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A B S T R A C T   

Background: Spontaneous coronary artery dissection (SCAD) is a relatively rare condition affecting predomi
nantly young adults, with a prevalence of female sex. The best management of SCAD is still unclear and not 
adequately evidence-based both in the acute phase but especially over the long-term. We therefore aimed to 
evaluate the impact of medical therapy usually adopted for coronary artery disease on long-term outcome in 
SCAD patients. 
Methods: We performed a meta-regression analysis including all the studies evaluating the long-term outcome of 
patients affected by SCAD. We used long-term mortality, recurrent SCAD, admission for angina and major 
adverse cardio-vascular events (MACE) as dependent variables and the rates of discharge drug rates (beta- 
blockers, statins, renin-angiotensin-aldosterone system inhibitors, aspirin, dual antiplatelet therapy (DAPT)) as 
independent variables. 
Results: Fourteen observational studies were included with a long-term follow-up of 3.5 ± 1.7 years. No statis
tically significant correlations between drug therapy (beta-blockers, statins, calcium channel blockers, nitrates, 
renin-angiotensin-aldosterone inhibitors) and mortality, MACE, admission for angina, and SCAD recurrence were 
found. Higher aspirin use rates were significantly correlated with lower admission rates for angina (p < 0.05); 
DAPT, however, showed a borderline correlation with higher rates of SCAD recurrence (p = 0.068). 
Conclusions: In a meta-regression analysis including observational studies aspirin use rates correlated with lower 
long-term rates of admission for angina, while a borderline correlation between DAPT and rates of SCAD 
recurrence was found. Other drugs usually used for the treatment of coronary artery disease do not seem to 
impact long-term outcome of SCAD patients.   

1. Background 

Spontaneous Coronary Artery Dissection (SCAD) is a rare but 
increasingly recognized nonatherosclerotic, nontraumatic cause of acute 
coronary syndrome (ACS) and sudden cardiac death [1,2]. Women be
tween 44 and 53 years with no or few traditional cardiovascular risk 
factors are more commonly affected. Etiopathogenesis of SCAD is 
multifactorial and not completely understood, involving both extrinsic 
and intrinsic factors; these include hormonal changes, genetic 

predisposition, underlying arteriopathies and environmental, physical 
and emotional triggers [1,2]. 

Due to its relative rarity and the absence of specific electrocardio
graphic or clinical features, the diagnosis of SCAD is challenging. Clin
ical presentation may include symptoms similar to ACS, as angina and 
dyspnea [2,3]. Atypical symptoms such as nausea, vomiting, and fatigue 
might as well be present [4]. 

Coronary angiography is the diagnostic gold standard, but nonin
vasive imaging techniques have emerged as effective diagnostic tools for 
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SCAD. These include magnetic resonance imaging (MRI) and computed 
tomography angiography (CTA) [5]. Moreover, detailed information 
about the morphology and location of the dissection are usually ob
tained through intravascular imaging techniques: optical coherence to
mography (OCT) and intravascular ultrasound (IVUS) [6]. 

The optimal management of SCAD is unclear and challenging. Ac
cording to expert consensus, since there are limited trials to guide de
cision making, in the acute phase a conservative approach should be 
preferred over a percutaneous coronary intervention (PCI), unless 
electrical/hemodynamic instability or ongoing ischemia are present [7]. 
Long-term strategies to prevent re-SCAD and mortality are not defined 
and not evidence based. Beta-blockers are associated with lower rates of 
recurrent SCAD [8]. The optimal type and duration of antiplatelet 
treatment is unclear. 

In the early phase, mortality of SCAD is generally low, but urgent 
revascularization is often required, up to 14 % [3]. Even if long-term 
mortality is generally low [8], at 2–3 years follow-up the reported 
major adverse cardiac events (MACE) are between 10 and 30 %, mostly 
caused by recurrent myocardial infarction from recurrent SCAD [3]. At 
longer-term follow-up, MACE have been reported in 15–37 %, and up to 
50 % at 10 years follow-up, driven by recurrent SCAD or de novo SCAD 
[3]. The presence of genetic factors, peripartum status and extracoro
nary muscular fibrodysplasia are independent predictors of 3-year 
MACE. [1]. 

