
Open access 

  1Dang Q, et al. Open Heart 2023;10:e002379. doi:10.1136/openhrt-2023-002379

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (http:// dx. doi. org/ 10. 
1136/ openhrt- 2023- 002379).

To cite: Dang Q, Othman F, 
Sheahen B, et al. Regional and 
temporal variations of 
spontaneous coronary artery 
dissection care according to 
consensus recommendations: a 
systematic review and meta- 
analysis. Open Heart 
2023;10:e002379. doi:10.1136/
openhrt-2023-002379

Findings from this study was 
presented at the 71st Annual 
Scientific Meeting of the Cardiac 
Society of Australia and New 
Zealand and the 2023 European 
Society of Cardiology Congress.

Received 9 June 2023
Accepted 1 November 2023

For numbered affiliations see 
end of article.

Correspondence to
Dr Sarah Zaman;  sarah. zaman@ 
sydney. edu. au

Regional and temporal variations of 
spontaneous coronary artery dissection 
care according to consensus 
recommendations: a systematic review 
and meta- analysis

Quan Dang    ,1 Farrah Othman,2,3 Brodie Sheahen,1 Simone Marschner    ,1 
Peter Psaltis,4,5,6 Rasha Kadem Al- Lamee    ,7 Richard Szirt,8 James Chong,9 
Sarah Zaman    1,9

Coronary artery disease

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Aim The first expert consensus documents on management 
of patients with spontaneous coronary artery dissection 
(SCAD) were published in 2018. Worldwide quality of care, as 
measured by adherence to these recommendations, has not 
been systematically reviewed. We aim to review the proportion 
of patients with SCAD receiving consensus recommendations 
globally, regionally and, determine differences in practice 
before and after 2018.
Methods and results A systematic review was performed by 
searching four main databases (Medline, Embase, SCOPUS, 
CINAHL) from their inception to 16 June 2022. Studies were 
selected if they included patients with SCAD and reported at 
least one of the consensus document recommendations. 53 
studies, n=8456 patients (mean 50.1 years, 90.6% female) 
were included. On random effects meta- analysis, 92.1% 
(95% CI 89.3 to 94.8) received at least one antiplatelet, 
78.0% (CI 73.5 to 82.4) received beta- blockers, 58.7% (CI 
52.3 to 65.1) received ACE inhibitors or aldosterone receptor 
blockers (ACEIs/ARBs), 54.4% (CI 45.4 to 63.5) were screened 
for fibromuscular dysplasia (FMD), and 70.2% (CI 60.8 to 
79.5) were referred to cardiac rehabilitation. Except for 
cardiac rehabilitation referral and use of ACEIs/ARBs, there 
was significant heterogeneity in all other quality- of- care 
parameters, across geographical regions. No significant 
difference was observed in adherence to recommendations 
in studies published before and after 2018, except for lower 
cardiac rehabilitation referrals after 2018 (test of heterogeneity, 
p=0.012).
Conclusion There are significant variations globally in 
the management of patients with SCAD, particularly in 
FMD screening. Raising awareness about consensus 
recommendations and further prospective evidence about their 
effect on outcomes may help improve the quality of care for 
these patients.

INTRODUCTION
Spontaneous coronary artery dissection 
(SCAD) is an important cause of myocardial 
infarction (MI), especially in young women.1 2 
Once thought to be a rare condition, SCAD 

has been reported to be the cause of up to 4% 
of all acute coronary syndrome (ACS)3 and 
up to 35% of ACS among women less than 
50 years of age.4 5 Despite its significance, 
our understanding about this potentially life- 
threatening condition remains incomplete. 
No randomised data have been published 
to guide treatment for SCAD, and clinicians 
have largely relied on standard ACS guide-
lines. This was not ideal as these guidelines 
are for atherosclerotic ACS.1

In 2018, the American Heart Association 
and the European Society of Cardiology 
published the world- first scientific statements 
on the management of SCAD.1 2 The recom-
mendations of these documents were based 
on data from mostly observational studies 
and, where no data were available, expert 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Consensus documents recommended five main in-
terventions for patients with spontaneous coronary 
artery dissection (SCAD): (1) at least one antiplatelet 
agent, (2) beta- blocker, (3) ACE inhibitor or aldoste-
rone receptor blocker for patient with left ventricular 
systolic dysfunction, (4) screening for fibromuscular 
dysplasia (FMD) and (5) cardiac rehabilitation.

