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See Editor’s Perspective

BACKGROUND: In patients presenting with ST-segment–elevation myocardial infarction, 
percutaneous coronary intervention (PCI) reduces mortality when compared with 
fibrinolysis. In other forms of coronary artery disease (CAD), however, it has been 
controversial whether PCI reduces mortality. In this meta-analysis, we examine the 
benefits of PCI in (1) patients post–myocardial infarction (MI) who did not receive 
immediate revascularization; (2) patients who have undergone primary PCI for ST-
segment–elevation myocardial infarction but have residual coronary lesions; (3) patients 
who have suffered a non–ST-segment–elevation acute coronary syndrome; and (4) 
patients with truly stable CAD with no recent infarct. This analysis includes data 
from the recently presented International Study of Comparative Health Effectiveness 
with Medical and Invasive Approaches (ISCHEMIA) and Complete versus Culprit-Only 
Revascularization Strategies to Treat Multivessel Disease after Early PCI for STEMI 
(COMPLETE) trials.

METHODS AND RESULTS: We systematically identified all randomized trials of PCI on a 
background of medical therapy for the treatment of CAD. The ISCHEMIA trial, presented 
in November 2019, was eligible for inclusion. Data were combined using a random-effects 
meta-analysis. The primary end point was all-cause mortality. Forty-six trials, including 
37 757 patients, were eligible. In the 3 unstable scenarios, PCI had the following effects 
on mortality: unrevascularized post-MI relative risk (RR) 0.68 (95% CI, 0.45–1.03); P=0.07; 
multivessel disease following ST-segment–elevation myocardial infarction (RR, 0.84 [95% 
CI, 0.69–1.04]; P=0.11); non–ST-segment–elevation acute coronary syndrome (RR, 0.84 
[95% CI, 0.72–0.97]; P=0.02). Overall, in these unstable scenarios PCI was associated with 
a significant reduction in mortality (RR, 0.84 [95% CI, 0.75–0.93]; P=0.02). In unstable 
CAD, PCI also reduced cardiac death (RR, 0.69 [95% CI, 0.53–0.90]; P=0.007) and MI (RR, 
0.74 [95% CI, 0.62–0.90]; P=0.002). For stable CAD, PCI did not reduce mortality (RR, 
0.98 [95% CI, 0.87–1.11]), cardiac death (RR, 0.89 [95% CI, 0.71–1.12]; P=0.33), or MI 
(RR, 0.96 [95% CI, 0.86–1.08]; P=0.54).

CONCLUSIONS: PCI prevents death, cardiac death, and MI in patients with unstable 
CAD. For patients with stable CAD, PCI shows no evidence of an effect on any of these 
outcomes.
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In patients presenting with ST-segment–elevation myocar-
dial infarction (STEMI), percutaneous coronary intervention 
(PCI) reduces mortality when compared with the alternative 

strategy of fibrinolysis.1,2 In other forms of coronary artery dis-
ease (CAD), however, it has been controversial whether PCI 
reduces mortality.

Outside of the setting of an ongoing STEMI lies a broad 
spectrum of clinical entities. One category is patients who 
have undergone successful primary PCI for STEMI but have 
residual coronary lesions (multivessel disease following STE-
MI). Another category is patients who have suffered an acute 
coronary syndrome but without ST-segment elevation (non–
ST-segment–elevation acute coronary syndrome [NSTEACS]). 
A third category is patients who have suffered an acute myo-
cardial infarction (MI) but who have not been immediately 
revascularized (unrevascularized post-MI), although this is less 
commonly seen in modern clinical practice. Finally, patients 
may have truly stable CAD. The first 3 categories (multives-
sel disease following STEMI, NSTEACS, and unrevascularized 
post-MI) can together be considered as unstable CAD.

Some previous meta-analytic work in this field3 had con-
sidered the unrevascularized post-MI state as stable CAD, 
despite patients having suffered a recent MI. In the modern 
era, unrevascularized post-MI patients are no longer consid-
ered to be a similar group to patients without a history of MI.

