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Introduction

Spontaneous coronary artery dissection  (SCAD) is a 
nonatherosclerotic but a rare and extremely dangerous 
clinical entity, with a prevalence ranging from 0.1% to 
1.0% in most angiographic series.[1] SCAD is defined as 
a spontaneous separation of coronary artery wall without 
any other reasons, it involves intimal tearing and hematoma 
formation within the artery media, causing compression 
the true lumen, and therefore results in angina, acute 
myocardial infarction (AMI), syncope, sudden death, and 
other clinical presentations. It usually affects younger and 
apparently healthy female population and accounted for 
0.4% of sudden cardiac death.[1] The first case of SCAD 
was reported by Pretty[2] in 1931, a 42‑year‑old woman 

who died unexpectedly due to coronary artery dissection. 
Since then, SCAD publications comprised the case report 
and small case series, and hence the knowledge of SCAD 
was limited before. Until now, about 1500 SCAD cases have 
been reported worldwide,[3‑13] but almost half of the cases 
were reported in the recent 5 years.
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The previous reports showed the prevalence of SCAD in 
young female population with acute coronary syndrome 
(ACS) was 10%, and up to 25% in AMI population.[14] 
Some clinical characteristics of SCAD were gradually 
elaborated in the recent several years:[3‑14] high prevalence 
as a cause of AMI in young female population, especially 
in those rarely with traditional risk factors, its more 
frequent angiographic presentation of diffused lesion but 
smoothly arterial narrowing wall, and its higher risk of 
recurrence.[15]

However, previous data were restricted to other countries’ 
population, rare systematic studies were reported in China. 
This study enrolled a series of young female AMI patients in 
the recent 4 years in the Centre of Cardiology, Nanjing First 
Hospital (Jiangsu, China), and focused on the characteristics 
of SCAD as a cause of AMI.

Methods

Ethical approval
As a retrospective study and data analysis was performed 
anonymously, this study was exempt from the ethical 
approval and informed consent from patients.

Study population
I n c l u s i o n  c r i t e r i a :  y o u n g  f e m a l e  p a t i e n t s 
(≥18 and ≤50 years) of AMI (≤7 days) who underwent 
coronary angiography (CAG) and intracoronary 
imaging  (intravascular ultrasound [IVUS] or optical 
coherence tomography  [OCT]) in our center between 
January 2013 and December 2016.

AMI was defined as the following criteria:  (1) typical 
symptom such as chest pain lasting for more than 20 min; 
(2) 12‑lead electrocardiogram presenting of new left 
bundle branch block or ST‑segment changes in more than 
2 contiguous leads; (3) serum troponin I/T increased more 
than twice of the upper limit of normal.[16]

SCAD was defined as a spontaneous separation 
of the coronary vessel wall together with typical 
diagnostic features  (intimal dissection or intramural 
hematoma) identified by CAG and intracoronary 
imaging with IVUS or OCT,[17] percutaneous coronary 
intervention (PCI)‑related dissection, iatrogenic, trauma, 
and atherosclerotic changes were excluded. Intimal 
dissection was defined as the presence of multiple 
radiolucent lumens, with or without contrast staining. 
The intramural hematoma was identified by an abrupt 
vessel tapering in concordance with recently proposed 
classification.[17]

SCAD based on the CAG imaging was classified into three 
types:[17] Type  I  (evident arterial wall staining): multiple 
radiolucent lumens of the coronary arterial wall with contrast 
staining. Type II (diffused stenosis but smoothly narrowing 
wall): often occurred in the mid to distal segments of 
coronary arteries, has diffused (typically >20 mm) lesion but 
smoothly narrowing wall. Type III (mimic atherosclerosis): 

long lesion (11–20 mm), hazy or linear stenosis but the lack 
of atherosclerotic changes in other coronary arteries. Type II 
and III need IVUS or OCT test to be confirmed. The result 
should be with an agreement in at least two independent 
cardiologists experienced in the angiographic diagnosis of 
SCAD.

Variables
Clinical presentation, demographics, laboratory results and 
CAG characteristics, treatments were collected through 
medical records and angiographic reviews. Detailed 
angiographic features included lesion location, lesion length, 
percentage of lesion vessel stenosis, percentage of PCI, 
intimal dissection or intramural hematoma, CAG imaging 
types were also assessed.

