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BACKGROUND: Patients with elevated triglycerides despite statin 
therapy have increased risk for ischemic events, including coronary 
revascularizations.

METHODS: REDUCE-IT (The Reduction of Cardiovascular Events with 
Icosapent Ethyl–Intervention Trial), a multicenter, double-blind, placebo-
controlled trial, randomly assigned statin-treated patients with elevated 
triglycerides (135–499 mg/dL), controlled low-density lipoprotein (41–100 
mg/dL), and either established cardiovascular disease or diabetes plus 
other risk factors to receive icosapent ethyl 4 g/d or placebo. The primary 
and key secondary composite end points were significantly reduced. 
Prespecified analyses examined all coronary revascularizations, recurrent 
revascularizations, and revascularization subtypes.

RESULTS: A total of 8179 randomly assigned patients were followed 
for 4.9 years (median). First revascularizations were reduced to 9.2% 
(22.5/1000 patient-years) with icosapent ethyl versus 13.3% (33.7/1000 
patient-years) with placebo (hazard ratio, 0.66 [95% CI, 0.58–0.76]; 
P<0.0001; number needed to treat for 4.9 years=24); similar reductions 
were observed in total (first and subsequent) revascularizations (negative 
binomial rate ratio, 0.64 [95% CI, 0.56–0.74]; P<0.0001), and across 
elective, urgent, and emergent revascularizations. Icosapent ethyl 
significantly reduced percutaneous coronary intervention (hazard ratio, 
0.68 [95% CI, 0.59–0.79]; P<0.0001) and coronary artery bypass grafting 
(hazard ratio, 0.61 [95% CI, 0.45–0.81]; P=0.0005).

CONCLUSIONS: Icosapent ethyl reduced the need for first and 
subsequent coronary revascularizations in statin-treated patients with 
elevated triglycerides and increased cardiovascular risk. To our knowledge, 
icosapent ethyl is the first non–low-density lipoprotein–lowering 
treatment that has been shown to reduce coronary artery bypass grafting 
in a blinded, randomized trial.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: 
NCT01492361.
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Reduction of low-density lipoprotein cholesterol 
(LDL-C) has been extensively documented to pre-
vent cardiovascular events, including coronary 

revascularization.1–6 In addition, hypertriglyceridemia is 
thought to play an important role in the development 
and progression of coronary plaque and inflammation 
contributing to residual coronary atherosclerosis.7–16 
However, in many clinical trials, omega-3 fatty acids, 
fibrates, and niacin have not shown a consistent reduc-
tion in coronary revascularization events, despite their 
ability to lower triglyceride levels.17–23 A moderate dose 
(1.8 g/d) of a highly purified ethyl-ester form of eicosa-
pentaenoic acid (EPA), on the other hand, showed a 
reduction in coronary events in an open-label, prospec-
tive randomized blinded end point trial.24,25

REDUCE-IT (The Reduction of Cardiovascular Events 
with Icosapent Ethyl–Intervention Trial) enrolled 8179 
statin-treated patients randomly assigned 1:1 to either 
4 g/d icosapent ethyl (a highly purified, stable prescrip-
tion ethyl ester of EPA) or matching placebo, with a me-
dian follow-up time of 4.9 years. Of randomly assigned 
patients, 70.7% had established cardiovascular disease, 
with or without diabetes, and 29.3% had diabetes and 
additional risk factors. REDUCE-IT demonstrated a 25% 
relative risk reduction in the primary end point and a 
26% relative risk reduction in the key secondary end 
point (both P<0.0001) with icosapent ethyl versus pla-
cebo.26–28 This benefit of icosapent ethyl was seen both 

with first and subsequent cardiovascular events, with 
primary end point total events reduced by a significant 
32% (P<0.0001).29 These results were consistent across 
various subgroups, including those with normal triglyc-
erides, suggesting broad generalizability.30,31 Patients 
were also less likely to undergo urgent or emergent 
coronary revascularization as a composite end point if 
they were treated with icosapent ethyl.26

The aim of this analysis was to further explore the 
effects of icosapent ethyl versus placebo on any type of 
first and total (first plus subsequent) coronary revascu-
larization events, and subtypes of coronary revascular-
ization procedures, as well, among REDUCE-IT patients.