Even if a relatively rare condition, SCAD affects relatively young 
patients so long-term management represents an important issue both in 
terms of mortality and in terms of hospitalizations. We therefore aim to 
assess the impact of the medical therapy commonly used for long-term 
treatment of SCA patients, in the setting of SCAD. 

2. Methods 

Following the Preferred Reporting Items for Systemic Reviews and 
Meta-Analysis (PRISMA) document, we searched Pubmed for studies 
involving patients with SCAD and investigating the long-term outcome, 
at least 1 year follow-up. As search term we used (spontaneous coronary 
artery dissection[Title/Abstract]) AND (long-term[Title/Abstract]), (spon
taneous coronary artery dissection[Title/Abstract]) AND (medical therapy 
[Title/Abstract]), (spontaneous coronary artery dissection[Title/Abstract]) 
AND (outcome[Title/Abstract]), taking into account English language 
articles. Furthermore, we found meta-analyses and reviews using 
(spontaneous coronary artery dissection[Title]) as search terms, in order to 
add studies investigating long-term outcomes. We selected all the 
studies specifying all-cause mortality, recurrent SCAD (re-SCAD), 
admission for angina and major adverse cardio-vascular events (MACE) 
including myocardial infarction, ischemic stroke, death, hospitalization. 
We excluded the studies investigating the short-term prognosis, <1 year, 
Moreover, we excluded the studies not providing data on the use of beta- 
blockers, statins, renin-angiotensin-aldosterone system inhibitors, 
aspirin, dual anti-platelet therapy (DAPT), nitrates and calcium channel 
blockers. All titles and abstracts were searched and independently 
evaluated by 5 authors (MM, ET, RC, AG, SP) and 2 authors graded all 
studies for bias (Cochrane Handbook for Systematic Review of In
terventions). Number of participants, sex distribution, average age, 
main cardiovascular risk factors, triggering factors for SCAD, treatment 
with PCI in acute phase, rates of cardiovascular drugs use (beta-blockers, 
statins, renin-angiotensin-aldosterone system inhibitors, aspirin, dual 
anti-platelet therapy, nitrates and calcium channel blockers), mortality, 
MACE, rates of admission for angina and SCAD recurrence were 
collected (Table 1). 

2.1. Statistical analysis 

Meta-regression linear graphs were created by plotting medical 
treatment rates on the x-axis and all-cause mortality, re-SCAD, admis
sion for angina and major cardiovascular adverse events (MACE) on the Ta
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y-axis (Figs. 2-3). The circles on the graphic represent an included study 
while the diameter of every circle is proportioned to the weight of study 
in the regression analysis. The line in the center represents the regres
sion line. Linear regression was calculated and weighted for study size. A 
p < 0.05 was considered as statistically significant. Quality of studies 
was assessed with the Newcastle - Ottawa scale for bias assessment 
(Table 2) [9]. 

3. Results 

We reviewed 249 studies, adding 6 further studies from evaluation of 
the reviews and meta-analyses. We excluded one study as substantial 
duplicate results from the same population even though with different 
follow-up periods. After study selection, 14 studies were selected for 
long-term follow-up, including 2306 SCAD patients (Table 1, Fig. 1). 
Publication dates ranged from 2009 to 2023. All the studies were 
observational. 

Meta-regression analysis did not show any statistically significant 
relationship between medical therapy (beta-blockers, statins, calcium 
channel blockers, nitrates, renin-angiotensin-aldosterone inhibitors) 
and mortality, MACE, admission for angina, re-SCAD. Regarding aspirin, 
no statistically significant correlation was detected with mortality, 
MACE and SCAD recurrence. However, a statistically significant reverse 
correlation with admission for angina was found (p < 0.05, Fig. 2). A 
borderline statistically significant between rates of DAPT and recurrence 
of SCAD was also found (p = 0.068, Fig. 3). No other correlations were 
found with other variables included in the study. 

4. Discussion 

To the best of our knowledge, this is the first meta-regression study 
investigating the impact of the medical therapy usually used for coro
nary heart disease on long-term outcome in patients with SCAD. We did 
not find a statistically significant impact of medical therapy on long- 

term mortality and MACE. Furthermore, we found a statistically sig
nificant positive impact of aspirin on the long-term rate of admission for 
angina. Interestingly, we detected a trend suggesting a negative impact 
of DAPT on long-term incidence of re-SCAD. 