Statistical analysis
Data were presented as mean ± standard deviation (SD) for 
continuous variables and as frequency (%) for categorical 
variables. Student’s t‑test was used for comparison of 
normally distributed continuous data, and the Fisher’s exact 
test was used to compare categorical variables. Statistical 
analysis was performed with the SPSS version 18.0 (SPSS 
Inc., Chicago, IL, USA) and P  <  0.05 was considered 
statistically significant.

Results

A total of 60 young female patients  (≤50  years) with 
AMI (≤7 days) were enrolled. Every patient not only had 
CAG but also IVUS/OCT results. All the SCAD cases 
had OCT/IVUS results confirmed. We divided them into 
two groups: SCAD group  (21  patients) and coronary 
atherosclerotic heart disease (CHD) group (the remaining 
39 patients). The prevalence of SCAD was 35% (21/60) in 
the population, and CHD was 65% (39/60).

Baseline clinical characteristics between spontaneous 
coronary artery dissection and coronary atherosclerotic 
heart disease groups
Clinical characteristics which including hypertension, 
current smoking, oral contraceptives, menopause, during 
pregnancy and the postpartum period, depression and 
autoimmune disease history distributed similar between 
the two groups. The mean age was 44.4  ±  4.1  years in 
SCAD group, only one fibromuscular dysplasia  (FMD) 
case concomitant with SCAD was confirmed in the study 
due to peripheral artery angiography. Nevertheless, the 
mean age was 46.4  ±  3.8  years in CHD group, most of 
them often have more than one risk factor such as diabetes 
history, high glucose, low‑density lipoprotein‑cholesterol, 
triglyceride, total cholesterol, and non‑high density 
lipoprotein‑cholesterol levels [Table 1].

Characteristics of spontaneous coronary artery dissection 
group
In the SCAD group, 43%  (9/21) presented with 
non‑ST‑elevation myocardial infarction  (NSTEMI) and 
the remainder presenting as ST‑elevation myocardial 
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infarction  (STEMI). SCAD usually occurred in a 
single vessel  (20/21, 95%), especially in left anterior 
descending  (LAD) artery  (14/21, 67%), subsequently 
left circumflex coronary artery  (3, 14%), right coronary 
artery (4, 19%). Eighteen patients (18/21, 86%) underwent 
conservative treatment, whereas the remaining three 
patients (3/21, 14%) underwent PCI. Regarding angiographic 
result of SCAD lesions, intramural hematoma was 
discriminated in 95%  (20/21), intimal tearing only 
occurred in one case. Moreover, Type  I was observed 
in 5%  (1/21), Type  II was observed in 67%  (14/21) and 
Type  III was 29%  (6/21). The average stenosis in the 
group was 76.9% ± 20.6%, and the mean lesion length was 
36.6 ± 8.6 mm [Figures 1‑5].

Discussion

This study retrospectively reported a series of patients 
with SCAD as a cause of AMI in young female patients 
aged ≤50 years in China. Three main results can be taken 
from this study: (1) SCAD had a high prevalence in young 
female AMI population, especially with rare risk factors; 
(2) SCAD usually occurred in a single vessel, especially 
in LAD artery.  (3) Most of SCAD cases were caused by 
intramural hematoma, and prone to had conservative drug 
treatment.

SCAD predominately occurred in younger women, 
with a 3‑fold higher occurrence than in men,[18,19] but 
the reason of the difference remains poorly understood. 
A Japanese study showed that in a large young female AMI 
population (<55 years), the prevalence of CHD was 42%, 
SCAD was 35%, coronary artery spasm was 13%, and the 
others 10%.[13] However in the study, only two reasons 
were found (SCAD and CHD), might be due to our small 
sample and selection bias. A series of SCAD case reporting 
for the prevalence of SCAD in young female AMI patients 
was similar to that in our cohort:[11,13,15] a single‑center 
Canadian study of young female AMI aged  ≤50  years 
population from CAG examination, the prevalence of SCAD 
was 24.2%;[15] a Japanese series of young female AMI 
aged ≤50 years group, the prevalence of SCAD was 35%;[13] 
an Australian series of young female ACS aged ≤60 years 
group, the prevalence of SCAD was 22.5%.[11] Therefore, 
SCAD also had a high prevalence in young female AMI 
population in Jiangsu, China, it is probably the second cause 
of AMI in young female population regardless of ethnic and 
regional differences.