METHODS
Study Design and Patient Characteristics
The data that support the findings of this study may be 
made available from the corresponding author on reasonable 
request. The study design and main results of the REDUCE-IT 
trial have been published previously.26,32 In brief, REDUCE-IT 
was a phase 3b, double-blind, randomized, placebo-con-
trolled trial in which patients were treated with icosapent 
ethyl 4 g/d (taken as 2 g twice daily) or matching placebo. 
Patients were randomly assigned on a 1:1 basis. All patients 
provided verbal and written informed consent, and all sites 
were approved by institutional review boards.

Patients were included in the secondary prevention group 
if they had established cardiovascular disease. Patients were 
included in the primary prevention group if they had type 1 
or type 2 diabetes on medical treatment, were ≥50 years of 
age, and had at least 1 other major cardiovascular risk factor. 
In addition, all patients were required to be on stable statin 
therapy for at least 4 weeks and have an LDL-C between 41 
and 100 mg/dL. Patients were included if they had triglycer-
ides between 135 and 500 mg/dL. Patients were excluded 
if they had severe heart failure, planned coronary interven-
tion or surgery, severe liver disease, a hemoglobin A1c level 
>10%, a history of pancreatitis, or known hypersensitivity to 
fish, shellfish, or ingredients of icosapent ethyl or placebo.

End Points and Follow-Up
The primary composite end point of the REDUCE-IT trial was 
5-point major adverse cardiovascular event (cardiovascular 
death, nonfatal myocardial infarction, nonfatal stroke, coro-
nary revascularization, or unstable angina). For this analysis, 
we further analyzed the end point of coronary revasculariza-
tion. In this article we report the prespecified analysis of all first 
coronary revascularization events, which included the subtypes 
of elective, urgent, emergent, and salvage revascularization 
procedures, and both categories of procedure, percutaneous 
coronary intervention (PCI) and coronary artery bypass grafting 
(CABG), as well. Revascularization procedures were defined as 
elective when performed on an outpatient basis or during sub-
sequent hospitalization without significant risk of myocardial 
infarction or death, or when performed on stable, hospitalized 
patients for convenience, not because the patient’s clinical situ-
ation demanded it before discharge. Procedures were consid-
ered urgent when performed on hospitalized patients before 

Clinical Perspective

What Is New?
•	 Icosapent ethyl reduced first and total coronary 

revascularization in patients with elevated triglyc-
erides and high cardiovascular risk, despite well-
controlled low-density lipoprotein cholesterol on 
a statin.

•	 This appears to be the first non–low-density lipo-
protein cholesterol intervention shown to reduce 
coronary artery bypass grafting in a randomized, 
blinded clinical trial.

What Are the Clinical Implications?
•	 Patients with elevated triglycerides have significant 

residual risk for coronary revascularization, despite 
having a well-controlled low-density lipoprotein 
cholesterol on a statin.

•	 Icosapent ethyl has been shown to significantly 
reduce first and total cardiovascular events in 
this patient population, including percutaneous 
coronary intervention and coronary artery bypass 
grafting.

