
  
  
  

http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology 

Journal of Geriatric Cardiology (2019) 16: 717723 
©2019 JGC All rights reserved; www.jgc301.com 

Review     Open Access  
 

Revascularization strategies for patients with myocardial infarction and  
multi-vessel disease: A critical appraisal of the current evidence  
 

Muhammad O Zaman1, Mohammad K Mojadidi2, Islam Y Elgendy3,# 
1Division of Cardiovascular Medicine, Department of Medicine, University of Florida College of Medicine, Gainesville, Florida, USA 
2Division of Cardiovascular Medicine, Department of Medicine, Virginia Commonwealth University, Richmond, Virginia, USA 
3Division of Cardiovascular Medicine, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA 

 

Abstract 

Approximately half of patients presenting with myocardial infarction are found to have non-infarct related multi-vessel severe coronary ar-

tery disease. Various observational studies and randomized controlled trials have been conducted to assess if revascularization of non-infarct re-

lated artery is associated with better clinical outcomes. In this review, the authors discuss the various revascularization strategies in patients with 

multi-vessel disease who present with myocardial infarction. 
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1  Introduction 

Approximately 50% of patients presenting with ST ele-
vation myocardial infarction (STEMI) are found to have one 
or more non-infarct related severe coronary artery disease at 
the time of primary percutaneous coronary intervention 
(PCI).[1] Angiographic coronary multi-vessel disease (MVD) 
is associated with worse short and long term prognosis. For 
example, in a pooled analysis of eight randomized clinical 
trials of primary PCI and thrombolysis, the presence of 
non-infarct related artery (IRA) disease was associated with 
increased 30-day mortality when compared to patients 
without non-IRA disease (hazard ratio (HR) = 1.79, 95% 
confidence interval (CI): 1.51–2.12).[1] One study of about 
1000 patients showed that patients undergoing primary PCI 
with MVD had an increased all-cause mortality (HR = 1.82, 
95% CI: 1.32–2.51) at a median follow-up of 51 months.[2] 

The prevalence of MVD in patients with non-ST eleva-
tion acute coronary syndrome (NSTE-ACS) is reportedly 
higher (approximately 40%–80%).[3] MVD has been shown 
to be an independent predictor of all-cause mortality. This 
risk has remained consistently high for years, with overall 
mortality in MVD patients being greater than individuals 
with single vessel disease (10.2% vs. 5.9%, P = 0.012).[4] 
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These findings led researchers to investigate whether re-
vascularization of the non-IRA improves overall prognosis 
in these patients.    

2  MVD revascularization in STEMI 

Between 2001 and 2014, numerous observational studies 
have reported on the conundrum of whether to revascularize 
the non-IRA.[5–21] These observational studies suggested that 
multi-vessel revascularization may be harmful. In a pooled 
analysis of these studies, IRA only revascularization was 
associated with a non-significant reduction in long-term 
mortality (odds ratio (OR) = 0.83, 95% CI: 0.62–1.09).[22] 
Based on these observations, previous guidelines have rec-
ommended against PCI of non-IRA (Class III), at the time 
of primary PCI, in patients presenting with STEMI if the 
IRA is identified.[23] 

The findings of these observational studies have been 
largely refuted by moderate sized randomized trials. The 
first of these trials was the Preventive Angioplasty in Acute 
Myocardial Infarction (PRAMI) Trial in the United King-
dom.[24] A total of 465 STEMI patients were randomized to 
immediate IRA and non-IRA vessel (complete revasculari-
zation) or PCI to IRA only. The primary outcome was a 
composite of cardiac death, non-fatal MI, or refractory an-
gina. At a mean follow-up of 23 months, the trial was ter-
minated early due to a significantly better primary outcome 
in the complete revascularization group (HR = 0.35, 95% CI: 
0.210.58), driven by a reduction in the risk of repeat re-
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vascularization (6.8% vs. 19.9%, P < 0.001), reduction in 
nonfatal MI (3% vs. 8.7%, P = 0.009), and refractory angina 
(5.1% vs. 13.0%, P = 0.002). In this trial, it was noted that 
the events were reduced early on with a complete revascu-
larization approach, and the reduction in the composite out-
come was remarkable in the complete revascularization arm, 
which was mainly due to early termination of the trial.   

