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Introduction
Cardiovascular diseases (CVDs) are the leading cause of 
death and disability globally. Despite significant advances 
in therapy for coronary artery disease (CAD) over the past 
three decades, many gray areas exist. Because of their unique 
hormonal milieu, women are usually spared form CVD during 
their reproductive age group. There is also high prevalence of 
microvascular disease and atypical presentations in women. 
This had led to the perception that CAD is a disease of “men” 
leading to underdiagnosis and undertreatment in women.1 
However, it is sad to note that CAD is the leading cause of 
death in men and women alike. The mortality following an 
acute coronary syndrome (ACS) is higher in women than in 
men. One of the putative reasons for this phenomenon can 
be that women are less aggressively treated with medical 
therapy such as β-blocker, aspirin, and reperfusion therapy.2

To add to our woes, women are often underrepresented in 
number in major studies. The outcomes of patients following 
ACS have improved with time. Various studies substantiating 
evidence-based medicine have been fueling these positive 
results. Each year a large number of trials make their way into 

the literature, and many of them are now being showcased 
at major meetings. We have selected primarily studies in 
STEMI and some in ACS, which have the potential to affect our 
routine practice. However, we have tried to discuss the results 
of female subgroups in all the studies that we will touch upon. 
However, because they were not prespecified subgroups prior 
to randomization in most, results need to be interpreted with 
caution. Guidelines and research studies are not “Gospel 
truth,” and physicians need to have an individualized 
approach towards management of patients based on them.

French Registry—ACS on the Rise in Women 
in Young
Data from nationwide exhaustive French registry for 
admission in ACS were recently published.3 Over a period 
from 2004 to 2014, the age standardized admission for ACS 
in women aged < 65 years increased by 6.3% from 28.1 to 
29.9%. Both ST-elevation myocardial infarction (STEMI) and 
non–ST-elevation myocardial infarction (NSTEMI) increased 
although the former increased more than latter. The trends 
in male population were not significant. The incidence for 
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admissions for ACS beyond 65 years had significant decline 
paradoxically. The rise in ACS hospitalization in younger 
women is attributed to upward trends of smoking and 
obesity. This trend is alarming in the sense that female 
smoking rates have increased by two to five times in India.4,5

Data from ICMR-INDIAB-3 (Indian Council of Medical 
Research–India Diabetes 3) study has revealed that obesity 
(generalized and abdominal) is prevalent in India, with data 
ranging from 12 to 31%. Interestingly, women had greater body 
mass index (BMI) than men in both urban and rural locations 
and female sex was an independent predictor of obesity.6

CULPRIT-SHOCK—Keep It Simple
CULPRIT-SHOCK (Culprit Lesion Only PCI versus Multivessel 
PCI in Cardiogenic Shock) trial compared a strategy of 
multivessel percutaneous coronary intervention (PCI) with an 
infract artery only PCI in 706 STEMI patients presenting with 
cardiogenic shock.7 The primary endpoint was a composite 
of death or renal failure leading to renal replacement therapy 
within 30 days after randomization. Patients randomized to 
infarct artery-only PCI group had 17% decrease in primary 
outcomes compared with the multivessel PCI group 
(45.9 vs. 55.4%; p = 0.01). The risk of death (relative risk [RR] 
0.84; p = 0.03) and renal-replacement therapy (RR 0.71; 
p = 0.07) were also diminished in the culprit artery PCI group. 
Male-to-female ratio in the study was 3:1, and subgroup 
analysis did not reveal any difference in the outcomes based 
on gender. Reduction in mortality was the driving factor 
for benefits rather than low renal-replacement therapy. 
The absence of significant difference in renal-replacement 
therapy between groups seems intriguing despite the higher 
contrast medical use in multivessel arm.

