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Background: We sought to compare the prognosis of patients with spontaneous coronary artery dissection
(SCAD) and atherosclerosis as the cause of acute myocardial infarction (AMI), especially in young females.
Methods and results: A total of 20,195 patients with AMI at 20 institutions between 2000 and 2013 were retro-
spectively studied. Major adverse cardiac event (MACE: cardiac death, AMI or urgent revascularization) was
the endpoint. The overall prevalence of SCADwas 0.31% (n= 63; female, 94%). SCAD developed following emo-
tional stress in 29% of patients. Revascularizationwas performed in 56% (35 of 63 patients), and SCAD recurrence
developed in the originally involved vessel in 6 of 35 patients with revascularization, compared to none among
28 patients after conservative therapy (p=0.002).We compared the clinical characteristics of young femaleAMI
patients aged ≤50 years in the SCAD (n= 45) and no-SCAD groups (atherosclerotic AMI, n = 55). During a me-
dian follow-up of 50 months, SCAD recurred in 27% of patients, of which 42% was in the first 30 days. Kaplan–
Meier analysis showed a significantly higher incidence of MACE in the SCAD group compared to the no-SCAD
group (hazard ratio, 6.91; 95% confidence interval, 2.5 to 24.3; p b 0.001), although the rate of successful percu-
taneous coronary intervention for SCAD was as high as 92%.
Conclusions: Young female patients with SCAD represent a high-risk subgroup of patients with AMI and require
close follow-up.

© 2015 Published by Elsevier Ireland Ltd.
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Spontaneous coronary artery dissection
Prognosis
Acute myocardial infarction
Young woman
lar Medicine, National Cerebral
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Yasuda).
1. Introduction

Spontaneous coronary artery dissection (SCAD) remains a rare but
challenging clinical entity, with an estimated prevalence ranging from
0.07% to 1.1% [1,2]. Recent large single center cohort studies of SCAD re-
ported that it could occur in both younger and older females [3,4].
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Moreover, the rate of SCAD recurrence in these cohorts were 17% and
13%, respectively, which was unexpectedly higher than those reported
in previous studies [2,5,6]. On the other hand, SCAD has been tradition-
ally considered to occur in young females with minimal atherosclerotic
risk factors and not as part of a broader clinical spectrum that includes
older patients with coronary artery disease (CAD) [7]. However, there
were no systematic study focusing on young female and their prognosis
remains unclear, as reported in the recent two large cohort studies [3,4].
Hence, in this study, we focused on the short- and long-term prognosis
of young female patients aged less than 50 years with SCAD.

The present study involves a large series of patients who underwent
coronary angiography (CAG) due to acute myocardial infarction (AMI)
that were enrolled by investigators at multiple centers by the Angina
Pectoris–Myocardial Infarction (AP–MI) Study Group [8] that uses con-
servative and interventional strategies for SCAD in actual clinical prac-
tice. We sought to 1) evaluate the prevalence and the short- and long-
term outcomes of SCAD, 2) determine the recurrence rate of SCAD,
and 3) compare the prognosis of young female patients with non-
atherosclerotic AMI due to SCAD and those with atherosclerotic AMI.

2. Methods

2.1. Study population of the multicenter cohort and the definition of SCAD

From January 2000 to December 2013, a total of 20,195 patientswith
AMI were admitted to 20 cardiovascular institutions in Japan by AP-MI
investigators (Appendix A) [8]. SCAD was defined as medial dissection
or intramural hematoma without atherosclerotic changes detected by
CAG, intravascular ultrasonography (IVUS), or optical coherence tomog-
raphy (OCT) before any catheter-based intervention [9–11].We defined
SCAD according to the report from Saw et al. [4]. Briefly, their classifica-
tion system grades coronary dissection on the basis of angiographic ap-
pearance into three types: type 1, pathognomonic contrast dye staining
in the arterial wall with multiple radiolucent lumens; type 2, diffuse
smooth narrowing with mild stenosis; and type 3, mimicking athero-
sclerosis with focal or tubular stenosis. In all cases in whom type 2 or
3 SCAD was suspected based on angiography, we confirmed the pres-
ence of intramural hematomaor a double lumen by intracoronary imag-
ingwith IVUS or OCT. The presence of an intimal flapwas not necessary
for diagnosis. In the present study, the angiographic data of all patients
diagnosedwith SCAD at each center were collected at the core laborato-
ry of the National Cerebral Cardiovascular Center in Japan and con-
firmed independently by at least 2 interventional cardiologists.
Percutaneous coronary intervention (PCI)-related dissection, post-
traumatic coronary artery dissection, and atherosclerotic-related dis-
sectionwere excluded [12]. Clinical, angiographic, laboratory, and treat-
ment data were collected to clarify the characteristics of and
precipitating factors in patients with SCAD.

