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• At the completion of this presentation, the participant will be able 
to:

• Define thunderclap headache and identify the differential 
diagnosis

• Describe the diagnostic evaluation of patients with 
thunderchap headache

• Describe the evaluation, risk factors and prognosis for, and 
management of patients with reversible cerebral 
vasoconstriction syndrome

Learning objectives



THUNDERCLAP HEADACHE: SYMPTOM OF
UNRUPTURED CEREBRAL ANEURYSM

 

  JOHN WEST DAY NEIL H. RASKIN

Department of Neurology, University of California, San Francisco,
California, USA

Summary 
Many patients with a ruptured berry aneurysm report an intense sentinel headache of sudden 
onset in the weeks before rupture. Such headaches have been attributed to a leak of blood, which 
implies that partial rupture has occurred. A case is reported of a patient who had severe 
headaches which seemed to be caused by an unruptured cerebral aneurysm, accompanied by 
diffuse cerebral vasospasm. Headache episodes with the thunderclap profile may require 
angiography for diagnosis even if the cerebrospinal fluid is bloodless. The Lancet Nov 29,1986;1247

• Explosive headache with peak intensity at onset <60s  
• Describes the presentation of an unruptured cerebral aneurysm (as 

sudden and unexpected as a “clap of thunder”)  associated with 
multifocal vasospasm





Reversible Cerebral Vasoconstriction 
Syndrome

Migrainous 
Vasospasm/angiitis

Post-partum
Angiopathy

Call-Flemming 
Syndrome

Illicit Drugs
cocaine,

marijuana

Benign Angiopathy
CNS

Medications
 triptan, psudoephedrine, 

SSRIs

Thunderclap headache 
 reversible vasospasm

Trigger-induced cerebral 
Vasospasm (e.g. sex, bath)





Reversible Cerebral Vasoconstriction Syndrome
Initial Criteria Proposed 

1. Calabrese LH, Dodick DW, Schwedt TJ, Singhal AB. Ann Intern Med. 2007; 146: 34-44.
2. Ducros A, et al. Lancet Neurol 2012;11:906-917

• Severe, acute headache, with or without 
additional neurologic signs or symptoms

• No evidence for aneurysmal subarachnoid 
hemorrhage

• Angiography documenting multifocal 
segmental cerebral artery vasoconstriction 

• Normal or near-normal CSF 
(protein<80mg%, wbc< 10/ mm3, normal 
glucose) 

• Angiographic reversibility <12 weeks

• Uniphasic course without new symptoms 
more than 1 month after clinical onset2



Clinical Spectrum

Chen SP, et al. Ann Neurol 2010;67: 648–56.
Ducros A, et al. Stroke 2010;41: 2505–11.
Singhal AB, Arch Neurol 2011;68: 1005–12.

Initial angiography 
normal in 20%

Up to 20% ICH; 39% infarction; 
38% PRES; 20% deficit

Valslva most common
trigger (80%) 



Thunderclap Headache: ICHD-3

Description: High-intensity headache of abrupt onset, mimicking that of ruptured cerebral aneurysm, 
in the absence of any intracranial pathology.

Diagnostic criteria:
1. Severe head pain fulfilling criteria B and C
2. Abrupt onset, reaching maximum intensity in <1 minute
3. Lasting for ≥5 minutes
4. Not better accounted for by another ICHD-3 diagnosis1;2.

Notes: 
• Frequently associated with serious vascular intracranial vascular disorders

• Primary thunderclap headache should be a diagnosis of last resort, reached only when all 

organic causes have been demonstrably excluded. This implies normal brain imaging, 

including the brain vessels, and/or normal CSF.

• Vasoconstriction may not be observed in the early stage of RCVS. For this reason, probable 

primary thunderclap headache is not a diagnosis that should be made even temporarily.

• Comment: Evidence that thunderclap headache exists as a primary disorder is poor: the 

search for an underlying cause should be both expedited and exhaustive.

Cephalalgia. 2018 Jan;38(1):1-211.



Disorders associated with 
thunderclap headache

Vascular 
(vascular imaging required) Non-Vascular

Subarachnoid hemorrhage Spontaneous intracranial 
hypotension

Arterial (vertebral, carotid, 
intracranial artery) dissection Pituitary apoplexy

Cerebral venous sinus/cortical vein 
thrombosis Colloid cyst of the third ventricle

Reversible cerebral vasoconstriction 
syndrome Acute hypertensive crisis 

Dodick DW. Neurology Continuum 2021; 27(3):572-585
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CEREBRAL VENOUS SINUS THROMBOSIS

• Thunderclap HA in 10% (Headache 75%)

•  CT normal in 25%

• CSF: normal in 70% (lymphocytosis, rbcs, 
and/or increased protein in 30%)

• Up to 40% may have elevated CSF opening 
pressure

• If CVST suspected, MRI/MRV study of choice

de Bruijn, et al. Lancet 1996;348:1623-5.
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ARTERIAL DISSECTION

• Thunderclap HA 13% (Headache 75%)

• Common syndromes

• Unilateral headache, Horner’s

• Unilateral headache with delayed 

   focal CNS ischemia

• CT/CSF invariably normal

• MRI/MRA diagnostic procedures of choice

Biousse V, et al. Cephalalgia 1991;17:232-3
Silbert PL, et al. Neurology 1995;45:1517-22
Mokri B. J Neurol 1990;237:356-61.



