pa-
ients whose headaches occur with sufficient fre-
uency or severity as to warrant a daily treatment
rogram. Generally, a minimum of three headaches
er month justifies use of a daily prophylactic agent. A
lear sense of functional disability must be established
efore committing to a course of daily medication. It is
lso a good clinical strategy to identify the presence of
comorbid conditions” (eg, depression, obesity) that
ay suggest the relative benefit of one medicine over

nother.
The duration of treatment is controversial, but the
eneral practice is to treat through the school year and
hen to gradually eliminate daily preventive agents
uring summer vacation. In adult practice, a 6-month
ourse of treatment is often recommended. In young
hildren (�3 to 8 years old), another option is to use
shorter course (eg, 6 to 8 weeks) followed by a slow

aper. In recognition of the cyclical nature of migraine,
he daily agents should be used for a finite period of
ime.
From the practice perspective, once the decision is
ade to institute daily preventive medication, used in

andem with biobehavioral programs, a particular
gent is selected based on the individual patient’s age,
ender, and comorbidities. The recommended course
f action is to introduce the medication gradually and
onitor its tolerability and the effects on headache

requency, severity, and response to acute treatments.

able 17. Anti-emetics for pediatric migraine

Drug Dose

ydroxyzine 10-25 mg bid-tid

romethazine 0.25-0.5 mg/kg/dose

rochlorperazine 2.5-5 mg bid

etoclopromide 1-2 mk/kg (�10 mg)

ndansetron 4-8 mg q 8 hours

Oculogyric crisis (managed with IV benadryl).
minimum of 6 to 12 weeks is necessary in most t

urr Probl Pediatr Adolesc Health Care, July 2007
nstances to assess the effects. Patience must be
xercised! Many patients and their families anticipate
mmediate responses, so the anticipatory guidance
ust be given that these medicines take time to

chieve their full beneficial effects. The following
escription of each medicine will provide what little
esearch “evidence” exists along with some practical
onsiderations about their use, based on clinical
xperience.
While there is an unfortunate lack of controlled
ata regarding drug therapies for migraine prophy-
axis in children, data are beginning to emerge. Use
f the many of these agents (Table 18) is based on
necdotal information or extrapolated adult
xperience.
Antihistamines. Cyproheptadine. This is an anti-
istamine with both antiserotonergic and calcium
hannel blocker properties which is widely used for
igraine prevention in young children (generally �12

ears of age), but has not been subjected to controlled
rials.
One retrospective study of the use of preventative

gents for migraine in children and adolescents within
ne pediatric neurology practice found that headache
requency was reduced from a mean baseline of 8.4
eadaches/mo to 3.7 headaches/mo with doses ranging
etween 2 and 6 mg given at bedtime or divided twice
day. A “positive response rate,” defined as an overall

avorable decrease in headache frequency and inten-
ity plus acceptability of the agent, was noted in 83%
n � 30). Common side effects included sedation and
ncreased appetite.77

Dosing schedules can vary widely from single bed-

Available Toxicity

Syrup 10 mg/tsp Sedation
Tabs 25, 50 mg
Tabs 12.5, 25, 50 mg Sedation
Syrup 6.25, 12.5 mg/tsp Dystonic
Suppository 12.5, 25, 50 mg Reactions*
Tabs 10, 15 mg Sedation
Syrup 5 mg/tsp Dystonic
Suppositories 2.5, 5, 25 mg Reactions
Tabs 5, 10 mg Sedation
Syrup 5 mg/tsp Dystonic

Reactions
4, 8 mg tablet Sedation
4, 8 mg oral disintegrating Dystonic

Reactions
ime schedules to tid regimens. A dose of 2 to 4 mg
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rally at bedtime is a rational starting point with the
ption to increase to a maximum of 12 to 16 mg per
ay divided three times per day. However, doses
reater than 8 mg per day often cause excess sedation.
Cyproheptadine has two major limiting features:

edation and appetite stimulation. These effects may
estrict its acceptability in adolescence, but may be
dvantageous in thin preadolescents.
Antidepressants. Antidepressants have become a
ainstay of migraine prevention in children and ado-

escents. There are ample data to support the efficacy
f antidepressants for adult migraine.
Two uncontrolled series that studied pediatric and

dolescent migraine support the role of amitriptyline;
o blinded trials exist. The first pediatric study in-
luded 192 children with headache, of whom 70% had

able 18. Preventive medications for pediatric migraine

Drug Dose

ntihistamines
Cyproheptadine 0.25-1.5 mg/kg

ntidepressants
Amitriptyline 5-25 mg qhs
Nortriptyline 10-75 mg qhs

nticonvulsants
Topiramate 1-10 mg/kg/day

Valproic acid 20-40 mg/kg/day
(usual 250 mg bi

Gabapentin 10-40 mg/kg/day

nti-hypertensive agents
Beta-blockers*

Propranolol 2-4 mg/kg/day

Metoprolol 2-6 mg/kg/day
Nadolol 0.5-2.5 mg/kg/da

Calcium channel blockers

Verapamil 4-10 mg/kg/day t

Nonsteroidal anti-inflammatory agents
Naproxen sodium 250-500 bid

Avoid when: asthma, diabetes.
Extended release, once daily preparation.
igraine. The average age was 12 years and the p

28
atients had more than three headaches per month.
hey were treated in an open-label fashion with
mitriptyline up to a dose of 1 mg/kg/d. Eighty-four
ercent reported an overall reduction in headache
requency and severity. Looking specifically at the
igraine subset, there was a statistically significant

eduction in headache frequency and severity; how-
ver, the duration of headache attacks was unchanged
hen compared with initiation of the drug. Side

ffects were minimal.78

The second study, a retrospective review of the use
f preventative agents for children and adolescents
ithin one child neurology practice, found that ami-

riptyline produced a “positive response rate” of 89%
n � 73). Positive response rate was defined as an
verall decrease in headache frequency and intensity

Available Toxicity

Syrup 2 mg/tsp Sedation
Tab 4 mg Weight gain

Tabs 10, 25, 50 mg Sedation
Tabs 10, 25, 50, 75 mg Weight gain

Sprinkles 15, 25 mg Sedation
Tablets 25, 100 Paresthesias

Weight loss
Glaucoma
Kidney stones

Syrup 250 mg/tsp Weight gain
Sprinkles 125 mg Bruising
Tabs 250, 500 Hair loss
ER† 250, 500 Hepatotoxicity

Ovarian cysts
Syrup 250 mg/tsp Fatigue
Tablets 600, 800 mg Ataxia
Capsules 100, 300, 400 mg Tinnitus

10, 20, 40, 60, 80 mg Hypotension
LA cap 60, 80, 120, 160
mg Sleep disorder

Decreased stamina
Depression

Tab 50, 100 Same
Tab 20, 40, 80 mg Same

Tab 40, 80, 120 mg
Hypotension,
Nausea

SR tab 120, 180, 240 mg AV block
Weight gain

Tab 220, 250, 375, 500 mg Gastric upset
d)

y

id
lus acceptability of the agent. Headache frequency

Curr Probl Pediatr Adolesc Health Care, July 2007
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as reduced from a mean baseline of 11 to 4.1
eadaches per month. The principle side effect was
ild sedation.
The tricyclic antidepressants amitriptyline, nor-

riptyline, and desimpramine are widely employed
nd selection is generally a matter of personal
reference and experience. There are no compara-
ive data.
Amitriptyline is started as a single bedtime dose of 5

o 10 mg and slowly, every 4 to 6 weeks, titrated
pward as necessary, toward 25 to 50 mg. Sedation is
he primary complication. Advantages of amitriptyline
nclude its low cost and once-a-day schedule, which
mproves compliance. An electrocardiogram may be
arranted if doses in higher ranges (�25 to 50 mg/d)

re used.
The selective serotonin reuptake inhibitors may have
role in those children and adolescents with migraine

nd comorbid anxiety, depression, or obsessive-com-
ulsive disorder. No controlled studies have been
erformed in children or adolescents. A morning dose
f 10 to 20 mg of fluoxetine (Prozac) may be consid-
red in this population, but caution must be exercised
iven the recent FDA “black box” warning regarding
uicide risks in adolescents with this class of
ntidepressants.
Antiepileptic agents. Topiramate, valproate, leve-

iracetam, and gabapentin have expanding roles in
ediatric migraine. Considering the current views of
he pathophysiology of migraine as a primary neuronal
vent with propagation of “cortical spreading depres-
ion” across the cerebral cortex with cortical excita-
ion-depolarization, the anticonvulsants pose a most
ntriguing role.
Topiramate has shown efficacy in adult migraine
revention. Adult trials using doses of 200 mg/d
divided twice per day) showed a 50% reduction in
eadache frequency and severity.79

