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Coexisting vascular lesions in reversible
cerebral vasoconstriction syndrome
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Abstract

Background: The pathophysiology of reversible cerebral vasoconstriction syndrome (RCVS) is not known. Published

cases have documented coexisting cervical artery dissection and unruptured aneurysms, raising the possibility that

ultrastructural vessel wall abnormalities underlie the development of vascular lesions as well as RCVS.

Methods: In this retrospective study we compared the frequency of neurovascular abnormalities in 158 consecutive

RCVS patients, 44 patients with primary angiitis of the central nervous system (PACNS, positive controls), and 177 non-

stroke patients with acute neurological symptoms (non-arteriopathy controls).

Results: Coexisting neurovascular abnormalities were significantly higher (p< 0.001) in RCVS (23%) as compared to the

PACNS (5%) or non-arteriopathy groups (8%). Cervical artery dissections were noted only in the RCVS group (8%,

p< 0.001). The RCVS group had more unruptured aneurysms than PACNS (13% vs. 5%, p¼ 0.099) or non-arteriopathy

controls (13% vs. 7%, p¼ 0.05). Seven RCVS patients also had other vascular malformations (venous anomaly, cavernous

malformations, fibromuscular dysplasia). There was no significant association between coexisting vascular abnormalities

and brain lesions or discharge clinical outcome in the RCVS group.

Conclusion: The high prevalence and heterogeneous anatomy of coexisting vascular lesions suggest that subtle ultra-

structural arterial wall abnormalities may contribute to their development and also predispose to RCVS.

Keywords

Cerebral vasoconstriction, cerebral vasculitis, thunderclap headache, aneurysm, cervical artery dissection, vascular

malformation

Date received: 13 October 2015; accepted: 6 February 2016

Introduction

Reversible cerebral vasoconstriction syndrome (RCVS)
is characterized by recurrent thunderclap headaches and
reversible cerebral arterial vasoconstriction, often with
ischemic or hemorrhagic strokes (1–5). An expanding
spectrum of conditions that have overlapping clinical,
imaging, or angiographic features with RCVS have
been identified including posterior reversible encephal-
opathy syndrome (PRES), migraine, and primary thun-
derclap headache (TCH).

Arterial histopathology and electron microscopy
studies in RCVS patients have shown no abnormalities
(6). However, recent publications have documented a
high incidence of cervical artery dissection in patients
with RCVS (7–9). Some RCVS patients harbor unrup-
tured saccular aneurysms (4,10,11). This suggests that
hitherto unidentified structural abnormalities or per-
haps non-structural abnormalities of vessel tone predis-
pose to both RCVS and the development of vascular

lesions. In this study, we compared the frequency of
coexisting cerebral vascular abnormalities in patients
with RCVS, primary angiitis of the central nervous
system (PACNS, positive controls), and individuals
who underwent head/neck computerized tomography
angiography (CTA) for evaluation of acute non-
stroke neurological symptoms (negative controls).
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Methods

This retrospective study was approved by our hospital’s
Human Research Committee.

Patients

The RCVS sample comprised 158 consecutive patients
personally encountered at Massachusetts General
Hospital (MGH) from 1998 to 2015. This group included
83 of the 84 patients whose clinical and brain imaging
features were published in a collaborative study (one
patient who did not undergo angiography was excluded)
(1). The diagnosis of RCVS was based on key features
published in 2007 (2), which have been used in multiple
cohort studies (1,3–5,12).

To investigate whether RCVS patients have a high
frequency of coexisting vascular abnormalities, we
assembled two control groups: PACNS (positive con-
trol) and ‘‘non-arteriopathy’’ (negative control). The
PACNS group was extracted from three sources: per-
sonally encountered cases from 1998 to 2015; patients
with discharge International Classification of Diseases,
ninth edition (ICD-9) diagnostic code 437.4 (vasculitis)
from 1993 onward; and patients undergoing brain
biopsy for suspected cerebral vasculitis from 2002 to
2015. Of the 47 patients retrieved, for this analysis
we included the 44 patients who underwent cerebral
angiographic evaluation. PACNS was confirmed by
brain biopsy or autopsy in 18 (41%) and the rest had
progressive neurological deficits with inflammatory
cerebral arteriopathy and no evidence of infection
(e.g. varicella zoster, Lyme) or systemic vasculitis (e.g.
systemic lupus erythematosus, polyarteritis) (13).