Thunderclap Headache
How Common is RCVS? 

• Prospective study (n=113) of ICHD-11 thunderclap headache) 

• Secondary cause in 53% 
• Vascular disorders 89% 
• RCVS most common 48%

25%

5%

5%

4%

2%

48%

RCVS
SAH
Aneurysm
Stroke
CVT
Apoplexy

Ducros	A,	Bousser	MG.	Pract	Neurol	2009;	9:	256–267



Thunderclap Headache
How Common is RCVS?

Recurrent TCH (83)

TCH of                 
unknown etiology          

56

CSF, CT Reversible Cerebral 
Vasoconstriction

(39%)

MRA Normal
(61%)

Chen S-P, et al. Neurology 2007;67:2164-2169

MRI, MRA



RCVS: Complications

Chen el al. Ann Neurol 2010; Ducros et al. Stroke 2010; Mawet et al. Neurology 2013;  Singhal et al. Arch Neurol 2011, Stroke 2016

cSAH 
30-34%

ICH 
12-20% 

PRES 
9-38%

Ischemic 
stroke 
8-39%

Dissection
12%



Ischemic and Hemorrhagic Complications

Ducros A, et al. Brain 2007;130:3091-3101. 



Predictors of Adverse Outcomes



MCA velocity 
cm/s

Lindegaard 
index

RCVS 109.5 + 30.8 2.2 +/- 0.7

Cont 66.3 + 9.5 1.4 +/- 0.3

P < 0.001 P < 0.001

Chen SP, et al. Ann Neurol 2008;63:751-757  

Elevated vMCA Predicts Marker for  
Adverse Outcomes

VMCA>120 and LI>3 (n=4) had greater risk 
of PRES (75% vs 4%;p<0.003) and stroke 

(50% vs 0;p<0.01)



Vasoconstriction of M1-P2 Segments Marker 
for Adverse Outcomes

• Vasoconstriction scores maximal 
day 16.3 (10.2 days after 
headache onset) 

• Headache resolution 16.7 (+ 8.6)

• M1–P2 combined score 
associated with highest risk of 
PRES (odds ratio [OR], 11.6) and 
ischemic stroke (OR, 3.4)

Chen SP, et al. Ann Neurol 2010;67:648–656
Hastriter E, et al. Neurology 2011

N=77Don’t be guided by absence or persistence 
(>40%) of headache



Correlates with severity of vasoconstriction and adverse outcomes PRES (38% vs 0), ischemic stroke (24% vs 1%)

Hyperintense FLAIR vessels

Chen S-P, et al. Cephalalgia 2012; 32(4) 271–278



RCVS: Blood–brain barrier breakdown on contrast-
enhanced FLAIR

Lee MJ, et al. ANN NEUROL 2017;81:454–466

(%
)

Neurological complications OR 1.5



RCVS: Differential diagnosis

Rocha EA, et al. Neurology Feb 2019, 92 (7) e639-e647;

RCVS2  ≥5 specificity and sensitivity (99 
and 90%) for diagnosing RCVS
RCVS2 ≤2 specificity and sensitivity (100 
and 85%) for excluding RCVS
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RCVS: A Cerebral Autonomic Dysreflexia?

Furlan JC. Neurology® 2011;77:792–798

“Autonomic Headache” (Thompson 1967)1

Thunderclap headache 100%
Associated with PRES2 and RCVS3

Sympathetic overactivity in RCVS4

1. Thompson CE. Headache 1967;6:201–203
2. Chaves CJ, Lee G.Spinal Cord 2008;46:760 –761.
3. Edvardsson B, Persson S.J Head Pain 2010;11:277–280.
4. Chen SP et al. J Headache Pain. 2013;14(1):94



• BDNF has complex interactions with sympathetic neurons 
and implicated in disorders of vascular tone regulation 
(e.g. unstable angina)

• BDNF leads to severe vasoconstriction in patients with 
sympathetic over-activity

• BDNF dramatically upregulates neuropeptide Y in 
sympathetic neurons. 