One retrospective study assessing the efficacy of
opiramate for pediatric headache included 75 chil-
ren, predominantly patients with chronic daily head-
che (�15 headaches per month). Of the 41 who were
vailable for follow-up, average daily doses of 1.4 �
.74 mg/kg/d were reached with a headache frequency
educed from 16.5 � 10 headaches/mo to 11.6 � 10
eadaches/mo (P � 0.001). Mean headache severity,
uration, and accompanying disability were also re-
uced. Side effects included cognitive changes
12.5%), weight loss (5.6%), and sensory symptoms

2.8%).80 t

urr Probl Pediatr Adolesc Health Care, July 2007
Topiramate also was studied in a population of 162
hildren ages 6 to 15 years of age in a double-blind,
lacebo-controlled fashion. Topiramate was initiated
t 15 mg/d and titrated over 8 weeks to a dose
pproximating 2.0 to 3.0 mg/kg/d, or their maximum
olerated dose, whichever was less. The maximum
ose allowed was 200 mg/d. The titration phase was
ollowed by a 12-week maintenance phase. Topira-
ate reduced mean monthly “migraine days” by 2.6

from a baseline of 5.4 migraine days) compared with
reduction of 1.9 days for the placebo group (from a

aseline of 5.5 days/mo) (P � 0.065). A greater
ercentage of patients receiving topiramate (32%)
howed 75% reduction in mean monthly migraine
ays than patients receiving placebo (14%) (P �
.020). The most common adverse events were an-
rexia (13.0% versus 8.2% placebo), weight decrease
9.3% versus 6.1% placebo), paresthesia (8.3% versus
.0% placebo), and somnolence (8.3 versus 6.1
lacebo).81

Divalproex sodium was investigated in a retrospec-
ive study of migraine prophylaxis in children ages 7
o 16 years (n � 42) at a dosing range of 15 to 45
g/kg/d. It was found that 81% of children were

uccessful in discontinuing all acute medications. Af-
er 4 months of treatment, 75.8% of the patients
eported a 50% reduction in headache frequency;
4.2% had a 75% reduction and 14.2% achieved a
eadache-free status. Side effects included gastrointes-
inal upset, weight gain, somnolence, dizziness, and
remor, very similar to those experienced by patients
sing it in the management of their epilepsy.82

A second small study using sodium valproate in-
luded children ages 9 to 17 years (n � 10) treated in
n open-label fashion with doses between 500 and
000 mg. Both headache severity and frequency were
educed. Mean severity at baseline using a visual
nalog scale was reduced from 6.8 to 0.7 at the end of
reatment (P � 0). Mean headache attacks per month
ere reduced from 6/mo to 0.7/mo and mean duration
f headache attack was reduced from 5.5 hours to 1.1
ours following treatment. Side effects included diz-
iness, drowsiness, and increased appetite, but no
erious side effects were noted in this study. The
uthors concluded that sodium valproate is safe and
ffective for migraine prophylaxis in children.83

The doses used for valproate are lower than those
sed for seizure control. A schedule of 10 mg/kg/d or
50 mg po twice per day or a single bedtime dose of

he extended release preparation (250 mg, 500 mg) is
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rational starting point. The acceptability of valproate
n adolescent females warrants caution in view of the
ppetite stimulation and risk of ovarian dysfunction
eg, polycystic ovary). A similar monitoring schedule
o that used for patients taking valproate for epilepsy
pplies with periodic measurements of blood counts
ncluding platelets, liver chemistries, and amylase.
Levetiracetam at doses of 125 to 250 mg twice daily
as assessed in a retrospective fashion in a sample of
9 patients (mean age 12 years) treated for a mean
uration of 4.1 months. The average frequency of
eadache attacks before treatment was 6.3/mo and
fter treatment fell to 1.7/mo (P � 0.0001). A striking
2% of patients experienced “elimination” of migraine
ttacks during treatment. No side effects were reported
n 82.4% but 10.5% discontinued treatment because of
ide effects including somnolence, dizziness, and irri-
ability.84 These impressive results suggest a need for
controlled trial.
Gabapentin was reported to be effective in one small

etrospective study (n � 18) of children using doses of
5 mg/kg. Over 80% of patients experienced more
han 50% reduction in headache frequency and sever-
ty.85 Perhaps the most desirable feature of gabapentin
s the low incidence of side effects.
Clearly, more research is needed in children to

ssess the efficacy and tolerability of antiepileptic
gents for migraine prevention.
Antihypertensive agents. Beta-blockers. Though
idely felt to be the “drug of choice” for migraine,
ropranolol has been studied in three randomized,
ouble-blind studies and the results have failed to
onsistently demonstrate effectiveness. While beta-
lockers are still viewed as one of the first-line agents
n adult migraine, they have a limited role in pediatric
nd adolescent medicine.
The first study that did demonstrate some effective-
ess of propranolol was a double-blind, crossover trial
n children ages 7 to 16 years (n � 28) using 60 to 120
g per day (0.5 to 1 mg/kg/d divided three times per

ay). Among the propranolol-treated patients, 20 of 28
atients (71%) had complete remission from head-
ches and another 3 patients (10%) experience a 66%
eduction in headache frequency. In the placebo group,
/28 had complete remission and 1 of the 28 experi-
nced a 66% improvement. The author concluded that
ropranolol has an “excellent prophylactic effect” for
hildren with frequent and severe attacks of

igraine.86 f

30
A second study (n � 39) failed to demonstrate
enefit using slightly higher doses of propranolol (80
o 120 mg/d); in fact, it showed a significant increase
n the average duration of headache in the propranolol
reatment group.87 A third trial compared propranolol
t a dose of 3 mg/kg/d versus self-hypnosis and found
o benefit from propranolol but significant improve-
ent with hypnotherapy.88

Propranolol may be used on a single daily dose
“LA”) form or on a two or three times per day
chedule. The LA preparation is most useful. The
tarting dose is 1 to 2 mg/kg/d and is slowly increased
o 3 mg/kg/d as tolerated. Dosing adjustments can be
ade every 2 to 3 weeks.
Another beta-blocker, timolol, was assessed in a

andomized crossover trial with 8 weeks in each arm
nd a 4-week washout period between the arms (n �
9). Headache attacks were reduced from 1.37/wk at
aseline to 0.23/wk in the timolol group. In the
lacebo group, attacks were reduced from 1.06/wk
aseline to 0.59/wk. The authors reported no signifi-
ant beneficial effect from timolol.89

The selective beta-blockers atenolol, metoprolol,
nd nadolol are alternative choices, but there are no
ata to suggest any relative advantage of one versus
nother.
Beta-blockers as a group are contraindicated in the
resence of reactive airway disease, diabetes mellitus,
rthostatic hypotension, and certain cardiac disorders
ssociated with bradyarrhthmias. Curiously, however,
subset of patients with neurocardiogenic syncope

nd comorbid migraine do very well with propranolol.
Special caution must be made about the use of
eta-blockers in two other populations: athletes and
atients with affective disorders, particularly depres-
ions. Athletes may experience a lack of stamina and
ecreased performance. Those children with comorbid
ffective disorders can experience deterioration of
ood, even suicidal depression, with propranolol.
Calcium channel blockers. Calcium channel block-

rs are thought to exert their antimigraine effects by
ay of selective inhibition of vasoactive substances on

erebrovascular smooth muscle.
Nimodipine (10 to 20 mg three times per day) was

tudied in a single controlled, crossover trial of chil-
ren ages 7 to 18 years (n � 37); the results were
nconsistent between the two treatment phases. During
he first treatment period, there was no difference
etween the active drug and the placebo. Headache

requency per month fell from 3.3 to 2.8 in the active

Curr Probl Pediatr Adolesc Health Care, July 2007
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roup and from 3.0 to 2.5 in the placebo group (n �
S). During the second treatment phase, there was a

ignificant reduction in headache frequency in the
imodipine group, but there was no effect on headache
uration. Side effects were limited to mild abdominal
iscomfort in �1%.90