Another moderate-sized RCT, the Randomized Trial of 
Complete versus Lesion-Only Revascularization in Patients 
Undergoing Primary Percutaneous Coronary Intervention 
for STEMI and Multi-Vessel Disease[25] (The CvLPRIT 
Trial). This was a multi-center randomized controlled study 
including 296 patients in seven United Kingdom centers. In 
most cases of multi-vessel PCI (68%), revascularization of 
the non-IRA lesion was performed during the index proce-
dure. The primary outcome was a composite of mortality, 
heart failure, recurrent MI, and ischemia-driven revascu-
larization. At 12 months, the primary composite outcome 
occurred in 10% in the complete revascularization group 
versus 21% in the IRA only group (HR = 0.45, 95% CI: 
0.240.84), which again was due to a reduction in ischemia 
driven or urgent revascularization, but no difference in the 
risk of hard end points such as mortality and MI. At a me-
dian follow-up of 7 years, patients who underwent complete 
revascularization continued to have a lower risk of the pri-
mary outcome (HR = 0.58, 95% CI: 0.380.87). Addition-
ally, the combined endpoint of MI and mortality was lower 
with complete revascularization (HR = 0.53, 95% CI: 
0.290.97). Notably, there was no difference in the out-
comes between the complete revascularization group and 
IRA only revascularization group beyond 12 months.[26] 

In both the PRAMI and CvLPRIT trials, the severity of 
the non-IRA was assessed angiographically and both studies 
did not incorporate physiological assessment of lesion se-
verity using fractional flow reserve (FFR). There had been 
some concerns regarding the use of FFR at the time of acute 
coronary syndrome due to microvascular dysfunction;[27] 
however, studies demonstrated that FFR is reliable and can 
guide the revascularization decision for non-IRA.[28] This 
was taken into account in the DANAMI-3-PRIMULTI Trial 
(Complete Revascularization versus Treatment of the Cul-
prit Lesion Only in Patients with ST-segment Elevation 
Myocardial Infarction and Multi-Vessel Disease),[29] which 
enrolled 627 patients in the Denmark with a median fol-
low-up of 27 months. STEMI patients with MVD were 
randomized to IRA only PCI or FFR-guided revasculariza-
tion of the non-IRA, performed electively 2–3 days after 
primary PCI (i.e., staged procedure). The primary endpoint 
which was the composite of re-infarction, ischemia-driven 
revascularization of non-IRA, and all-cause mortality oc-

curred in 22% of patients who underwent PCI of IRA and 
13% of patients with complete revascularization (HR = 0.56, 
95% CI: 0.38–0.83); this was again driven by a reduction in 
ischemia-driven revascularization (HR = 0.31, 95% CI: 0.18– 
0.53; P < 0.0001), but not by hard outcomes as mortality 
and MI.  

The Compare-Acute Trial,[30] compared FFR-guided com-
plete revascularization during the index procedure versus 
IRA-only PCI. The trial randomized 885 STEMI patients 
and the primary outcome was non-fatal MI, any revascu-
larization, cerebrovascular events, and death. At a 12-month 
follow-up, the primary outcome occurred in 7.8% of pa-
tients in the complete-revascularization group and 20.5% of 
patients in the IRA group (HR = 0.35; 95% CI: 0.220.55). 
This difference was driven by the higher number of revas-
cularization that occurred in the IRA only group (HR = 0.32, 
95% CI: 0.200.54). There was no significant difference in 
all-cause mortality and nonfatal MI; however, a non-sig-
nificant reduction in the individual endpoints was observed. 
This study has also demonstrated the feasibility of an FFR 
guided approach for revascularization of the non-IRA, even 
in the acute setting (Table 1). 

These four trials (i.e., PRAMI, CVLPRIT, DANAMI-3- 
PRI-MULTI) have all shown that a complete revasculariza-
tion reduces the risk of the composite mortality, MI, and 
future revascularization, driven solely by a reduction in the 
risk of future revascularization. 

2.1 Timing of revascularization of non-IRA 

A meta-analysis[31] of 10 randomized trials, including 2285 
patients, compared the different revascularization strategies 
for treating MVD at the time of primary PCI. The available 
strategies are: (1) complete revascularization during the 
index procedure; (2) complete revascularization as a staged 
procedure where the non-IRA is treated before discharge; 
and (3) complete revascularization as a staged-procedure 
performed after discharge. Complete revascularization, ei-
ther during the index procedure or as a staged procedure, or 
after discharge, was associated with a reduction in risk of 
major adverse cardiac events (MACE); however, this was 
driven by a reduction in the risk of urgent revascularization. 
There was no difference in the risk of MACE based on the 
timing of revascularization of the non-IRA (i.e., during the 
index procedure, staged procedure during the hospitalization, 
or after discharge). There was no difference in all-cause 
mortality and spontaneous re-infarction with any of the four 
strategies. 

2.2 Chronic total occlusion as the non-culprit lesion 

The EXPLORE Trial[32] (Evaluating Xience and Left  
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Table 1.  Characteristics of the major trials comparing complete revascularization with infarct related artery only revasculariza-
tion in patients with ST elevation myocardial infarction and multivessel disease. 