The non-arteriopathy control group comprised 177
patients with a non-stroke diagnosis from a dataset of

462 consecutive patients who underwent head and
neck CTA in our emergency department over a span
of eight months in 2003, for evaluation of neurological
symptoms. These 177 patients comprised 37 with non-
thunderclap headache, 30 with transient neurological
symptoms without radiological infarction, 24 with
trauma, 15 with seizure, 13 with syncope, nine with
vertigo, eight with delirium, seven with neck pain, five
with infectious and/or demyelinating diseases, and 22
with other miscellaneous conditions.

Vascular imaging

Many patients had more than one vascular imaging
modality. In order of priority, we analyzed the clinical
radiology reports of digital subtraction angiography
(DSA), CTA, and lastly magnetic resonance angiog-
raphy (MRA). In the RCVS group, analysis was
based on DSA findings in 63, CTA in 77, and MRA
in 18 patients. In the PACNS group, analysis was based
on DSA findings in 32, CTA in five, and MRA in seven
patients. In the non-arteriopathy group, analysis was
based on CTA for all patients; these patients did not
undergo initial DSA.

Brain MRI

To investigate for vascular lesions such as cavernomas
that may not be apparent on angiography, we reviewed
the reports of brain magnetic resonance imaging (MRI)
scans, if performed, in all patients. Brain MRI was per-
formed in 147 RCVS patients (with contrast in 103);
44 PACNS patients (all with contrast); and 86 non-
arteriopathy controls (46 with contrast). Further, we
reviewed the brain scans of all RCVS patients and

Table 1. Coexisting vascular findings in RCVS, PACNS and control groups.

RCVS

(n¼ 158)

PACNS

(n¼ 44)

Control

(n¼ 177) p valuea
p valueb

RCVS vs PACNS

p valueb

RCVS vs control

Gender (female, %) 124 (78%) 13 (30%) 84 (47%) <0.001 <0.001 <0.001

Age (mean� SD) 44� 13 52� 16 58� 21 <0.001 0.001 <0.001

Any vascular lesion 37 (23%) 2 (5%) 14 (8%) <0.001 0.002 <0.001

Unruptured saccular aneurysm 20 (13%) 2 (5%) 12 (7%) 0.116 0.099 0.05

Aneurysm size> 2 mm 12 (8%) 0 (0%) 6 (3%) 0.068 0.048 0.07

Cervical artery dissection 13 (8%) 0 (0%) 0 (0%) <0.001 0.04 <0.001

Other vascular malformationc 5 (3%) 0 (0%) 1 (1%) 0.173 0.29 0.19

Fibromuscular dysplasia 2 (1%) 0 (0%) 1 (1%) 0.727 0.61 0.46

aANOVA was used for age; Fisher–Freeman–Halton tests were used for the remaining.
bStudent’s t-test was used for age; Fisher’s exact test was used for others.
cOther vascular malformations include arteriovenous malformation, developmental venous anomaly and cavernous malformations.

RCVS: reversible cerebral vasoconstriction syndrome; PACNS: primary angiitis of the central nervous system; ANOVA: analysis of variance.
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classified the findings as normal (no intracranial lesion),
infarct, parenchymal hemorrhage, subarachnoid hem-
orrhage, edema (PRES), or combinations.

Statistical analysis

Analysis of variance (ANOVA), Wilcoxon and
Student’s t tests were used for continuous variables.
Chi-square, Fisher exact, and Fisher–Freeman–Halton
tests were used for categorical variables. No adjust-
ments were made for multiple comparisons. Linear
and logistic regression analyses were performed to iden-
tify independent predictors of vascular abnormalities.
A p< 0.05 was considered significant. SPSS version 21
was used for analyses.

Results

The RCVS group was significantly younger and had
a higher proportion of women as compared to the
other groups (Table 1). A significantly higher number
of RCVS patients proved to have coexisting cerebral
vascular abnormalities as compared to controls, either
separately (p¼ 0.002 versus PACNS; p< 0.001 versus
non-arteriopathy controls, Table 1), or in combination
(23% versus 7%, p< 0.001).