WHAT THIS STUDY ADDS
 ⇒ This study provides a systematic review of the 
current practice in managing patients with SCAD 
worldwide. It identifies low adherence and like-
ly under- reporting of FMD screening and cardiac 
rehabilitation.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Raising awareness among clinicians about these 
recommendations may help improve the quality of 
care for these patients.
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opinions. Although there are some minor variations with 
regards to the use of antiplatelets, the consensus recom-
mendations for SCAD treatment are similar and can 
be summarised as follows: (1) at least one antiplatelet 
agent, (2) beta- blocker, (3) ACE inhibitor (ACEI) or an 
angiotensin receptor blocker (ARB) in the presence of 
left ventricular (LV) systolic dysfunction, (4) referral to 
cardiac rehabilitation and (5) screening for fibromus-
cular dysplasia (FMD). So far, there have been no data 
about the effects of these treatments on major adverse 
cardiovascular events (MACE). The use of beta- blockers 
was found to be associated with lower risks of SCAD recur-
rence in a recent systematic review and meta- analysis.6 
As the use of antiplatelets, beta- blockers, ACEI or ARB, 
and cardiac rehabilitation was also present in guide-
lines for atherosclerotic ACS, it is worth highlighting the 
following differences in SCAD consensus recommenda-
tions compared with atherosclerotic ACS guidelines: (1) 
optimal time for antiplatelet therapy was not defined 
in SCAD and dual- antiplatelets therapy was only recom-
mended if coronary stents were used, (2) ACEIs or ARBs 
were only recommended in patients with impaired LV 
systolic function, (3) statins were not recommended in 
patients with SCAD, and (4) FMD screening was specific 
for patients with SCAD only and was not recommended 
in patients with atherosclerotic ACS.

Since the publication of these consensus recommenda-
tions, there has been no evaluation of the international 
implementation of these recommendations. Current 
optimal quality of care for patients with SCAD around the 
world is based on the proportion of patients who receive 
consensus- recommended treatment. The primary aim 
of this systematic review was to evaluate the quality of 
care of patients with SCAD, as measured by adherence 
to global consensus recommendations. Secondary aims 
included the time from symptom onset to angiography 
or revascularisation, comparison of adherence to recom-
mendations between geographic regions and before 
versus after 2018 (the year when the positional papers 
were published). In addition, for patients presenting 
with acute MI (AMI), the time from presentation to angi-
ography or revascularisation is an important marker of 
quality of care, irrespective of the diagnosis of SCAD. As 
patients with SCAD are often young and without tradi-
tional cardiovascular risk factors,7 we hypothesised that 
this time would be longer compared with patients with 
atherosclerotic MI.

METHOD
This systematic review complies with the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) statements.8 Ethics approval was not 
required as only data from published literature was used. 
This systematic review was registered with the interna-
tional prospective register of systematic reviews (PROS-
PERO), ID number CRD42022363414.

Search strategy
A search strategy was developed with a university 
librarian and performed using the following data-
bases: Medline, Embase, SCOPUS and CINAHL, from 
their inception up to 16 June 2022. The search was 
restricted to literature published in English only and 
using the following search terms: ‘spontaneous coro-
nary artery dissection’ and ‘spontaneous coronary 
dissection’. The full search strategy can be viewed in 
online supplemental table 1.

Study selection
To be included in the systematic review, studies either 
had to be an original cohort or original case series 
on consecutive patients diagnosed with SCAD and, 
report at least one of the quality- of- care parameters: 
that is, proportion of patients prescribed with anti-
platelets, beta- blockers, ACEIs or ARBs (in the pres-
ence of LV systolic dysfunction) during index hospital 
admission or at the time of discharge, the propor-
tion of patients screened for FMD, the proportion of 
patients referred to cardiac rehabilitation and, the 
time from symptom onset to coronary angiography 
or revascularisation (where appropriate). The sample 
size had to be more than 10 patients. Case reports, 
reviews including systematic reviews, editorials and 
comments, studies not in English and grey literature 
(eg, conference abstracts) were excluded.

