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ABSTRACT

BACKGROUND.

Myocardial infarction with nonobstructive coronary arteries (MINOCA) has similar outcomes to patients with acute MI with obstructive coronary
disease for up to 1 year. According to existing evidence, dual antiplatelet therapy (DAPT) was not significantly better than aspirin alone in
lowering 1-year MACCEs in different cardiovascular risk patients with non-obstructive coronary artery disease.

OBJECTIVES

In the present study, we aimed to compare the long-term preventive effect of DAPT to aspirin alone in high cardiovascular-risk patients over 5
years.

METHODS

For the long-term observation, 34 MINOCA patients with a high 10-year risk of atherosclerotic cardiovascular disease (ASCVD >20%) were
randomly distributed among the DAPT group (15 patients on aspirin plus clopidogrel therapy) and the MAPT group (19 patients on aspirin alone).
The decision about prolonged DAPT was made through the case-by-case evaluation of the bleeding and ischemic risks via the DAPT score
calculator.

RESULTS

By Kaplan-Meier survival analysis, the mean survival time for the DAPT group (4.7+£0.048 years 95% Cl [4.60 to 4.79]) was significantly longer
than the mean survival time for the APMT group (4.5+0.049 years 95% Cl [4.41 to 4.61]), with p-value less than 0.0001.

CONCLUSIONS

Long-term dual antiplatelet therapy effectively and safely reduces major adverse cardiovascular and cerebrovascular events (MACCEs) in
patients after myocardial infarction with nonobstructive coronary arteries (MINOCA).
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BACKGROUND

yocardial infarction with nonobstructive coronary

arteries (MINOCA), a disorder with

heterogeneous pathophysiology, has similar
outcomes to patients with acute MI with obstructive
coronary disease for up to 1 year.>*

The prevalence of MINOCA varies between 5 to 15%
depending on the observed population and is associated
with younger age (<55 years), female gender, genetic
predispositions, and mental stress.>”

Growing evidence indicates that nonobstructive
coronary artery disease (NOCAD) is linked with a significant
risk of future major adverse cardiovascular and
cerebrovascular events (MACCEs), primarily due to
nonobstructive plaque erosion and subsequent
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thrombosis.’®*3 Therefore, antiplatelet therapy becomes
especially important in patients with NOCAD. However, the
efficacy of various antiplatelet therapy regimens for
preventing MACCEs in individuals with nonobstructive
coronary artery disease remains unclear.'

According to existing evidence, dual antiplatelet therapy
(DAPT) was not significantly better than aspirin alone in
lowering 1-year MACCEs in different cardiovascular risk
patients with NOCAD.*>*#

The same results were found in our recent cohort study
of secondary prevention DAPT (aspirin plus the P2Y12
receptor antagonist clopidogrel) was not significantly better
than aspirin alone in lowering 1-year MACCEs."?
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In the present observational cohort study, we aimed to
compare the long-term preventive effect of DAPT to aspirin
alone in high cardiovascular-risk patients over 5 years.

METHODS

Patient population

Overall, 115 of 1018 antiplatelet-naive patients without
previous revascularization admitted to the Coronary Care
Unit of Tsinamdzgvrishvili Center of Cardiology LTD (Thilisi,
Georgia) and categorized as MINOCA were included in the
research between March 2018 and August 2019. For the
long-term observation, 34 MINOCA patients with a high 10-
year risk of atherosclerotic cardiovascular disease (ASCVD
>20%) were randomly distributed among the DAPT group
(15 patients on aspirin plus clopidogrel therapy) and the
MAPT group (19 patients on aspirin alone). The decision
about prolonged DAPT was made through the case-by-case
evaluation of the bleeding and ischemic risks via the DAPT
score calculator.?

Periprocedural full blood count, renal and liver function,
electrolytes, glycated hemoglobin (HbA1c), high-sensitive C-
reactive protein, coagulation screen and D-dimer, lipid
profile, serial cardiac troponin, N-terminal pro-B-type
natriuretic peptide (NT-pro-BNP) and infection screening
were performed in all study patients. In addition,
echocardiography was performed in all patients. The
CRUSADE score calculator was used to assess post-MI major
bleeding risk.