Since SCAD outside of the setting of atherosclerosis has a relatively
younger andmore female predominance, our analysis focused on youn-
ger female AMI patients with SCAD. Among 20,195 patients with AMI,
there were a total of 130 female AMI patients aged 50 years or younger.
After exclusion of patients with vasospastic angina pectoris (n = 13),
coronary artery embolism (n = 10), systemic lupus erythematosus
(n = 3), Kawasaki disease (n = 1), Vasculo-Behcet's disease (n = 1),
and other (n=2), the remaining 100 patientswere ultimately included
in additional analyses. This retrospective study was conducted in accor-
dance with the 1975 declaration of Helsinki and approved by the insti-
tutional review board of each site and informed consent was obtained
from each patient.

2.2. Data collection and definitions

Demographic and clinical data such as potential etiologic factors,
coronary risk factors, clinical presentation, involved vessel distribution,
and initial management strategy were collected. Emotional stress and
extreme physical activity were reviewed from medical records. In-
hospital and long-term outcomeswere determined throughmedical re-
cord and angiographic review. When necessary, a mailed questionnaire
and telephone follow-up were also used. Endpoints included major ad-
verse cardiac events (MACE), which consist of cardiac death, non-fatal
AMI or urgent revascularization. Recurrent SCADwas defined as the de-
velopment of de novo dissection, which is distinct from potential prop-
agation of primary SCAD associated with acute coronary syndrome in
the initial SCAD lesion within one week of the index event.

AMI was defined according to the following inclusion criteria:
(1) continuous chest pain lasting N30 min, (2) new left bundle branch
block or ST-segment changes in 2 or more contiguous leads on the 12-
lead electrocardiogram (ECG), and (3) subsequent increase in serum
creatine kinase (CK) to more than twice the upper limit of normal [13,
14]. ST-elevation myocardial infarction (STEMI) was defined as an
AMI with new ST elevation at the J-point in 2 contiguous leads with
the following cut-off points: ≥0.2 mV in men or ≥0.15 mV in women
in leads V2–V3, or ≥0.1 mV in other leads [14].

PCI was performed when a patient presented with evidence of
ongoing ischemia such as prolonged chest pain, ischemic ST changes,
or hemodynamic instability. PCI was considered successful when im-
provement from Thrombolysis in Myocardial Infarction (TIMI) grade 0
or 1 flow at baseline to TIMI grade 3 flow was achieved. A procedure
was considered technically complicatedwhen there was an unexpected
need for additional stenting for dissection propagation or expansion of
an intramural hematoma during PCI [15].
2.3. Statistical analysis

Normally distributed continuous variables are presented as
means ± standard deviation (SD); they were compared using the t-
test. Non-normally distributed variables are presented as medians
(interquartile range, IQR). They were compared using the Mann–
Whitney U test. Categorical baseline variables were compared using
Fisher's exact test or the chi-squared test as appropriate. Cumulative
event-free survival curves were estimated using the Kaplan–Meier
method and compared using the log-rank test. All p values b 0.05
were considered statistically significant. Statistical analysis was per-
formed with JMP version 10 (SAS Institute Cary, NC).
3. Results

3.1. Prevalence, clinical characteristics, and precipitating factors for SCAD

In the study population occurred AMI, the overall prevalence of
SCAD was 0.31% (63 per 20,195 subjects) (Fig. 1, Study 1). Table 1
shows the clinical characteristics of patients with SCAD. Among 63 pa-
tients with SCAD, the mean age was 46 ± 10 years and 59 (94%) were
female. STEMI was the presenting diagnosis in 87% and non-STEMI in
13%. Cardiogenic shock or cardiac arrest was observed in 10 (16%) pa-
tients. Potential precipitating factors, including hormonal, vascular, or
shear stress-related factors, were identified in 39 (62%) patients. The
most common precipitating factor for SCAD was emotional stress in
18 (29%) patients (illness of a family member, n = 1; argument, n =
3; interrogation at a police station, n= 1; excessive work, n = 8; stress
associated with raising children, n = 2; panic attack, n = 1; postopera-
tive stress, n = 1; post-earthquake stress, n = 1). Five (8.1%) patients
presented with SCAD during the peripartum period. Among 25 subjects
thatwere screened for fibromuscular dysplasia (FMD) by a combination
of computed tomography angiography (CTA),magnetic resonance angi-
ography (MRA), and ultrasonography (n = 23) or ultrasonography
alone (n = 2), the prevalence of FMD was 20% (5 of 25 patients),
which was the second most frequent precipitating factor. One patient
was diagnosed with FMD due to concomitant carotid dissection.



