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Reversible cerebral vasoconstriction syndrome (RCVS) is a clinical and radiological syndrome 
with primary features that include hyperacute onset of severe headache and segmental vaso-
constriction of the cerebral arteries, which resolve within 3 months. Vessel wall enhancement 
has been reported in some cases of RCVS; however, its pathophysiological and diagnostic im-
plications remain unclear. We review a case of RCVS in a patient with transient vessel wall en-
hancement on contrast-enhanced fluid-attenuated inversion recovery images, focusing on the 
pathophysiological and diagnostic implications.
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INTRODUCTION

Reversible cerebral vasoconstriction syndrome (RCVS) is a clinical and radiological syn-
drome whose primary features include the hyperacute onset of severe headache and seg-
mental vasoconstriction of the cerebral arteries that resolves in 3 months (1). RCVS is not un-
common and is potentially devastating because it is associated with a high risk of 
complication, such as posterior reversible encephalopathy syndrome, ischemic stroke, intra-
cerebral hemorrhage, and cortical subarachnoid hemorrhage (SAH) (2). Additionally, vessel 
wall enhancement has been reported in RCVS patients in literature (3). Vessel wall imaging is 
not routine evaluation for RCVS patients, so it is difficult to encounter RCVS cases showing 
vessel wall enhancement in real practice. There is no report about vessel wall enhancement 
in RCVS patients on conventional contrast-enhanced fluid-attenuated inversion recovery (CE-
FLAIR). Furthermore, vessel wall enhancement has uncertain pathophysiological and diag-
nostic implications. We report a patient with RCVS, showing vessel wall enhancement on 
conventional CE-FLAIR and review literature on this topic, focused on diagnostic and patho-
physiologic implications.

CASE REPORT

A 64-year-old woman presented to our institution with a severe headache that she had nev-
er experienced. Her headache began 6 days ago and presented as a pulsatile pain in the bilat-
eral frontal area, several times a day and lasting for minutes to hours. She had no underlying 
disease. She was on corticosteroid and antihistamine from 3 days before the onset of head-
ache due to scalp rash after dyeing her hair. Neurological examination and brain CT findings 
were normal. 

She underwent MR imaging using a 3T MR scanner (Skyra; Siemens Healthcare, Erlangen, 
Germany). In this study, MRI protocol consisted of diffusion-weighted imaging, time-of-flight 
(TOF) MR angiography (MRA), FLAIR imaging, T1-weighted imaging, T2-weighted imaging, 
susceptibility-weighted imaging, CE-T1WI, and CE-FLAIR imaging. CE-FLAIR MRI was ac-
quired 1 minutes after the first injection of contrast agents using the same protocol as in the 
non contrast FLAIR sequence. Gadovist (gadobutrol; Bayer Inc., Toronto, Canada), 0.1 mmol/
kg body weight, was used as a contrast agent and injected by a power injector. FLAIR proto-
col is as follows: repetition time/echo time = 9000/106 ms, inversion time = 2800 ms, field of 
view = 230 mm, acquisition matrix = 320 × 249, echo spacing = 10.6 ms, number of signal av-
erages = 2, slice thickness = 5 mm, interslice gap = 2 mm, scanning time = 198 seconds.

Brain TOF MRA showed multifocal segmental stenosis of both the anterior cerebral arter-
ies, middle cerebral arteries, posterior cerebral arteries, and superior cerebellar arteries  
(Fig. 1A). CE-FLAIR image of brain showed diffuse contrast enhancement along the cortical 
surfaces in the bilateral cerebral hemisphere (Fig. 1B). On closer inspection of CE-FLAIR im-
ages, there were multiple contrast-enhancing tubular structures in sulcus, slight away from 
cortical surfaces and some shows nodular appearance like end-on vessels (Fig. 1B). As a re-
sult, we can presume the contrast-enhancing structures on CE-FLAIR images are vessel 
walls. Cerebrospinal fluid (CSF) analysis showed normal results (red blood cell count: 0/μL, 
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white blood cell count: 2/μL, protein level: 25.70 ml/dL, and normal glucose level). The head-
ache was improved only after treatment with nimodipine and stopping the dermatological 
drugs. The follow-up brain MRA and MRI after 1 month showed reversibility of not only the 
angiographic abnormalities but also vessel wall enhancement on CE-FLAIR (Fig. 1C, D). Fi-
nally, the patient was diagnosed with RCVS.