Flunarizine is a remarkable calcium channel blocker
hat has been evaluated in several well-controlled
rials. Two double-blind, placebo-controlled trials us-
ng 5 mg bedtime doses of flunarizine (n � 105)
emonstrated significant reduction in headache fre-
uency in both studies, one also showing decreased
eadache duration.91,92 In this first trial, the number of
eadaches was reduced from a baseline of 8.66 over 3
onths to 2.95 attacks during treatment. Of patients

aking flunarizine, 76% noted a �50% improvement,
hereas only 19% taking placebo had �50% improve-
ent. Another open-label trial of 13 patients showed

ecreased headache frequency.93 Other than sedation
9.5%) and weight gain (22.2%), side effects were
inimal.
Based on these strong data, the 2004 American
cademy of Neurology Practice Parameter for the

reatment of pediatric migraine found (paradoxically)
hat “flunarizine is probably effective for preventive
herapy and can be considered for this purpose but it is
ot available in the United States.”
Nonsteroidal anti-inflammatory agents. Naproxen

odium has been shown to be effective in adolescent
igraine in one small series using a double-blind,

lacebo-controlled crossover design. Sixty percent of
he patients experienced a reduction in headache
requency and severity with naproxen 250 mg bid,
hereas only 40% responded favorably to placebo.
he rate-limiting effect is gastrointestinal discom-

ort.49,94 For that reason, use should be limited to
bout 2 months duration.
Summary of preventive agents. Based on recent

eview of the medical literature, the calcium channel
locker flunarizine is the only agent that has been
tudied in rigorous controlled trials and found to be
ffective.95 Flunarizine is, however, unavailable in the
nited States.
There are uncontrolled data to suggest a beneficial

ffect with the antihistamine cyproheptadine, the an-
idepressant amitriptyline, the nonsteroidal antiinflam-
atory agent naproxen, and the anticonvulsant agents

opiramate, valproic acid, and gabapentin. There is
onflicting controlled evidence regarding propranolol

nd trazadone. Clonidine, pizotifen, nimodipine, and a

urr Probl Pediatr Adolesc Health Care, July 2007
imolol were not shown to be more effective than
lacebo.
An excellent Cochrane Database Review (www.

ochrane.org) concludes with the statement that there
s a “clear and urgent need” for methodologically
ound, randomized controlled trials for the use of
rophylactic drugs in pediatric migraine.
“Status Migraine”. The formal definition of status
igraine is persistence of symptoms more than 72

ours. This, in the author’s view, is an arbitrary and
linically irrelevant definition. In a more practical
ense, any protracted, disabling, and debilitating mi-
raine attack that is intractable to outpatient treatment
ie, oral, sublingual, subcutaneous measures) that re-
uires urgent medical intervention with parenteral
gents ought to be the functional definition of status
igraine. These patients often present to emergency

epartments or urgent care clinics for care, and a
ystematic approach with a series of options must be
vailable.
The five key elements are hydration, analgesia,

pecific antimigraine agents, antiemetics, and seda-
ion. Table 19 provides a stepwise series of
uggestions.
For hydration, intravenous fluids with glucose-con-

aining solutions is imperative. Most patients with
tatus migraine have some degree of dehydration from
omiting or poor oral intake. An intravenous bolus
ith normal saline or lactated Ringer’s solution fol-

owed by a 5 to 10% dextrose containing infusion (ie,
5 to 10½ NS) should be started and the patient’s
olume state monitored, including an evaluation of
erum electrolytes and urine.
For analgesia, the options include the “triptan”

gents (discussed earlier), ketoralac, and narcotics,
lthough narcotics are discouraged because of the

able 19. Diagnostic criteria for tension-type headache

Tension-type headache
. At least 10 episodes fulfilling the criteria B-D
. Headache lasting 30 minutes to 7 days
. Headache has at least two of the following characteristics:

1. Bilateral location
2. Pressing/tightening (nonpulsating) quality
3. Mild to moderate intensity
4. Not aggravated by routine physical activity such as walking

or climbing stairs
. Both of the following:

1. No nausea or vomiting
2. No more than one of photophobia or phonophobia

. Not attributed to another disorder
ttendant nausea and abuse potential.
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The “migraine-specific” regimens include the triptan
gents, intravenous valproate (Depacon), or dihydro-
rgotamine (DHE), not used together. Subcutaneous
umatriptan at a dose of 0.06 mg/kg (maximum, 6 mg)
s particularly useful in patients intolerant of oral
edications. IV valproate, given as a rapid infusion of

bout 20 mg/kg or a maximum of 1000 mg, though not
tudied in any controlled fashion, has been reported to
ave very favorable results.96

DHE may be considered for the management of
tatus migraine. Before initiating an IV DHE protocol,
t is recommended to give an intravenous antiemetic
eg, metoclopromide). Toxicities of DHE are infre-
uent, but vomiting can occur. In children and adoles-
ents, the dosing of DHE is important for both efficacy
nd the limitation of adverse events. DHE, which often
eeds dose adjustment depending on the patient’s age,
an be used in the following:

ages 6 to 9 years, 0.1 mg per dose
ages 9 to 12 years, 0.2 mg per dose
ages 12 to 16 years, 0.3 to 0.5 mg per dose97

Sedation is often useful, particularly if the first wave
f treatment is failing to produce any appreciable
mpact of the headache. Sleep has wonderful benefi-
ial effects. Diphenhydramine, 25 to 50 mg intrave-
ously, is often quite effective and, when given with
he dopaminergic antiemetics, lessens any probability
f dystonic reactions. Benzodiazepines have sedative
nd anxiolytic properties, valuable in status migraine.

igraine Management Summary

The management of pediatric migraine requires a
alance of biobehavioral measures coupled with
gents for acute treatment and, if needed, daily pre-
entive medicines. Table 20 provides the migraine
anagement basic sequences. A recent AAN Practice
arameter has critically reviewed the limited data
egarding the efficacy and safety of medicines for the
cute and preventive therapy of pediatric migraine
www.aan.org).
The first step is to establish the headache frequency

nd degree to which the migraines impact on lifestyle
nd performance. The next step is to institute the
onpharmacological measures, such as regulation of
leep (improved sleep hygiene), moderation of caf-
eine, regular exercise, and identification of provoca-
ive influences (eg, stress, foods, social pressures). A
ide variety of therapeutic options exist for patients

hose migraine headaches occur with sufficient fre- fl

32
uency and severity to produce a functional impair-
ent.
The most rigorously studied agents for the acute

reatment of migraine are ibuprofen, acetaminophen,
nd sumatriptan nasal spray, all of which have shown
afety and efficacy in controlled trials. For preventive
r prophylactic treatment in the population of children
nd adolescents with frequent, disabling migraine,

able 20. Establish the migraine diagnosis

Reassurance (that there is no brain tumor causing the headache)
Begin to maintain Headache Calendar
This helps to establish the frequency, associated symptoms, and

degree of disability
Bio-behavioral program (guidelines for all migraine patients)
. Regular sleep schedule
. Regular eating schedule (no skipping meals, particularly

breakfast)
. Regular exercise (20-30 minutes per day of aerobic exercise)
. Weight management [if basal metabolic index (BMI) � ]
. Eliminate caffeine
. Look for and then eliminate defined triggers:

a. Foods
b. Odors
c. Activities

. Stress management

. Relaxation therapy

. Biofeedback
cute management
ake the medicine available where the patient is having their
headaches!

omplete necessary school medication forms so the medicine is
available at school!

ake the acute medicine within 20-30 minutes of the onset of the
pain!

edicine options (see also Table 15)

ge
10 years �10 years

buprofen (7.5-10 mg/kg) Ibuprofen (400-600 mg)
cetaminophen (15 mg/kg) Acetaminophen (325-1000 mg)
aproxen Naproxen (250-500 mg)

