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A thunderclap headache is an uncommon presentation of headache
but is important to recognise because it is often associated with
serious vascular intracranial disorders, and should therefore be
investigated urgently. Aneurysmal subarachnoid haemorrhage is the
foremost consideration, and reversible cerebral vasoconstriction the
next most common cause. The causes and diagnostic approach to
patients with thunderclap headache are discussed.

hunderclap headache is often

associated with serious vascular

intracranial disorders, particularly

subarachnoid haemorrhage
(SAH). The search for an underlying cause
should beimmediate and exhaustive. This
article discusses the causes and diagnostic
approach to patients with thunderclap
headache.
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Definitions and clinical
presentation

Thunderclap headache is a high-intensity
headache of abrupt onset, generally reaching
maximum intensity in less than one minute,
and lasting for five minutes or longer,
according to The International Classification
of Headache Disorders, 3rd edition beta.! A
practical diagnostic aid is to snap one’s fin-
gers at the patient and ask: ‘Did it come on
like this?’ The description ‘most severe ever
headache’ does not, by itself, establish the
diagnosis of thunderclap headache.

The history alone s often insufficient to
determine the cause of the thunderclap
headache with certainty. It is necessary to
enquire about a prior history of headaches,
recurrence of the thunderclap headache,
the events around the onset of the headaches
(sexual activity, physical activity, bath,
cough, Valsalva manoeuvre), head and neck
trauma, drugs used (serotonergic and sym-
pathomimetic medications and illicit drugs)
and pregnancy and postpartum status.

Certain symptoms and signs are more
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KEY POIN?!

e The caus-é of thunderclap headache
should be considered to be
aneurysmal subarachnoid
haemorrhage until proven otherwise.

o The diagnostic work up involves
urgent nonenhanced CT of the brain
(with CT angiography if immediately

' available), then possibly a lumbar

: puncture, and then cerebral arteria

and venous imaging with either MRI

or CT if each preceding investiggti N

has yielded a normal/negative re ult.

Reversible cerebral vasocons 3

syndrome is usually characteri:

recurrent thunderclap head I

multifocal, multivessel seg|

cerebral artery vasoconstrict
usually resolve within 12 wee
can be associated with neurolo
complications including intrace|
haemorrhage and cerebral isch
infarctions.

suggestive of certain underlying causes; for
example, focal neurological symptoms or
signs, altered consciousness, meningism,
collapse or vomiting at onset would raise
suspicion of a subarachnoid or even intra-
cerebral haemorrhage (Box 1).

Causes
The list of causes of thunderclap headache
is extensive, with the rare causes frequently
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reported in the medical literature as case

reports only.> The list can be divided into

the following groups to assist with clinical

reasoning (Box 2):

o aneurysmal SAH

o cerebrovascular disease with
evidence of vasoconstriction —
particularly reversible cerebral
vasoconstriction syndrome

o cerebrovascular disease with no

evidence of segmental arterial
constriction, i.e. nonvasoconstrictive
aetiology — includes intracranial
haemorrhage (subdural, subarachnoid,
intraparenchymal, epidural),
ischaemic stroke, arterial dissection,
cerebral venous sinus thrombosis,
inflammatory arteriopathy and
hypertensive encephalopathy

« infections - includes viral illness,
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rhinosinusitis, aseptic and bacterial
meningitis

 nonvascular neurological causes —
includes intracranial hypotension,
pituitary apoplexy, cerebral
neoplasms and colloid cyst of the
third ventricle

o ‘primary’ headache triggered by
provoking factors — primary cough
headache, bath-related thunderclap
headache, primary exercise headache,
primary headache associated with
sexual activity

« systemic illness - includes acute
myocardial infarction, aortic
dissection, phaeochromocytoma.

Diagnostic work up

Following the history and physical exam-
ination, all patients with thunderclap head-
ache should be managed as a medical
emergency to avoid potentially catastrophic
consequences from SAH and other intra-
cranial causes of the headache. SAH is
usually detected by brain CT imaging and
the site of bleeding is often apparent on
CT angiography (Figures 1 and 2).

Ifa patient presents two weeks or more
after thunderclap headache, the top
priority is to exclude an underlying aneu-
rysm or other structural cause rather than
to try to demonstrate subarachnoid blood.
Proceeding directly to brain CT with
CT angiography or MRI with magnetic
resonance angiography would be
appropriate.

The flowchart shows an approach to
the diagnostic work up of a patient with
thunderclap headache.