Trial Year N  Complete revascularization approach 
Major adverse 

cardiac events

All-cause  

mortality 

Re- 

infarction 

Urgent revas-

cularization

PRAMI[23] 2013 234/231 Index 21/53 12/16 7/20 16/46 

CvLPRIT[24] 2015 150/146 
Index (67%), staged prior to hospital  

discharge (33%) 
15/31 2/6 0/2 7/12 

DANAMI-3-PRIMULTI[28] 2015 314/313 Staged 2 days after index PCI 40/68 15/11 15/16 17/52 

COMPARE-ACUTE[29] 2017 295/590 
Index (83%), staged prior to hospital  

discharge (17%) 
23/121 4/10 7/28 18/103 

COMPLETE[35] 2019 2016/2025 
Staged: 64% prior to discharge (median 1 day), 

36% after discharge (median 23 days) 
179/339 96/106 109/160 29/160 

Events in complete revascularization/Events in infarct related artery only revascularization. 

 
Ventricular Function in Percutaneous Coronary Intervention 
on Occlusions After ST-Elevation Myocardial Infarction) 
investigated patients with STEMI who had a concomitant 
chronic total occlusion (CTO) as the non-IRA. At four 
months follow-up, there was no difference in mean left ven-
tricular ejection fraction between patients who had PCI to 
IRA versus patients who had PCI to IRA and CTO PCI 
(performed as a staged procedure within seven days of pri-
mary PCI). However, a subgroup analysis demonstrated 
improved ejection fraction after four months in patients who 
had CTO PCI of the left anterior descending artery. Ac-
cordingly, these findings do not support routine revascula-
rization of the non-IRA CTO in STEMI patients with MVD.     

2.3  Discordance between observational studies and 
randomized trials 

The initial recommendation against PCI of non-IRA was 
driven from observational data. These were non-randomized 
studies and demonstrated inconsistent results. Contrary to 
the observational studies, randomized controlled trials have 
shown that a complete revascularization approach is associ-
ated with better outcomes, driven only by a reduction in the 
risk of future revascularization. The main explanation nation 
for this discrepancy is the possible allocation/selection bias 
in observational studies, which may account for these con-
flicting results. Most observational studies tended to 
allocate higher-risk patients (i.e., those with cardiogenic 
shock or higher Killip class) to complete revascularization, 
which may explain why the observational studies showed 
higher mortality with complete revascularization. When 
these baseline imbalances were accounted for both observa-
tional and randomized studies suggested that multi-vessel 
PCI is beneficial in STEMI patients.[33]     

2.4  Updated guideline recommendations 

Following publication of these randomized studies, the 

earlier class III recommendation published in 2013 was 
updated class IIb. The updated ACC/AHA guideline sug-
gests that complete revascularization can be considered ei-
ther at the time of primary PCI or as a subsequent staged 
procedure.[34] The 2017 European Society of Cardiology gui-
delines provide a class IIA recommendation for complete 
revascularization STEMI patients with MVD.[35] 

2.5 Complete Revascularization with Multivessel PCI 
for Myocardial Infarction (COMPLETE trial) 

Recently, the results of the long awaited COMPLETE 
trial were published.[36] The COMPLETE trial is the first 
trial to date which has been adequately powered to deter-
mine the benefit of a complete revascularization approach 
on the composite of cardiovascular mortality or MI. The 
trial randomized 4,041 patients to complete revasculariza-
tion of non-IRA, mostly angiographic guided, as a staged- 
procedure (performed from 1–45 days) versus a culprit-only 
strategy. Most of the patients (about 64%) in the complete 
revascularization group underwent revascularization for the 
IRA prior to discharge (median one day from the index 
procedure). At a median of three years, complete revascu-
larization reduced the risk of the composite of cardiovascu-
lar mortality or MI (HR = 0.74, 95% CI: 0.60–0.91, P = 
000.04) driven by a reduction in the risk of MI (HR = 0.68, 
95% CI: 0.53–0.86). Complete revascularization also re-
duced the risk of the composite of cardiovascular mortality, 
MI or ischemia-driven revascularization (HR = 0.51, 95% 
CI: 0.43–0.61, P < 0.0001). This benefit was observed re-
gardless of the timing of the non-IRA (i.e., performed be-
fore or after discharge). Notably, the mean SYNTAX score 
for the non-IRA was low in this trial (4.6 ± 2.7).  

