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ABSTRACT
Introduction Reversible cerebral vasoconstriction 
syndrome (RCVS) is characterised by severe, recurrent 
thunderclap headaches (TCHs) and vasoconstriction 
of cerebral arteries that resolve within 3 months. 
Abnormalities on non- contrast CT (NCCT) such as 
ischaemic strokes, intracerebral haemorrhage and 
subarachnoid haemorrhages are frequently observed 
on brain imaging of patients with RCVS though their 
prevalence varies considerably between studies. The 
aim of this systematic review and meta- analysis is to 
estimate the prevalence of NCCT abnormalities seen 
on neuroimaging of adult patients with RCVS.
Methods and analysis We will search the Medline, 
Embase and the Cochrane Library databases for 
studies on the prevalence of NCCT abnormalities on 
neuroimaging of patients with RCVS. Search results 
will be screened for eligibility by title and abstract. 
Suitable studies will be fully reviewed and relevant 
data extracted using a data abstraction form. The 
studies will be assessed for methodological quality, 
risk of bias and heterogeneity. Prevalence estimates 
across studies will be pooled using a random- effects 
model and subgroup analysis will be performed to 
assess the impact of age, sex, publication year and 
study design on prevalence of vascular lesions. 
Sensitivity analysis will be used to investigate the 
robustness of the findings. This protocol has been 
devised using the Preferred Reporting Items for 
Systematic Review and Meta- Analysis Protocols 2015 
checklist.
Ethics and dissemination Formal ethics is not 
required as primary data will not be collected. 
The findings of this study will be disseminated 
through a peer- reviewed publication and conference 
presentations.
Trial registration number CRD42020190637.

INTRODUCTION
Reversible cerebral vasoconstriction 
syndrome (RCVS) is characterised by 
severe headaches, most often recurrent 

thunderclap headaches (TCHs), and 
segmental vasoconstriction of cerebral 
arteries that resolves within 3 months.1 
Patients are predominantly middle- aged 
females and may present with other focal 
neurological symptoms related to strokes, 
seizures or cerebral oedema.1 RCVS has 
been linked to several precipitating factors 
including hypertension, pre- eclampsia 
and eclampsia, illicit substance use such 
as cannabis and cocaine and multiple 
medications including antidepressants, 
sympathomimetic drugs, triptans, immu-
nosuppressant medications, among many 
others.2 Current management for RCVS 
involves eliminating precipitating factors, 
analgesic therapy and use of a calcium 
channel blocker such as nimodipine or 
verapamil.3

RCVS is diagnosed based on character-
istic clinical, imaging and angiographic 
features. Initial imaging modalities include 
non- invasive techniques such as non- 
contrast CT (NCCT) to assess the brain 
parenchyma, and either CT angiography 

Strengths and limitations of this study

 ► This study will be the first to provide an estimate 
of the prevalence of non- contrast CT abnormalities 
on imaging in patients with reversible cerebral vaso-
constriction syndrome (RCVS).

 ► Risk of bias will be minimised by having two review-
ers independently screen studies and extract data.

 ► The results of this study will help differentiate 
RCVS from illnesses that may present with similar 
symptoms.

 ► As this study will include several study designs, in-
cluding case- series and observational studies, the 
results have a risk of heterogeneity.
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(CTA) or magnetic resonance angiography to assess 
the vasculature.4 Digital subtraction angiography is 
typically reserved for circumstances where there is 
a high clinical suspicion of RCVS and normal non- 
invasive imaging.4 Angiography typically demonstrates 
segmental narrowing and dilatation of the cerebral 
arteries with a classic string- of- beads appearance, 
though imaging may be normal in a third of patients 
if completed early in the course of disease.5

Imaging abnormalities such as acute ischaemic 
stroke, intracerebral haemorrhage (ICH) and 
subarachnoid haemorrhage (SAH) can frequently 
occur in RCVS making it a challenge to distinguish 
from other vascular conditions, such as aneurysmal 
SAH and primary angiitis of the central nervous 
system on imaging.2 Current RCVS literature includes 
primarily small case series and the exact proportion of 
patients with RCVS presenting with these radiological 
lesions is therefore unclear. For instance, the preva-
lence of ischaemic stroke is estimated to range from 
8% to 39% and estimates of ICH range from 6% to 
20%.2 6–9 We seek to better understand the imaging 
features of RCVS. The main objective of this systematic 
review is to estimate the prevalence of imaging find-
ings consistent with ischaemic stroke, ICH and SAH 
on NCCT in adult patients with RCVS. We hope that 
the results of this review will help describe the initial 
imaging features of RCVS in order to increase diag-
nostic certainty at presentation and to better define 
the population of interest for future clinical trials.