Diagnosis of MINOCA

All study patients meet the criteria for a diagnosis of
MINOCA criteria, such as acute myocardial infarction with
nonobstructive (<50%) infarct-related epicardial stenosis
during angiography and absence of overt alternative
systemic cause (Tab.1).>%?

Cardiovascular risk estimation

The 10-year Atherosclerotic Cardiovascular Disease (ASCVD)
Risk Estimator Plus (designed for persons aged 40 to 79) was
used to predict the risk of myocardial infarction, stroke, or
cardiovascular mortality.?

Follow-up

A five-year follow-up period was used in both groups to
determine a six-point MACCE, including all-cause mortality,
myocardial infarction, stroke, hospitalization for heart
failure, coronary revascularization, and atrial fibrillation
(AF). In addition, the registration of bleeding associated with
antiplatelet therapy was performed using the bleeding
severity classification developed by the Thrombolysis in
Myocardial Infarction (TIMI) study group.?* Spontaneous
gross hematuria, spontaneous hematemesis, or observed
bleeding with a decrease in hemoglobin >3 g/dl but <15%
was classified as minor bleeding, and intracranial bleeding or
overt bleeding with a decreased in hemoglobin >5 g/dl or
decrease in hematocrit 215% was classified as major
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bleeding.?* The DAPT risk score calculation results were used
to decide whether to keep or stop DAPT.?

Statistical analysis

IBM SPSS version 26.0 (IBM Corp., Armonk, NY, USA) was
used for data analysis. The descriptive
statistics, nonparametric Mann-Whitney U test, Kaplan-
Meier survival analysis, linear and quantile regression
analysis, Pearson correlation, ANOVA test, Z-scores, and B
coefficients were employed to examine differences between
development and validation cohorts. p<0.05 was used for
assessing statistical significance.

RESULTS

Baseline characteristics of study patients

Table 1 represents the baseline characteristics of study
patients.

TABLE 1. Baseline characteristics of MINOCA patients with a high 10-year
risk for ASCVD randomly distributed by the regimen of antiplatelet therapy

DAPT,n=15 AMPT,n=19 P-value

Mean age, year, M+SD 65.8+0.78 67.58+1.84 <0.0001
Female, n (%) 12 (80) 9 (47) 0,111
Mean BMI, kg/m2, MzSD 28.3+3.20 27.6%2.98 0.391
Current smoking , n (%) 6 (40) 6(32) 0.681
Hypertension, n (%) 15 (100) 18 (95) 0.811
History of ASCVD, n (%) 2(13) 2(11) 0.891
History major bleeding, n (%) 0(0) 0(0) 0
History of AF, n (%) 3(20) 4(21) 0.973
Hoistory of COPD, n (%) 0(0) 2(11) 0.607
Current AF, n (%) 0(0) 0(0) 0
Mean 10-year ASCVD score, M+SD 30.2549.64 30.28+8.59 0.846
Mean CRUSADE score, M+SD 20.87+3.04 20.6312.83 0.550
Mean EF, %, M+SD 45.4+5.80 44.16+5.46 0.639
Mean RBC, 109/, M+SD 4.14+0.54 4.05+0.67 0.647
Mean Hb, g/dL, MtSD 13.87+0.76 13.67+0.77 0,674
Mean Hct, %, M+SD 40.7+2.47 40.4+3.10 0.381
Mean MCV, um3, M+SD 86.6+4.42 86.8+3.95 0.404
Mean Plt, 10%/I, M+SD 272.1+£56.6 266.7+£50.7 0.688
Mean WBC, 10%/I, M+SD 7.32+1.54 7.67+1.68 0.498
Mean HbAlc, MSD 7.59+1.58 8.30+1.99 0.253
Mean hs-CRP, mg/L, M+SD 2.37+0.66 2.65+0.63 0.938
Mean AST, U/L, M+SD 30.9+3.95 30.2£4.22 0.825
Mean ALT, U/L, M£SD 36.949.45 36.3+7.90 0.504
Mean serum Na, mmol/L, M+SD 138.843.69 138.8+3.36 0.590
Mean serum K, mEq/L, M+SD 4.3+0,62 4.5+0.65 0.517
Mean PT, seconds, M+SD 11.93+0,48 11.98+0,49 0.765
Mean aPTT, seconds, M+SD 36.53+3.14 34.42+3.95 0.178
Mean D-dimer, ng/mL, MSD 201.1+£25.3 200.3+25.4 0.984
Mean TC, mg/dL, MSD 229+27.46 231+19.84 0.823
Mean HDL-C, m/dIl, M+SD 37+5.97 35+5.86 0.786
Mean GFR, mL/min/1.73 m2, MSD 75.4+14.88 78.7+12.65 0.202
Meat cTnl, microg/L, M+SD 0.47+0.24 0.55+0.21 0.697
Mean NT-pro-BNP, pg/mL, M+SD 82.1+19.3 77.0£20.6 0.620
Previous ACIs/ARBs, n (%) 13 (87) 15 (79) 0.706
Previous BBs, n (%) 3(20) 6(32) 0.584
Previous CCBs, n (%) 3(20) 4(21) 0.973
Previous Statins, n (%) 11(73) 15 (79) 0.784