Fig. 1. Flow chart of the study patients. Among an overall cohort of 20,195 cases with acute myocardial infarction (AMI) between 1991 and 2013, we initially studied 63 patients whomet
the criteria for spontaneous coronary artery dissection (SCAD) (Study 1).We then focused on SCAD in young female AMI patients aged 50 years or younger (n=45). Therewere a total of
130 female AMI patients aged 50 years or younger. Following exclusion of patients with: vasospastic angina pectoris, coronary artery embolism, systemic lupus erythematosus, Kawasaki
disease, Vasculo-Behcet's disease, and other, the remaining 100 patients were ultimately included for additional analysis (Study 2).

Table 2
Angiographic findings, initial management strategies.
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3.2. Angiographic findings and initial management strategies

Table 2 shows the angiographic findings and initial management
strategies for the 63 SCAD patients. The left anterior descending artery
was the most frequently involved vessel (59%). Multivessel coronary
Table 1
Clinical characteristics, precipitating factors, presentation of SCAD.

n = 63

Baseline characteristics
Age, yrs 46 ± 10
Female 59 (94)
BMI, kg/m2 22.4 ± 4.2
Smoking 20 (32)
Family history 5 (8)
Hypertension 21 (33)
Diabetes mellitus 0
Hyperlipidemia 14 (23)
Chronic kidney disease 0

Presentation
STEMI 55 (87)
NSTEMI 8 (13)
Cardiogenic shock or cardiac arrest 10 (16)
Concomitant other vessel dissection 1 (2)

Precipitating factors
Emotional stress 18 (29)
Extreme physical activity 6 (10)
Fibromuscular dysplasia (a total of 24 subjects)a 5 (20)
Oral contraceptives 0
Postmenopausal hormone therapy 1 (2)
Peripartum period 5 (8)
Early menopause 3 (5)
Marfan syndrome 1 (2)

Values are n (%) or mean ± SD.
CKD indicates chronic kidney disease, STEMI; ST-elevationmyocardial infarction, NSTEMI;
non-ST-elevation myocardial infarction.

a A total of 24 subjects were screened for fibromuscular dysplasia.

n = 63

Distribution
LMT 0
LAD 37 (59)
LCX 4 (6)
RCA 15 (24)
Multi-vessel 7 (11)

Initial TIMI flow grade
0 27 (44)
1 7 (12)
2 16 (26)
3 12 (19)

Intimal flap 50 (79)
Using intracoronary imaging modality 41 (65)
SCAD lesion characteristics

Type 1 angiographic SCAD 27 (43)
Type 2 angiographic SCAD 35 (55)
Type 3 angiographic SCAD 1 (2)

Initial management strategy
Revascularization therapy 35 (56)
PCI 34
CABG 1

Conservative therapy 28 (44)
Details of PCI procedure (n = 34)

Stent implantation 23 (68)
POBA 11 (32)
Successful PCI 31 (91)
Technically complicated PCI 8 (24)