DISCUSSION

RCVS is a unifying term for a variety of clinical and radiological syndrome characterized 
by recurrent thunderclap headaches and reversible multifocal cerebral vasoconstriction (1). 
The key diagnostic criteria for RCVS include severe acute headache, multifocal segmental ce-
rebral artery vasoconstriction on angiography with reversibility on follow-up studies within 
12 weeks, normal or near-normal finding in CSF analysis, and no evidence of other condi-
tions, such as aneurysmal SAH, vasculitis, intracranial atherosclerosis (2). Our case has satis-
fied all these criteria.

A diverse group of possible exogenous factors triggering secondary RCVS has been pro-

Fig. 1. Reversible cerebral vasoconstriction syndrome in a 64-year-old woman.
A. Initial MRA scans show multifocal segmental stenosis of both ACA, MCA, PCA, and SCA vessels (arrows).
B. Initial CE-FLAIR image show diffuse vessel wall enhancement along the cortical surfaces of the bilateral 
cerebral hemispheres. Magnified views show more definitive visualization of vascular wall enhancement.
ACA = anterior cerebral arteries, CE-FLAIR = contrast-enhanced fluid-attenuated inversion recovery, MCA = 
middle cerebral arteries, MRA = magnetic resonance angiography, PCA = posterior cerebral arteries, SCA = 
superior cerebellar arteries
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posed, including vasoactive drug use and postpartum state (1). The possible triggers of our 
case were corticosteroids and antihistamines that the patient received because of her derma-
tological problem. However, these drugs are not reported in the historical triggers of RCVS. 
No report has been published arguing that antihistamines could trigger RCVS, but corticoste-
roids have been reported as a deteriorating factor in RCVS (4) and a potential cause of RCVS 
associated with posterior reversible encephalopathy syndrome (1). Therefore, it is somewhat 
reasonable to deduce that it can be the trigger in our case. 

The important point of the case we have interest in is vessel wall enhancement on CE-
FLAIR images. Vessel wall enhancement on CE-FLAIR in our study is definitely different 
from leptomeningeal enhancement. Actually, vessel wall imaging is not routine nor essential 
for the diagnosis, but CE-FLAIR is frequently obtained in real practice. And most of the re-
ports on vessel wall enhancement was based on T1WI (3). 

Vessel wall enhancement on CE-FLAIR in our case, cause diagnostic challenging to distin-
guish RCVS from differential diagnosis such as vasculitis. Mandell et al. (5) suggested that pa-
tients with RCVS do not have arterial wall enhancement on 3T T1-weighted high-resolution 
vessel wall MRI, but recently many case series have reported vascular wall enhancement in 

Fig. 1. MRA and CE-FLAIR images showing reversible cerebral vasoconstriction syndrome in a 64-year-old 
woman.
C. Follow-up MRA scans after one months show normalization of the vessels.
D. Follow-up CE-FLAIR images show resolution of the vessel wall enhancement visualized on prior scans.
CE-FLAIR = contrast-enhanced fluid-attenuated inversion recovery, MRA = magnetic resonance angiography
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RCVS patients. Thus, we cannot conclude that vessel wall enhancement imply diagnosis of 
vasculitis, as in our case. Furthermore, the diagnosis is supported by the fact that vessel wall 
enhancement disappeared on follow up images. Obusez et al. (6) suggested that the enhance-
ment of diseased vessels in RCVS is reversible on 3T T1-weighted high-resolution vessel wall 
MRI. However, unlike our case, a recent study by Chen et al. (3) reported that almost half of 
the patients with RCVS exhibited contrast enhancement of the diseased vessels, and it was 
persistent in approximately one-third of those patients on the follow-up imaging on 3T high-
resolution vessel wall MRI, thereby making differentiation from vasculitis difficult. So, the di-
agnostic implications of vascular wall enhancement are undetermined, but radiologists 
should be familiar with that vessel wall enhancement is quite frequent imaging finding in 
RCVS, and it can be seen even on conventional CE-FLAIR.