Abbreviations: ACls, angiotensin converting enzyme inhibitors; AF, atrial fibrillation; ALT,
alanine transaminase; APMT, antiplatelet monotherapy; aPTT, partial thrombgplastin
time; ARBs, angiotensin receptor blockers; ASCVD, atherosclerotic cardiovascular disease;
AST, aspartate aminotransﬁerase; BB, beta-blockers; BMI, body mass index; CCB, calcium
channel blockers; COPD, chronic obstructive pulmonary disease; cTnl, cardio troponin I;
DAPT, dual antiplatelet therapy; EF, left ventricle ejection fraction; GFR, glomerular
filtration rate; Hb, hemoglobin; HbAlc, hemoglobin Alc; Hct, hematocrit; HDL-C, high
density lipoprotein cholesterol; hs-CRP, highly sensitive C-reactive protein; K, potassium;
M=SD, mean * standard deviation; MCV, mean corpuscular volume; MINOCA, myocardial
infarction with nonobstructive coronary arteries; Na, sodium; No-DAPT, ant;alatelet
monotherapy; NT-pro-BNP, N-terminal pro-B-type natriuretic peptide; Plt, platelets; PT,
prothrombin time; RBC, red blood cells; TC, total cholesterol; WBC, white blood cells.
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There was no statistically significant difference between
the groups by baseline characteristics, except for mean age,
which was higher in the APMT group patients compared to
DAPT group patients (67.58+1.84 vs. 65.8+0.78, p<0.0001).

Follow-up

Table 2 represents the annual cumulative incidence of
MACCEs in DAPT and APMT groups during the five-year
follow-up period.

TABLE 2. Annual cumulative incidence of MACCEs in DAPT and APMT
groups during the five-year follow-up period

Chi-Square Significance
1st year cumulative MACCEs 0.034 0.811
2n year cumulative MACCEs 0.630 0.427
3rdyear cumulative MACCEs 8.258 0.004
4t year cumulative MACCEs 9.034 0.003
5thyear cumulative MACCEs 11.539 0.001
5-year cumulative MACCEs 18.365 <0.0001

Abbreviations: APMT, antiplatelet monotherapy; DAPT, dual antiplatelet
therapy; MACCEs, major adverse cardiovascular and cerebrovascular events

Our previous study showed that DAPT had no secondary
preventive effect on one-year cumulative MACCEs in
MINOCA patients with high cardiovascular risks.’* The
neutral effect of dual antiplatelet therapy was observed
during the second follow-up year; however, from the third
year until the end of the follow-up, the preventive effect of
DAPT on cumulative MACCEs significantly exceeded the
effect of antiplatelet monotherapy with aspirin.