Cervical artery dissections were detected only in the
RCVS group (8%); 10 of the 13 RCVS patients with
dissection had single-artery dissection including seven
affecting the extracranial internal carotid artery (ICA,
Figure 1) and three in the extracranial vertebral artery.
Three RCVS patients had bilateral ICA dissections; one
had an additional vertebral artery dissection. Of the
total 17 dissected arteries, 11 were on the left and six
on the right side. All dissections, except for two ICA
dissections occurring in the same patient, were non-
occlusive. All dissections were acute, diagnosed by
DSA in six, CTA in five and MRA in two patients.
All dissections improved or resolved on follow-up and
their management was variable with the use of antipla-
telet agents, anticoagulants, or neither.

Unruptured cerebral saccular aneurysms were detected
in all three groups (Figure 2). Their size ranged from
1mm to 12mm. Table 1 shows the frequency of aneur-
ysms measuring> 2mm (i.e. definite aneurysms rather
than infundibular outpouchings) across groups. All
aneurysms, as well as aneurysms> 2mm, were more fre-
quent in RCVS patients as compared to PACNS and
non-arteriopathy controls, either alone (Table 1) or in
combination (any size, 13% versus 6%, p¼ 0.027; more
than 2mm, 8% versus 3%, p¼ 0.026). The RCVS group
had a total of 26 aneurysms, including six patients with

Figure 1. Imaging findings in a 39-year-old woman with post-partum RCVS. Admission CTA shows left extracranial carotid artery

dissection on coronal (a) and axial ((b), arrow) maximum intensity projection images. (c) MRI (axial fluid-attenuated inversion recovery

image) shows convexal subarachnoid hemorrhage. (d) Follow-up CTA after six weeks shows a persistent dissection flap (arrow) but

improvement of luminal flow.

RCVS: reversible cerebral vasoconstriction syndrome; CTA: computed tomography angiography; MRI: magnetic resonance imaging.
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two aneurysms each. They were located in the intracranial
ICA (infra-/supraclinoid, paraopthalmic, superior hypo-
physeal, terminus) in 13, cavernous ICA in four, middle
cerebral artery bifurcation in three, posterior cerebral
artery in two, and one each in the anterior communicat-
ing artery, distal vertebral artery, posterior communicat-
ing artery, and anterior choroidal artery. The PACNS
group showed a total of three aneurysms with one patient
harboring two aneurysms; all measured< 2mm and they
were located in the posterior communicating artery,
origin of the posterior inferior cerebellar artery, and cav-
ernous ICA. The non-arteriopathy group showed a total
of 14 aneurysms with two patients harboring two aneur-
ysms; their size ranged from 1mm to 12mm; four were
located in the supra-/paraclinoid or terminal ICA; three in
the anterior communicating artery; two in the middle
cerebral artery bifurcation; two in the intracranial verte-
bral artery (one fusiform); and one each in the posterior
inferior cerebellar artery, superior cerebellar artery, and
cavernous ICA.

A variety of other coexisting vascular lesions were
detected. Persistent (irreversible) accordion-shaped irre-
gularities in the extracranial ICAs, consistent with
fibromuscular dysplasia, were observed in two RCVS
patients (both with dissection). On brain MRI, the
RCVS group showed heterogeneous vascular abnorm-
alities: one cerebellar venous angioma, one capillary
telangiectasia, two developmental venous anomalies,
and two cavernous malformations (Figure 3). The
PACNS group showed no vascular abnormalities on
brain MRI. One non-arteriopathy patient had a cere-
bellar venous anomaly and another had a left middle
cerebral artery fusiform dilation.

In analyses restricted to CTA alone, vascular
abnormalities were detected in 21% RCVS, 8% con-
trols, 0% PACNS (p¼ 0.009). In analyses restricted
to individuals with MRI, the rate of lesions on vascu-
lar/parenchymal imaging was significantly higher in

RCVS as compared to PACNS or controls (25%
versus 4% and 9%, p< 0.001). Regression analyses
including age, gender, brain MRI, and vascular ima-
ging modality showed that RCVS remained a signifi-
cant predictor of any vascular abnormality (p¼ 0.004,
odds ratio (OR) 3.261, 95% confidence interval (CI)
1.455–7.305) and tended to predict unruptured aneur-
ysms (p¼ 0.066, OR 2.258, 95% CI 0.939–6.972).