METHODS AND ANALYSIS
This a priori protocol for a systematic review and 
meta- analysis was developed in accordance with the 
Preferred Reporting Items for Systematic Review and 
Meta- Analysis Protocols checklist.10

Eligibility criteria
In order to be eligible for inclusion in this systematic 
review, the study must meet the following criteria:

Population
The study population will be all adult patients (≥18 years old) 
with CTA or equivalent (conventional angiogram or MR- an-
giogram) confirmed RCVS. Studies that report on other 
illnesses apart from RCVS will be included if they also inde-
pendently report on imaging findings in RCVS.

Outcome
The primary outcomes will be prevalence of imaging findings 
consistent with ischaemic strokes, ICH and SAH on NCCT. 
Prevalence will be reported as the proportion of cases to the 
number of evaluated participants.

Study design
All case- series, observational studies and clinical trials 
that report on prevalence of imaging findings in patients 
with RCVS will be included.

Publication type
All case reports, abstracts, conference proceedings, 
letters and duplicate publications will be excluded, as 
will literature not published in the English language.

Information sources
Electronic searches will be conducted in Medline, 
Embase and the Cochrane Register of Clinical Trials 
from inception to 1 May 2020. References of iden-
tified studies will be manually reviewed to identify 
relevant papers missed in the database searches. Full 
search strategies for all databases are included in the 
online supplemental file.

Search strategy
The search will be performed by combining terms 
related to RCVS, neuroimaging and vascular imaging 
abnormalities. The full search strategy can be found 
in the online supplemental file.

Study selection
Covidence will be used to screen articles for inclu-
sion. Two trained reviewers will independently screen 
titles and abstracts for inclusion based on predefined 
criteria. The reviewers will meet after 10% of the 
sample has been screened to identify, resolve and 
codify areas of ambiguity when screening the rest of 
the sample. Conflicts will be resolved by consensus 
of a third independent reviewer. Full- texts will then 
be reviewed by two independent reviewers and final 
inclusion will be based on the criteria mentioned 
above. Reasons for exclusion of eligible studies will 
be documented and a Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses flow diagram 
will be used to describe the study screening and selec-
tion process.

Data extraction
Two reviewers will independently extract informa-
tion from the selected studies using a data extraction 
form. The form will be pilot tested on a small sample 
of included studies and modified if it fails to capture 
all pertinent information. Areas of disagreement 
between extractors will be identified and clarified. 
Any remaining disagreements of extracted data will be 
resolved through consensus or an independent third 
reviewer.

Study characteristics that will be collected include:
 ► General study information: title, name of the journal 

and authors, year of publication, number of sites and 
location of the central site.

 ► Study design: study duration, study design (case- 
series, observational or randomised trial), number of 
patients with RCVS, mean age of patients with RCVS 
and male- female distribution of patients with RCVS.

 ► Primary outcomes of interest: prevalence of imaging 
findings diagnostic of acute ischaemic stroke on 
NCCT in patients with RCVS, prevalence of imaging 
findings diagnostic of ICH on NCCT in patients with 
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RCVS and prevalence of imaging findings diagnostic 
of SAH on NCCT in patients with RCVS. We will also 
extract and report the criteria used by each study to 
diagnose RCVS, ischaemic stroke, ICH and SAH on 
NCCT as well as the timing of imaging with respect to 
symptom onset.

Risk of bias assessment
The methodological quality of case series and observa-
tional studies shall be assessed using Newcastle- Ottawa 
based scales that account for selection, ascertainment, 
causality and reporting.11 12 The Cochrane Risk of Bias 
Tool for Randomized Controlled Trials will be used to 
assess included randomised trials.13

Data synthesis
Key study characteristics and clinical findings will be 
synthesised and presented in tables.

Pooled prevalence of imaging features will be calculated 
using the inverse variance- weighted method. Random- 
effects meta- analysis models will be used over fixed effect 
models to take into account variability both within and 
between studies. The Q statistic and I2 statistic will be used 
as measures of heterogeneity among studies.

Subgroup analysis will be done to assess the impact of 
specific variables on prevalence of vascular lesions. When 
enough data are available, we will consider age, sex, publi-
cation year and study design as grouping variables.

Sensitivity analysis will be performed to assess the 
robustness of the findings. We will perform sensitivity 
analysis by removing studies with an outlying prevalence, 
excluding high bias studies as well as removing by study 
design.

Meta-bias(es)
We will attempt to minimise publication bias by gener-
ating and examining funnel plots. Duplicate publication 
bias will be minimised during the study screening phase 
by carefully screening publications to ensure duplications 
do not enter the analysis.