•	 These findings are applicable to a significant pro-
portion of primary and secondary cardiac risk pre-
vention populations.
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discharge because of significant concerns of myocardial isch-
emia risk, myocardial infarction, or death, or when performed 
on outpatients or patients who were in the emergency depart-
ment at the time the procedure was requested and clinical 
presentation warranted hospital admission. Revascularizations 
were considered emergent when performed as soon as pos-
sible because of substantial concerns that ongoing myocardial 
ischemia or myocardial infarction could lead to death. A pro-
cedure was considered salvage when the patient was in car-
diogenic shock as the procedure began or within the last 10 
minutes of the diagnostic portion of the case, and the patient 
had also received chest compressions or had been on unan-
ticipated circulatory support. Each subtype of revasculariza-
tion, and elective coronary revascularization after 30 days, as 
well, were prespecified to be analyzed as individual end points. 
Analyses for time to first PCI and CABG as individual end points 
were post hoc. Baim Institute for Clinical Research performed 
the adjudication of revascularization. Individual subtypes of 
revascularization were determined by blinded adjudicators 
(elective, urgent, emergent, or salvage), as were categories of 
procedure (CABG or PCI).

Statistical Analysis
This analysis of revascularization events was prespecified in 
the study protocol. Baseline characteristics were compared 
among groups using the χ2 test for categorical variables and 
using the Wilcoxon rank sum test for continuous variables. 
Hazard ratios and 95% CIs were generated using a Cox pro-
portional hazards model using treatment group as the covari-
ate, and stratified by geographic region, cardiovascular risk 
category, and use of ezetimibe. Log-rank test statistics and 
P values were generated from Kaplan-Meier analyses of the 
individual end points, also stratified by geographic region, 
cardiovascular risk category, and the use of ezetimibe. P val-
ues and 95% CIs were not adjusted for multiple comparisons, 
and thus should be considered hypothesis generating.

As with the previously published analysis of total events 
with respect to the 5-point major adverse cardiovascular 
event primary end point and key secondary end point, we 
used various statistical methods in ascertaining the rate of 
recurrent revascularization events using both full (all events) 
and reduced (collapsing related events occurring close in 
time) data sets.29 We used the negative binomial regression 
model to calculate rates and rate ratios for total cardiovas-
cular events. As supportive analyses, we used the modified 
Wei-Lin-Weissfeld method (Li and Lagakos modification) to 
calculate hazard ratios for the time to the first, second, or 
third event.33 Also, the Andersen-Gill model using a Cox pro-
portional hazard with the counting-process formulation was 
performed to model the total events. All statistical analyses 
were conducted using SAS 9.4.

RESULTS
Patient Characteristics
Baseline characteristics of patients who did or did not 
experience a postrandomization coronary revasculariza-
tion event are listed in Table I in the Data Supplement. 
Randomization to icosapent ethyl was independently 

associated with a significant 36% reduction in coronary 
revascularization risk (P<0.0001). Independent predic-
tors of higher coronary revascularization risk were pre-
vious PCI, male sex, baseline diabetes, elevated base-
line triglyceride, and elevated baseline high sensitivity 
C-reactive protein levels (Table 1).

First Coronary Revascularization Events
Over a 4.9-year median follow-up, icosapent ethyl sig-
nificantly reduced first coronary revascularizations by 
34%, with an absolute risk reduction of 4.1% and a 
number needed to treat of 24 (Table  2, Figure  1). A 
signal of efficacy was observed early; the statistically 
significant difference between the treatment arms for 
time to first coronary revascularization became sus-
tained at 11 months of treatment (Table II in the Data 
Supplement; Figure  2). There were similar statistically 
significant and clinically meaningful relative risk reduc-
tions of ≥32% in time to first occurrences of elective, 
urgent, or emergent revascularizations as individual or 
composite end points (Table 2, Figure 3).