There are two ways to explain pathophysiological cause of vascular wall enhancement in 
RCVS patients. First, according to Chen et al. (3), vascular wall enhancement was probably 
due to an inflammatory component of the RCVS pathology. Although inflammation in the 
pathogenesis of RCVS has not been supported by histopathological findings, studies have 
suggested that prolonged vasoconstriction could lead to secondary inflammation (7). In one 
case report, marked vascular wall enhancement was noted in a patient with cocaine vasculi-
tis. Studies have demonstrated that cocaine has an apoptotic effect on cerebrovascular 
smooth muscle cells and a capacity to enhance leukocyte migration across the cerebral blood 
vessel walls (7), both of which can contribute to vessel wall inflammation. Because cocaine-
induced vasculitis is considered a spectral disorder of RCVS, it is reasonable to deduce that 
vascular wall inflammation exists in at least some patients with secondary RCVS (3). Addi-
tionally, the pathogenesis of RCVS might share some pathological mechanisms with that of 
cerebral vasospasm in SAH (3). An inflammatory cascade has been reported in cerebral vaso-
spasm in SAH (2). In it, oxidative stress and endothelial dysfunction, which contribute to the 
vascular wall inflammation, have also been noted in patients with RCVS (2). 

According to Lee et al. (8), the other cause is the disruption of the integrity of the blood-
brain barrier (BBB) in RCVS patients. Because of the frequent association of posterior revers-
ible encephalopathy syndrome with RCVS, it is possible that endothelial dysfunction has a 
role in both these disorders, and endothelial dysfunction can affect disruption of the BBB (1). 
CE-FLAIR MRI has been used in this study because it is highly effective in visualizing the dis-
ruption of the BBB (9). Disrupted BBB allows contrast leakage from the vessels into the CSF 
and parenchyma, resulting in hyperintense CSF. Disrupted BBB was frequently present in 
patients with imaging-proven RCVS even without concomitant posterior reversible encepha-
lopathy syndrome and, it was independently associated with increased risk of neurological 
complications (8). The role of BBB disruption in the pathophysiology of RCVS can be hypoth-
esized in two ways. First, the integrity of BBB can be affected by an ischemic or hypoxic injury 
resulting from vasoconstriction (8). Conversely, the impairment of BBB integrity may precede 
and determine the vulnerability of developing vasoconstriction (8). BBB can be disrupted di-
rectly by vasoactive drugs and temperature changes, which are the typical triggers of RCVS (1). 

Actually, there is a limitation on our report. Vessel wall enhancement on CE-FLAIR image 
has not been validated. Because FLAIR image is sensitive to slow-flow (10), there is a possibil-
ity that hyperintense vessel due to slow-flow may mimic vessel wall enhancement. However, 
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tubular or rim enhancement on our image strongly support that it is vessel wall enhance-
ment rather than artifact. To make sure, further investigation including correlation with ves-
sel wall imaging is required for cases showing vessel wall enhancement on CE-FLAIR image.

In conclusion, we report a case of RCVS showing transient vessel wall enhancement on CE-
FLAIR images. The proposed pathophysiology of vascular wall enhancement in RCVS pa-
tients includes inflammation or disruption of the integrity of BBB, but the nature of it re-
mains to be elucidated. And radiologists should know that sometimes, differentiation 
between RCVS and CNS vasculitis may be challenging in case of vascular wall enhancement.
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허선아 · 김은수* · 이  열

가역성 대뇌 혈관 수축 증후군(reversible cerebral vasoconstriction syndrome)은 벼락두

통과 함께 3개월 안에 소실되는 뇌혈관의 다발성 협착을 특징으로 하는 임상적 영상의학적 

증후군이다. 해당 환자 중 일부에서 혈관 벽 조영증강이 보고되고 있으나 그 병태생리학적 

의미와 진단적 가치는 불분명하다. 이에 혈관 벽 조영증강을 동반한 가역성 대뇌 혈관 수축 

증후군의 증례를 보고하고 병태생리학적 의미와 진단적 가치를 고찰하고자 한다.
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