The results of 2 large randomized controlled trials (RCTs) 
in different CAD settings have recently become available: the 
COMPLETE trial,4 examining PCI for multivessel disease fol-
lowing STEMI, and the International Study of Comparative 
Health Effectiveness with Medical and Invasive Approaches 
(ISCHEMIA) trial,5 examining PCI for patients with stable CAD.

The purpose of this meta-analysis is to provide an updated, 
comprehensive assessment of the effect of PCI on mortality 
and MI, using a modern classification which distinguishes 

stable CAD from unstable CAD (multivessel disease following 
STEMI, NSTEACS, and unrevascularized post-MI).

METHODS
The data that support the findings of this study are available 
from the corresponding author on reasonable request.

Search Strategy
Four individual search strategies were employed to identify, 
respectively, trials in unrevascularized post-MI; multivessel 
disease following STEMI; NSTEACS; and stable CAD. We 
searched PubMed, EMBASE, Medline, OVID Journals, and 
CENTRAL (Cochrane Central Register of Controlled Trials) 
until November 2019 for randomized controlled trials (RCTs) 
relating to the following keywords: acute coronary syndrome, 
non-ST elevation myocardial infarction (NSTEMI), ST elevation 
MI (STEMI), coronary artery disease, ischemic heart disease, 
optimal medical therapy, conservative therapy, percutane-
ous coronary intervention, revascularization, and percutane-
ous transluminal coronary angioplasty. The MESH terms and 
search strategies are detailed in the Online Appendix in the 
Data Supplement. We also hand-searched the reference lists 
of existing meta-analyses and review articles to identify fur-
ther eligible trials. We also included the ISCHEMIA trial, which 
was recently presented at the American Heart Association 
Scientific Sessions. Two independent reviewers performed the 
search and literature screening (L. Chacko and C. Kane), and 
this was duplicated by a third author (M. Foley). Any disputes 
were resolved by a senior author (Y. Ahmad).

Study Categories
We addressed randomized trials of 4 categories of CAD:

1. Multivessel disease following STEMI: patients who 
underwent successful primary PCI for STEMI and had 
residual coronary lesions, and who were randomized to 
PCI versus no PCI for those residual lesions.

2. NSTEACS: patients who had suffered an acute coronary 
syndrome but without ST-segment elevation, and were 
randomized to either invasive or conservative therapy.

3. Unrevascularized post-MI: patients who had suffered an 
acute MI but who had not undergone immediate revas-
cularization. Patients were then randomized to medi-
cal therapy or delayed revascularization with PCI. Both 
STEMI and NSTEMI were considered in this category

4. Stable CAD: patients with truly stable coronary artery 
disease, who did not meet any of the other above cat-
egories and were randomized to invasive or conserva-
tive therapy.

Inclusion and Exclusion Criteria
Studies were eligible if they randomized patients to PCI versus 
conservative therapy without PCI and they reported outcomes 
of mortality and MI. NSTEACS trials were only eligible if they 
compared invasive versus conservative strategies and not if they 
compared early versus late invasive strategies. For multivessel 
disease following STEMI, trials were eligible if they reported 
clinical outcome data following randomization to complete 
revascularization with PCI or culprit-only revascularization with 

WHAT IS KNOWN
• Percutaneous coronary intervention (PCI) reduces 

mortality in patients with ST-segment–elevation 
myocardial infarction.

• The benefit of PCI in other forms of coronary 
artery disease has been controversial.

WHAT THE STUDY ADDS
• Three groups of unstable coronary artery disease 

were identified: patients post–myocardial infarc-
tion who did not receive immediate revasculariza-
tion; patients who have undergone primary PCI 
for ST-segment–elevation myocardial infarction 
but have residual coronary lesions; and patients 
who have suffered a non–ST-segment–elevation 
acute coronary syndrome.