Screening and data extraction
Literature screening using Covidence software (Covi-
dence systematic review software, Veritas Health 
Innovation, Melbourne, Australia. Available at www. 
covidence.org) was performed by two pairs of inves-
tigators (QD- FO and QD- BS) independently, using 
the inclusion and exclusion criteria as defined above. 
An investigator (QD) performed data extraction 
while another coauthor (FO/BS/SZ/RZ) checked 
for consistency. For each study included the following 
parameters were extracted: author name, year of 
publication, country of study, site of study, city of 
study, study name, study aim, type of ACS, sample 
size, parent SCAD cohort or registry, mean or median 
age, proportion of female, study design, data collec-
tion time, baseline comorbidities, quality of care 
parameters (the proportion of patients receiving 
antiplatelets, beta- blockers, ACEIs/ARBs, cardiac 
rehabilitation, FMD screening, time to angiogram/
revascularisation), in- hospital and follow- up MACE 
(cardiovascular death, MI and stroke) and median or 
mean follow- up time. With regards to FMD screening, 
current guidelines recommended CT angiography or 
magnetic resonance angiography from brain to pelvis. 
We defined the parameter of FMD screening as having 
either complete or partial screening.

Included studies were evaluated independently by 
two investigators for bias using the Newcastle- Ottawa 
Scale (NOS), a scoring system to evaluate the quality of 

https://dx.doi.org/10.1136/openhrt-2023-002379
www.covidence.org
www.covidence.org
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non- randomised studies in meta- analysis. The NOS scores 
studies in three domains, with higher scores mean higher 
quality thus lower risk of bias. The three domains of the 
NOS are: (1) selection, with a maximum of four points, 
(2) comparability, with a maximum of two points, and 
(3) exposure, with a maximum of three points. Included 
studies were classified based on their total NOS score: low 
risk for total score 7–9, medium risk for total score 4–6 
and high risk for total score 0–3.

If there were multiple papers based on the same cohort 
(or registries) of SCAD patients, to avoid duplication, 
only the most recent publication and/or with the highest 
number of patients that reported the quality- of- care 
parameters was included in the meta- analysis. Although 
not included in the meta- analysis, multiple papers from 
the same cohort of patients offered an opportunity to 
assess how quality- of- care parameters for the same cohort 
changed with time. These studies were presented and 
discussed separately. If a study had a quality- of- care crite-
rion as a selection requirement (e.g., a study on patients 
with SCAD who were screened for FMD), data for that 
criterion were not collected. At any stage of the screening 
and data extraction process, disagreements between two 
investigators were resolved by discussion and consensus, 

with the involvement of a third investigator (SZ) where 
required.

Statistical analysis
Descriptive statistics were reported using weighted 
means and SD. Random effects meta- analysis was used 
to estimate each quality- of- care parameter, reporting 
mean percentages and 95% CIs. The differences in 
these parameters across geographical regions and 
before and after 2018 were assessed using univariate 
metaregression. Heterogeneity was analysed using 
Cochran’s Q test, which tests whether the variability 
in the observed effect sizes is larger than would be 
expected based on sampling variability alone. All 
analysis was conducted in R (R Foundation for Statis-
tical Computing, Vienna, Austria), using the rma 
function in the metafor package.

RESULTS
The PRISMA flow chart is presented in figure 1. In total, 
2554 articles were screened, and 398 articles were identi-
fied for full- text screening. From these, 325 articles were 
excluded (figure 1). From the remaining 73 articles, 29 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses flow chart. SCAD, spontaneous coronary 
artery dissection.
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were identified to have clear or potential duplicated data 
from the same cohorts/registries of patients (table 1), 
with the most appropriate study selected for inclusion. In 
total, 53 articles, published between 1989 and 2022, were 
included, with characteristics of the included studies 
shown in table 2. Overall, n=8456 individuals with SCAD 
were analysed, mean age 50.1, 90.6% female. Studies 
were performed in 22 countries which were grouped 
into 6 geographical regions: Europe, North America, 
Oceania, East Asia, Middle East and South Asia. Europe 
had the highest number of studies (20 studies) while 
North American studies included the highest number 
of patients (4401). Medical therapy was reported in 39 
studies, FMD screening in 24 and cardiac rehabilitation 
in 3 studies. On assessment of the included studies for 
risk of bias using NOS, 21 studies were classified as low 
risk, 28 as medium risk, and 4 as high risk (online supple-
mental table 2).