Categorical variables are expressed as n (%).
LMT indicates left main trunk artery, LAD left anterior descending artery, LCX; left
circumflex artery, RCA; right coronary artery, PCI; percutaneous coronary inter-
vention, CABG; coronary artery bypass graft, POBA; plain old balloon angioplasty,
technically complicated PCI; propagation of dissection, cardiogenic shock or life-
threatening arrhythmia during PCI.
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dissection was found in 7 (11%) patients, all of whom had 2-vessel dis-
section. An intimal flap was observed on angiography in 50 (79%) pa-
tients. Regarding angiographic appearance of SCAD lesion, [4] type 1
was observed in 43%, type 2 was observed 55% and the remaining 2%
was type 3, which were defined by IVUS (n= 38) and OCT (n= 3), re-
spectively. Thirty-five (56%) patients underwent revascularization,
while the remaining28 (44%) patients underwent conservative therapy,
including 3 (12%) patients who received fibrinolytics. Revascularization
procedures included coronary artery bypass grafting (CABG) in 1 (3%)
patient and PCI in 34 (97%) patients. Among patients who underwent
PCI (Supplementary Table 1), 32 (91%)had intravascular imaging before
PCI (IVUS, n = 30; OCT, n = 2). The overall technical PCI success rate
was 91% (31 of 34 patients, including stenting in 23 patients and balloon
angioplasty only in 11 patients). Eight of these 34 PCI procedures (24%)
were complicated by unanticipated propagation of the dissection flap
requiring additional stents to be placed during the intervention. The en-
tire length of the dissection was covered with stents in 12 patients
(52%), and only the dissection entry site was covered with stents in 11
patients (48%). The stent diameter/vessel diameter ratio was 1.03 ±
0.16. In 2 patients, it was not possible to pass a wire into the true
lumen distally; one patient developed dissection during the interven-
tion with a lower final TIMI flow grade and ultimately required emer-
gent CABG.

3.3. Long-term outcomes in patients with SCAD

3.3.1. SCAD recurrence and MACE
During a median follow-up of 34 months (range, 3 to 160 months)

with no loss to follow-up, 4 (6%) patients developed re-infarction due
to potential propagation of primary SCAD and 14 (22%) patients devel-
oped re-infarction due to SCAD recurrence. Fig. 2 shows the Kaplan–
Meier curves forMACE. During follow-up, 1 patient experienced sudden
cardiac death and 18 had AMI. The 5-year event rate for MACE in pa-
tients with SCAD was 37%. Of the 14 patients with recurrent SCAD, 7
(50%) patients experienced recurrence during the first 30 days after
the primary SCAD event. The median interval from the onset of SCAD
to the second episode of SCAD was 42 days (range, 1 to 2968 days).
Fig. 2.Kaplan–Meier curves for MACE in the entire cohort. Kaplan–Meier curves show the 5-yea
rates of MACE were 17% and 37%, respectively. MACE, major adverse cardiac events; other abb
Fig. 3 compares the rate of recurrent SCAD between patients initially
managed with revascularization and conservative therapy. The overall
incidence of SCAD recurrence was not significantly different between
the 2 groups (revascularization, 26% vs. conservative therapy, 21%,
p = 0.772). However, 17% (6 of 35 patients) of the revascularization
group developed recurrent SCAD in the originally involved PCI-treated
vessel, whereas none of patients in the conservative therapy group de-
veloped SCAD in the originally involved vessel (p = 0.002). In the con-
servative therapy group, 19 of 28 (68%) patients had evidence of vessel
wall healing on CTA or CAG at amedian follow-up of 3.4months (range,
0.1 to 103 months). Fig. 4A–C shows a representative case in the revas-
cularization group in which recurrent SCAD developed in the originally
involved, PCI-treated vessel. Fig. 4D–E shows a representative case in
the conservative therapy group, in which vessel injury was spontane-
ously healed by 6 months after the onset of SCAD.
3.4. Characteristics and prognosis of young female AMI patients with and
without SCAD

3.4.1. Clinical characteristics and in-hospital outcomes
Of the 20,195 AMI patients, the prevalence of AMI in women aged

50 years or younger was 0.64% (Fig. 1, Study 2). Fig. 5 shows the causes
of AMI in the 130 young female AMI patients.While atherosclerosis was
the most frequent cause of AMI (n = 55, 42%), SCAD was the second
most frequent cause (n = 45, 35%). Table 3 compares the clinical char-
acteristics of the no-SCAD (i.e., atherosclerosis-associated AMI) and
SCAD groups. Compared with the no-SCAD group, the SCAD group had
a lower prevalence of hypertension (p b 0.001), diabetes mellitus
(p b 0.001), and hyperlipidemia (p b 0.001). Consequently, the total
number of risk factors was lower in the SCAD group than in the no-
SCAD group (SCAD, 0.8 ± 0.9 vs. no-SCAD, 1.9 ± 1.1, p b 0.001). The
rate of patients underwent PCI was lower in the SCAD group than in
theno-SCAD group (SCAD, 60%vs. no-SCAD96%, p b 0.001). The PCI suc-
cess rate was similar in the 2 groups (SCAD, 92.3% vs. no-SCAD, 94.1%,
p = 1.000). Peak CK levels were significantly lower in the SCAD group
(SCAD, 1689 ± 1536 vs. no-SCAD, 2,874 ± 2,854 U/L, p = 0.025).
r rate of MACE. All patientswith non-fatal AMI had recurrent SCAD. The 30-day and 5-year
reviations as in Fig. 1.