Patient and public involvement
There will be no involvement of patients or the public in 
this review.

ETHICS AND DISSEMINATION
Formal ethics is not required as primary data will not be 
collected. The findings of this study will be disseminated 
through a peer- reviewed publication and conference 
presentations.

Contributors RDG conceived the manuscript. RDG, NN, BD, DAF, MS and DD wrote 
and reviewed the manuscript. RS devised the search strategy. All authors approved 
the final version of the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Ryan Daniel Gotesman http:// orcid. org/ 0000- 0002- 9920- 3304
Naomi Niznick http:// orcid. org/ 0000- 0003- 0935- 9135

REFERENCES
 1 Calabrese LH, Dodick DW, Schwedt TJ, et al. Narrative review: 

reversible cerebral vasoconstriction syndromes. Ann Intern Med 
2007;146:34–44.

 2 de Boysson H, Parienti J- J, Mawet J, et al. Primary angiitis of 
the CNS and reversible cerebral vasoconstriction syndrome: a 
comparative study. Neurology 2018;91:e1468–78.

 3 Cappelen- Smith C, Calic Z, Cordato D. Reversible cerebral 
vasoconstriction syndrome: recognition and treatment. Curr Treat 
Options Neurol 2017;19:21.

 4 Burton TM, Bushnell CD. Reversible cerebral vasoconstriction 
syndrome. Stroke 2019;50:2253–8.

 5 Ducros A, Boukobza M, Porcher R, et al. The clinical and radiological 
spectrum of reversible cerebral vasoconstriction syndrome. A 
prospective series of 67 patients. Brain 2007;130:3091–101.

 6 Caria F, Zedde M, Gamba M, et al. The clinical spectrum of reversible 
cerebral vasoconstriction syndrome: the Italian project on stroke at 
young age (IPSYS). Cephalalgia 2019;39:1267–76.

 7 Singhal AB, Hajj- Ali RA, Topcuoglu MA, et al. Reversible cerebral 
vasoconstriction syndromes: analysis of 139 cases. Arch Neurol 
2011;68:1005–12.

 8 Chen S- P, Fuh J- L, Wang S- J, et al. Magnetic resonance 
angiography in reversible cerebral vasoconstriction syndromes. Ann 
Neurol 2010;67:648–56.

 9 Ducros A, Fiedler U, Porcher R, et al. Hemorrhagic manifestations of 
reversible cerebral vasoconstriction syndrome: frequency, features, 
and risk factors. Stroke 2010;41:2505–11.

 10 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for 
systematic review and meta- analysis protocols (PRISMA- P) 2015 
statement. Syst Rev 2015;4:1.

 11 Murad MH, Sultan S, Haffar S, et al. Methodological quality and 
synthesis of case series and case reports. BMJ Evid Based Med 
2018;23:60–3.

 12 Wells GA, Tugwell P, O’Connell D. The Newcastle- Ottawa scale (NOS) 
for assessing the quality of nonrandomized studies in meta- analyses, 
2015.

 13 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
collaboration's tool for assessing risk of bias in randomised trials. 
BMJ 2011;343:d5928.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041776 on 21 S

eptem
ber 2020. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9920-3304
http://orcid.org/0000-0003-0935-9135
http://dx.doi.org/10.7326/0003-4819-146-1-200701020-00007
http://dx.doi.org/10.1212/WNL.0000000000006367
http://dx.doi.org/10.1007/s11940-017-0460-7
http://dx.doi.org/10.1007/s11940-017-0460-7
http://dx.doi.org/10.1161/STROKEAHA.119.024416
http://dx.doi.org/10.1093/brain/awm256
http://dx.doi.org/10.1177/0333102419849013
http://dx.doi.org/10.1001/archneurol.2011.68
http://dx.doi.org/10.1002/ana.21951
http://dx.doi.org/10.1002/ana.21951
http://dx.doi.org/10.1161/STROKEAHA.109.572313
http://dx.doi.org/10.1186/2046-4053-4-1
http://dx.doi.org/10.1136/bmjebm-2017-110853
http://dx.doi.org/10.1136/bmj.d5928
http://bmjopen.bmj.com/

	Prevalence of non-contrast CT abnormalities in adults with reversible cerebral vasoconstriction syndrome: protocol for a systematic review and meta-analysis
	Abstract
	Introduction
	Methods and analysis
	Eligibility criteria
	Population
	Outcome
	Study design
	Publication type

	Information sources
	Search strategy
	Study selection
	Data extraction
	Risk of bias assessment
	Data synthesis
	Meta-bias(es)
	Patient and public involvement

	Ethics and dissemination
	References