According to the ‘inside-out” hypothesis, SCAD is determined by the 
entry of blood into the subintimal space of the vessel from the true 
lumen. So, endothelial-intimal disruption and failure to repair are at the 
basis of the formation of a flap. On the other hand, according to “outside- 
in” hypothesis, the disruption of adventitial micro-vessels is the key 
event for the creation of an intramural hematoma within the media [2]. 
Recent observations based on Optical Coherence Tomography analysis 
[22] and the observed absence of communication between true and false 
lumen support the ‘outside-in’ over the inside-out hypothesis 
[23,11,22]. The higher incidence of SCAD observed in patients affected 
by fibro-muscular dysplasia (FMD) may favor the ‘inside-out’ theory. In 
fact, FMD is characterized by a failure of endothelial healing [24]. The 
relationship between SCAD and sexual estrogens is also well-known 
[3,25]. Some observations suggest that fluctuations/reduction in estro
gen levels may determine a reduction of circulating progenitor cells with 
a subsequent inability to repair the endothelium [26,27]. Based on this, 
the estrogen-related higher incidence of SCAD may support the ‘inside- 
out’ hypothesis. 

Unlike ACS, the physiopathology of SCAD is controversial so there is 
a lack of definite pharmacological targets. Some observational data 
suggest a beneficial effect of beta-blocker on long-term outcome [8]. The 
rationale of beta-blockers treatment is the reduction of vessel shear 
stress [8] and the observation that arterial hypertension is an indepen
dent predictor of recurrent SCAD [28,29]. Moreover, beta-blockers have 
shown a significant reduction in terms of mortality and risk of recurrent 
aortic dissection [30]. However, in our analysis there is the lack of any 
beneficial effect of beta blockers. It is conceivable that a beneficial effect 
of beta-blockers may be restricted to a subset of SCAD, such as those 
triggered by emotional or physical stress. The ongoing controlled ran
domized BA-SCAD trial aims to investigate the long-term effect of beta- 

Table 2 
Newcastle-Ottawa study evaluation: the quality of the studies included in the analysis in resumed by the final score.  

Study Case 
definition 
adequate 

Representativeness 
of the cases 

Selection 
of controls 

Definition 
of controls 

Comparability 
based on design 
analysis 

Ascertainment 
of exposure 

Same method of 
ascertainment for 
cases and controls 

Non- 
response 
rate 

Total 
Score 

Mortensen 
et al. [10] 

* ○ ○ * * * * ○ 5 

Alfonso et al 
[11] 

* * * * ** * ○ ○ 7 

Buja et al.  
[12] 

* * ○ ○ * * * ○ 5 

Rogowski 
et al. [13] 

* ○ * * * * * ○ 7 

Mc Grath- 
Cadel et al 
[14] 

* ○ * * * * * ○ 6 

Saw et al.  
[8] 

* * * * ** * * ○ 8 

Chen et al.  
[15] 

* ○ ○ * * * * ○ 5 

Clare et al.  
[16] 

* * * * * * ○ ○ 6 

Seidl et al  
[17] 

* ○ ○ ○ * * * ○ 4 

Cerrato et al. 
[18] 

* * * * * * * ○ 7 

Yongcheol 
Kim et al.  
[19] 

* ○ * * * * * ○ 6 

Saw et al.  
[20] 

* * * * ** * * ○ 8 

Proenca 
et al. [21] 

* ○ ○ * * * * ○ 5 

Salamanca 
et al. [22] 

* * * * * * ○ ○ 6  
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blockers in patients with SCAD [31]. 
We did not find any evidence supporting the use of statins and 

angiotensin-converting enzymes in SCAD [2]. The SAFER-SCAD trial, 
aiming to investigate the role of statins and angiotensin converting en
zymes on recurrence of SCAD, was interrupted prematurely for funding 
problems [31]. 

The optimal long-term antiplatelet treatment is controversial [28,8]. 
Some authors suggest a DAPT for 12 months also in case of conservative 
strategy, others suggest a shorter DAPT (1–3 months) followed by 
aspirin alone [3]. The ongoing BA-SCAD trial investigates on the effect 
of a a short-term (1 month) vs a long-term antiplatelet treatment on a 1- 
year composite endpoint (death, myocardial infarction, stroke, coronary 
revascularization, recurrent SCAD, and unplanned hospitalization for 
acute coronary syndrome or heart failure) [30]. 