• PCI prevents death, cardiac death, and myocar-
dial infarction in patients presenting with unstable 
coronary artery disease.

• In patients with truly stable coronary artery dis-
ease, PCI shows no evidence of an effect on any 
of these outcomes.
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medical therapy for the residual CAD. For NSTEACS, trials were 
included if they randomized patients to invasive or conservative 
therapy (as no trials made a distinction between PCI and CABG 
in this setting). For stable CAD, trials in which revascularization 
could be achieved by either PCI or coronary artery bypass graft 
were included, with results combined to invasive therapy, and 
compared with conservative therapy.

End Points
The primary end point is all-cause mortality. The secondary end 
points are cardiovascular mortality and MI, as prespecified by 
the individual trials included. We did not differentiate between 
periprocedural and spontaneous MI. The end points were 
assessed using at least 1-year follow-up if available, or using 
the primary publication of each study. Sensitivity analyses using 
the longest follow-up data available were also performed.

Data Extraction and Analysis
Three authors (L. Chacko, C. Kane, and C. Rajkumar) indepen-
dently extracted from each trial publication the event counts 
for all-cause mortality, cardiovascular mortality, and MI. Any 
disputes were resolved by a senior author (Y. Ahmad). If stud-
ies did not provide the event counts, data were extracted 
from Kaplan-Meier curves by digitization of the survival curves 
which were combined with the numbers at risk to derive the 
number of events, using the R package reconstructKM. We 
performed a random effects meta-analysis of each clinical 
scenario (unrevascularized post-MI, multivessel disease fol-
lowing STEMI, NSTEACS, and stable CAD). We also consid-
ered all unstable CAD grouped together.

Any interaction between the choice of follow-up time and 
the effect size was explored by fitting a random-effects model 
using the trial type and trial as nested random effects and the 
choice of trial time as a moderator. Publication bias was assessed 
with a Funnel plot, with tests for publication bias only being 
performed in the event of at least 10 trials being included in an 
analysis.6 Included studies were assessed using the Cochrane 
Risk of Bias tool.7 The risk of bias assessment was conducted in 
duplicate separately by 2 authors (A.N. Nowbar and D. Mahdi), 
with disputes resolved by a senior author (Y. Ahmad).

All statistical analyses were performed using the statistical 
programming environment R with the metafor package. We 
used the I2 statistic to assess heterogeneity.8 Values are expressed 
as mean±SD unless otherwise stated. A P value of <0.05 was 
considered statistically significant. Results were reported in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines9 and was pro-
spectively registered at the International Prospective Register of 
Systematic Reviews (CRD42019148397).

RESULTS
Forty-six RCTs totalling 37 757 patients (18 793 ran-
domized to invasive therapy and 18 964 randomized 
to conservative therapy) met the search criteria (see 
Figure  1): 11 trials10–20 (5530 patients; 2759 ran-
domized to invasive therapy and 2771 randomized 

to conservative therapy) for unrevascularized post-
MI; 10 trials4,21–29 (7244 patients; 3534 randomized 
to invasive therapy and 3710 randomized to con-
servative therapy) for multivessel disease following 
STEMI; 10 trials30–39 (10 314 patients; 5150 random-
ized to invasive therapy and 5164 randomized to 
conservative therapy) for NSTEACS; and 15 trials40–54 
(14 669 patients; 7350 randomized to invasive ther-
apy and 7319 randomized to conservative therapy) 
for stable CAD.

The baseline characteristics of included trials are 
shown in the Table. The weighted mean-follow-up was 
31.3 months overall. For each category, the weighted 
mean follow-up was 42.4 months for unrevascularized 
post-MI, 20.2 months for multivessel disease following 
STEMI, 13.2 months for NSTEACS, and 41.8 months for 
stable CAD.

Quality Assessment
All included trials were randomized clinical trials. The 
risk of bias of the included RCTs is shown in Online 
Table I in the Data Supplement. Overall, 15 trials were 
graded as high risk of bias.