By Kaplan-Meier survival analysis, the mean survival time
for the DAPT group (4.7+0.048 years 95% Cl [4.60 to 4.79])
was significantly longer than the mean survival time for the
APMT group (4.5+0.049 years 95% Cl [4.41 to 4.61]), with p-
value less than 0.0001 (Fig.1).

FIGURE 1. Kaplan-Meier survival functions for 5-year MACCEs in study
groups

Coumulative Survival

Yoars

Chi-Square df. Sig.
Log Rank (Mantel-Cox) 18.365 1 .000

Abbreviations: APMT, antiplatelet monotherapy; DAPT, dual
antiplatelet therapy, MACCEs, major adverse cardiovascular and
cerebrovascular events.
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When the effect of different antiplatelet regimens on
individual components of MACCEs was evaluated, DAPT was
found to have a more substantial preventative effect on all
of them; however, only a decrease in the incidence of
myocardial infarction (RR=0.45, 95% Cl [0.23 to 0.87], z
statistic=2.372, p=0.02, NNT[Benefit]=6.196 95% Cl [3.51 to
26.58]) and revascularization (RR=0.32, 95% Cl [0.14 to
0.73], z statistic=2.677, p=0.007, NNT[Benefit]=5.793, 95%
Cl [3.51 to 16.62]) was statistically significant (Tab.3).

TABLE 3. Survival analysis of 5-year all-cause mortality, myocardial
infarction, stroke, heart failure hospitalization, revascularization, and atrial
fibrillation in comparator groups

Mean
MACCESs Study survival 95% Cl Chi- p-
components groups time square value
(M#5D)
DAPT  4.86:0.093  4.68 to 5.04
Al- talit 1 il
causemortallty  ApMT  4.65:0.112  4.43t0 4.87 BB || CHLE
i +
!\/IyocaArd|aI DAPT 4.55+0.15 4.26 to 4.85 5.436 0.02
infarction APMT 4.35+0.13 4.08 to 4.61
DAPT 467:0.13  4.41t04.92
Stroke APMT 4421013  416toses o8 0089
—— .
Hospltal.lzatlon for DAPT 4.49+0.15 4.20t0 4.78 1.176 0278
heart failure APMT 4.451+0.12 4.27to 4.74
DAPT 477011  4.561t04.99
R larizati 7.67 !
evascularization APMT  4.40:0.13  4.14t04.66 676 | 0.006
+
Atrial fibrillation DAPT 4.82:098 = 46310501 .0 (390

APMT 4.78+0.87 4.61to 4.95
Abbreviations: APMT, antiplatelet monotherapy;, DAPT, dual antiplatelet
therapy;, MACCEs, major adverse cardiovascular and cerebrovascular
events.

The predictive correlation between age, female gender,
10-year atherosclerotic cardiovascular disease (ASCVD)
score, and 5-year cumulative MACCEs was evaluated by the
multivariate linear regression analysis. The only correlation
between a 10-year ASCVD score and the cumulative MACEs
was statistically significant (unstandardized/standardized
coefficients B=0.749; zero-order correlation=0.728; partial
correlation=0.738; part correlation=0.736; p<0.0001).

There were no cases of major bleeding in comparator
groups during the 5-year follow-up. However, four and five
cases of minor bleeding were observed in the DAPT and
APMT groups, respectively (OR=1.014, 95% CI [0.26 to 3.02],
z statistic=0.02, p=0.98).

DISCUSSION

Myocardial infarction with non-obstructive coronary
arteries (MINOCA) is not benign pathology with comparable
outcomes with acute myocardial infarction due
to obstructive coronary artery disease.”