Fig. 3. Comparisons of the SCAD recurrence rate in coronary vessels with versus without coronary revascularization. Six of 35 patients (29%) in the revascularization group developed
recurrence of SCAD in the originally involved vessel, whereas none of 28 patients in the conservative therapy group developed recurrence of SCAD in the originally involved vessel
(p = 0.002). On the other hand, in the conservative therapy group, 21% (6 of 28 patients) of SCAD recurrences occurred in an originally uninvolved vessel, whereas 6% (2 of 35
patients) developed in an originally uninvolved vessel in the revascularization group. Abbreviation as in Fig. 1.
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3.4.2. Long-term outcomes
Table 4 summarizes the occurrence of MACE during follow-up. Dur-

ing a median follow-up of 50 months (range, 1 to 197 months) with no
loss to follow-up (n = 45) in the SCAD group, 17 (38%) patients
Fig. 4.Representative SCAD cases in the revascularization and conservative therapy groups. In a
left circumflex artery (A), whichwas re-perfusedwith percutaneous coronary intervention (PCI
involved vessel (C). In a 60-year-old woman, SCAD was found in the distal left anterior descen
treatment, the vessel injury had spontaneously healed (E). TIMI, thrombolysis in myocardial in
developed the composite endpoint ofMACE: 1 (2%) patient experienced
sudden cardiac death and 16 (36%) experienced non-fatal AMI. Of note,
among the 16 patients with non-fatal AMI, 4 had potential progression
of primary SCAD and 12 had recurrent SCAD. Kaplan–Meier analysis
37-year-oldwoman, subtotal occlusion due to SCAD (yellow arrow)was found in the distal
) (B). However, 7 days after PCI, recurrent SCAD (yellow arrow) developed in the originally
ding artery (yellow arrow) with TIMI 3 flow (D). Six months after conservative medical
farction; other abbreviation as in Fig. 1.



Fig. 5. Causes of AMI in females aged 50 years or younger. In 130 young female AMI
patients, atherosclerosis was the most frequent cause of AMI. SCAD was the second. SLE,
systemic lupus erythematosus; other abbreviations as in Fig. 1.

Table 4
Summary of MACE during the follow-up period in young female AMI due to SCAD or no-
SCAD group.

SCAD
group
n = 45

No-SCAD
group
n = 55

p-Value

Composite endpoint, n (%) 17 (38) 4 (8) b0.0001
Cardiac death, n (%) 1 (2) 1 (2) 1.00
Non-fatal acute myocardial infarction, n (%) 16 (36) 2 (4) b0.0001
Progression of residual SCAD 4
Recurrence of SCAD 12

Urgent revascularization, n (%) 0 1 (2) 1.00

Categorical variables are expressed as n (%).
MACE, major adverse cardiac events (cardiac death, non-fatal acutemyocardial infarction,
urgent revascularization, fatal arrhythmia, or hospitalization for heart failure); SCAD,
spontaneous coronary artery dissection.
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showed a significantly higher incidence of MACE (hazard ratio [HR],
6.92; 95% confidence interval [CI], 2.5 to 24.3; p b 0.001) in the SCAD
group compared with the no-SCAD group (Fig. 6A).The 5-year rate of
MACE in the SCAD group was significantly higher than that in the no-
SCAD group (44% vs. 6%, p b 0.001). Moreover, the rate of SCAD recur-
rence was 27% and 42% of those occurred during the first 30 days (the
median time to a second episode of SCAD was 113 days). On the other
hand, there were no significant differences in the rate of cardiac death
between the 2 groups (p = 0.750) (Fig. 6B).

4. Discussion

Themajor findings of this study are: 1)while the prevalence of SCAD
was 0.31% in the AMI patients overall (n = 20,195), it was 35% in the
subset of 130 young female AMI patients; 2) emotional stress was the
Table 3
Baseline characteristics of SCAD and no-SCAD groups in young female AMI.