Ketoralac (10-20 mg)
Triptans

Sumatriptran nasal spray 20 mg
Zolmitriptan nasal spray 5 mg
Zolmitriptran oral disintegrating
2.5, 5 mg
Rizatriptan oral disintegrating 5,
10 mg

reventive strategies: Medicine options (see also Table 17)

ge �10 years Age �10 years

yproheptadine (2-4 mg q hs*)
Amitriptyline (5-10 mg po q hs up to
1 mg/kg)

mitriptyline (5-10 mg po q hs) Topiramate (1-10 mg/kg bid)
opiramate (1-10 mg/kg bid†) Valproate (250-500 mg ER po q hs)
ropranolol (2-4 mg/kg bid)

q hs � taken orally at bedtime.
Titrate upward by 15-25 mg every 1-2 weeks toward 5 mg/kg.
unarezine (not available in the U.S.) is the most
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fficacious agent, but encouraging data are emerging
egarding the use of several antiepileptic agents such
s topiramate, disodium valproate, levateracetam, as
ell as the antihistamine cyproheptadine and the

ntidepressant amitriptyline.
Daily preventative drug therapies are warranted in

bout 20 to 30% of young migraine sufferers. The
articular drug selected for the individual patient
equires an appreciation of other comorbidities such as
ffective or anxiety disorders, coexistent medical con-
itions such as asthma or diabetes, and acceptability of
otential toxicities such as weight gain, sedation, or
remor. A diverse group including antihistamines,
ntidepressants, antihypertensives, and anticonvul-
ants is available (Table 18). Once a particular agent is
elected, it should be introduced gradually, given for
n adequate time period (usually 4 to 8 weeks), with
he duration of treatment clearly defined. Generally,
he treatment period is 6 months or until the conclu-
ion of the school year. Younger children can some-
ime be treated for as brief as 6 to 8 weeks and then
aken off their daily preventative agent.

ther Primary Headaches
ension-type Headache in Children

Epidemiology. Establishing the prevalence of ten-
ion-type headache (TTH) in children has proven a
hallenge. The prevalence estimates range from 11 to
2.8%.98-102 The largest of these series (n � 8255)
hat included school children ages 13 to 15 years found
1-year prevalence of TTH was 18%, while migraine,

n this series, had a 1-year prevalence of 7%.
Clinical Features. The ICHD diagnostic criteria for
TH are shown in Table 19. The key element of these
riteria is the absence of the following migrainous
eatures: unilaterality, pulsing quality, severe inten-
ity, aggravation by activity, nausea or vomiting, as
ell as photophobia and phonophobia. Essentially,

hese criteria describe a recurring pattern (�10 epi-
odes) of nonmigrainous headache as being the diag-
ostic criteria for tension-type headache.
The 2004 ICHD has divided TTH into the following:

Infrequent episodic tension-type headache
Frequent episodic tension-type headache
Chronic tension-type headache

The distinction between infrequent, frequent, and

hronic relates to the number of headaches per month: r

urr Probl Pediatr Adolesc Health Care, July 2007
nfrequent, less than one per month; frequent, more
han one per month but not more than 15 per month;
nd chronic, more than 15 per month. In Gallai’s
eries of 244 children with TTH it was determined that
2% of these headaches were episodic, 16% were
hronic, and 33% had TTH that did not fulfill criteria
or either.103

Children and adolescents who suffer from tension-
ype headaches report similar symptoms as adults,
ith some slight modifications.104-106 The duration of

ttacks may vary from 5 to 30 minutes or last greater
han 48 hours. Gallai identified that, in 36.7% of
hildren with tension-type headache, these lasted less
han 30 minutes. The location of headache is often
ifficult for young children to describe.107 Bilateral
ocation was identified in 57 to 86% of patients.

ober-Bingol and colleagues observed that adoles-
ents more often fulfill the criterion for location than
ounger children. The quality of headache was most
ften described as pressing or tightening (74%) rather
han pulsating (16%). In one series, only 15% of
hildren described exacerbation with routine physical
ctivity. Seventy-five percent described the headache
s mild to moderate intensity. The intensity is probably
he most relevant headache characteristic for differen-
iating TTH from migraine. Children with TTH are
ess likely to report abdominal pain, nausea, vomiting,
ertigo, visual disturbances, sweating, vomiting, or
sing a darkened room for pain relief (9 to 30%).
Therefore, the “nonmigraine” features of quality

pressing or tightening), intensity (mild-moderate),
nd lack of associated symptoms may be more specific
or TTH headache (versus migraine) than location or
uration in the pediatric population. Clearly, large,
rospective series are needed.
Management. There are only two published trials

nvestigating the pharmacological management of ten-
ion-type headache in children or adolescents.
One clinical trial compares relaxation training (“lim-

ted contact format”) compared with amitriptyline (10
g daily) for children ages 8 to 16 years (n � 19) for
months. Clinical improvement was observed in both

roups. For the amitriptyline-treated group, baseline
eadaches were 17 � 11 migraines/mo and reduced to
.6 � 6.7 headaches per month following 3 months.
his is comparable to the behavioral group where
aseline was 12.1 � 10.1 headaches/mo down to 6.4

9.6 per month (P � NS).108

The second trial (n � 48) compared the efficacy of

elaxation to a muscle relaxant chlormezanone in the
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reatment of adolescent TTH in a randomized, double-
lind, crossover design and found significant improve-
ent in the home-based relaxation therapy without

urther improvement with the addition of drug
reatment.109

Biobehavioral therapies (eg, relaxation treatment
nd thermal biofeedback) have been assessed. Two
tudies comparing relaxation therapy for adoles-
ents with migraine, migraine plus TTH, or TTH
lone found significant improvement in the migraine
opulation but not the TTH group.110,111 A study of
7 children, whose average age was 12, with epi-
odic TTH were seen in small group settings once
er week for 8 weeks and taught coping skills and
rogressive relaxation techniques. Statistically sig-
ificant and sustained (�1 year) reduction in head-
che days, “state and trait” anxiety, and depression
cales were reported.112 Another study of five chil-
ren, ages 8 to 14 years, with TTH used six sessions
f thermal biofeedback and found significant reduc-
ion in headache frequency, duration, and intensity
ith sustained (6-month) headache-free state in four
f the five children.113 A combination approach
ith electromyogram biofeedback and progressive
uscle relaxation therapy found improvement in

eadache parameters in 86% of patients versus
mprovement of 50% of the control group, with
ustained efficacy for 6 and 12 months.114

Prognosis. There is a paucity of information regard-
ng the prognosis of TTH in children. No longitudinal
eries have been published. Comorbidity has been
valuated. There is a higher frequency of depressive
ymptoms in children with TTH and they are at
ncreased risk for both headache and psychiatric symp-
oms as they enter adult life.115,116

hronic Daily Headache

Many adolescents will report the presence of head-
che virtually every single day. Chronic, nonprogres-
ive, unremitting, daily, or near daily, pattern of
eadache represents one of the most difficult subsets
f headache known as chronic daily headache (CDH).
DH is formally defined as greater than 4 months
uring which the patient has greater than 15 headaches
er month with the headaches lasting more than 4
ours per day. The estimated prevalence of CDH in
dolescents is about 1% and may be as high as 4% in
he adult population.117-119 CDH is very common in

eferral headache clinics, where up to 15 to 20% of b

34
atients will present with daily or near-daily head
ain.120

Understandably, the quality of life of patients with
DH is significantly affected. The negative impact
xtends beyond the affected patient to their family,
riends, and society as a whole. The extensive disabil-
ty that results from CDH can be measured in school
bsence, abstinence from after-school activities, and
amily discord that invariably results. Therefore early
iagnosis and management of frequent or chronic
aily headaches is essential.
There are four chronic headache categories: chronic
igraine, chronic tension-type, new daily persistent

eadache, and hemicranium continuum. Chronic mi-
raine and chronic tension-type headaches usually
volve from episodic migraine or TTH. The “new
aily persistent” headaches appeared to represent a
nique entity in which the headache starts quite
bruptly without any history of previous headache
yndrome but persists for weeks or months. Hemicra-
ia continua is uncommon in children and represents a
luster variant with daily or continuous unilateral pain
ith conjunctival injection, lacrimation, rhinorrea,

nd, occasionally, ptosis. One of the key features of
emicrania continua is responsiveness to indometha-
in.
Each of these four types of CDH is further separated

nto those with or those without superimposed analge-
ic overuse. The medications implicated in this anal-
esic overuse syndrome include most over-the-counter
nalgesics (acetaminophen, aspirin, ibuprofen), decon-
estants, opioids, butalbital, isometheptene, benzodi-
zepines, ergotamine, and triptans.121

The management of CDH is difficult, but breaking
he cycle of daily headaches is the principle goal.
harmacological efforts, used in isolation, will be
niformly unsuccessful. Therefore, initiation of a
ulti-disciplined approach with emphasis on preven-

ive strategies takes precedence over the use of inter-
ittent analgesics. This population of patients has

lready likely been overusing over-the-counter anal-
esic agents, so a fundamental change in treatment
hilosophy must be taught to the patient and their
amily.
The first part of this teaching process must be the

ncorporation of lifestyle changes, such as regulation
f sleep and eating habits, regular exercise, identifica-
ion of triggering factors, stress management, biofeed-

ack-assisted relaxation therapy, and biobehavioral

Curr Probl Pediatr Adolesc Health Care, July 2007



p
t

1
2
3

4

5

h
w
a
w

a
(
b
N

c
d
p
m
o
m
r
p
a

C
c

t
o
h
a
a
u
C
m
s

u
o
y
r
r
A
b
p

C
C

m
c
h
s
p
“
p

h
o

T

N
L

D
F

A

I
O

*
† jestion
P

C

rograms with psychological or psychiatric interven-
ion.
Lifestyle changes include five major components:

. Return to the routine of adolescent “life”

. Adequate and regular sleep

. Regular exercise (20 to 30 minutes per day of
aerobic exercise)

. Balanced nutrition, including avoidance of skip-
ping meals,

. Adequate fluid intake with avoidance of caffeine

The pharmacological treatment of chronic daily
eadaches requires an individually tailored regimen
ith the judicious use of appropriate prophylactic and

nalgesic agents. Recognizing the degree of disability
ill help guide the aggressiveness of the management.
Preventive therapies used for CDH include tricyclic

ntidepressants (amitriptyline), antiepileptic agents
eg, topiramate, disodium valproate, gabapentin), beta-
lockers (propranolol), calcium channel blockers, and
SAIDs.
When making the choice of drug, it is important to

onsider comorbid conditions. For the patient with
ifficulty falling asleep, amitriptyline at bedtime may
rovide dual benefits. Similarly, if there are mild to
oderate affective issues, amitriptyline, valproic acid,

r one of the selective serotonin reuptake inhibitors
ay be beneficial. If there is comorbid obesity, topi-

amate may decrease the appetite. Alternatively, if the
atient’s appetite is low, valproate often stimulates the
ppetite. The doses used are shown in Table 18.
The use of analgesic agents for adolescents with
DH is difficult since most of the children describe

able 21. Cluster headache and the trigeminal autonomic cephalalgias

Key clinical features: Cluster

umber of attacks 5
ocation of pain Unilateral

Orbital
Supraorbital

uration of attacks 15-180 minutes
requency of attacks qod-8/day

utonomic symptoms†

CI, L, NC, R,
EE, FS, M, P,
Restlessness
Agitation

ndomethicin response Negative
ccurrence in children ��

SUNCT, short-lasting unilateral neuralgiform headache attacks with conjunctiv
Autonomic symptoms: CI, conjunctival injection; L, lacrimation; NC, nasal con
, ptosis.
ontinuous or near-continuous pain. When do you give c

urr Probl Pediatr Adolesc Health Care, July 2007
he acute analgesic and how do you avoid analgesic
veruse? One approach is to graph the pattern of
eadaches to identify the periods of intense headache,
s it stands out from the background pain. At this time,
nalgesics, including the “triptan agents,” may be most
seful. The key to effective use of analgesic in the
DH population is for the patient to recognize the
igraine component of the headache as soon as it

tarts, use an adequate dose, and avoid overuse.
The natural history and outcome of CDH is poorly
nderstood. One report provides short-term follow-up
n 24 adolescents with CDH, with a peak age of 13
ears, for whom greater than half experienced a �75%
eduction in headache frequency and one-third expe-
ienced a �90% improvement in a 6-month follow-up.

wide variety of preventive agents were employed,
ut amitriptyline and topiramate provided the largest
roportion of successful outcomes.

luster and the Trigeminal Autonomic
ephalalgias (TACs)

Cluster headache and the “TACs” are very uncom-
on in children. Clinically, these entities share the

linical features of repetitive attacks of intense
eadache accompanied by prominent cranial para-
ympathetic signs and symptoms.. The common
athophysiology relates to the activation of the
trigeminal-parasympathetic reflex.” Table 21 com-
ares and contrasts the clinical features.
Cluster. Cluster headache is an uncommon primary
eadache with an estimated prevalence of 0.1 to 0.9%
f the general population. Reports indicate the onset of

Paroxysmal Hemicrania SUNCT*

20 20
Unilateral Unilateral
Orbital Orbital
Supraorbital Supraorbital
2-30 minutes 5-240 seconds
5/day 3-200/day

CI, L, NC, EE, FS, M, P CI, L

Positive Negative
��� 2 reported

ction and tearing.
; R, rhinorrhea; EE, eyelid edema; FS, forehead or facial sweating; M, miosis;
al inje
luster headaches occurs between 20 and 50 years of
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ge and has a slight male predominance.122 Informa-
ion regarding cluster headaches in children is limited,
ut the estimated prevalence of childhood onset of
luster is 0.1%.. One large series found the prevalence
f cluster in 18-year-old men to be 0.09%.123 Another
eries of 35 patients with onset of cluster headache
efore age 18 years found that 7/35 experienced the
nset of symptoms before age 10. Long-term fol-
ow-up revealed that 14/35 had gradually increasing
requency and duration of their symptoms through
dult life.124

The pain of cluster is described as excruciating and
oring and is strictly unilateral, located in the temporal
nd periorbital regions. In contrast to migraine head-
ches, cluster headaches do not become bilateral nor
o they switch sides during an attack, but the pain may
ccur on opposite sides with different cycles. Many
xperience autonomic features such as ipsilateral rhi-
orrhea, tearing, and nasal congestion.125 Attacks are
elatively brief, lasting from 15 minutes to 3 hours.
Most patients experience one to several attacks per
ay occurring in cycles or clusters that last from weeks
o months followed by spontaneous pain-free periods
hat last from 6 months to 2 years. Cluster headaches
ay also have circadian and circannual components.
any report headaches often occur at night or toward

he end of a sleep cycle.126

The management of cluster headaches is divided into
cute measures and preventative strategies but there
re no published reports of the treatment of cluster in
hildren or adolescents.
A wide variety of treatments are proposed for the

reatment of cluster headache that include oxygen
100% at 8 to 10 L/min for 15 minutes), lidocaine (4%
queous drops intranasally), olanzapine (2.5 to 10 mg
rally at onset), dihydroergotamine (1 mg IV, SC, or
M at onset with repeated doses), or sumatriptan (6 mg
ubcutaneous at onset). Inhaled 100% oxygen has
roven to be a successful abortive treatment; however,
ccess to this therapy poses clear limitations in its use.
or adults, there is controlled, masked data (Class I)
emonstrating efficacy of subcutaneous sumatriptan
cute relief of cluster headache.122-124,127

Because an attack may occur repeatedly for weeks to
onths, suppressive or preventative therapies are es-

ential to the management of cluster headache. Corti-
osteroids (prednisone 40 mg/d for a 3- to 5-day pulse
ollowed by 3-week taper) are valuable because they
ay rapidly suppress an attack. Other options include
he following: ergotamine tartrate (2 mg qhs), u

36
umatriptan (100 mg tid for up to 7 days), naratriptan
2.5 mg bid for 7 days), lithium (300 mg bid-qid),
erapamil (80 to 240 mg tid), sodium valproate (250 to
000 mg bid), topiramate (25 to 200 mg bid), or
elatonin (10 mg daily). Prednisone is the most

ommonly employed agent for short-term pulses to
uppress attacks. Verapamil may be the most com-
only used agent for maintenance preventive therapy.
istamine “desensitization” and/or combination ap-
roaches are utilized for patients with refractory symp-
oms and, infrequently, surgical ablation may be indi-
ated for medically intractable patients.122-124

Paroxysmal Hemicrania (PH). PH is an uncommon
eadache syndrome characterized by brief (2 to 45
inute), intense attacks of unilateral supra- or peri-

rbital pain. The attacks may occur as often as 5 to 30
imes per day. The prevalence of PH is only 0.021%
nd generally begins in adulthood with onset generally
n the third decade of life, so this is rare in children.128

ike other TACs, paroxysmal hemicrania is associated
ith autonomic symptoms such as tearing, conjuncti-
al injection, rhinorrhea, ptosis, and eyelid edema. A
ey element defining paroxysmal hemicranias is their
xquisite sensitivity to indomethacin. This disorder can
herefore be distinguished from cluster headaches by
heir shorter duration, higher frequency, female pre-
ominance, and clear response to indomethacin.129

Relatively few pediatric cases have been reported in
he literature. Children as young as 3 years of age have
een described with the disorder. Shabbir and McAbee
eported two teenaged girls (13 and 14 years) with
hronic PH (symptoms �1 year) with repetitive at-
acks (8/d) of lancinating unilateral pain without men-
ion of autonomic symptoms, both of whom had
artial response to indomethacin, but achieved “nearly
omplete” relief with verapamil.130 Gladstein and
olleagues reported an 8-year-old boy with typical
eatures of CPH who responded to indomethacin and
as symptom free for 1 year.131