Our findings support a protective role of aspirin in terms of admis
sion for angina. This may be explained by the anti-thrombotic and anti- 
inflammatory effect on endothelium and is consistent with the inside- 
out hypothesis. Moreover, the positive role of aspirin in the setting of 
secondary prevention in patients with coronary artery disease is well- 

established [32]. Aspirin may provide a protective, antithrombotic, 
not SCAD-specific action on the coronary artery tree, determining a 
positive impact on episodes of angina over a long-term follow-up. 

An interesting observation is the border-line significant negative 
impact of DAPT on recurrence of SCAD. This finding is consistent with 
the outside-in hypothesis, as the probability of IMH creation and 
extension is considered higher in patients with DAPT. For this reason, an 
aggressive antithrombotic with parenteral antiplatelet drugs is 
discouraged in the acute phase [3]. However, in the absence of an 
adequate multivariable analysis, a possible role for DAPT as an identifier 
of high risk patients characterized by higher recurrence rates may not be 
excluded. 

The long-term management of SCAD is complex and probably 
completely different from the classical CAD. SCAD may probably be 
considered a common final pathological finding that derives from 
different etiologies, risk factors and physiopathology. The understand
ing of what leads to a SCAD is poor and incomplete so far, consequently 
the optimal secondary prevention is unknown. Based on our findings, 
the medical treatment usually utilized for secondary prevention of acute 

Fig. 1. PRISMA flow diagram showing search strategy.  
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coronary syndromes seems not to fit for SCAD. Furthermore, a long-term 
SCAD strategy seems to be harmful while long-term aspirin shows a 
protective effect. Further observations and controlled trial are needed to 
explore this gap in knowledge and the impact of specific drugs in this 
specific subset of patients. 

5. Conclusions 

In a meta-regression analysis, aspirin showed a positive impact on 
long-term rate of admission for angina, while DAPT showed a borderline 
association with higher rates of re-SCAD. Except for anti-platelet med
ications, other drugs usually adopted for the treatment of coronary 

Fig. 2. Significant reverse correlation between aspirin rates and admission rates for angina at follow-up (p < 0.05).  

Fig. 3. Borderline direct correlation between DAPT rates and SCAD recurrence at follow-up (p = 0.068).  
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artery disease do not seem to impact on long-term outcome of SCAD 
patients. 

6. Limitations 

The collected data refer to the rates of medical therapy at discharge 
of the index hospitalization for SCAD. Factors such as the duration of 
DAPT and therapeutic adherence may affect the impact of cardio- 
vascular drugs on long-term outcome in SCAD patients. The lack of a 
uniform understanding of SCAD’s underlying mechanisms can make it 
challenging to generalize treatment recommendations. The study does 
not account for these etiological variations and their potential impact on 
treatment outcomes. The analysis is primarily based on observational 
studies and lacks data from well-designed randomized controlled trials. 
The absence of RCTs can introduce biases, and the effects of specific 
medications may not be accurately assessed due to potential con
founding factors. There is considerable heterogeneity in the medical 
treatments prescribed to SCAD patients. This diversity in treatment 
regimens, including the choice of antiplatelet agents and other medi
cations, can influence the study results. A lack of standardized treatment 
protocols for SCAD makes it difficult to draw definitive conclusions. 
SCAD is a rare condition, and long-term follow-up studies are limited. As 
a result, the study may not capture the full spectrum of long-term out
comes, and it may not account for evolving treatment strategies and 
their impact on patient outcomes over time. The borderline significance 
of some findings, such as the negative impact of DAPT on SCAD recur
rence, should be interpreted cautiously. The borderline nature of these 
associations suggests the need for further research to confirm or refuse 
these trends. The results of this meta-regression analysis are primarily 
based on the available literature, which may not fully represent the di
versity of SCAD patients. Generalizing the findings to all SCAD patients 
should be done with caution, as specific patient subgroups may respond 
differently to medical therapy. The study primarily focuses on efficacy 
outcomes, such as long-term admission for angina and SCAD recurrence. 
However, it does not provide comprehensive data on potential adverse 
events associated with different medications, which is essential for a 
thorough assessment of their safety profiles. 
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