Consistent with the results in all revascularization 
and across subtypes, there was a significant reduc-
tion in the risk of undergoing PCI among patients 

Table 1.  Independent Predictors of Revascularization

Stepwise selected covariate

Covariates
Hazard ratio 
(95% CI)*

Relative risk 
reduction P value*

Treatment: icosapent 
ethyl vs placebo

0.64 (0.57–0.74) 36% <0.0001

Previous percutaneous 
coronary intervention: 
yes vs no

2.26 (1.93–2.64) – <0.0001

Sex: male vs female 1.54 (1.30–1.82) – <0.0001

Baseline diabetes: yes 
vs no

1.47 (1.27–1.70) – <0.0001

Baseline triglyceride: 1 
mmol/L (88.57 mg/dL) 
increase

1.15 (1.07–1.23) – <0.0001

Baseline high-sensitivity 
C-reactive protein: 1 
mg/L increase

1.01 (1.00–1.02) – 0.01

Identified significant covariates are from a stepwise selection process 
using the Cox proportional hazards model, with 0.05 and 0.1 P values for 
a covariate to enter and stay in the model, respectively. Variables considered 
for stepwise selection: age (<65, ≥65 years), sex (female, male), race (White, 
non-White), diabetes (yes, no), smoking status (current/former, never), 
hypertension (yes, no), body mass index category (<25 kg/m2, ≥25 to <30 
kg/m2, ≥30 kg/m2), baseline low-density lipoprotein cholesterol (derived), 
baseline triglyceride, baseline high-density lipoprotein cholesterol, baseline 
high-sensitivity C-reactive protein, baseline eicosapentaenoic acid, previous 
myocardial infarction (yes, no), previous percutaneous coronary intervention 
(yes, no), previous coronary artery bypass grafting (yes, no), and baseline 
statin intensity (low, moderate, high). 

*Hazard ratio, 95% CI, and P value are from a Cox proportional hazards 
model with treatment as factor and the identified significant baseline variable 
as covariate, and stratified by geographic region, cardiovascular risk category, 
and use of ezetimibe.
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treated with icosapent ethyl versus placebo (7.7% 
versus 10.9%; hazard ratio [HR], 0.68 [95% CI, 0.59–
0.79]; P<0.0001), with an absolute risk reduction of 
3.2% and a number needed to treat of 31. In addi-
tion, there was a significant reduction in the number 
of patients who underwent CABG (1.9% versus 3.0%; 
HR, 0.61 [95% CI, 0.45–0.81]; P=0.0005), with an ab-
solute risk reduction of 1.1% and a number needed to 
treat of 87 (Figure 4).

Efficacy Analyses Excluding Early 
Coronary Revascularizations
Clinical events that occur within the first 30 to 90 days 
of therapy are often excluded from analyses, either be-
cause these events may be occurring as a consequence 
of a previous recent event (eg, in studies enrolling pa-
tients with recent acute coronary events) or because 
there may be a delay in clinical benefit.3 We explored 
various efficacy analyses by excluding coronary revascu-
larizations that occurred within the first 30 or 90 days 
of randomization. The observed relative risk reduction 
in the primary end point (Figure  1) was not substan-
tially impacted by the exclusion of elective coronary re-
vascularizations that occurred in the first 90 days after 
study enrollment (Figure I in the Data Supplement) or 
by excluding elective coronary revascularizations that 
occurred within the first 30 days (Figure II in the Data 
Supplement). Likewise, the relative risk reduction ob-
served in time to the first elective coronary revascular-
ization (Figure 3A) did not substantially change when 
excluding elective coronary revascularizations occurring 
in the first 90 days or the first 30 days after random-
ization (Figures III and IV in the Data Supplement). Al-
though interaction P values suggest that some patients 
may experience greater benefit, results with respect to 
time to coronary revascularization were generally con-
sistent across subgroups of patients by baseline char-
acteristics (Figure V in the Data Supplement). The rela-
tive risk reductions in men and women were consistent 

(Pinteraction=0.63), although, because of the higher rates 
of revascularization in the placebo arm, the absolute 
risk reductions were numerically about twice as large 
in men as in women. The relative risk reductions for 
coronary revascularization with icosapent ethyl were 
consistent (Pinteraction=0.07) across tertiles of baseline tri-
glyceride levels: 24%, 28%, and 46%, respectively, for 
lowest, middle, and highest tertiles.