Publication bias was assessed with funnel plots to 
address the primary outcome of all-cause mortality (see 
Appendix and Figures I through IV in the Data Supple-
ment), with symmetry of the plot indicating no clear 
relationship in lack of publication by size of trial and 
effect estimate. This was performed for each of the 4 
separate classifications of CAD, and trim and fill fun-
nel plots are shown in Figures I through IV in the Data 
Supplement. The P values were nonsignificant for the 
funnel plots for each category of CAD.

Impact on Mortality
A summary of the results for the effect of PCI on mor-
tality in CAD is shown in Figure 2.

For unrevascularized post-MI, the effect of PCI 
on mortality was relative risk (RR) of 0.68 (95% CI, 
0.45–1.03; P=0.07). There was moderate heterogene-
ity (I2=38.7%). For multivessel disease after STEMI, the 
effect of PCI on mortality was RR, 0.84 (95% CI, 0.69–
1.04; P=0.11). There was no heterogeneity (I2=0.0%). 
For NSTEACS, the effect of PCI on mortality was RR, 
0.84 (95% CI, 0.72–0.97; P=0.02). There was no het-
erogeneity (I2=0.0%). When considered together, PCI 
for unstable CAD led to a 16% reduction in all-cause 
mortality (RR, 0.84 [95% CI, 0.75–0.93]; P=0.001). 
There was no heterogeneity (I2=0.0%).

For stable CAD, there was no effect of PCI on mor-
tality, with RR, 0.98 (95% CI, 0.87–1.1; P=0.75). There 
was no heterogeneity (I2=0.0%).
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Impact on Cardiovascular Mortality
A summary of the results for the effect of PCI on cardio-
vascular mortality in CAD is shown in Figure 3.

For unrevascularized post-MI, the effect of PCI 
on cardiovascular mortality was RR, 0.55 (95% CI, 
0.27– 1.13; P=0.010). There was significant hetero-
geneity (I2=56.1%). For multivessel disease following 
STEMI, there was a significant reduction in cardiovas-
cular mortality with RR, 0.68 (95% CI, 0.47–0.98; 
P=0.04). There was mild heterogeneity (I2=21.8%). 
For NSTEACS, only 2 trials reported cardiovascular 
mortality (RR, 0.80 [95% CI, 0.59–1.08]; P=0.14), 
with no heterogeneity (I2=0.0%). When considered 
together, PCI for unstable CAD led to a 31% reduction 
in cardiovascular mortality (RR, 0.69 [95% CI, 0.53–
0.90]; P=0.007). There was moderate heterogeneity 
(I2=39.4%).

For stable CAD, there was no effect of PCI on cardio-
vascular mortality, with RR, 0.89 (95% CI, 0.71–1.12; 
P=0.33). There was no heterogeneity (I2=0.0%).

Impact on MI
A summary of the results for the effect of PCI on MI in 
CAD is shown in Figure 4.

For unrevascularized post-MI, the effect of PCI 
on MI was RR, 0.76 (95% CI, 0.48–1.20; P=0.24). 
There was significant heterogeneity (I2=57.8%). For 

multivessel disease following STEMI, there was a 
significant reduction in MI with PCI (RR, 0.66 [95% 
CI, 0.54–0.80]; P<0.001). There was no heterogene-
ity (I2=0.0%). For NSTEACS, the effect of PCI on MI 
was RR (0.83 [95% CI, 0.64–1.06]; P=0.136). There 
was significant heterogeneity (I2=66.9%). When 
considered together, PCI for unstable CAD led to 
a 26% reduction in MI (RR, 0.74 [95% CI, 0.62–
0.90]; P=0.002). There was significant heterogeneity 
(I2=66.9%).

For stable CAD, there was no significant effect of 
PCI on MI, with RR, 0.96 (95% CI, 0.86–1.08; P=0.54). 
There was minimal heterogeneity (I2=2.0%).