Brain CT scanning and angiography
The first investigation should be a brain
CT scan to evaluate for SAH and other
intracranial causes of thunderclap head-
ache (Figure 1). If available immediately,
CT angiography of the head should be
performed at this time also (Figure 2).
Thebrain CT scan should be performed
as soon as possible after the onset of the
headache. CT brain imaging performed
in the first six to 12 hours has a specificity
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THUNDERCLAP HEADACHE continued I

1. FEATURES SUGGESTIVE OF
SUBARACHNOID HAEMORRHAGE

Key feature
¢ Thunderclap headache

Possible associated features

* Focal neurological symptoms or signs
such as focal weakness or sensory
change

¢ Altered consciousness
* Meningismus
e Collapse

Vomiting at onset

of 98% and a sensitivity of close to 100%
for detecting SAH. However, the sensitiv-
ity of CT to detect a SAH progressively
declines as the interval between the head-
ache and the CT imaging lengthens: it is
about 85% to 95% on day 2, about 75% on
day 3 and about 50% after day 5. The
sensitivity is reduced in small volume
bleeds, if the CT scan is not reviewed by
an experienced reviewer or if the symp-
toms are atypical.

Lumbar puncture

A lumbar puncture is indicated if a brain
CT scan or CT angiography does not reveal
the aetiology of the thunderclap headache.

Figure 1. CT scan showing subarachnoid blood
in the sylvian fissures and lateral ventricle.
Courtesy of Dr Anthony Kam, Melbourne, Vic.
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2. CAUSES OF THUNDERCLAP
HEADACHE?

Aneurysmal subarachnoid
haemorrhage (in about 25% of
patients with thunderclap headache)

Cerebrovascular disease with
evidence of vasoconstriction
(particularly reversible cerebral
vasoconstriction syndrome)

Cerebrovascular disease of
nonvasoconstrictive aetiology

Infections

Nonvascular neurological causes

‘Primary’ headache triggered by
provoking factors

Systemic illness

The classic findings of SAH on lumbar
puncture are an elevated opening pressure
and an elevated red blood cell count that
does not diminish from cerebrospinal fluid
tube one to tube four, and the presence of
xanthochromia.

Xanthochromia represents haemoglo-
bin degradation products. This indicates
that blood has been in the cerebrospinal
fluid for at least two hours. Xanthochromia
is detected visually by comparing a vial of
cerebrospinal fluid with a vial of plain
water held side by side against a white
background in bright light or by formal
spectrophotometric analysis. Spectro-
photometry detects bilirubin and is highly
sensitive when the lumbar puncture is
performed atleast 12 hours after the SAH.
Xanthochromia can last for two weeks or
more.*

Further analysis of the cerebrospinal
fluid includes cell counts and measure-
ment of protein and glucose levels, and
microscopy and culture to test for infections
in the central nervous system.

MRI and angiography

Patients who have nondiagnostic brain CT
scans and lumbar puncture results should
be further evaluated with contrast-
enhanced brain MRI and noninvasive
vascular imaging of the head and neck
(magnetic resonance angiography or CT
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angiography). This imaging can detect
arterial dissections and vasoconstriction
syndromes.

CT venography and magnetic
resonance venography

Venous sinus imaging via CT or magnetic
resonance venography is indicated if
clinical suspicion for a cerebral venous
thrombosis is high.

Subarachnoid haemorrhage
About 70% of patients with SAH present
with headaches as the main symptom, and
about 50% of these present with thunder-
clap headache. SAH is found in up to 25%
of patients with thunderclap headache.
Aneursymal SAH is therefore the diag-
nosis of foremost consideration in this
scenario.

The brain CT scan and/or the lumbar
puncture would be expected to yield a
positive result in patients with SAH.
Magnetic resonance angiography or CT
angiography will often detect aneurysms,
but only those larger than 3 mm. Formal
four-vessel catheter angiography (cerebral
angiography) is the gold standard to
determine the site and morphology of the
aneurysm and to guide treatment (angi-
ography with a catheter also offers the
possibility of coiling the aneurysm).