Total Coronary Revascularization Events
Among the 8179 randomly assigned patients, there 
were 920 (76.4%) first-event coronary revasculariza-
tions and 284 (23.6%) additional revascularization 
events (196 second events, 52 third events, and 36 
fourth or greater events) for a total of 1204 events 
(Table IIIA and Figure VI in the Data Supplement). The 
920 first revascularization events represent 11.2% of 
the overall REDUCE-IT patient population. Of the subse-
quent events, 97 (34.2%) were from patients assigned 
to icosapent ethyl and 187 (65.8%) were from patients 
assigned to placebo. Overall, total revascularization 
events were reduced among patients taking icosa-
pent ethyl versus placebo, using the negative binomial 
model when accounting for statistical handling of mul-
tiple end points occurring in a single calendar day by 
counting as a single event (rate ratio, 0.64 [95% CI, 
0.56–0.74]; P<0.0001; Figure  5). Other models dem-
onstrated similar findings: the Andersen and Gill model 
(HR, 0.64 [95% CI, 0.57–0.71]; P<0.0001) and the pro-
portional means model (HR, 0.64 [95% CI, 0.55–0.73]; 
P<0.0001; Table III in the Data Supplement). Using the 
modified Wei-Lin-Weissfeld model, first occurrence 
events were reduced among patients taking icosapent 
ethyl versus placebo (HR, 0.67 [95% CI, 0.58–0.76]; 
P<0.0001), as were second occurrences (HR, 0.49 
[95% CI, 0.36–0.66]; P<0.0001), and third or more oc-
currence events (rate ratio, 0.50 [95% CI, 0.26–0.97]; 
P=0.04; Table IIIB in the Data Supplement; Figure  5). 
Similar results were obtained when using the full data 

Table 2.  First Coronary Revascularization End Points: Icosapent Ethyl Versus Placebo

Revascularization
Icosapent ethyl 
N=4089, n (%)

Placebo 
N=4090, n (%)

Hazard ratio 
(95% CI)

Relative risk 
reduction, % P value

Rate per 1000 patient-
years

Absolute 
risk 
reduction,%

Icosapent 
ethyl Placebo

Coronary 376 (9.2) 544 (13.3) 0.66 (0.58–0.76) 34 <0.0001 22.5 33.7 4.1

Emergent or urgent 216 (5.3) 321 (7.8) 0.65 (0.55–0.78) 35 <0.0001 12.6 19.3 2.6

Emergent 41 (1.0) 65 (1.6) 0.62 (0.42–0.92) 38 0.016 2.3 3.8 0.6

Urgent 181 (4.4) 268 (6.6) 0.66 (0.54–0.79) 34 <0.0001 10.5 16.0 2.1

Elective 194 (4.7) 278 (6.8) 0.68 (0.57–0.82) 32 <0.0001 11.3 16.5 2.1

Salvage 0 (0.0) 2 (0.0) – – – 0.0 0.1 0

The number of patients with event (n) is the number of patients with the event in the intention-to-treat population within each treatment group (N). Rate per 1000 
patient-years is 1000 × n/patient-years patients at risk. Log-rank test statistic and P value are reported from a Kaplan-Meier analysis, stratified by geographic region, 
cardiovascular risk category, and use of ezetimibe. Hazard ratio and 95% CI are reported from a Cox proportional hazards model with treatment as the covariate, 
and stratified by geographic region, cardiovascular risk category, and use of ezetimibe.
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set (ie, including all events regardless of related events 
occurring close in time; Figure VI in the Data Supple-
ment).

Although at randomization there was no difference 
in EPA levels between groups, beginning at day 360, 
consistently and statistically significantly higher post-
baseline EPA levels were observed in patients without 
coronary revascularization than in those who under-
went coronary revascularization (Table IV in the Data 
Supplement).