Sensitivity Analyses
A sensitivity analysis was performed for trials with lon-
ger-term follow-up. The results are shown in Figures V 
through VII in the Data Supplement. The results were 
broadly concordant with the primary analysis, although 
PCI was associated with a reduction in cardiac death 
at longer-term follow-up (Figure VI in the Data Supple-
ment; RR, 0.81 [95% CI, 0.68–0.97]) and a nonsignifi-
cant reduction in MI (Figure VII in the Data Supplement; 
RR, 0.88 [95% CI, 0.73–1.06]; P=0.17) The P value for 
interaction for length of follow-up was nonsignificant 
(P=0.1013 for mortality; P=0.8772 for cardiovascular 
mortality; and P=0.9717 for MI)

Figure 1. PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-
Analyses) flowchart.
PCI indicates percutaneous coronary interven-
tion.
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Table. Characteristics of Included Studies

Author
Study 

Acronym
Year 

(Index) Region N

Mean 
Age 

Invasive
Mean Age 

Conservative
Follow-
Up, y Entry Criteria Invasive Conservative Primary End Points

Ellis et al11 TOPS 1992 United States, 
Brazil

87 58 (±9) 56 (±10) 1 Post-STEMI; 
no post infarct 

angina or ischemia

PTCA, 
aspirin

Medical therapy Change from rest to 
exercise LVEF

Madsen et 
al18

DANAMI 1997 Denmark 503 56.2 
(32–69)

56.4 (24–69) 2.4 (1–4) Acute 
MI+thrombolysis

PTCA or CABG Medical therapy Mortality, 
reinfarction, and 
admission with 
unstable angina

Dakik et 
al10

n/a 1998 United States 44 52 (±10) 55 (±9) 1 (±0.4) Post-STEMI/
NSTEMI, large LV 
perfusion defect

PTCA of IRA±PTCA of 
ischemic zone artery, 

medical therapy

Medical therapy Suppression of 
myocardial ischemia 

via SPECT

Horie et 
al15

n/a 1998 Japan 83 61.8 
(±11.9)

61.6 (±8.8) 4.2 (±2) Post-STEMI, 
persistent ST 

elevation

PTCA, 
medical therapy

Medical therapy CE: cardiac death, 
recurrent MI, and 

development of CHF

Yousef et 
al20

TOAT 2002 United 
Kingdom

66 57.6 
(±11.2)

59.1 (±9.7) 1 Post–STEMI. 
heart failure, 
no angina or 
ischemia on 

treadmill

PCI of IRA Medical therapy Left ventricular ESV

Zeymer et 
al16

ALKK 2003 Germany 300 58.2 (±9.2) 57.5 (±9.8) 4.7 (0–6) Post-STEMI, 
IRA amenable to 

intervention, 
CCS I–II

PTCA, 
medical therapy

Medical therapy CE: survival free 
of reinfarction, 
ischemia-driven 

revascularization, 
admission with 

angina

Steg et al17 DECOPI 2004 Europe 212 56 (50–66) 58 (50–66) 2.8 Post-STEMI, 
no ongoing 

ischemia

PTCA Medical therapy CE: cardiac death, 
MI or ventricular 
tachyarrhythmia

Hochman 
et al14

OAT 2006 North 
America, 

South 
America, 
Australia, 

New Zealand, 
Europe, Israel

2166 58.6 
(±10.8)

58.7 (±11.1) 5.8  
(4.5–7.1)

Post-STEMI, 
heart failure

PCI of IRA, 
medical therapy

Medical therapy CE: death, repeat 
MI, NYHA IV heart 

failure needing 
admission

Mahmarian 
et al19

INSPIRE 2006 North 
America, 
Lebanon, 

Singapore, 
Egypt

205 64 (±11) 63 (±11) 1 Acute MI within 
prior 10 days, 
clinically stable

Coronary 
angiography+ 

revascularization

Medical therapy Reducing total and 
ischemic perfusion 

defect size

Erne et al12 SWISS II 2007 Switzerland 201 54.4 (±9.1) 56.2 (±8.8) 10.2 
(±2.6)