SCAD group
n = 45

no-SCAD group
n = 55

p-Value

Age, yrs 41 ± 7 45 ± 6 0.002
BMI, kg/m2 22.5 ± 4.6 25.0 ± 5.1 0.02
No of coronary risk factor 0.8 ± 0.9 1.9 ± 1.1 b0.001
Family history 4 (9) 3 (9) 1.00
Current smoking 18 (40) 23 (42) 1.00
Hypertension 10 (22) 33 (60) b0.001
Diabetes mellitus 0 14 (25) b0.001
Hyperlipidemia 6 (13) 30 (55) b0.001
Lipid profile
Total-cholesterol, mg/dl 170 ± 30 215 ± 51 b0.001

LDL-cholesterol, mg/dl 91 ± 25 134 ± 40 b0.001
Triglyceride, mg/dl 103 ± 78 162 ± 133 0.020
HDL-cholesterol, mg/dl 57 ± 18 49 ± 17 0.024

Anterior AMI 30 (67) 27 (50) 0.093
STEMI 39 (87) 51 (93) 0.339
Peak CK levels, IU/L 1689 ± 1536 2874 ± 2854 0.025
Revascularization 27 (60) 51 (93) b0.001
30-day mortality 0 1 (2) 0.408

Values are n (%) or mean ± SD.
AMI indicates acute coronarymyocardial infarction; CK, creatine kinase; HDL, high density
lipoprotein; LDL, low density lipoprotein; STEMI, ST-elevation myocardial infarction.
most frequent precipitating factor; 3) 17% of the revascularization
group developed recurrent SCAD in the originally involved PCI-treated
vessel compared to none of the patients in the conservative therapy
group; and 4) SCAD in young female AMI patients was associated a
7-fold higher rate of MACE than atherosclerosis as the etiology for
AMI (44% vs. 6%, p b 0.001). To the best of our knowledge, this is
the first multicenter study mechanistically evaluating the prevalence,
clinical features, and long-term outcomes of SCAD focusing on young
female patients with AMI.

4.1. Incidence and precipitating factors of SCAD

In this study, we showed that the prevalence of SCAD was 0.31%
among AMI patients (Fig. 1, Study 1). Based on themulticenterWestern
Denmark Heart Registry [2], the incidence of SCAD in patients with
acute coronary syndrome (0.2%) was similar to that in our cohort.
When focusing on young female AMI patients aged 50 years or younger,
the prevalence of SCAD in this study (35%) was higher than that of pre-
vious studies (8.7% to 24.2%) [6,16]. One possible explanation for differ-
ences between our present study and previous studies may be ethnic
differences between Japanese and Western populations. It has been
noted that SCAD is associated with specific clinical situations, including
the peripartum and perimenopausal periods [17,18], use of contracep-
tives, and vigorous isometric exercise [19]. In the present study, the
most frequent precipitating factor for SCAD was emotional stress
(Table 1). However, extreme physical activity and the peripartum peri-
odwere observed in 10% and 8% of patients, respectively. Saw et al. [20].
reported that intense emotional stress was a precipitating factor for
SCAD in 26% of patients, compared to 4% for vigorous isometric exercise
before AMI. These findings are consistent with the present results. Men-
tal stress or vulnerability to mental crisis may be potential triggers for
SCAD.

An association between FMD and SCAD [3,20,21] has been previous-
ly reported. One study of 50 patients with SCAD showed that 86% of pa-
tients with SCAD had FMD in at least one non-coronary territory [20].
FMD was less clearly understood as a potential precipitating factor of
SCAD during the study period (after 2000) and we did not perform suf-
ficient screening test. In the present study with incomplete screening,
the prevalence of FMD was 20%.

4.2. Initial management of SCAD and vascular response

In a large recent single-center study, 43 of 87 patients (49%) at the
Mayo Clinic underwent PCI with an overall PCI technical success rate
of 65% (28 of 43 patients). In addition, unexpected disease propagation
related to the PCI procedure (e.g., additional stenting for a developing
dissection) occurred in 7 of 28 (25%) patients [3]. In the present study,
revascularization with PCI and/or CABG was performed in 35 (56%) pa-
tients and the PCI technical success rate was 91% (Table 2). Despite a