DISCUSSION
This analysis demonstrates a 34% relative reduction 
in coronary revascularization events with icosapent 
ethyl versus placebo among patients at high cardio-
vascular risk with elevated triglycerides despite appro-
priate treatment with a statin. This effect was con-
sistent among different subtypes of revascularization, 
including elective, urgent, and emergent coronary re-
vascularization. Also, using various methods of total 
events analysis, we found a significant reduction not 
only in first, but also subsequent revascularizations. In 
this blinded trial with independent adjudication of end 
points, there was a significant reduction in the need 
for CABG, objectively demonstrating the substantial 
decrease in atherosclerotic burden in this population 
of patients. It is interesting to note that, irrespective of 

the effects of icosapent ethyl, 11.2% of these stable 
but high-risk patients (primary and secondary preven-
tion) required coronary revascularization over a 4.9-
year median follow-up period.

The large degree of risk reduction in first coronary 
revascularization events is comparable to the reduc-
tions seen in the early statin trials, such as the 4S trial 
(Scandinavian Simvastatin Survival Study), in which 
there was a 37% reduction in coronary revascular-
ization events among patients treated with simvas-
tatin versus placebo (P<0.0001; Figure VII in the Data 
Supplement).1 In REDUCE-IT, subsequent coronary re-
vascularization events showed an even larger relative 
reduction among patients treated with icosapent ethyl 
versus placebo: 51% (P<0.0001) for second revascu-
larization events and 50% (P=0.04) for ≥3 revascu-
larization events; total revascularization events were 
reduced by 36% (P<0.0001).

In comparison, PCSK9 (proprotein convertase subtili-
sin/kexin 9) inhibitors have been shown to reduce coro-
nary revascularization by a lesser amount. There was a 
22% reduction in all urgent and elective revasculariza-
tions with evolocumab and a 12% reduction in isch-
emia-driven revascularization with alirocumab.4,5 Drug 
eluting stents in comparison with bare metal stents 
have been shown to reduce repeat revascularization 
events by 24% in the contemporary era.34 Dual anti-
platelet therapy after acute coronary syndrome reduced 

Figure 1. Kaplan-Meier curve of time to coronary revascularization from randomization: intention-to-treat population.
The curves were visually truncated at 5.7 years because a limited number of events occurred beyond that time point; all patient data were included in the analyses. 
ARR is based on the observed rates of events of 9.2% for icosapent ethyl and 13.3% for placebo. ARR indicates absolute risk reduction; HR, hazard ratio; NNT, 
number needed to treat; No. at risk, number of patients at risk; and RRR, relative risk reduction. 
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subsequent revascularization by 8%.35 Thus, the reduc-
tion in revascularization in REDUCE-IT with icosapent 
ethyl appears larger than with these advanced pharma-
cological or device therapies.

Of note, there was also a 39% reduction in CABG 
among patients treated with icosapent ethyl in compari-
son with placebo. To the best of our knowledge, this is 
the first non–LDL-C intervention demonstrated to reduce 
CABG as an end point. In the LIPID trial (Long-Term In-
tervention with Pravastatin in Ischemic Disease), patients 
treated with pravastatin had a 22% reduction in CABG 
in comparison with placebo (9.2% versus 11.6%).36 In 
the SEAS trial (Simvastatin and Ezetimibe in Aortic Ste-
nosis), patients treated with ezetimibe plus simvastatin 
underwent CABG less frequently than those treated 
with placebo (7.3% versus 10.8%, relative risk reduction 
32%).37 Other randomized trials have evaluated CABG 
as an end point but have not demonstrated a benefit.38–43

In REDUCE-IT, icosapent ethyl was generally very well 
tolerated among study participants. There was a slightly 
increased risk of atrial fibrillation in comparison with 

placebo, although there was no increase in heart failure 
and, in fact, a significant decrease in stroke, myocardial 
infarction, cardiac arrest, and sudden cardiac death. 
There was also a small increase in minor bleeding 
events, with a trend toward increased serious bleeding, 
but without any significant increase in fatal bleeding, 
intracranial bleeding, or gastrointestinal bleeding. The 
overall rate of serious adverse events leading to drug 
discontinuation was low and statistically indistinguish-
able between icosapent ethyl and placebo.26