MINOCA generally is highly associated with younger age
(<55 years), female sex, genetic disorders, and physiological
stress.””®

The existing scanty evidence shows that treatment with
statins and angiotensin-converting enzyme inhibitors
(ACEi)/angiotensin receptor blockers (ARBs) has a long-term
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beneficial effect, and with beta-blockers has a positive
effect on outcomes in patients with MINOCA.*>%¢

Despite the neutral effect on 1-year outcomes, dual
antiplatelet treatment (12 months followed by a lifetime
single agent) is advised since plaque disruption is considered
one of the primary substrates for MINOCA.*>18:27

Our prior research results support previously published
data on the lack of a secondary preventative effect of DAPT
on one-year MACE in MINOCA patients with different
cardiovascular risks.1%?8

Pending trial evidence about the usefulness of DAPT in
MINOCA patients from ongoing MINOCA-BAT trial,® we
decided to compare the long-term preventive effect of dual
antiplatelet therapy with a monotherapy regimen in high
cardiovascular risk (10-year ASCVD >20%) MINOCA patients.

Thirty-four high cardiovascular-risk MINOCA patients
were distributed among two groups with different
antiplatelet therapy regimens: 15 patients in dual
antiplatelet therapy with aspirin and clopidogrel (DAPT
group) and 19 patients in antiplatelet monotherapy with
aspirin (APMT group). All study patients were initially
evaluated regarding post-MI major bleeding risk using a
CRUSADE score calculator. After the first follow-up year, the
DAPT risk score calculation was used to decide whether to
keep or stop DAPT. Even though the DAPT Risk Calculator
was designed for post-PCl procedure patients without
having a major bleeding or ischemic event on DAPT and who
were not on chronic oral anticoagulation,? we had to use
this application for our study patients, due to the lack of an
alternative.

The neutral impact of dual antiplatelet treatment was
found during the first two years of follow-up; however, from
the third year to the end of the study, the preventative effect
of DAPT on cumulative MACCEs considerably outperformed
the effect of antiplatelet monotherapy with aspirin. The
relative risk for 5-year cumulative MACCEs was 0.49, 95% ClI
[0.36 to 0.68] and NNT(Benefit)=9.7 95 Cl [6.75(Benefit) to
0.67(Benefit)].

Analyzing each component of 5-year MACCEs, we found
a decrease in cumulative cases in the DAPT group compared
to the APMT group. However, only a reduction in myocardial
infarction and revascularization incidence was statistically
significant (p=0.02 and p=0.006, respectively). For a 5-year
myocardial infarction, the relative risk was equal to 0.45,
95% Cl [0.23 to 0.87], and NNT=6.2(Benefit), 95% ClI
[3.5(Benefit) to 26.5(Benefit)]. For 5-year revascularization,
the relative risk was 0.32, 95% ClI [0.14 to 0.73], and
NNT=5.8(Benefit), 95% Cl [3.5(Benefit) to 16.6(Benefit)].

Considering the observed efficacy and the favorable
safety profile of long-term dual antiplatelet therapy, it may
be safe to assume that the primary cause of most MINOCA
cases is atherosclerotic plagque erosion/rupture and
thrombosis, coronary embolism, or coronary artery
dissection.
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Finally, we emphasize the primary limitation of the
present study, which is the single-center observational
design with a small sample size. Furthermore, we did not use
intravascular ultrasound (IVUS), optical coherence
tomography, or cardiac MRI to distinguish underlying causes
of MINOCA. Additionally, only clopidogrel combined with
aspirin was used for dual antiplatelet therapy.

CONCLUSIONS

Long-term dual antiplatelet therapy effectively and safely
reduces major adverse cardiovascular and cerebrovascular
events (MACCEs) in patients after myocardial infarction with
nonobstructive coronary arteries (MINOCA). Therefore,
long-term DAPT should be considered case-by-case after
carefully evaluating the benefits and risks of dual
antiplatelet therapy. Further investigations are required to
confirm the efficacy of long-term anti-aggregation therapy
after myocardial infarction with nonobstructive coronary
arteries.
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