2.6  STEMI and cardiogenic shock 

Patients presenting with an MI and cardiogenic shock 
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have a very high mortality rate[37,38] when treated conserva-
tively with a non-invasive approach. The majority of these 
patients have MVD causing global ischemia.[39] Stimming 
from this concept that multi-vessel revascularization may 
improve global ischemia, observational studies have evalu-
ated the benefit of a complete revascularization approach. In 
one prospective multicenter observational study in France, 
266 patients presenting with STEMI, cardiogenic shock and 
resuscitated cardiac arrest were enrolled. Complete revas-
cularization was associated with a higher 6-month survival 
and a reduction in the composite endpoint of recurrent car-
diac arrest and shock death when compared with IRA only 
PCI.[40] Based on the findings of these observational studies, 
guidelines[41,42] recommended complete revascularization 
for patients with cardiogenic shock and STEMI. However, 
these findings were disputed in the recent CULPRIT- 
SHOCK Trial[43] which randomized 706 patients with acute 
MI and cardiogenic shock to either IRA only PCI or com-
plete revascularization. At 30-days, the rate of the compos-
ite endpoint of death or new renal-replacement therapy was 
significantly lower in the IRA only PCI group versus the 
complete revascularization group (relative risk (RR) = 0.83, 
95% CI: 0.710.96). In the IRA only PCI group, the rate of 
death from any etiology was significantly lower compared 
to the multi-vessel PCI group (RR = 0.84; 95% CI: 0.72 
0.98), and a trend towards lower mortality was also observed 
at 1-year.[44] Based on the findings from the CULPRIT- 
SHOCK Trial, the updated 2017 European Society of Car-
diology STEMI guidelines[45] recommend that primary PCI 
should be restricted to IRA only in STEMI patients with 
cardiogenic shock.   

3  MVD revascularization in NSTEMI 

There is a paucity of randomized trials that have studied 
complete versus IRA only revascularization in NSTEMI 
patients with MVD, including an evaluation of whether si-
multaneous or staged PCI provide a different clinical yield 
for these individuals. The European Society of Cardiology 
recommends complete revascularization in NSTEMI pa-
tients who have MVD. This recommendation was based on 
studies that showed a benefit of early intervention requiring 
complete revascularization when compared to a conserva-
tive approach among NSTEMI patient; worse outcomes 
were observed when incomplete revascularization was the 
selected strategy.[3]  

In the largest study to date of 21,857 patients with 

NSTEMI and MVD, 53.7% of these patients underwent 
complete revascularization during PCI for NSTEMI, while 
the rest had PCI to IRA only. At a median follow-up of 4.6 
years, the rate of all-cause mortality was significantly lower 
in the complete revascularization group versus IRA only re-
vascularization (22.5% vs. 25.9% respectively; P = 0.0005). 
After multivariate adjustment, complete revascularization 
was associated with lower mortality (HR = 0.90; 95% CI: 
0.850.97).[46] 

4  Summary and future directions 

Over the last decade, the revascularization approach for 
STEMI patients with MVD has evolved. The initial para-
digm was to perform an IRA only approach in stable pa-
tients and a complete revascularization approach in patients 
with cardiogenic shock; which was based predominately on 
observational studies. With emergence of the randomized 
data, we have learned that a complete revascularization ap-
proach for non-IRA lesions (excluding CTO) is associated 
with improved outcomes. The recently published COM-
PLETE trial showed that a complete revascularization ap-
proach reduces the risk of cardiovascular mortality or MI 
driven by a reduction in MI. Based on the findings of this 
trial, as well as the other moderate sized RCTs will probably 
provide society guidelines with stronger evidence to support 
the recommendation for a complete revascularization ap-
proach. However, it is important to highlight that patients 
enrolled in clinical trials are oftentimes less sicker than ones 
encountered in clinical practice, as highlighted by the fact 
that the SYNTAX score for the non-IRA in the COM-
PLETE trial was low. Thus, it remains unknown whether 
the same benefit would be observed in patients with more 
complex disease. We also learned that the non-IRA lesion’s 
revascularization timing does not have an influence on the 
improved outcomes with a complete revascularization ap-
proach. In contrast, patients with cardiogenic shock would 
benefit from an IRA only revascularization approach (Fig-
ure 1). Data regarding complete revascularization for MVD  
and NSTEMI are solely driven from observational studies, 
which have shown that a complete revascularization ap-
proach may be clinically beneficial. However, as we learned 
in the case of STEMI studies, data from observational stud-
ies are prone to selection and allocation biases, and thus, 
future randomized trials that are adequately powered for 
hard outcomes (e.g., mortality and MI) should address this 
knowledge gap.  
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Figure 1.  Approach for revascularization strategies for pa-
tients with STEMI and MVD. MVD: multi-vessel disease; PCI: 
percutaneous coronary intervention; STEMI: ST elevation myo-
cardial infarction. 
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