Post-STEMI/
NSTEMI, 

silent ischemia, 
1–2 vessel CAD

PCI Medical therapy CE: cardiac 
death, repeat MI, 
symptom driven 
revascularization)

Van Loon 
et al13

VIAMI 2012 Netherlands 216 60 59 8 Post-STEMI PCI of IRA, 
medical therapy

Medical therapy, 
stress test guided 
revascularization

CE: death, repeat 
MI, or unstable 

angina

Di Mario 
et al21

HELP AMI 2009 Authors’ 
centers are in 
UK and Italy

69 63.5 
(±12.4)

65.3 (±7.4) 1 STEMI ≥1 
nonculprit 
stenoses

Nonculprit PCI 
performed during 

primary PCI 
procedure

Nonculprit 
PCI according 
to physician’s 

discretion based 
on symptoms and 
ischemia testing

Repeat 
revascularization

Politi et al22 n/a 2010 All authors’ 
centers are in 

Italy

263 64.5 
(±11.7)

66.5 (±13.2) 2.5 (±1.4) STEMI ≥2 
nonculprit 
stenoses

2 arms: 1) staged 
PCI to nonculprit 
artery, 2) PCI to 
nonculprit artery 

during primary PCI 
procedure

Culprit only 
PCI. No further 

revascularization 
planned

CE: Death, MI, 
re-hospitalization 

for ACS and repeat 
revascularization

Dambrink 
et al23

n/a 2012 Netherlands 121 62 (±10) 61 (±11) 3 STEMI ≥2 
nonculprit 

stenoses (or 
stenosis in vessel 

and branch)

PCI to nonculprit 
artery before 

discharge if FFR 
positive

Culprit PCI only. 
Ischemia-guided 
revascularization 

only if 
symptomatic

Ejection fraction at 
6 mo

Wald et al28 PRAMI 2013 UK 465 62 (32-92) 62 (33-90) 1.92 STEMI ≥1 
nonculprit stenosis

PCI to nonculprit 
artery during 
primary PCI 
procedure

PCI to residual 
stenoses only if 

refractory angina 
and objective 
ischemia test 

positive

CE: Death, MI, 
refractory angina

(Continued )
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Gerschlick 
et al24

CvLPRIT 2015 UK 296 64.6 
(±11.2)

65.3 (±11.9) 0.99 
(0.78–1.0)

STEMI ≥1 
nonculprit stenosis

PCI to nonculprit 
artery during 
primary PCI 
procedure

No further 
revascularization 

planned

CE: Death, MI 
heart failure, 

revascularization

Engstrøm 
et al27

DANAMI-
3-

PRIMULTI

2015 Denmark 627 64 (37–94) 63 (34–92) 2.25 
(1–3.66)

STEMI ≥1 
nonculprit stenosis 

(>50%)

Staged PCI to 
nonculprit artery 
if FFR ≤0.80, 2 

d later

No further 
revascularization 

planned

CE: Death, MI, 
ischemia-driven 
revascularization

Zhang et 
al26

n/a 2015 Not stated 
(authors’ 

centers are in 
China)

428 Not 
available

Not available 2 STEMI ≥1 
nonculprit stenosis

Staged PCI to 
nonculprit vessels 

7–10 d after 
primary PCI

PCI to nonculprit 
lesions if evidence 

of ischemia 
(symptoms, ECG 
changes, nuclear 

study)

All-cause mortality, 
cardiovascular 

death, MI

Hamza et 
al25

n/a 2016 Not stated 
(authors’ 

centers are 
Egypt and 

USA)

100 56.4 
(±11.5)