Diagnostic Algorithm for 
Thunderclap Headache 

Thunderclap Headache

Non-contrast CT head

MRI(+G), CE-FLAIR, MRA, MRV
(CT/CTA 2nd choice)

Negative

Negative

CSF exam

Positive

Urgent Headache Clinic 
Consult (<1week)

Rule out
• carotid/vertebral dissection
• unruptured aneurysm
• cerebral vasoconstriction
• venous sinus thrombosis

Positive Definitive treatment
Hospital Neurology consult

Admission if clinical 
concern or vascular 

imaging not available

Admission

After discharge



Treatment

• Stop vasoactive or other potentially offending 
drugs

• Treat severe hypertension >180mmHg 
(nicardipine/labetalol) and hypotension 
<90mmHg (fluids)

• Avoid corticosteroids

• No Valsalva for several weeks

• Nimodipine (30-60mg Q4-8h), magnesium 
sulfate

• Severe cases, nimodipine [IV/IA 1–2 
mg/h],nicardipine [IV/IA 5-15mg/h], 
prostacyclin [IV 0.9ng/kg/min], milrinone [IA 
0.5ug/kg/min]



Clinical course and prognosis

• TCHs typically resolve over days to weeks, but up to 
50% experience residual chronic headache

• Vasoconstriction resolution within three months in 
most 

• Residual deficit (<20 percent); 90-95% modified 
Rankin scale score of 0 to 2)

• Progressive vasoconstriction culminating in massive 
strokes, brain edema, severe morbidity, or death 
<5% (more commonly reported in postpartum 
patients). 

• Recurrence TCH ~11%; recurrence of RCVS ~6%

• Risk factors for recurrent RCVS:
• Sexual activity as initial trigger (HR 5.68)5

• History of migraine; exercise as initial 
trigger6

• After new delivery, post-partum RCVS 9%

1.John S, Singhal AB, Calabrese L, et al. Long-term outcomes after reversible cerebral vasoconstriction syndrome. Cephalalgia 2016; 36:387.
2.BUCKLE RM, DUBOULAY G, SMITH B. DEATH DUE TO CEREBRAL VASOSPASM. J Neurol Neurosurg Psychiatry 1964; 27:440.
3.Williams TL, Lukovits TG, Harris BT, Harker Rhodes C. A fatal case of postpartum cerebral angiopathy with literature review. Arch Gynecol Obstet 2007; 275:67.
4.Fugate JE, Wijdicks EF, Parisi JE, et al. Fulminant postpartum cerebral vasoconstriction syndrome. Arch Neurol 2012; 69:111.
5.Chen SP, Fuh JL, Lirng JF, et al. Recurrence of reversible cerebral vasoconstriction syndrome: a long-term follow-up study. Neurology 2015; 84:1552.
6.Boitet R, de Gaalon S, Duflos C, et al. Long-Term Outcomes After Reversible Cerebral Vasoconstriction Syndrome. Stroke 2020; 51:670.

https://www.uptodate.com/contents/reversible-cerebral-vasoconstriction-syndrome/abstract/94
https://www.uptodate.com/contents/reversible-cerebral-vasoconstriction-syndrome/abstract/95
https://www.uptodate.com/contents/reversible-cerebral-vasoconstriction-syndrome/abstract/96
https://www.uptodate.com/contents/reversible-cerebral-vasoconstriction-syndrome/abstract/97
https://www.uptodate.com/contents/reversible-cerebral-vasoconstriction-syndrome/abstract/98
https://www.uptodate.com/contents/reversible-cerebral-vasoconstriction-syndrome/abstract/99


Clinical Pearls



Clinical Bottom-Lines

• Majority of TCHs have an underlying cause (primary TCH is diagnosis 
of exclusion, if it even exists)

• Majority (90%) of secondary causes are vascular, therefore, workup 
MUST include angiography (CT/LP is no longer sufficient)

• Initial imaging may be normal in > 20%

• MRA preferred (avoids radiation; catheter angiography 
associated with focal deficits in 9% of patients with RCVS)

• RCVS is most common vascular cause 

• Distinguish between primary cough, exertion, sex headache

• Distinguish between CNS vasculitis 



Clinical Bottom-Lines

• Serious adverse outcomes in RCVS not uncommon

• Hyperintense FLAIR vessels/sulcal dots, M1-P2 constriction, 
elevated vMCA/LI marker for adverse outcomes

• Search for and stop offending drugs (illicit, OTC, and 
prescription)

• Headache does not correlate with presence or severity of 
vasocontriction – do not use it as a guide to treatment

• Treatment: Controlled trials needed.

• For now, oral and/or parenteral calcium channel blockers are 
treatment of choice – watch dose escalation and avoid 
hypotension!


