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Abstract Reversible cerebral vasoconstriction syndrome
(RCVS) is a collective term used for transient noninflam-
matory, nonatherosclerotic segmental constriction of cere-
bral arteries. The angiopathies of RCVS have previously
been defined by several nomenclatures. Current opinion
favors the unification of these pathophysiologically related
angiopathies because of their similar angiographic features
and clinical course. RCVS typically presents acutely as
headache, delirium, seizure, cerebral ischemia, and/or hem-
orrhage. The angiographic features make RCVS an important
mimic of CNS vasculitides. In contrast to CNS vasculitis,
RCVS is typically a transient condition with relatively good
clinical outcomes. Although a complete understanding of the
etiological and pathological features of RCVS has not yet
been achieved, alterations in vascular tone lead to the ob-
served arterial changes. In this review, we aim to provide a
summary of RCVS and provide insight into current perspec-
tives of the underlying pathophysiological processes, diagno-
sis, and treatment.
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Introduction

Reversible cerebral vasoconstriction syndrome (RCVS) is a
collective term used for reversible angiopathies that present
acutely with a sudden, severe “thunderclap” headache and
multifocal arterial vasoconstriction. RCVS was initially de-
scribed in 1988 by Call et al. [1] and is known by the
eponym “Call-Fleming syndrome.” Recent case reports
and series have identified a myriad of underlying or predis-
posing conditions for developing RCVS. These vasocon-
strictive syndromes have previously been defined by
several nomenclatures depending upon their cause and pre-
sentation. However, given their common clinical and angio-
graphic features, a unifying diagnosis of RCVS is now
favored. Although headache is a prominent feature in almost
all patients with RCVS, variability in other associated symp-
toms and patient characteristics has previously confounded
efforts to study this disease. Recent large case series have
shed light on the clinicopathological features and natural
history of RCVS. Despite these recent advances, several
questions remain. Foremost is whether RCVS is a single
disease entity or rather a common presentation of multiple
disorders. Secondly, there are no accepted diagnostic criteria
for establishing a diagnosis of RCVS. Lastly, questions
remain regarding the appropriate treatment of patients diag-
nosed with RCVS. This review aims to answer some of
these questions.

Patient Characteristics and Precipitating Factors
The patient and clinical characteristics of RCVS have re-

cently been described in three relatively large case series
[2—4e¢]. RCVS typically presents in middle-aged women.
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The average age of onset is between 40 and 50 years, and
between 64 and 92 % of patients are female [2—4++]. How-
ever, female patients are on average a decade older than
male patients with RCVS [5e]. Little is known about asso-
ciated comorbid conditions, but from 20 to 40 % of patients
report a prior history of headache [2—4e+]. Up to half of
patients may have a prior history of hypertension [2]. RCVS
has also been reported in patients with diabetes; however,
that alone has not been demonstrated to be a causative factor
for RCVS [6].

Headache at presentation is a near ubiquitous feature of
RCVS and occurs in 95-100 % of cases [2—4e°]. Most
patients describe the headaches as multiple, recurrent “thun-
derclap” headaches which are severe and sudden in onset,
reaching maximal intensity in less than 1 min. RCVS
patients may also present with acute elevations in blood
pressure (33-39 %), focal neurological deficits (043 %),
and/or seizures (0—17 %) depending on the clinical setting
[2—4ee].

Rates of recovery from RCVS are high, with up to 90 % of
patients demonstrating good clinical outcomes. However, 10 %
of patients may have permanent neurological disability [4ee].
Complications of RCVS can include cerebral infarction (4—
40 %), intracerebral hemorrhage (6-20 %), subarachnoid hem-
orrhage (SAH) (22-34 %), and reversible posterior leukoence-
phalopathy syndrome (less than 10 %) [2—4ee]. Occasionally,
complications of RCVS may prove fatal, with mortality rates as
high as 2 % [4e, 7, 8]. Early diagnosis and initiation of therapy
may prevent complications and improve outcomes.

Risk Factors/Susceptibility to RCVS

Possible causes of and reported risk factors for developing
RCVS are reported in Table 1. Female gender appears to be a
clear risk factor for developing RCVS. Physiological changes
during pregnancy and the postpartum period may increase
susceptibility to developing RCVS. Placental growth factor,
soluble placental growth factor receptor (soluble Flt-1), and
soluble endoglin are factors important in angiogenesis and have
been implicated in the development of postpartum angiopathy,
a relatively common subtype of RCVS [9-11]. Hormonal
therapies also appear to be a risk factor [5¢]. Migraine
headaches are more frequent in women than in men and
current migraine therapies include vasoactive medica-
tions which may cause RCVS [12].