Treatment of SAH is highly specialised
and patients require management in a

l

Figure 2. CT angiogram showing aneurysm at
the tip of the basilar artery.
Courtesy of Dr Anthony Kam, Melbourne, Vic.
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THUNDERCLAP HEADACHE continued I

AN APPROACH TO THE DIAGNOSTIC WORK UP FOR ANEURYSMAL SUBARACHNOID HAEMORRHAGE

AS A CAUSE OF THUNDERCLAP HEADACHE

Patient presents with thunderclap headache and symptoms
and signs suggestive of aneurysmal subarachnoid haemorrhage

v

Treat as medical emergency and perform:
¢ brain CT scan without contrast to detect subarachnoid

blood, and

¢ brain CT angiography if available to detect aneurysm

v

If presents two weeks or more after thunderclap
headache, perform:

¢ brain CT angiography or magnetic resonance

\} |}

angiography to detect aneurysm

v v \}

Subarachnoid Aneurysm Other intracranial Normal Aneurysm

blood >3 mm cause of >3 mm

detected detected thunderclap detected
(by CT headache detected

¢ angio-

graphy)

Subarachnoid Perform lumbar

haemorrhage puncture

confirmed

v

Classic findings of subarachnoid

v

No xanthochromia

haemorrhage observed: observed
* elevated opening pressure
* elevated red blood cell count ¢

e xanthochromia

Y

Subarachnoid

haemorrhage excluded

Subarachnoid ¢
haemorrhage .
SEEd Consider other causes for

well-equipped expert neurosurgical unit.
Management includes supportive care and
avoidance of vasoconstriction, which may
produce cerebral ischaemia. The corner-
stone of treatment is to prevent further
bleeding from the cause (usually an aneu-
rysm). This requires surgical securing of
the aneurysm (by clipping) or endovascular
treatment (with coils and similar devices).

Reversible cerebral
vasoconstriction syndrome

A greater understanding of reversible
cerebral vasoconstriction syndrome
(RCVS) has emerged in the past few years

]
Other structural
cause of
thunderclap
headache
detected

Normal

thunderclap headache, including
reversible vasoconstriction syndrome

because of the wider availability of relatively
noninvasive technologies to assess the
cerebral vasculature. This syndrome has
been given various labels (e.g. Call-Fleming
syndrome, benign angiopathy of the central
nervous system, postpartum angiopathy
and migrainous vasospasm), and can occa-
sionally be confused with cerebral vasculitis
because of overlapping angiographic and
clinical features. The term ‘reversible’ refers
to the intracranial artery vasoconstriction
and not the possible permanent neurolog-
ical deficits secondary to complications
including intracerebral haemorrhage and
cerebral ischaemic infarctions. RCVS may
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occur at any age, but many patients are
young. Although most patients recover
fully, a minority suffer permanent cerebral
ischaemic damage.
The diagnostic criteria for RCVS
include (Box 3):°
o thunderclap headache(s) with or
without focal neurological deficits
or seizures
o often recurrent episodes of
thunderclap headache during the
tirst month but usually no new
symptoms appearing after this time
« multifocal, multivessel, segmental
vasoconstriction of cerebral arteries.
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THUNDERCLAP HEADACHE continued

3. DIAGNOSTIC CRITERIA FOR
REVERSIBLE CEREBRAL
VASOCONSTRICTION SYNDROMES*

Thunderclap headache(s) with or
without, focal neurological deficits or
seizures; often recurrent in first
month

¢ Usually no new symptoms after the
first month

Vasoconstriction of cerebral arteries
— multifocal, multivessel, segmental

* Absence of aneurysmal SAH
¢ Normal or near normal CSF analysis

Normalisation (near or complete) of
cerebral arteries within 12 weeks of
symptom onset

Abbreviations: CSF = cerebrospinal fluid;
SAH = subarachnoid haemorrhage.

The vessels involved may be main
trunks of vessels such as middle or
posterior cerebral arteries but are
often more peripheral branches.

The changes may be obvious but are

sometimes subtle and only detected

when the radiologist is alerted to this

as a possible diagnosis (Figure 3)

« absence of aneurysmal SAH

» normal or near normal cerebrospinal
fluid analysis

 complete or substantial normalisation
of cerebral arteries within 12 weeks

of symptom onset.

RCVS can occur without an identifiable
precipitating factor, during pregnancy or
the puerperium period and as an idiosyn-
cratic response to certain medications
(selective serotonin reuptake inhibitorsand
nasal decongestants have been implicated)
or illicit drugs (either acute or chronic use)
and in the setting of catecholamine-
secreting tumours. It can be provoked by
sexual activity, exertion or Valsalva manoeu-
vres, emotions and bathing/showering.