Fig. 6. Long-term outcomes in young female AMI patients in the SCAD and no-SCAD (atherosclerosis) groups. Kaplan–Meier curves show the 5-year rate of MACE (A) and all-cause death
(B). With respect to MACE (A), the SCAD group (red line) had significantly poorer long-term outcomes than the no-SCAD group (blue line). In the SCAD group, all patients with non-fatal
AMI developed potential progression of primary SCAD or recurrence of SCAD. On the other hand, Kaplan–Meier analysis of all-cause death (B) demonstrated comparable outcomes
between the 2 groups. Abbreviation as in Figs. 1 and 2.
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relatively high initial revascularization success rate, the rate of SCAD re-
currence was comparable between the revascularization and conserva-
tive therapy groups. Importantly, in the revascularization group many
cases of recurrent SCAD (17%) occurred in the originally involved vessel,
whereas no cases of SCAD recurrence developed in the originally in-
volved vessel in the conservative therapy group (Fig. 3). In addition,
68% of SCAD patients in the conservative therapy group experienced
vessel wall healing during follow-up. These findings suggest that coro-
nary interventional procedures might themselves delay arterial wall
healing or be harmful to injured vessels. Based on our findings and
those from previous studies [3,5,22], a conservative management strat-
egy, except in patients undergoing revascularization for ongoing ische-
mia in a relatively extensive vascular territory,may be associatedwith a
lower rate of SCAD recurrence.

4.3. Long-term outcomes of SCAD and the clinical impact of SCAD on young
female patients with AMI

The recurrence rate for SCAD is considered low and patients with
SCAD who survive the acute phase are thought to have a good long-
term prognosis [5,6,23]. However, Tweet et al. [3]. recently reported
that the rate of SCAD recurrence in their cohort of 87 patients was
17%, which was similar to the recurrence rate with AMI due to athero-
sclerosis. In addition, Saw et al. [4]. reported a high rate of SCAD recur-
rence (13%) in their cohort. Consistent with these recent studies, our
study also demonstrated that the rate of SCAD recurrence among all
study patients was unexpectedly higher (22%) than the rate reported
in previous studies [5,6,23].

Regarding young female AMI patients, Gupta et al. [24]. reported an
absence of significant declines in hospitalization rates over the past
10 years. Moreover, Dreyer et al. [25] reported that younger females
have a higher risk for readmission after AMI compared to age-
matchedmales, although younger females have a lower rate of hospital-
ization for AMI than younger males. These findings indicate that youn-
ger female patients with AMI have a phenotype that is distinct from
those with atherosclerosis as the cause. In the present study, we ana-
lyzed the long-term outcomes of SCAD focusing on young female pa-
tients with AMI, that is, the population susceptible to SCAD. Our study
demonstrated that the incidence of MACE in young female patients
with SCAD was 7-fold higher than in patients with AMI due to
atherosclerosis (44% vs. 6%, p b 0.001). Recurrent AMI due to recurrence
of SCAD was the most frequent cardiac event in young female patients
with SCAD. The high rate of SCAD recurrence (27%) in young female pa-
tients, along with relatively a high initial revascularization success rate
(92%) observed here, indicates that PCI might not prevent future
SCAD. Moreover, among these young female AMI patients with SCAD,
42% of recurrent SCAD occurred during the first 30 days and themedian
time to the second episode was 113 days. This finding highlights the
need for close follow-up in young female patients with SCAD. Since
the pathophysiology of SCAD in young female patients remains poorly
understood, further research is needed to understand why it occurs
and to identify effective prevention and treatment strategies.

4.4. Limitations

The present study has several limitations. First, this is a retrospective
analysis and therefore is subject to the inherent weaknesses of such an
analysis. Second, although to the best of our knowledge, this is the larg-
est multicenter registry of SCAD focusing on young females, the sample
size remains insufficient for statistical analysis. The prevalence of SCAD
in our multicenter cohort was lower than those of recent single center
cohorts [3,4]. One possible explanation for this discrepancymay be eth-
nic differences between Japanese and Western populations. Thirdly,
since therapeutic strategy was not randomized, selection bias may
limit the ability to compare outcomes according to the treatment. Re-
garding SCAD recurrence, we could not completely rule out the possibil-
ity of the propagation of residual SCAD. In addition, further studies are
needed to determine the precise mechanism underlying a higher fre-
quency of SCAD recurrence in a vessel that was not originally involved
among patients who received conservative therapy. Finally, since we
did not perform IVUS or OCT on all study patients to evaluate for athero-
sclerosis, some patients with both SCAD and CAD may have been
included.

5. Conclusions

This multicenter study demonstrated that young female patients
with SCAD represent a high-risk subgroup of patients with AMI and
therefore need close follow-up.
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