This author follows three adolescents, all males, with
H. All had episodes of brief, excruciating, disabling
ttacks of retrobulbar pain with at least one autonomic
omponent and all responded immediately to indo-
ethacin at a dose of 25 mg orally twice a day. One

atient stopped the medicine after 2 months and
ttacks recurred within 1 week.
Short-Lasting Unilateral Neuralgiform Headache
ttacks with Conjunctival Injection and Tearing

SUNCT). First described in 1978, SUNCT is an

ncommon TAC described in only �50 complete case

Curr Probl Pediatr Adolesc Health Care, July 2007
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eports and series, overwhelmingly in adults.132-134

here is a high variability in the frequency of attacks
hich begin abruptly and last from 5 to 250 sec-
nds.135 The pain is unilateral in the distribution of the
rigeminal nerve particularly around the orbital, peri-
rbital, and temporal region. Patients may have up to
0 attacks per hour, although most report around five
o six episodes per hour. As the name implies, the most
otable autonomic feature of SUNCT syndrome is the
onjunctival injection and tearing. Other concomitant
eatures include rhinorrhea and forehead sweating.
Unlike paroxysmal hemicrania, SUNCT syndrome is
nresponsive to indomethacin, and neither oxygen nor
ther NSAIDS provide relief. While many therapies
hat are used to treat other short-lasting headaches are
neffective with SUNCT syndrome, partial or com-
lete success has been achieved with sumatriptan and
ome anticonvulsants (eg, lamotrigine, gabapentin,
opiramate, carbamazepine). As with other short-last-
ng headaches, the prognosis of SUNCT syndrome is
oorly understood.
Case reports in children are very rare. Blatter and

oworkers described “symptomatic SUNCT” in an
1-year-old girl with right-sided paroxysmal head-
ches associated with marked autonomic activation.
he symptoms began following a febrile upper respi-

atory tract infection. The patient described the pain as
oderate to severe, located at the retromandibular

ossa with radiation to the cheek, with up to 20 attacks
day, and each episode lasted from 30 to 60 seconds.
he pain was always associated with conjunctival

njection, tearing of the right eye, and salivation. She
enied photophobia and rhinorrhea. A trial of indo-
ethacin decreased the frequency of attacks from 20

o 10 per day; however, the intensity of the pain
emained unchanged. An MRI revealed a mass lesion
f the right cerebellum near the entry zone of the right
rigeminal nerve root. An exploratory operation
howed a growing tumor with prominent vasculariza-
ion that was histologically identified as a pilocytic
strocytoma. Subtotal removal of the mass resulted in
horter and less intense pain attacks.136 The presence
f any of the TACs in childhood or adolescent should
rompt an exhaustive investigation for an organic
asis.

ranial Neuralgias

Uncommon in children, the group of cranial neural-
ias is characterized by brief attacks of excruciating

ain localized to a particular anatomic distribution (eg, c

urr Probl Pediatr Adolesc Health Care, July 2007
ranial nerve). The diagnostic criteria for each are
hown in Table 22. All represent diagnoses of exclu-
ion since neoplastic, demyelinating, structural (ie,
hiari malformation), or inflammatory processes
ithin the contents of the posterior fossa may produce

dentical symptoms. Ophthalmoplegic migraine has
ecently been added to the group of cranial neuralgias
nd was discussed in earlier sections.
Occipital Neuralgia (ON). Not uncommon in chil-
ren, ON is characterized by intense, jabbing painful
pisodes localized to the distribution of the greater or
esser occipital nerve in the occipital region. An
mergency department (ED)-based study identified 12
atients with ON whose symptoms, in addition to
ccipital pain, included visual disturbances (76%),
izziness (50%), nausea (42%), scalp paresthesias
33%), and tinnitus (33%). In this study, 80% of the
atients experienced “significant relief” with local
nesthetic injection.137

There is only one case series in children and adoles-

able 22. The cranial neuralgias

Occipital neuralgia
A. Paroxsmal stabbing pain with or without persistent aching

between paroxysms, in the distribution of the greater, lesser,
or third occipital nerves

B. Tenderness over the affected nerve
C. Pain is eased temporarily by local anesthetic block of the

nerve
rigeminal neuralgia
A. Paroxysmal attacks of pain lasting from a fraction of a second

to 2 minutes, affecting one or more divisions of the trigeminal
nerve and fulfilling criteria B and C

B. Pain has at least one of the following characteristics:
1. Intense, sharp, superficial, or stabbing
2. Precipitated from trigger areas or by trigger factors

C. Attacks are stereotyped in the individual patient
lossopharyngeal neuralgia (GN)
A. Paroxysmal attacks of facial pain lasting from a fraction of a

second up to 2 minutes and fulfilling B and C
B. Pain has all the following characteristics:

a. Unilateral location
b. Distribution within the posterior part of the tongue,

tonsillar fossa, pharynx, or beneath the angle of the jaw or
ear

c. Sharp, stabbing pain
d. Precipitated by swallowing, chewing, talking, coughing, or

yawning
C. Attacks are stereotyped in the individual patient
D. There is no clinically evident neurological disorder
eck-Tongue Syndrome (NTS)
A. Pain lasting seconds or minutes, with or without simultaneous

dysesthesia, in the area of distribution of the lingual nerve
and second cervical root and fulfilling B and C

B. Onset of pain is acute
D. Pain is commonly precipitated by sudden turning of the head
ents and it is from the pre-CAT scan era.138 Care
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ust be taken to exclude anatomic abnormalities of
he upper cervical region and posterior fossa.
Trigeminal Neuralgia (TGN). Also known as “Tic
ouloureaux,” TGN is characterized by very brief,
hock-like pain limited to one or more distributions of
he trigeminal nerve, but not crossing the midline. The
ost commonly affected single division is the man-

ibular branch. The pain is commonly precipitated by
rivial stimuli such as washing, shaving, talking, or
ooth brushing. The pain may occur spontaneously and
ay cause a spasm (“tic-like”) of the adjacent facial
uscles.
TGN occurs in about 1 in 25,000 in the general
opulation and is uncommon before the third decade,
ith only 1% of the cases occurring before 20 years of

ge. The medical management of choice is carbamaz-
pine but surgical decompression may be necessary in
elected instances.139 A high proportion of TGN in
hildhood is associated with defined organic
athology.140-144

Glossopharyngeal Neuralgia (GN). This neuralgia
s characterized by intense attacks of pain in the
ensory distribution of the auricular and pharyngeal
ranches of the vagus nerve: the ear, base of the
ongue, tonsils, or angle of the jaw. Common precip-
tants include swallowing, coughing, or talking.
GN is generally a milder disease than the other

ranial neuralgias with isolated, single attacks being
ommon and the annual recurrence rate for second
pisodes being low at 3.6%. The annual incidence of
N is 0.7/100,000. There is extensive literature

egarding cardiac syncope in association with GN
ue to the close anatomic relationship between
ranial nerves IX and X (vagus) as they exit through
he jugular foramen.145

Five references of GN in children were found. One
escribed a 13-year-old girl with GN who presented
ith episodes of paroxysmal pain in the right ear from

nfancy. MRA revealed a prominent, looping, right
osterior inferior cerebellar artery, compressing the
ight glossopharyngeal and vagal nerve complex at its
xit from the medulla.146 Another report describes GN
ollowing amygdalectomy or tonsillectomy.147 A third
eport found an association with Chiari I malforma-
ion.148,149 “Otalgic” GN in a 13-year-old boy was
efractory to medical management and required cervi-
al section of the glossopharyngeal nerve and its
ympanic branch to provide complete relief of

ymptoms.150 y
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Neck-Tongue Syndrome (NTS). Neck-tongue syn-
rome is related to occipital neuralgia. NTS is an
nusual clinical entity, characterized by brief episodes
f intense upper cervical or occipital pain accompa-
ied by ipsilateral numbness of the tongue precipitated
y movement or rotation of the head. The attacks are
rief, stabbing pain, lasting only seconds up to 1
inute, located unilaterally in the upper neck or

ccipital region. They are accompanied by transient
aresthesias or numbness of the tongue, ipsilateral to
he pain, and may include lingual “pseudoathetosis,”
ysarthria, and lingual paralysis. The proposed mech-
nism is thought to be related to irritation of C2-3 root,
ith tongue involvement due to afferent impulses