Itis usual to have multiple thunderclap
headaches over one to four weeks, some-
times with a baseline lingering headache
in between. A small percentage of patients
(5%) have recurrences after this period.

Lumbar puncture analysis is typically
normal in patients with RCVS. A
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significantly abnormal cerebrospinal fluid
analysis (with pleocytosis) should prompt
consideration of the differential diagnosis of
primary angiitis of the central nervous sys-
tem, a rare condition, or other forms of cer-
ebral vasculitis. (Radiologists often raise
the question of cerebral vasculitisin RCVS
cases but RCVS is much more common
than cerebral vasculitis, especially when the
presentation is thunderclap headache).
Brain CT and MRI scans are normal in
uncomplicated RCVS but can reveal abnor-
malities otherwise. Early complications,
mainly occurring in the first week of
symptoms, include cortical SAH (usually
very localised within a sulcus as opposed
to the widespread SAH typically seen after
ruptured aneurysm), intracerebral haem-
orrhage and cerebral vasogenic oedema, as
seen in the posterior reversible encephalop-
athy syndrome. Ischaemic events, including
transient ischaemic attacks and cerebral
infarction, occur mainly in the second week.
In one study, these complications occurred
atrates of cortical SAH, 22%; intracerebral
haemorrhage, 6%; cerebral vasogenic
oedema, 9%; transient ischaemic attacks,
16%; and cerebral infarction, 4%.°
Angiography (magnetic resonance or
CT) in RCVS will reveal multifocal vaso-
constriction of multiple intracranial arter-
ies that is maximal at about two to three
weeks after symptom onset. The pattern is
one of distal vasoconstriction initially,
which may then move more proximallyin
the first several weeks after symptom onset,
and then resolves (is ‘reversible’). Normal
vasculature on initial angiography should
prompt repeat vascular imaging in a few
weeks to search for vasoconstriction.
Treatment for RCVS is still guided by
observational and anecdotal experience.
Identifying the precipitating factors or
disease guides treatment (e.g. discontinu-
ation of vasoactive drugs, resection of
catecholamine-secreting tumours). There
is probably a role for the off-label use of
calcium channel blockers (nimodipine or
verapamil) as first-line treatment. Short-
term use of high-dose glucocorticoids is
controversial: it had been reported as
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Figure 3. Magnetic resonance image showing
irregularity of the middle cerebral artery
branches bilaterally (arrows) in reversible
cerebral vasoconstriction syndrome. Note the
segmental vasoconstriction in several vessels.
Courtesy of Dr Joseph Nogajski, Sydney.

effective based on reversal of vasoconstric-
tion in experiments but has been accused
of worsening clinical outcomes.” Some
argue that simple observation with fol-
low-up imaging may be reasonable as the
disease course is self-limiting.> Avoiding
further vasoconstrictors, such as ergots and
triptans, would seem prudent.

Primary headaches

Although there are diagnostic criteria in
The International Classification of Headache
Disorders, 3rd edition beta, for primary
thunderclap headache, the evidence that
this exists as a primary disorder is poor
and this diagnosis should only be made
with caution and as a last resort.!

Other primary headaches that are pro-
voked (i.e. primary cough headache, pri-
mary exertional headache and primary
headache associated with sexual activity)
have a number of possible secondary causes
as well, which must first be ruled out.

There is now increasing evidence that
‘primary thunderclap headache’, some of
the primary headaches that are provoked
and RCVS are part of the same spectrum.
For example, many cases of headache asso-
ciated with sexual activity (so-called ‘benign
sex headache’) were shown on careful angi-
ography (CT or magnetic resonance) to
have cerebral vasoconstriction as expected
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in RCVS; these cases were clinically indis-
tinguishable from those in whom cerebral
vasoconstriction was not found.® Further-
more, these conditions often follow a similar
time course, and patients with headache
associated with sexual activity will be at risk
of recurrent episodes for four to six weeks
but may then never experience them again,
just like those with proven RCVS.

Conclusion

A thunderclap headache is an uncommon
presentation of headache but is important
to recognise because it should prompt
urgent medical review and investigation
as it is often associated with serious vas-
cular intracranial disorders. Aneurysmal
SAH is the foremost consideration. Under-
standing of RCVS is expanding and this
is probably the next most common cause
for thunderclap headache. The clinical

importance of these disorders highlights
the need for a precise history of how a
headache develops and evolves. Any
instantaneous onset headache requires
urgent and careful evaluation. MT
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