Study inclusion and MACE outcomes
Table 3 provides the baseline characteristics of the 
included studies. Before 2018, there were only 15 
studies (n=1065), compared with 39 studies (n=7509) 
after 2018. The majority of included studies were 

retrospective (28), followed by prospective (12), 
cross- sectional (10) and mixed- method (4) studies.

Most studies reported MACE as a composite of death, 
non- fatal MI and revascularisation with stroke, heart 
failure, and recurrent or de novo SCAD also reported 
in some studies. MACE occurred in 7.3% of patients 
in- hospital and 12.4% on follow- up. Total mortality was 
reported in 20 studies. Follow- up time varied significantly 
between studies with mean follow- up ranging between 
1 month and 49.2 months.

Time to angiography
Only three studies reported time to angiogram or 
revascularisation and the methods of report were 
highly heterogenous. Two studies reported the 
mean time from symptoms onset to angiogram, with 
one reported 95% CI (24 hours (4–48))9 and the 
other reported standard deviation (7±5.4 days).10 In 
another study,11 door- to- balloon time was reported 
with the difference between patients with SCAD and 
other causes of AMI being not statistically significant 
(median 142 min for SCAD vs 99 min for other AMI, 
p=0.301). Due to heterogeneity, meta- analysis was not 
performed for this parameter.

Table 1 Studies excluded due to data duplication

Potentially duplicated studies Common cohort Selected study Reason of selection

Daoulah et al, 202016

Daoulah et al, 202117

Daoulah et al, 202118

Daoulah et al, 202119

Daoulah et al, 202120

Gulf SCAD Registry Daoulah et al, 202120 Latest study

Saw et al, 201421

Saw et al, 201722

Saw et al, 201923

Canadian SCAD Registry Saw et al, 201923 Latest study with highest number of 
patients

Combaret et al, 202124

Combaret et al, 202225
French DISCO Registry Combaret et al, 202124 Highest number of patients (2022 study a 

subgroup of the registry)

Alfonso et al, 202226

Diez- Villanueva et al, 202127

Diez- Villanueva et al, 202128

Garcia- Guimaraes et al, 202129

Garcia- Guimaraes et al, 202230

Spanish Registry on SCAD Garcia- Guimaraes et al, 
202230

Latest study with highest number of 
patients

Macaya et al, 201931

Carss et al, 202032
UK SCAD Registry Carss et al, 202032 Latest study with highest number of 

patients

Rogowski et al, 201733

Seidl et al, 202134
Kantonsspital St. Gallen cohort Seidl et al, 202134 Latest study with highest number of 

patients

Chen et al, 201935

Chen et al, 202136
Kaiser Permanente Northern 
California cohort

Chen et al, 202136 Latest study with highest number of 
patients

Kok et al, 201837

Johnson et al, 202238
Mayo Clinic Virtual SCAD Registry Johnson et al, 202238 Latest study with highest number of 

patients

Eleid et al, 201439

Krittanawong et al, 201640

Tweet et al, 201441

Tweet et al, 201742

Tweet et al, 202043

Turley et al, 202044

Mayo Clinic SCAD Registry Turley et al, 202044 Latest study with highest number of 
patients

DISCO, DIssezioni Spontanee COronariche; SCAD, spontaneous coronary artery dissection.

https://dx.doi.org/10.1136/openhrt-2023-002379
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Medical management, FMD screening and cardiac 
rehabilitation referral
Using random effects meta- analysis, 92.1% of patients 
(95% CI 89.3% to 94.8%) received at least one anti-
platelet, 78.0% (95% CI 73.5% to 82.4%) received beta- 
blockers, 58.7% (95% CI 52.3% to 65.1%) received 

ACEIs/ARBs, 54.4% (95% CI 45.4% to 63.5%) were 
screened for FMD and 70.2% (95% CI 60.8% to 79.5%) 
were referred to cardiac rehabilitation (figure 2). Left 
ventricular ejection fraction (LVEF) was not reported in 
most studies. Among the few studies that reported LVEF, 
none reported if ACEIs/ARBs were given to patients with 
impaired LVEF. One study12 reported the proportion of 
patients (29.6%) who received all consensus- document 
recommended treatments.