We investigated the relationship between vascular
abnormalities and brain lesions in the RCVS group.
Brain imaging was normal in 25%; 36% showed con-
vexal subarachnoid hemorrhages, 14% showed paren-
chymal hemorrhages, 34% showed infarctions, and
30% showed edematous (PRES) lesions. Lesion com-
binations were present in 28%. The discharge modified
Rankin scale (mRS) score was >3 in only 9.5%, includ-
ing four deaths. There was no association between
coexisting vascular abnormalities and RCVS lesions.
There was no significant difference in the mean mRS
score between RCVS patients with and without vascu-
lar lesions.

Discussion

In this study we compared the frequencies of coexisting
vascular abnormalities in patients with RCVS, PACNS,
and patients with neurological symptoms without
stroke. The RCVS group had a significantly higher
rate of vascular abnormalities as compared to the
other groups. The PACNS group showed no significant
differences as compared to non-arteriopathy controls.
These observations may have implications for the
pathophysiology of RCVS.

An association between RCVS and cervical artery
dissection has been noted in prior case reports (7,9)
and case series (8). In a French study, 12% of 173
patients with RCVS had cervical artery dissection,
and 7% of 285 patients with cervical artery dissection

Figure 2. CTA maximum intensity projection images in a 35-year-old woman with RCVS associated with vasoconstrictive drugs. (a)

Admission scan shows segmental cerebral arterial vasoconstriction and a 4-mm saccular aneurysm at the bifurcation of the middle

cerebral artery. (b) Follow-up scan after three weeks shows resolution of vasoconstriction and persistence of the aneurysm.

CTA: computed tomography angiography; RCVS: reversible cerebral vasoconstriction syndrome.
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had RCVS (8). Our results validate and extend these
observations. While 84% of dissections in the French
study involved the vertebral arteries, in our series 76%
involved the extracranial carotid artery, consistent with
the known ratio of carotid:vertebral artery involvement
in cervical artery dissections (14). We found no associ-
ation between dissection and RCVS complications such
as infarcts or hemorrhage. The timing and mechanism
of dissection remain uncertain. It is conceivable that
vasoconstriction-induced changes in systemic blood
pressure or arterial tone culminate in arterial dissection.
Alternately, although RCVS is a reversible non-inflam-
matory arteriopathy with no abnormalities noted on
histology or electron microscopy (6), ultrastructural
abnormalities affecting the collagen or elastic lamina
in the arterial wall may predispose to both vasocon-
striction as well as dissection.

The high rate (nearly 13%) of unruptured aneurysms
in the RCVS group is notable. Unruptured aneurysms
have been associated with cerebral vasoconstriction in
multiple case reports (7,10,11,15). In a prospective
study of 67 RCVS patients, four had small (2mm–
3.8mm) unruptured aneurysms (4). In a study of 249
patients with Moyamoya disease (16), another non-
inflammatory cerebral arteriopathy, only 3.6% proved
to have unruptured aneurysms. In our study, the
PACNS group did not have saccular aneurysms
although it is conceivable that small aneurysms, if pre-
sent, were considered within the range of expected vas-
culitic abnormalities and not reported separately by the
radiologist. The rate of unruptured aneurysms in the
non-arteriopathy control group was 7.9%, or 3.4%

for aneurysms >2mm, which is comparable to the 5%
rate observed in prior studies (17). The pathophysio-
logical relationship between RCVS and unruptured
aneurysms is uncertain. Since RCVS is an acute syn-
drome, and our patients were generally imaged within
one to two days after symptom onset, it is unlikely that
these aneurysms resulted from chronic flow-related
changes as postulated in Moyamoya or other arteriopa-
thies. We have previously hypothesized that primary or
vasoactive drug-induced abnormalities of vessel tone
may explain areas of segmental vasodilation observed
in RCVS (18) and perhaps contribute to aneurysm
formation (10), similar to observations in vasoactive
drug-associated ischemic stroke (19). In our study,
approximately 60% of RCVS patients had prior expos-
ure to vasoactive drugs. Unfortunately we do not have
information about the dose and duration of exposure, or
similar data in the other two groups, to study this issue
further. Finally, as with dissections, it is possible that
ultrastructural vessel wall abnormalities predispose to
aneurysm formation.