SCAD remains a distinct but challenging clinical entity, 
the risk factors of SCAD have poorly elaborated, may be 
associated with these factors:[1,14,20‑23]  (1) pregnancy and 
postpartum are high‑risk periods in young women. The 
changed hormonal, hemodynamic, and thromboplastic 
factors level in this period might be predisposed to 
SCAD. (2) Intensive exercise or emotional depression 
is also considered of risk factor for SCAD.  (3) Many 
systemic connective tissue disorders (Marfan’s syndrome, 
Ehlers-Danlos, Loeys-Dietz syndromes, and systemic 

Figure 1: Type I: Multiple radiolucent lumens of the coronary arterial 
wall with contrast staining in the left anterior descending.

Figure 2: Type II: Diffused stenosis but smoothly narrowing in the mid 
to distal segment of left anterior descending.

Figure 3: The true and false lumens from optical coherence tomography 
result which located at the frame from Figure 2.

lupus erythematosus), autoimmune disease  (rheumatoid 
arthritis, polyarteritis nodosa, Crohn’s disease) have all 
been associated with SCAD. (4) FMD is another important 
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Figure  5:   The true and false lumens from optical coherence 
tomography result which located at the frame from Figure 4.

Table 1: Baseline clinical characteristics of young female patients with AMI in the two groups

Characteristics SCAD group (n = 21) CHD group (n = 39) Statistics P
Age (years) 44.4 ± 4.1 46.4 ± 3.8 1.885* 0.064
Hypertension 7 (33) 20 (51) Fisher 0.277
Diabetes 0 8 (21) Fisher 0.042
Current smoking 1 (5) 0 Fisher 0.350
Oral conceptives 0 0 – –
Menopause 11 (52) 21 (54) Fisher 1.000
Pregnancy period 0 0 – –
Postpartum period 0 0 – –
Depression 0 0 – –
Autoimmune disease 0 0 – –
FMD 1 (5) 0 Fisher 0.350
Hb (g/L) 121.9 ± 14.4 125.1 ± 14.3 0.809* 0.422
ALT (U/L) 29.6 ± 18.7 33.5 ± 17.9 0.797* 0.428
Cr (µmol/L) 51.5 ± 11.1 49.1 ± 15.8 −0.611* 0.544
Glucose (mmol/L) 5.2 ± 1.2 6.9 ± 2.8 3.456* 0.001
TC (mmol/L) 3.6 ± 0.9 4.6 ± 1.7 3.128* 0.003
TG (mmol/L) 1.3 ± 0.7 2.1 ± 1.4 2.626* 0.011
LDL‑C (mmol/L) 2.0 ± 0.7 3.0 ± 1.3 3.863* <0.001
HDL‑C (mmol/L) 1.2 ± 0.2 1.0 ± 0.2 −3.904* <0.001
Non‑HDL‑C (mmol/L)† 2.4 ± 0.9 3.6 ± 1.6 3.823* <0.001
Data are presented as n (%) or mean ± standard deviation. *t values. SCAD: Spontaneous coronary artery dissection; CHD: Coronary atherosclerotic heart 
disease; FMD: Fibromuscular dysplasia disease; Hb: Hemoglobin; Cr: Creatinine; TC: Total cholesterol; TG: Total triglyceride; LDL‑C: Low‑density 
lipoprotein‑cholesterol; HDL‑C: High‑density lipoprotein‑cholesterol; †non-HDL-C =  TC – HDL; –: Not applicable; AMI: Acute myocardial infarction; 
ALT: Alanine aminotransferase.