In addition to gender differences, genetic variations may
increase susceptibility to developing RCVS or may affect
the severity and clinical course. Brain-derived neurotrophic
factor (BDNF) is a neurotrophin that is important in neuro-
genesis, neuronal survival, and synaptic plasticity [5e].
Alterations in BDNF have been associated with disorders
that affect vascular tone. Carriers of the valine allele of the
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Table 1 Reversible cerebral vasoconstriction syndromes

Primary reversible cerebral vasoconstriction syndrome
Call-Fleming syndrome
Benign angiopathy of the central nervous system
Thunderclap headache
Headache associated with subarachnoid hemorrhage
Exertional headache
Migrainous vasospasm
Secondary reversible cerebral vasoconstriction syndrome
Pregnancy and the postpartum period
Postpartum angiopathy
Eclampsia/preeclampsia
Vasoactive substances, medications, and drugs
Sympathomimetic drugs: phenylpropanolamine, epinephrine,
pseudoephedrine, ephedrine, amphetamine, isometheptene,
“diet pills”
Serotonergic drugs: selective serotonin reuptake inhibitors, triptans
Ergotamine and ergot derivatives
Dopaminergic drugs: bromocriptine, lisuride

Immunosuppressant drugs: tacrolimus,
cyclophosphamide, interferon-o

Hormonal therapies: oral contraceptive pills, estrogen replacement
therapy, hormonal ovarian stimulation for intrauterine insemination

Illicit drugs: cannabis, cocaine, ecstasy, amphetamines and
derivatives, lysergic acid diethylamide

Other substances: transdermal nicotine, ginseng, licorice,
indomethacine

Blood products: erythropoietin, intravenous immunoglobulin,
blood transfusion

Leukoencephalopathy syndromes

Reversible posterior leukoencephalopathy syndrome
Posterior reversible encephalopathy syndrome
Hypertensive encephalopathy
Catecholamine-secreting tumors
Pheochromocytomas

Carcinoid tumors

Glomus tumors

BDNF polymorphism may be at particularly increased risk
of developing severe vasoconstriction and subsequent com-
plications association with RCVS [13].

Therapeutic agents and recreational drugs that affect vas-
cular tone are commonly linked to RCVS. In a recent report,
Palma et al. [14] described the case of a woman who was
administered epinephrine to treat anaphylactic shock. Ad-
ministration of epinephrine resulted in an episode of RCVS,
typified by a thunderclap headache followed by apparent
cerebral vasoconstriction. Although this is a singular case,
the authors claim that administration of exogenous epineph-
rine was the causative factor behind the attack. Physiologi-
cal changes induced by epinephrine or other vasoactive
substances may shed light on the pathophysiological
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Table 2 Summary of critical elements for the diagnosis of reversible
cerebral vasoconstriction syndrome

Catheter, CT, or MR angiography demonstrating segmental cerebral
artery vasoconstriction.

No evidence for aneurysmal SAH

Normal or near-normal CSF analysis findings
Protein level <80 mg/dL

WBC count<10 cells/pL

Normal glucose level

Severe, acute headaches, with or without other neurological
signs or symptoms

Confirmation of the diagnosis of reversible cerebral vasoconstriction
syndrome requires documentation of the reversibility of angiographic
abnormalities within 12 weeks of onset, or if death occurs, autopsy
rules out other causes, such as vasculitis, intracranial atherosclerosis,
and aneurysmal SAH, which may also manifest with headache and
stroke.

From Calabrese et al. [16]

CT computed tomography, MR magnetic resonance, SAH subarachnoid
hemorrhage, CSF cerebrospinal fluid, WBC white blood cell

Fig. 1 Conventional cerebral
angiogram (lateral projection)
showing typical angiographic
features consisting of
alternating areas of arterial
constriction and dilatation
(arrows) in multiple vascular
beds. (Image provided courtesy
of Brett L Cucchiara,
Department of Neurology,
School of Medicine, University
of Pennsylvania)

processes of RCVS and make it possible to develop animal
models and allow future research.

Diagnostic Studies

A summary of proposed diagnostic criteria for RCVS are
presented in Table 2. Most patients admitted to hospitals with
thunderclap headache will have a noncontrast computed to-
mography (CT) scan of the brain looking for evidence of
aneurysmal SAH. In contrast to blood in the basal cisterns,
which is observed in patients with aneurysmal SAH, there is
often evidence of cortical SAH over the convexities of the
cerebral hemispheres in RCVS patients. Magnetic resonance
imaging may be more sensitive than CT for detecting subtle
cortical SAH. Magnetic resonance imaging is also more sen-
sitive for detecting cerebral edema, infarction, and the changes
in leukoencephalopathy [15].