It is a universal fact that cardiogenic shock in STEMI  
patients portends poor prognosis. Hence logically, guidelines 
and consensus statements up till now unanimously 
advocate for an approach of complete revascularization. 
This is primarily based on evidence from SHOCK (SHould 
we emergently revascularize Occluded Coronaries for 
Cardiogenic shocK) trial done two decades ago, which 
may not reflect contemporary medical and interventional 
therapy.8 However, this study results do not favor such 
a strategy, and this needs to be accounted for by future 
guidelines. In absence of cardiogenic shock, however, the 
encouraging results from recent studies do seem to favor a 
complete revascularization approach.9

Compare-Acute—Don’t Shy Away from FFR in 
ACS
The occurrence of multivessel disease in STEMI presents 
diagnostic and therapeutic challenges. Fractional flow 
reserve (FFR) has proven to be a quintessential tool in 
managing patients of stable angina with multivessel coronary 
disease.10 A few recent studies have showed that it is feasible 
to perform FFR in myocardial infarction (MI).11

Compare-Acute trial tested the role of FFR in patients 
with multivessel disease undergoing primary PCI for STEMI. 

The study randomized 885 patients to receive either FFR 
guided complete revascularization or an infarct artery-only 
PCI.12 The female representation in both arms was 21 and 
24%, respectively. After 12 months, the primary endpoint 
(combination of death, nonfatal MI, revascularization, 
and cerebrovascular events) was significantly less in 
complete revascularization arm when compared with 
infarct artery PCI-only arm (7.3 vs. 20.5%; hazard ratio [HR] 
0.35; p < 0.001). On further analysis, it was seen that these 
impressive benefits were primarily driven by reduction in 
repeat revascularizations (5.1 vs. 16.6%; HR 0.32; p < 0.001). 
The authors do not report any variation of results in various 
subgroups, and hence we believe the results are uniformly 
applicable to both sexes. The study stands in contrast to 
third Danish study, where FFR was performed a few days 
after primary PCI rather than during it.11 Nevertheless, the 
results suggest that FFR is feasible in acute STEMI patients 
and benefits primarily by reducing repeat revascularization.

DAPT-STEMI and REDUCE—Keep It Short!
Dual antiplatelet therapy (DAPT) for 1 year following PCI in 
STEMI patients is the standard of care.13 Such a combination 
has been shown to reduce stent thrombosis and reinfarctions. 
However, this strategy entails a high risk of bleeding events, 
and the question becomes more pertinent with advent of nov-
el P2Y12 inhibitors. DAPT-STEMI and REDUCE studies tried to 
address the issue of bleeding with an abridged DAPT regimens.

DAPT-STEMI (Randomized, Open Label Trial of 6 Months 
Versus 12 Months DAPT After Drug-Eluting Stent in STEMI) 
trial tested a strategy of short (6 months) versus a standard 
(12 months DAPT) in 870 STEMI patients undergoing 
primary PCI.14 The primary endpoint (composite of 
death from any cause, MI, revascularization, stroke, and 
TIMI major bleeding) was not different in both arms at 
18 months (HR  0.73; p = 0.26). Twenty-three percent of 
study population comprised of females. No sex-specific 
subgroup data analyses were reported, and hence study 

Fig. 1 Variables used in the PRECISE-DAPT and dual antiplatelet 
therapy (DAPT) score for continuing DAPT beyond 1 year of PCI. A 
DAPT score > 2 indicates favorable risk-benefit ratio with longer DAPT 
whereas a PRECISE DAPT score < 25 corroborates with better bleeding 
risk profile with longer DAPT. CHF, congestive heart failure; LVEF, left 
ventricular ejection fraction; MI, myocardial infarction; PCI, percuta-
neous coronary intervention.
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conclusions apply to both sexes equally. It should be noted 
that the study underrepresented patients with diabetes 
and history of previous MI (14 and 5%, respectively). Being  
strong predictors of stent thrombosis, both diabetes and 
history of previous MI have been incorporated in DAPT score 
(►Fig.  1). DAPT score is a tool for predicting continuation 
of dual antiplatelet therapy after 1 year of PCI.13 Hence, 
the population in the study may have been at low risk of 
stent thrombosis, thereby leading to success of abridged 
antiplatelet regimen.