The frequency of other vascular malformations
appears to be high in the RCVS group; however, the
combined rate of such lesions in the general population
is not well studied. Our analysis was limited to the cere-
bral vasculature, so we cannot rule out a higher rate of
systemic vascular abnormalities that are being reported
with increasing frequency (20–22). Nevertheless, the
heterogeneous anatomy of all these lesions suggests
that there may be subtle ultrastructural or genetic
abnormalities that lower the threshold for vasoconstric-
tion, rather than vasoconstriction itself leading to the

Figure 3. Imaging findings in a 43-year-old woman with RCVS associated with sexual orgasm. (a) CTA maximum intensity projection

image shows the classic ‘‘sausage on a string’’ appearance of intracerebral arteries. (b) MRI (axial fluid-attenuated inversion recovery

image) shows an asymptomatic cavernous malformation in the left temporal lobe (arrow).

RCVS: reversible cerebral vasoconstriction syndrome; CTA: computed tomography angiography; MRI: magnetic resonance imaging.
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formation of vascular lesions such as dissection or
aneurysms, for example, via blood pressure alterations.

Our study has several strengths and limitations. We
present the first systematic controlled study of coexist-
ing vascular lesions, and this is one of the largest case
series of RCVS as well as PACNS. The more-sensitive
angiographic modalities (DSA and CTA) were avail-
able for analysis in approximately 90%, and brain
MRI available in nearly all patients with RCVS and
PACNS. However the differences in sensitivities of the
different imaging modalities, improvement in their sen-
sitivities over the study time span, and the lack of a
standardized protocol for all three groups, are limita-
tions. Study bias was limited because we included con-
secutive patients in the RCVS and non-arteriopathy
groups, and used many resources to gather the
PACNS group. Moreover, we analyzed the reports of
clinically indicated imaging studies, so there was no
bias in determining the rate of coexisting or incidental
abnormalities. However, it is conceivable that some
vascular lesions were not formally reported. The
groups were imbalanced, e.g. controls were not age-
sex matched. However, RCVS remained a significant
predictor in regression analysis including imaging
modality, age, and gender, and the non-arteriopathy
controls were older and also symptomatic, which if
anything would favor a negative result.

The management of coexisting vascular abnormal-
ities warrants discussion. It is unlikely that the vascular
lesions cause the severe, explosive, recurrent headaches
that characterize RCVS. While cervical artery dissec-
tion increases ischemic stroke risk especially in the
first few days after onset, the risk of brain hemorrhage
is also high in the first one to two weeks after the onset
of RCVS. Hence, the use of antiplatelets and antith-
rombotic agents (to prevent ischemic stroke) should
be individualized. Unruptured aneurysms are unlikely
to explain the recurrent thunderclap headaches or
angiographic narrowings that are so characteristic of
RCVS, and to date have not culminated in rupture
during an episode of RCVS. Hence, urgent intervention
(clipping, coiling) is probably not warranted. However,
aneurysms should be followed over time and treated as
per current guidelines (23). Similarly, DVAs, caverno-
mas, and other vascular abnormalities need not be trea-
ted in the acute stage, but followed and managed long
term as appropriate. Finally, although our results docu-
ment a high rate of coexisting vascular lesions, these
lesions are generally asymptomatic and the ones requir-
ing intervention or follow-up are typically apparent on
the initial vascular imaging studies in RCVS patients.
Hence we do not advocate additional brain and sys-
temic vascular imaging to specifically uncover such
lesions.

Clinical implications

1. Patients with reversible cerebral vasoconstriction syndrome (RCVS) have a high prevalence of coexisting
neurovascular abnormalities such as cervical artery dissection, unruptured aneurysms, and cavernomas.

2. These coexisting vascular abnormalities are typically asymptomatic and are not associated with complica-
tions and clinical outcomes after RCVS.

3. Their presence suggests that subtle ultrastructural arterial wall abnormalities may underlie their develop-
ment and also predispose to RCVS.
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