The effectiveness of icosapent ethyl in reducing 
cardiovascular events is far greater than the modest 
degree of triglyceride lowering seen, suggesting addi-
tional mechanisms of risk reduction.44–48 It is important 
to note that the efficacy of icosapent ethyl in cardio-
vascular event reduction has not been shown for EPA 
and docosahexaenoic acid (DHA) mixtures. A random-
ized cardiovascular outcomes trial in statin-treated pa-
tients similar to REDUCE-IT, but using 4 g/d of a for-
mulation of EPA plus DHA, was recently stopped early 
by the study’s data monitoring committee for lack of 

Figure 2. Time to coronary revascularization from date of randomization by 1-month increments: intention-to-treat population.
This figure was constructed by estimating the hazard ratio and 95% CI of the coronary revascularization end point repeatedly with a stratified Cox proportional 
hazards model (ie, stratified by the 3 randomization factors of REDUCE-IT (The Reduction of Cardiovascular Events with Icosapent Ethyl–Intervention Trial): geo-
graphic region, cardiovascular risk stratum, and ezetimibe use) by censoring time-to-event data from 30 days until 6 years, with a gap of 30 days between each 
model. All hazard ratios and the upper and lower limits of 95% CI over the time from 30 days to 6 years were plotted accordingly.
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Figure 3. Kaplan-Meier curves: intention-to-treat population.
Kaplan-Meier curves of the time from randomization to elective (A), urgent (B), and emergent (C) coronary revascularization. The curves were visually truncated at 
5.7 years because a limited number of events occurred beyond that time point; all patient data were included in the analyses. Time to elective coronary revascular-
ization ARR is based on the observed event rates of 4.7% for icosapent ethyl and 6.8% for placebo. Time to urgent coronary revascularization ARR is based on the 
observed rates of 4.4% for icosapent ethyl and 6.6% for placebo. Time to emergent coronary revascularization ARR is based on the observed event rates of 1.0% 
for icosapent ethyl and 1.6% for placebo. ARR indicates absolute risk reduction; HR, hazard ratio; NNT, number needed to treat; No. at risk, number of patients at 
risk; and RRR, relative risk reduction.
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Figure 4. Kaplan-Meier curves: intention-to-treat population.
Kaplan-Meier curves of time from randomization to percutaneous coronary intervention (A) or coronary artery bypass graft surgery (B). The curves were visually 
truncated at 5.7 years because a limited number of events occurred beyond that time point; all patient data were included in the analyses. Time to percutaneous 
coronary intervention ARR is based on the observed event rates of 7.7% for icosapent ethyl and 10.9% for placebo. Time to coronary artery bypass graft ARR 
is based on the observed event rates of 1.9% for icosapent ethyl and 3.0% for placebo. ARR indicates absolute risk reduction; HR, hazard ratio; NNT, number 
needed to treat; No. at risk, number of patients at risk; and RRR, relative risk reduction.
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significant benefit; this unexpected result suggests that 
the EPA formulation studied in REDUCE-IT drove the 
benefit, not DHA.49 In fact, EPA and DHA have different 
chemical structures, leading to markedly different tissue 
distributions and distinct effects on cellular membrane 
structure, endothelial function, rates of lipid oxidation, 
cholesterol crystalline domain formation, and various 
markers of inflammation.14 EPA has been found to sta-
bilize cell membranes, whereas DHA tends to disrupt 
them.46 The unique combination of fatty acid chain 
length and number of double bonds in EPA, in com-
parison with other fatty acids, including other omega-3 
fatty acids such as DHA, contributes to its antioxidant 
activity and membrane interactions.47 The failure of 
mixed EPA and DHA formulations to show significant 
benefit suggests that the addition of DHA may dimin-
ish or even counter the cardiovascular benefits of EPA. 
Additionally, threshold concentrations of achieved EPA 
may be necessary to elicit cardiovascular benefit.