REDUCE (Randomized evaluation of short-term dual 
antiplatelet therapy in patients with acute coronary 
syndrome treated with the COMBO dual therapy stent) trial 
on similar note evaluated a short DAPT course (3 months) 
after PCI in patients with ACS vis-a-vis a standard DAPT 
course (12 months).15 Of the 1,496 study participants, almost 
one-half had STEMI. Patients underwent implantation of 
COMBO dual therapy stent (polymer drug-eluting stent 
[DES] loaded with sirolimus and endothelium promoting 
anti–CD34+ antibody) in contrast to zotarolimus-eluting 
stent used in DAPT-STEMI. Women comprised only 20% 
of study population. The primary endpoint examined was 
a composite of all-cause mortality, MI, stent thrombosis, 
stroke, target-vessel revascularization (TVR), and Bleeding 
Academic Research Consortium (BARC) bleeding > 1. At the 
end of 12 months, event rates were similar in both the groups 
(short and longer DAPT course). Unlike the previous study, 
investigators reported results of subgroup analysis and all the 
spectrum of subgroups including age, sex, geographic region, 
and presence of diabetes had consistent results.

In both the studies, the short and ultra short DAPT  
regimens were noninferior to standard DAPT regimens 
regarding safety following DES implantation in an ACS setting.

PRECISE-DAPT—Choose Wisely Beyond First 
Year
Previously published studies on duration of DAPT following 
first year of PCI have demonstrated equivocal results. The 
DAPT score is a useful risk prediction tool to calculate the 
risk-benefit ratio of continuing DAPT beyond the standard 
1-year regimen.13

We have previously reviewed the derivation and 
predictive accuracy of PRECISE-DAPT (Predicting bleeding 
Complication In patients undergoing Stent implantation  
and subsEquent Dual Anti Platelet Therapy) score.16,17 In a 
nut shell, the score uses five variables (age, hemoglobin, 
white cell count, creatinine clearance, and history of prior 
bleeding) (►Fig.  1). A score < 25 predicts lower bleeding 
risk with preserved ischemic benefits. The 2017 ESC/EACTS 
(European Society of Cardiology/European Association for 
Cardio-Thoracic Surgery) Consensus document on DAPT 
also advises the use of PRECISE-DAPT score as a guide 
to DAPT durations following PCI.18 It is noteworthy that 
despite considered to be at high bleeding risk, female  
sex is not a part of either DAPT or PRECISE-DAPT score.

Meta-analysis of Antiplatelet Function—Does 
Your Sex Matter?
The impact of sex on platelet function has always been of 
subject of debate and controversy. The role of aspirin and 
clopidogrel in women has been previously questioned.19 
With the advent of potent P2Y12 inhibitors, one could only 
speculate about sex-specific effects.

Interestingly, impact of sex on outcomes with newer 
antiplatelet therapies (P2Y12 inhibitors—ticagrelor and 
prasugrel) was studied by Lau et al in collaborative 
meta-analysis.20 They studied close to 87,000 patients 
from seven large and contemporary trials. Collectively 
these studies enrolled almost 24,500 women comprising 
about 27% of total population. Novel P2Y12 led to equal 
reduction in major adverse cardiovascular events (MACE) 
in both sexes (14 vs. 15%, p interaction = 0.95). MI and 
stent thrombosis were also reduced in both sexes without 
any significant differences. Bleeding episodes were also 
increased in both sexes without any significant difference 
compared with standard therapy (HR 1.28 in women 
vs. 1.52 in men; p interaction = 0.62). This study failed to 
show heterogeneity of treatment effects based on sex.

GEMINI-ACS-1—NOAC Are Safe
The use of novel oral anticoagulants (NOAC) in an ACS setting 
has generally been disappointing with most trials facing a 
premature termination due to high rate of bleeding (REDEEM 
[Randomized Dabigatran Etexilate Dose-Finding Study 
in Patients with Acute Coronary Syndromes], APPRAISE 
[Apixaban for Prevention of Acute Ischemic Event], TRACER 
[Thrombin Receptor Antagonist for Clinical Event Reduction 
in Acute Coronary Syndrome], etc.). However, ATLAS ACS 
2-TIMI 51 with rivaroxaban is an exception. This trial used 
low-dose rivaroxaban (2.5 and 5 mg) in patients with a recent 
ACS on top of DAPT and revealed ischemic benefits, but not 
without harm, that is, doubling of bleeding events.21