raveling from the lingual nerve via hypoglossal nerve
o C2 root.151

Nearly 25 children and adolescents (ages 8 to 15
ears) have been reported with NTS. The majority of
hildren (79%) have no identifiable anatomical abnor-
alities, whereas about two-thirds of adults with NTS

ave cervical abnormalities such as ankylosing spon-
ylosis, degenerative disc disease, or osteoarthritis. A
enign, familial (autosomal-dominant pattern) has
een seen in about five pedigrees.
Once structural pathology is excluded, the manage-
ent of NTS includes conservative treatments with

voidance of trauma coupled with NSAIDs and, if
ecessary, agents (eg, carbamazepine, gabapentin) to
imit neuropathic pain.
Primary Headache Summary. While migraine and

he various forms of chronic daily headache are the
ost frequent headache syndromes referred for neu-

ological consultation, other primary headache syn-
romes may begin in the pediatric years. Tension-type
eadaches are mild to moderate in intensity, often
rontal in location, last from minutes to hours, and lack
he autonomic and disabling features of migraine. The
iagnosis may be made on clinical grounds. Behav-
oral measures and simple analgesics may be the most
seful therapies, though no masked, controlled trials
ave been reported.
The majority of the “other” primary headaches and

ranial neuralgias are brief attacks, with or without
utonomic components. Some have characteristic pe-
iodicity (eg, cluster and TACs), clear precipitating
henomena (eg, activity, cold, head turning, cough,
wakening), and others have specific locations (eg,
ccipital, oropharyngeal). Some have dramatic, near-
iagnostic, responsiveness to indomethicin (eg, parox-

smal hemicrania). Since these “other” entities are
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ncommon and may be symptomatic of underlying
rganic pathology, ancillary diagnostic testing may be
onsidered.

econdary Headaches

The 2004 ICHD classifies the “secondary headache
isorders” into headaches attributed to the factors
hown in Table 23. Clinically, for the practicing
ediatrician, it is more useful to divide the secondary
eadaches into the five temporal patterns shown in
able 2.
Acute Headaches
Nontraumatic. The acute or sudden onset of an

ntense headache immediately raises the question of
ntracranial hemorrhage from a ruptured or leaking
neurysm or vascular malformation. While uncommon
n children, subarachnoid hemorrhages do occur, par-
icularly in those with risk factors such as a coagu-
opathy, sickle cell disease, or hypertension. Children
ith cystic kidney disease or coarctation of the aorta
ave an increase risk for intracranial aneurysms. Fa-
ilial cavernous angiomas are among the more com-
on identifiable causes of intracranial hemorrhage.
he hyperacute development of intense headache ac-
ompanied by neck stiffness, alteration of mental
tatus, or focal neurological signs justifies an urgent
oncontrasted CT scan of the head.
The majority of acute, nontraumatic, headaches in

hildren, however, are due to self-limited, medically
emediable conditions such as upper respiratory tract
nfections with fever, sinusitis, or migraine (Tables 24
nd 25). In Pediatric ED-based studies of acute head-
che, all of the children with serious underlying
onditions (eg, intracranial hemorrhage, brain tumors,
eningitis) had objective findings on neurological

xamination: alteration of consciousness, nuchal rigid-
ty, papilledema, abnormal eye movements, ataxia, or
emiparesis.152,153 Therefore, abnormality on neuro-
ogical examination is the principle indication for

able 23. ICHD classification of secondary headaches attributed to:

Head and/neck trauma
Cranial or cervical vascular disorder
Nonvascular intracranial disorder
Substance or withdrawal from substances
Infection
Disorders of homeostasis
Disorders of the cranium, neck, eyes, ears, nose, sinuses, teeth,

or other facial or cranial structures
Psychiatric disorders
euro-imaging. l

urr Probl Pediatr Adolesc Health Care, July 2007
A hyperacute presentation strongly points toward a
ascular disorder such as a hemorrhage due to pro-
esses like arteriovenous malformation, capillary an-
ioma, cavernous angioma, venous angioma, or telan-
iectasia. The differential diagnosis must also include
neurysmal hemorrhage, thrombotic stroke, hemor-
hage into an occult tumor, and arterial dissection.
xtracerebral hemorrhages (subdural or epidural) can
ccur with head injury during competition. Hyperten-
ive encephalopathy or hemorrhage can also present in
his catastrophic fashion. Sympathomimetic intoxica-
ion is an unfortunate reality in society as young
thletes attempt to enhance their performance with
rugs.
The most important neuro-diagnostic tool in the

valuation of acute headache is a careful history that
xplores the onset, pace, and evolution of the symptom
omplex. This will dictate the scope and urgency of
ncillary testing.
Posttraumatic Headache. Headache following

losed head injury or neck trauma in children is one of
he most common secondary headache syndromes.
osttraumatic headache (PTH) is divided into acute
nd chronic patterns based on duration of symptoms:

able 24. Causes of acute headache in children

Fever
Upper respiratory tract infection (with or without fever)
Sinusitis
Pharyngitis
Meningitis: viral or bacterial
Migraine
Hypertension
Substance abuse: cocaine
Medication: eg, sympathomimetics (methylphenydate), oral

contraceptives, steroids
Intoxications: lead, carbon monoxide
Ventriculoperitoneal shunt malfunction
Brain tumor
Hydrocephalus
Subarachnoid hemorrhage
Intracranial hemorrhage

able 25. Differential diagnosis for chronic progressive headache

Hydrocephalus
Subdural hematoma
Chronic meningitis
Tumor
Abscess
Vascular anomaly
Intoxication (eg, lead poisoning)
Idiopathic intracranial hypertension (pseudotumor cerebri)
ess than 3 months duration is considered “acute
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TH,” and greater than 3 months considered “chronic
TH.”
Acute PTH must immediately raise concerns for

raumatic brain injury such as cerebral hematoma
subdural or epidural), subarachnoid hemorrhage, ce-
ebral contusion, or skull fracture. These warrant
rgent neuro-imaging, particularly if associated with
lteration of consciousness, seizures, or a Glascow
oma Scale �13. Cerebrospinal fluid leaks following
eningeal tears can lead to positional or “low-pres-

ure” headaches.
Epidural hematoma is associated with the classic
istory of the rapid deterioration of mental status
ollowing head trauma in the temporal-parietal region
f the skull. Damage or tear of the middle meningeal
rtery produces arterial bleeding into the potential
pace between the inner side of the skull and the dura
ater. The headache is very severe and caused by the

earing and peeling of the dura away from the inner
kull. As the blood accumulates rapidly under arterial
ressure and the volume of the hematoma increases,
here is a progressive decline in mental status follow-
ng a 15- to 60-minute period of lucidity. As the
ematoma expands, the temporal lobe is shifted across
he tentorial edge and the third cranial nerve is
ompressed, sometimes contralateral to the hematoma.
ecerebrate or decorticate posturing are ominous

igns and indicate compromise of the deeper brain
tructures, including the brain stem. Emergent neuro-
maging is essential along with immediate neurosur-
ical intervention.
The headache of a subdural hematoma generally

ollows a subacute or even a chronic progressive
attern accompanied by signs of increased intracra-
ial pressure. Subdural hematomas most commonly
ccur following trauma but can be found in hypo-
oagulable states (hemophilia, von Willebrand’s
isease, thrombocytopenia), sickle cell disease, and
n children with cerebral atrophy (microcephaly or
edication-induced).
Headache following head injury, in the absence of
ematoma, may arise within hours or up to a week
ollowing the head injury and the clinical manifesta-
ions are quite variable. “Footballer’s” migraine may
ccur immediately following a relatively minor head-
che that occurs playing sports such as soccer or
ootball and may happen following accidental head
njury. The clinical features are confusion, language

isorders, and agitation (“confusional migraine”). b

40
Chronic PTH may be part of a global postconcussive
yndrome with behavioral changes (eg, hyperactivity,
ypoactivity), dizziness, tinnitus, vertigo, blurred vi-
ion, memory changes, sleep disorder, irritability, or
ttentional disorders. The duration of symptoms is
ariable with some patients having brief, self-limited
yndromes, while others suffer from headaches for
reater than 6 to 12 months. One retrospective study of
3 children with chronic posttraumatic headache
ound a mean duration of 13.3 months (range 2 to 60
onths, median 7 months).154 The headache forms