Meta regression analysis of the quality- of- care parame-
ters differed significantly between geographical regions 
(figure 3) except for the use of ACEIs/ARBs (p=0.088) 
and cardiac rehabilitation (data for this were only avail-
able for North America). Use of at least one antiplatelet 
was most consistent, with proportions close to 100% in 
most regions, except for North America (at 78.2%). Use 
of beta- blockers was also consistently higher than 63% 
in all regions, while ACEIs/ARBs ranged from 44.2% 
to 81.3%. Screening for FMD was the most inconsistent 
parameter, which was lowest in the Middle East (0.6%) 
and highest in North America (60.5%). North America 
was also the only region where the rate of cardiac reha-
bilitation attendance or referral was reported (70.2%, CI 
60.9% to 79.5%).

Overall, no significant difference was observed in the 
proportion of patients receiving each of the recom-
mended treatments between studies published before 
and after 2018 (figure 4), except for a small deterioration 
in the proportion of patients undergone cardiac reha-
bilitation (74.1% vs 60.0%, p=0.012). This parameter, 
however, was only reported on in North America.

Temporal changes within the same cohorts
The change of quality- of- care parameters within the same 
cohorts was explored in table 4. Apart from the use of anti-
platelets, which consistently increased with time, other 
parameters fluctuated significantly between the cohorts. 
The greatest change was observed in the Kantonsspital St. 
Gallen cohort (drop in FMD screening rate from 62.5% 
to 38.1%) and Mayo Clinic SCAD Registry (rise in FMD 
screening rate from 45.5% to 68.1%). There were no data 
for the change in the rate of referral to cardiac rehabili-
tation.

DISCUSSION
This systematic review is the first to measure adherence 
to consensus recommendations in patients with SCAD. 
Overall, adherence to consensus recommendations in 
SCAD care was highest for antiplatelet therapy and lowest 
for FMD screening, with significant variations across 
geographical regions. There was little change in adher-
ence to consensus recommendations before and after the 
publication of consensus recommendations in 2018.

Medical management and antiplatelet therapy
The proportions of patients with SCAD receiving anti-
platelets, beta- blockers, FMD screening and cardiac 
rehabilitation were 94.5%, 78%, 54.6% and 70.5%, 

Table 3 Baseline statistics of included studies

Total number of patients, n 8456

Mean age 50.1

Female 90.6%

Geographical location, number of studies 
(n)

  - Europe 21 (2992)

  - North America 16 (4401)

  - East Asia 8 (614)

  - Oceania 5 (287)

  - Middle East 2 (98)

  - South Asia 1 (64)

Year of publication, number of studies (n)

  - Before 2018 15 (1065)

  - After 2018 39 (7509)

Study design, number of studies (n)

  Prospective 12 (2757)

  Retrospective 28 (3216)

  Cross sectional 10 (1966)

  Mixed 4 (635)

Past history, percentage (n)

Smoking

  - Active 13.0% (4385)

  - Past 23.0% (2620)

  - Currency status not provided 30.1% (2731)

Hypertension 37.3% (7930)

Diabetes mellitus 4.4% (7945)

Migraine 30.8% (3889)

Peripheral vascular disease 1.5% (298)

Chronic kidney disease 1.9% (994)

History of previous coronary artery disease 8.8% (3077)

Thyroid disorders 13.2% (3122)

Peripartum 10.0% (1522)

Family history of cardiovascular disease 34.6% (2143)

Depression 18.5% (2409)

Anxiety 22.0% (1959)

In- hospital MACE 7.3% (2175)

Follow- up MACE 12.4% (4341)

Range of mean follow- up 1 month–49.2 months

Range of median follow- up 12 months–90 months

MACE, major adverse cardiovascular event; n, total number of 
patients for whom the data was reported.
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respectively. With regards to antiplatelet therapy, there is 
no quality evidence guiding the use of single versus dual 
antiplatelet, or the duration of therapy. In our review, 
the proportions of patients on single- antiplatelet therapy 
were provided in almost all studies which reported on this 
parameter (35 out of 37 studies), while the use of dual 
therapy was only provided in half (17 out of 37 studies).