Further corroborating the unique benefits of icosa-
pent ethyl, and consistent with the significant reduction 
in revascularization by 11 months seen in REDUCE-IT,50 
are the interim and final data from the EVAPORATE trial 

(Effect of Icosapent Ethyl on Progression of Coronary 
Atherosclerosis in Patients with Elevated Triglycerides on 
Statin Therapy). The early reduction in revascularization 
events with icosapent ethyl 4 g/d shown in REDUCE-IT 
is consistent with the coronary plaque changes shown 
in EVAPORATE, where treatment of a REDUCE-IT–like 
population with icosapent ethyl 4 g/d demonstrated 
beneficial effects on coronary plaque by 9 months.51,52 
There were significant differences between icosapent 
ethyl and placebo at study end (18 months) involving 
multiple measures of plaque volume and composition.52

Limitations of this prespecified analysis include its ex-
ploratory nature and lack of correction for multiple com-
parisons. All P values should be considered hypothesis 
generating. However, the magnitude and consistency 
of the effect size of icosapent ethyl on various subtypes 
of coronary revascularization still allow for clinical infer-
ences. Coronary revascularization as an end point has 
been criticized for its subjectivity and reflection of lo-
cal practice, rather than true acute coronary syndrome 
events. However, 537 (58.4%) of the revascularization 
events were urgent or emergent, suggesting that these 
were largely in response to acute coronary syndrome 

Figure 5. Distribution of first and subsequent coronary revascularization events in the reduced data set for patients randomly assigned 1:1 to icosa-
pent ethyl vs placebo.
Hazard ratios (HRs) and 95% CIs for between-group comparisons were generated using Li-Lagakos–modified Wei-Lin-Weissfeld method for first and second event 
categories. Rate ratio (RR) and 95% CI for group comparisons used a negative binomial model for additional events beyond first and second occurrences, that is, 
third event or more and overall treatment comparison. Analyses are based on reduced data set accounting for statistical handling of multiple end points occurring 
in a single calendar day by counting as a single event.
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events, and each subtype of revascularization was simi-
larly and statistically significantly reduced. It is impor-
tant to note that, although the performance of revascu-
larization may have some subjective components, this 
end point was adjudicated by an independent, blinded 
clinical end point committee evaluating data from a 
randomized, double-blind, placebo-controlled trial. 
Thus, any differences observed between icosapent ethyl 
and placebo can be considered causal in nature. Statis-
tical total event models each have inherent limitations. 
However, the consistency of the results among various 
models reflects the robustness of the study’s findings. 
Last, because patients with planned coronary interven-
tion or surgery were excluded from the trial, the results 
presented here likely represent an underestimate of the 
true benefits of icosapent ethyl on revascularization, es-
pecially given the early separation of the event curves 
with icosapent ethyl versus placebo, consistent with the 
early effects seen with icosapent ethyl on plaque pro-
gression in the EVAPORATE trial at the 9-month interim 
and 18-month final analyses.51,52

Conclusions
Among statin-treated patients having well-controlled 
LDL-C but persistently elevated triglyceride levels and ei-
ther established cardiovascular disease or diabetes plus 
additional cardiovascular risk factors, we found a large 
reduction in first and subsequent coronary revascular-
ization in patients treated with icosapent ethyl versus 
placebo. This reduction was consistent across elective, 
urgent, and emergent revascularization categories, and 
for PCI and CABG individually, as well. To the best of our 
knowledge, this is the first non–LDL-C intervention in a 
major randomized trial in which statin-treated patients 
underwent fewer CABG surgeries, highlighting the sub-
stantial impact of icosapent ethyl on the underlying ath-
erothrombotic burden in this at-risk population.
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