The gold standard for diagnosing RCVS is detecting the
presence and subsequent resolution of arterial changes by
conventional catheter-based cerebral angiography. The typical
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angiographic pattern consists of alternating areas of arterial
constriction and dilatation, often called “beading” or “sausage
on a string,” in multiple vascular beds (Fig. 1). CT angiogra-
phy and magnetic resonance angiography (MRA) are newer,
less invasive methods for identifying the arterial changes
observed in RCVS. MRA is likely to emerge as the preferred
method for cerebrovascular imaging. Chen et al. [S¢] proposed
that thunderclap headaches or sentinel headaches that occur
prior to SAH be considered as symptoms indicating RCVS in
the primary diagnosis of a patient. Since the vasoconstriction
associated with thunderclap headaches persists after the reso-
lution of pain, follow-up MRA investigations should be per-
formed to identify temporal angiographic changes confirming
the diagnosis of RCVS. Resolution should be seen 12 weeks
after onset in most cases [16].

There are no specific laboratory tests for RCVS. However,
cerebrospinal fluid (CSF) analysis is essential to rule out SAH
in thunderclap headache patients with normal brain imaging
and to differentiate RCVS from infectious or inflammatory
vasculopathies. The findings of CSF studies should be normal
or near normal in patients with RCVS. In a series of 139
RCVS cases, 95 % of patients had CSF white blood cell
counts below ten cells per microliter and protein levels below
80 mg/dL, and 80 % of patients had completely normal results
[4¢<]. In some cases, and especially in patients who do not
present with the typical thunderclap headaches or who follow
a typical clinical course, a brain biopsy may be warranted to
exclude alternative diagnoses.

Treatment

There is no established treatment for RCVS Clinical and an-
giographic resolution occurs spontaneously. However, calcium
channel blockers, intravenously administered magnesium, and
glucocorticoids have been used with variable success. Clinical
trial data on the safety and efficacy of current therapeutic
options are limited to retrospective case reports and series.

In a recent case series, the use of glucocorticoid steroids was
associated with a trend toward poorer outcomes when com-
pared with patients who received no specific therapy or calcium
channel blockers alone (odds ratio 2.7, confidence interval 0.8—
8.8, p=0.08) [4++]. On the basis of these limited data, the use of
steroids cannot be recommended. The calcium channel blocker
nimodipine may improve headache symptoms and clinical out-
comes [2, 17, 18]. Nimodipine is usually administered orally,
but intravenous administration is also possible [19]. Verapamil
hydrochloride is an alternative calcium channel blocker that
may also be effective in treating RCVS [4ee, 20]. Intravenous
magnesium infusions are common for treatment of postpartum
angiopathy. Although this is the standard of care for preeclamp-
sia/eclampsia, there are variable data regarding the utility of
magnesium in treating RCVS [11, 21]. Intravenous
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administration of prostacyclin, an eicosanoid with vasodilatory
and antiplatelet effects, has been reported to improve cognitive
deficits from RCVS [22]. The appropriate duration of therapy
is unclear for all of these agents and requires further study.
These agents may also decrease arterial blood pressure, thereby
reducing cerebral perfusion pressure and exacerbating cerebral
ischemia [11]. This should be considered when treating patients
with RCVS and stroke.

In cases of cerebral ischemia due to severe flow limiting
cerebral vasoconstriction, endovascular therapies may be
warranted. Intra-arterial administration of verapamil and
intracranial angioplasty have been reported to successfully
treat the angiographic changes occurring in RCVS [23].
Intra-arterial administration of milrinone, a phosphodiesterase
inhibitor, has also been reported to be effective in a case of
RCVS refractory to nimodipine [24]. Balloon angioplasty or
direct intra-arterial infusion of vasospasm-relieving agents
should likely be reserved for refractory cases with clinical
deterioration as these therapies carry a risk of stroke, arterial
dissection or perforation, and reperfusion injury [25, 26].

Conclusion

RCVS is an increasingly recognized cause of acute, severe
thunderclap headache associated with segmental cerebral
arterial narrowing. There is likely significant underreporting
owing to extensive subclassification schemes of RCVS,
which stems in part from the diverse associated causes and
symptoms. RCVS should be prominent in the differential
diagnosis of any patient presenting with recurrent thunder-
clap headaches. Vascular imaging is paramount in detecting
the typical vascular changes. Treatment options for RCVS
are currently limited; however, calcium-channel blockers
appear to be favored as the first-line therapy. Further eluci-
dation of the pathophysiological processes of RCVS is
needed to develop targeted therapies against this disease.

Disclosure No potential conflicts of interest relevant to this article
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