pan the spectrum from tension-type, migraine,
hronic daily headache, neuralgias (eg, occipital neu-
algia), temporomandibular joint, and even, on rare
ccasions, cluster headache.
Many athletes competing in contact sports will

xperience PTH as part of a post concussion syn-
rome. A common question regards when it is safe to
eturn to full contact. Two organizations, the AAN and
he American College of Sports Medicine, have pro-
ided guidelines regarding return to activities ranging
rom 1 to 4 weeks.155,156 Both organizations have
hese guidelines available online.
The management of PTH requires an appreciation of

he degree of disability produced by the headache.
osttraumatic tension-type headaches can generally be
anaged with nonsteroidal antiinflammatory agents

uch as ibuprofen or naproxen sodium. Posttraumatic
igraine is treated as discussed earlier with a balance

f analgesic or “triptan” agents and, if warranted, daily
reventive therapies. For patients with frequent or
aily headaches, the same management strategies dis-
ussed in the chronic daily headache discussion apply
ith daily preventive programs; pharmacological,
onpharmacological, and analgesics are appropriate
or episodes of intense pain.
There are no outcome data on PTH in children and

dolescents, but typically, 3 to 6 months is the antic-
pated course of recovery. Pending litigation may
xacerbate stress levels and contribute to prolongation
f the headache syndrome.
Acute-Recurrent. Acute-recurrent headaches imply
pattern of attacks of head pain separated by symp-

om-free intervals. Primary headache syndromes such
s migraine or tension-type headache cause the over-
helming majority of headaches within this pattern.
n occasion, recurrent headaches are attributed to

pileptic syndromes (eg, benign occipital epilepsy),
ubstance abuse, or recurrent trauma. Rarely, meta-

olic conditions such as mitochondrial encephalomy-
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pathy, lactic acidosis, and stroke-like attacks
MELAS) may have recurrent migraine-like head-
ches as a component of the clinical picture. MELAS
s caused by a point mutation on the circular mito-
hondrial DNA (tRNALeu UUR).
Chronic Progressive. The chronic progressive pat-

ern is the most ominous of the five temporal profiles
nd carries with it the greatest likelihood of organic
athology (Table 26). Several associated historical
lues may further heighten the chances of increased
ntracranial pressure. Morning headache or headaches
hich awaken the child from sleep are a classic

ymptom of the dependent edema of intracranial
esions. Likewise, nocturnal or morning emesis, with
r without headache, suggests increased intracranial
ressure and these are particularly common symptoms
f tumors arising near the floor of the 4th ventricle.
etween headaches, behavioral or mood changes,

ome of which may be subtle, are described by
arents. Cognitive changes, such as declining school
erformance, can on occasion be the presenting com-
laint. Careful history can uncover these associated
eatures.
Physical examination in the child with chronic pro-
ressive headaches must take into consideration that
he majority of brain tumors in childhood are midline
rocesses (eg, medulloblastoma, cerebellar astrocy-
oma, ependymoma, pineal region tumors, craniophar-
ngioma); therefore, there may be little in the way of
lateralizing” neurological findings. The five key fea-
ures are papilledema, abnormal eye movements, pro-
ator drift, abnormal deep tendon reflexes, and inabil-
ty to perform tandem gait (tightrope walking).
xamination should also include the skin, looking for

able 26. Chronic progressive headache key points

Chronic-progressive headaches strongly suggest organic pathology
There is no invariable “brain tumor headache” profile
Key symptoms:

Nocturnal or
Morning headache

Nocturnal or morning vomiting
Aggravation by Valsalva maneuver or exertion
Seizures
Neurocutaneous syndromes
Key signs:

Papilledema
Cranial nerve palsies
Ataxia
Focal signs, motor or sensory
eurocutaneous markers. e

urr Probl Pediatr Adolesc Health Care, July 2007
Patients with neurocutaneous syndromes warrant
pecial mention because these patients are particularly
rone to develop intracranial tumors due, at least in
art, to the absence of the tumor suppressor genes (ie,
eurofibromin). Children with neurofibromatosis type
are most likely to develop optic gliomas, although

irtually any primary CNS neoplasm, even those
ncommon in children such as meningiomas, is more
ikely. NF type 2 maps to chromosome 22 and also
nvolves the absence of a tumor suppressor gene. The
rimary CNS tumor among this group of patients is an
coustic schwannoma (acoustic neuroma); these are
ften bilateral. Children with tuberous sclerosis may
evelop subependymal giant cell astrocytomas. Other
arer neurocutaneous syndromes such as Von Hipple–
indau have high associations with CNS tumors such
s hemangioblastoma.
It must be remembered that there is no invariable

brain tumor headache.” It is essential to recognize
his temporal pattern of an escalating headache fre-
uency and worsening severity, which then dictates a
ourse of action, usually, neuro-imaging with an MRI.
In this clinical situation of chronic progressive head-

che with signs of increased pressure (ie, papill-
dema), the neuro-imaging may not demonstrate focal
athology (ie, tumor, abscess, hematoma). Idiopathic
ntracranial hypertension (pseudotumor cerebri) would
e the most likely condition, but the differential
iagnosis must include chronic meningitis (TB, fungi,
yphilis, or Lyme disease), intoxications (lead or other
eavy metals), and chronic carbon monoxide poison-
ng. A chronic meningitis picture can also be seen with
NS leukemia/lymphoma or leptomeningeal metasta-

is. Uncontrolled hypertension can lead to optic disc
hanges with headache. Chronic sinusitis or venous
inus thrombosis can also produce a pattern of slowly
ncreasing intracranial pressure with normal CT scan.
Lumbar puncture must be considered in this situation

nd, not only provides critical diagnostic information,
ut also the venting of cerebrospinal fluid (CSF)
ressure usually provides significant decrease in the
eadache symptoms. The patient should be placed in
he lateral decubitus position for the lumbar puncture.
nce the needle is placed in the appropriate location

ollowing penetration of the dura, the patient is asked
o relax their breathing and stretch their legs slightly,
nd then the manometer is attached for direct mea-
urement of the pressure. Typically, CSF pressure is
180 mm of water. In pseudotumor the pressure will
xceed 200 mm of water and may even flow over the
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op of the manometer. CSF must be collected for
lucose, protein, cell counts, and cultures. CSF cyto-
athology may be an option.
Idiopathic intracranial hypertension is the most fre-
uently encountered entity in this category and can be
aused by multiple disorders including endocrinopa-
hies (hypothyroidism, Addison disease, oral steroids),
regnancy, drugs (tetracycline and oral contracep-
ives), vitamin A intoxication, anemia, systemic lupus
rythematosis, chronic sinopulmonary infection, and
besity. Once the diagnosis is established, the carbonic
nhydrase inhibitor, acetazolamide, can be used to
ower CSF pressures. The side effects are few and
nclude paresthesias, polyuria, and sedation. The dose
s typically 250 mg twice a day up to 1000 mg per day.
here is a once daily preparation available. The

ecovery is slow, over weeks or months. If obesity is
contributing factor, a weight loss program is recom-
ended. If the visual symptoms are severe, progres-

ive, or if there is visual compromise, ophthalmologic
ntervention may be necessary with performance of an
ptic nerve sheath fenestration.

ummary

Headaches are very common during childhood and
ecome increasing more frequent during adolescence.
eadache can be caused by primary entities such as
igraine or tension-type, or the pain may result from

econdary causes such as brain tumors, increased
ntracranial pressure, drug intoxications, paranasal si-
us disease, or acute febrile illnesses.
The evaluation of the child with headache hinges on
thorough medical history exploring the clinical

eatures, associated symptoms, and temporal pattern of
he headache syndrome. Physical and neurological
xamination, in most instances, provide reassurance as
o the absence of serious underlying organic pathology
uch as brain tumor or idiopathic intracranial hyper-
ension. The principle indication for performance of
ncillary diagnostic testing rests on information or
oncerns revealed during this fundamental process.
The first step of management is to establish the

ppropriate diagnosis and to provide confident reas-
urance to the patient and their family as to what the
eadache is caused by (ie, migraine) and what it is not
aused by (ie, brain tumor). This alone is our most
mportant therapeutic intervention in most clinical

ituations.

42
The management options for the primary headache
yndromes, principally migraine and tension-type
eadache, are based on the “headache burden,” or the
egree of disability imposed by the headache. The
herapeutic options include biobehavioral modifica-
ions, acute, and/or preventative pharmacological
gents. The pathway chosen for treatment must be
ndividually tailored, flexible, available, and sensitive
o comorbid conditions.
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