The GEMINI-ACS-1 (A Study to Compare the Safety of 
Rivaroxaban Versus Acetylsalicylic Acid in Addition to 
Either Clopidogrel or Ticagrelor Therapy in Participants 
With Acute Coronary Syndrome) trial randomized 3,037 
patients of ACS (within 10 days of the event) to receive 
on top of a P2Y12 inhibitor either aspirin or low-dose 
rivaroxaban, an oral factor Xa inhibitor.22 The primary 
endpoint was thrombolysis in myocardial infarction (TIMI) 
clinically significant bleeding not related to coronary artery 
bypass grafting up to day 390. At 1 year follow-up, there  
was no difference of TIMI non–coronary artery bypass 
grafting (CABG) major bleeding between rivaroxaban arm 
and aspirin therapy (5.3 vs. 4.9%; p = 0.5840). Although 
there was no signal of an increased risk of stent thrombo-
sis in single antiplatelet group, the trial was not powered to 
assess differences in ischemic endpoints. Roughly, one-fourth 
of the trial population were females, and researchers did not 
find any difference of primary endpoint based on sex or age. 
Larger randomized and sufficiently powered studies will  
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be required to establish the role of this novel “dual therapy” 
(NOAC plus single antiplatelet therapy) in ACS.

VALIDATE-SWEDEHEART—Bivalirudin Has Run 
out of Steam.
Although heparins are the choice of anticoagulant during  
PCI, bivalirudin theoretically offers advantages in terms of  
less bleeding. However, after initial positive enthusiasm, the 
recent data from HEAT-PPCI (How Effective Are Antithrom 
botic Therapies in Primary Percutaneous Coronary 
Intervention) and MATRIX (Minimizing Adverse Haemorrhagic 
Events by Transradial Access Site and Systemic Implemen- 
tation of AngioX) have raised questions over benefits of 
bivalirudin, especially in patients undergoing PCI by radial 
route and with use of potent P2Y12 inhibitors.

VALIDATE-SWEDEHEART (Bivalirudin versus Heparin 
in ST-Segment and Non–ST-Segment Elevation Myocardial 
Infarction in Patients on Modern Antiplatelet Therapy in the 
Swedish Web System for Enhancement and Development of 
Evidence-based Care in Heart Disease Evaluated according to 
Recommended Therapies Registry Trial) randomized 6,006 
patients of ACS undergoing PCI with a potent P2Y12 inhibitor 
(ticagrelor or prasugrel) to heparin or bivalirudin.23 Almost 
90% PCI in the study were performed by radial route. The 
primary endpoint was death from any cause, MI, or major 
bleeding during 180 days follow-up. There was no difference 
in primary outcomes between bivalirudin arm and heparin 
arm at 30 days following PCI (8 vs. 7.2%, p = 0.21). Similar 
neutral trends were visible at 3 months, and the primary 
endpoints occurred with similar frequency between two 
groups (12.3 vs. 12.8%, p = 0.54). The results were  consistent 
across both STEMI and non-STEMI (NSTEMI).  Individual 

 endpoints of death, MI, major bleeding, and definite 
stent thrombosis were also not different between groups. 
Although the primary endpoint occurred less in female 
patients, the p  value for interaction between sex and drug 
intervention did not reach statistical significance. Despite 
the use of prolonged bivalirudin infusion in 65% patients, 
bivalirudin failed to show superiority to heparin. The recent 
ESC STEMI 2017 guidelines appropriately continue a class II 
recommendation to bivalirudin in STEMI.24

TROPICAL-ACS—Time for Precision Medicine
The enthusiasm for use of platelet function testing (PFT) to 
tailor antiplatelet therapy has been dampened by the lack of 
benefits from previous studies.25,26 TROPICAL-ACS study has 
thrown the spotlight back on PFT once again.