Figure 4: Type III: Mimic atherosclerosis, hazy or linear stenosis but 
lack of atherosclerotic changes in other coronary arteries.

disease concomitant with SCAD,[24‑29] the prevalence of 
FMD ranged from 52% to 86% in SCAD patients.[4,7] FMD 
is a nonatherosclerotic and noninflammatory vascular 
disease, it tends to affect relatively large vessels such as 
renal, carotid artery, it can weaken artery structure through 
dysplasia of smooth muscle cells, fibroblasts, connective 
matrix, and prone to cause of artery stenosis, dissection, 
and aneurysm forming.[30] However, in this study, there 
were no cases in the period of pregnancy or postpartum, 
no emotional or intensive exercise precipitance records 
and none of them had a history of connective tissue or 
autoimmune disease. We only confirmed one FMD case, its 
prevalence was not as high as that described before, mainly 

due to our retrospective design of incomplete screening and 
unawareness of FMD before, so the prevalence of FMD 
concomitant with SCAD was probably underestimated than 
the truth in the study.

Saw et  al.[7‑11,13] reported that SCAD lesion mainly 
occurred at LAD artery and its branches (about 45–61%), 
subsequently circumflex and branches  (15–45%), right 
coronary artery and branches (10% to 39%), and the left main 
stem (0 to 4%). The result showed the occurrence in LAD 
artery is a little higher than described before, the probable 
explanation might be the ethnic difference between Chinese 
and Western population and the small sample enrolled. On 
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the other hand, the pathology of SCAD apparently has two 
mechanisms:[1,14,20‑23] (1) a primary intimal rupture generates 
an entry door precipitating bleeding into the coronary 
wall with the development of a false lumen (“inside‑out” 
mechanism). (2) A primary disruption of the “vasa vasorum” 
leading to intramural hemorrhage (“outside‑in” mechanism). 
Higher prevalence of intramural hematoma was found in this 
study from OCT/IVUS result. Therefore, the data provide 
robust evidence that intramural hematoma might be the 
main pathology cause of SCAD in young female population.

In this study, the distribution of NSTEMI presentation was 
similar to STEMI in SCAD group, and most of them had 
conservative drug treatment. The distribution of clinical 
diagnosis was consistent with previous results.[11,13] The 
American Heart Association guidelines for AMI suggest 
early intervention for culprit lesion of the atherosclerotic 
vessel is beneficial, is it appropriate to SCAD population? 
The current guidelines do not give an optimal management 
of SCAD, the treatment of SCAD was still empirical.[4‑8,31,32] 
Revascularization  (containing PCI and coronary artery 
bypass grafting) is only recommended to those ongoing or 
recurrent ischemia patients, because it can quickly restore 
coronary flow to reduce infarct size, but stent implantation 
might lead to propagation of intramural hematoma and has 
a high risk of late stent malapposition, because the extent 
of intramural hematoma is often underappreciated through 
angiography, subsequently result in unanticipated loss of 
flow after stent placement and stent selected undersized, 
which can result to high risk of late stent malapposition. 
Conservative drug treatment might be helpful,[4,8,31,32] because 
SCAD tends to be spontaneous healing at follow‑up. Patients 
who survived their initial SCAD presentation were often 
preferable at follow‑up, because spontaneous vessel healing 
occurred in most patients. However, the recurrent rate was 
also higher compared with CHD patients, the recurrent 
SCAD occurring was about 15% at 2‑year follow‑up,[7] 
about 27% at 5‑year follow‑up.[8,13] No patient of the study 
died. However unfortunately, we did not have any follow‑up 
data discharged.

The limitations included: first, the study was a retrospective, 
observational study of a relatively small population in a 
restricted district, the result can therefore only be considered 
exploratory. All the patients enrolled in the study must have 
complete CAG and OCT/IVUS imaging results, if the above 
data were incomplete, the patient would be excluded. Hence, 
the study had selection bias, the prevalence of SCAD in 
young female AMI population was probably underestimated 
than the truth in the study. Second, medical records were 
not explicit, so many risk factors remained insufficient 
for statistical analysis. Third, not every probable case had 
OCT/IVUS imaging data to be confirmed, and hence it also 
might underestimate the prevalence of SCAD. Forth, we did 
not have any follow‑up data to observe their prognosis. Thus, 
these findings strongly suggest the need for a further, larger, 
randomized registry study to validate the above conclusions. 
We enrolled the population aged <50s, the next study will 

enlarge the age group containing  <60s and compare the 
difference between them.

In conclusion, SCAD has a high prevalence in younger 
female AMI population in Jiangsu, China, especially in 
those rarely with traditional risk factors. Discriminating the 
cause of AMI in young female population is very important.
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