Temporal and geographical trends in SCAD care
No significant change in practice was observed for 
studies published before and after 2018. The propor-
tion of patients who received all of the recommended 
treatments would have been a good indicator of overall 
quality of care. Unfortunately, there was only one paper 
(Baechler et al13) that reported this composite parameter, 

Figure 2 Meta- analysis of quality- of- care parameters—forest plot depiction for random effect meta- analysis of the proportion 
of patients received each of the recommended interventions using data from all included studies. Note: ARB, angiotensin 
receptor blocker; FMD, fibromuscular dysplasia.

Figure 3 Meta- analysis of quality- of- care parameters by regions—forest plot depiction of random effect meta- analysis of the 
proportion of patients received each of the recommended interventions, grouped by regions. Note: ARB, angiotensin receptor 
blocker; FMD, fibromuscular dysplasia.
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with the number relatively low at 29.6%. Notably, there 
was significant heterogeneity across studies and regions 
in FMD screening, ranging from 0.6% to 60.6%. This is 
despite the well- known association between SCAD and 
FMD, with screening recommended in all patients to 
look for extracardiac vascular manifestations. Most of 
the studies included in our systematic review were from 
higher income countries, highlighting a paucity of data 
from lower income countries. It is possible that adher-
ence would be lower than our current data, particularly 
for FMD screening and rehab referral, due to limitations 
in resources in these countries.

SCAD awareness and cardiac rehabilitation referral
SCAD is an increasingly recognised condition and, 
consistent with this, we found nearly eight times the 
number of patients studied in the past 4 years, compared 
with the 30 years prior. Although there was no signifi-
cant change in most of the quality- of- care parameters in 
studies published before and after 2018, this was likely a 
consequence of later studies including patients recruited 
historically, diluting any change in the quality- of- care 
with time. The drop in the proportion of patients who 
underwent cardiac rehabilitation was related to under 
reporting and differences in type of reporting. Only 3/53 
studies provided information on cardiac rehabilitation, 
with the method of reporting varied. While one provided 
the rate of referral to cardiac rehabilitation,14 the other 
two reported on the proportion of patients who attended 
cardiac rehabilitation.13 15

LIMITATIONS
This systematic review is limited by the under reporting 
of several quality- of- care measures, particularly cardiac 
rehabilitation and FMD screening. We were also unable 
to determine use of single vs dual antiplatelet therapy in 
many studies. The benefit of medical therapy in SCAD, 
such as antiplatelets and beta blockers remains contro-
versial, with no randomised data to support their use. 
Most studies reported discharge medical therapy whereby 
adverse effects related to antiplatelets or beta blockers 
may have led to early cessation, and we cannot comment 
on adherence to such therapy. The included studies were 
heterogenous and were conducted with different aims. 
In a small number of studies, the percentage of females 
was low, and it is possible that some atherosclerotic dissec-
tions may have been included in these studies. There was 
an under- reporting of the practice of FMD screening (24 
studies) and cardiac rehabilitation (three studies). The 
risk of reporting bias could not be excluded.

CONCLUSION
There are significant variations in the management of 
SCAD globally, particularly with regards to FMD screening 
and cardiac rehabilitation referral. An improvement in 
adherence to recommended therapies is thus needed. 
Raising awareness among clinicians about these recom-
mendations, together with further prospective evidence 
on their effectiveness in reducing MACE, may help 
improve quality of care for patients with SCAD.

Figure 4 Meta- analysis of quality- of- care parameters by year of publication—forest plot depiction of random effect meta- 
analysis of the proportion of patients received each of the recommended interventions, grouped by year of publication. Note: 
ARB, angiotensin receptor blocker; FMD, fibromuscular dysplasia.
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