In the TROPICAL-ACS (Testing Responsiveness to Platelet 
Inhibition on Chronic Antiplatelet Treatment For Acute Cor-
onary Syndromes Trial) study, a novel step-down regimen 
with aspirin plus prasugrel evaluated.27 The comparator arm 
was a standard uninterrupted regimen of the same drugs. 
The novel step-down regimen consisted of aspirin plus 1 
week of prasugrel therapy, followed by 1 week of clopido-
grel therapy. After 14 days, PFT was done, and those with 
high platelet reactivity (> 46 units) switched back to prasu-
grel whereas those without were maintained on clopidogrel 
(►Fig. 2). In the “tailored therapy” group, up to 40% showed 
insufficient platelet inhibition and had to be switched back 
to prasugrel. The primary endpoint was net clinical bene-
fit (composite of cardiovascular death, MI, or BARC [Bleed-
ing Academic Research Consortium] bleeding > grade 2) at 
1 year. At study conclusion, event rates were 7% in guided 
step-down group versus 9% in standard group (p = 0.004 
for noninferiority, HR 0.81). Despite early de-escalation, 
there was no increase in ischemic events (cardiovascular 
[CV] death, MI, or stroke) in  step-down group, but bleeding 
events were also not significantly decreased. Though there 
was male preponderance (79%) in the sex  distribution, the 
primary outcomes was no different when reassessed based 
on age and sex. Although cost intensive and time consum-
ing, this trial results offer an alternative at least in patients 
deemed at high bleeding risk.

SWEDEHEART Registry—Outcomes Are 
Improving in Women!
Over the past two decades, significant advancements have 
occurred in technique and hardware for PCI. Simultaneously, 
pharmacotherapy of acute MI has evolved drastically as have 
protocols for management of MI. All these have translated 
into decline in deaths from STEMI as evidence from long-term 
data from nationwide SWEDEHEART (Swedish Web-system 
for Enhancement and Development of Evidence-based care 
in Heart disease Evaluated According to Recommended 
Therapies) registry.28 The 1-year mortality from STEMI has 
declined from 22.1 to 14.1%.

Fig. 2 De-escalation strategy used in TROPICAL-ACS study (HPR—
high on treatment platelet reactivity; based on multiplate analyzer 
testing; positive value ≥ 46 U according to consensus definition). PFT, 
platelet function testing.
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Impact of sex on outcomes of acute MI between 2003 
and 2013 from the SWEDEHEART registry was published 
separately.29 Excess mortality at 6 months, 1 year, and 
5 years was primary outcome measure analyzed. Women 
with acute MI (both STEMI and NSTEMI) were older and 
had more comorbidities such as diabetes, hypertension, 
etc. They had more unfavorable hemodynamics at presen-
tation (lower systolic blood pressure [BP] and  tachycardia) 
and were more likely to receive diuretics during stay. In this 
study, women with acute MI had no difference in  all-cause 
mortality as compared with their male counterparts. There 

was a risk of excess mortality though, which was amelio-
rated by adherence to guideline directed  medical therapy.

Conclusion
Management of ACS has evolved significantly over years 
and still undergoing changes as new data emerges. In 2017, 
many important studies focusing on various aspects of ACS 
made their way into the literature. The CULPRIT-SHOCK 
and Compare-Acute trials discussed management of 
multivessel disease in ACS. Tailoring antiplatelet therapy 
following ACS was the subject of discussion in DAPT-
STEMI, REDUCE, TROPICAL-ACS, and PRECISE-DAPT 
studies. Lau et al in their meta-analyses demonstrated 
that novel antiplatelets are equally effective and safe 
in women. GEMINI-ACS and VALIDATE-SWEDEHEART 
concentrated on role of novel antithrombotic therapy 
following ACS. Long-term data of SWEDEHEART registry 
demonstrated improved outcomes in STEMI in both 
sexes over the past decades. Interestingly, a separate 
analysis of the registry revealed higher comorbidities in 
ACS women with excess mortality. However, judicious  
use of guideline-directed medical therapy was able to 
ameliorate the excess risk (►Fig. 3).

Female participation in randomized controlled trials 
(RCTs) and registries is often inadequate ranging from 20 
to 30% only (►Fig.  4). Subgroup analyses of most studies 
were available, and none of them showed any statistically 
significant difference in primary outcomes in this subset. 
This again reminds us of the fact that management of CAD 
leads to similar benefits in both sexes and that there is no 
reason to deprive women of therapy for ACS. CAD and ACS 
need aggressive and timely management irrespective of 
sex. We need to shed off the perception that it has no afflic-
tion for women. Underrepresentation in women and lack of 
large sex-specific studies is an unmet need that should be 
addressed in future research.

“The capacity to learn is a gift; the ability to learn is a 
skill; the willingness to learn is a choice.”

—Brian Herbert
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