52.2 (±11.5) 0.5 STEMI ≥1 
nonculprit 
stenosis, 

diabetes mellitus

PCI to nonculprit 
lesions either at 

time of primary PCI 
or within 72 h

Culprit artery PCI 
only

CE: Death, MI, 
ischemia-driven 
revascularization

Smits et 
al29

Compare-
Acute

2017 Europe and 
Asia

885 62 (±10) 61 (±10) 3 STEMI ≥1 non-
culprit stenosis

FFR guided 
nonculprit early 
revascularization

FFR 
measurement 

without 
revascularization 

but planned 
revascularization 

within 45 d 
could occur 

(without 
knowledge of 

FFR)

CE: Death, MI, 
revascularization, 
cerebrovascular 

events

Mehta 
et al4

COMPLETE 2019 North 
America, 

Europe, Asia, 
and Africa

4041 61.6 
(±10.7)

62.4 (±10.7) 2.98 
(IQR, 

2.3–3.69)

STEMI with 
≥1 nonculprit 

angiographically 
significant lesion

Staged PCI of all 
nonculprit lesions, 
medical therapy

No further 
revascularization 
unless protocol 

criteria for 
crossover met, 

medical therapy

CE: Cardiovascular 
death, MI and 

CE: cardiovascular 
death, MI, 

ischemia-driven 
revascularization

Andersen 
et al30

TIMI IIIB 1994 North 
America

1473 59 (±10) 59 (±10) 1 NSTEMI/UA Angiography±PCI/
CABG, 

medical therapy

Medical therapy CE: Death, repeat 
MI, unsatisfactory 

ETT at 6 wk

Wallentin 
et al31

FRISC II 2000 Sweden, 
Denmark, 
Norway

2457 66.0 
(40.8–
84.5)

65.3 (37.5–
83.8)

15 NSTEMI Angiography±PCI/
CABG

Medical therapy, 
angiography±PCI/

CABG if 
refractory 

symptoms or 
predischarge 

ischemia

CE: Death and 
myocardial infarction

Michalis et 
al32

TRUCS 2000 Greece 148 62 (±9) 63 (±10) 1 Unstable angina Angiography±CI/
CABG, 

medical therapy

Medical therapy In-hospital 
stabilization. 

CE: Repeat MI, 
death, 

hospital stay 
duration

Cannon et 
al35

TACTICS 
18

2001 North 
America, 

South 
America, 
Germany

2220 62 (±11.4) 62 (±11.9) 0.5 NSTEMI/UA Angiography±PCI/
CABG, 

medical therapy

Medical therapy CE: Death, MI, 
admission with ACS

Fox et al33 RITA 3 2002 UK 1810 63 (±10) 62 (±11) 10 NSTEMI/UA Angiography PCI/
CABG, 

medical therapy

Medical therapy CE: Death, MI, 
refractory angina 

and CE death 
and MI

Spacek et 
al34

VINO 2002 Czech 
Republic

131 65.7 
(±10.8)

66.2 (±10.6) 0.5 NSTEMI Angiography±PCI/
CABG, 

medical therapy

Medical therapy, 
angiography±PCI/

CABG, 
if refractory 

ischemia

CE: Death or 
reinfarction
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de Winter 
et al36

ICTUS 2005 Netherlands 1200 62 (29–81) 62 (30–83) 10 NSTEMI Angiography±PCI/
CABG, 

medical therapy

Medical therapy CE: death or 
spontaneous MI

Savonitto 
et al38

n/a 2012 Italy 313 81.8 (±4.4) 81.8 (±4.7) 1 NSTEMI/UA, 
>75

Angiography±PCI/
CABG, 

medical therapy

Medical therapy, 
angiography 
±PCI/CABG 
if refractory 
ischemia, 

reinfarction, heart 
failure, ventricular 

arrhythmia

CE: Death, MI, 
stroke, cardiac 
readmission or 

bleeding

Tegn et al39 After 80 2016 Norway 457 84.7 
(80–93)

84.9 (80–94) 1.53 NSTEMI, 
>80 y old

Angiography±PCI/
CABG, 

medical therapy

Medical therapy CE: Myocardial 
infarction, urgent 
revascularization, 

stroke, death

Sanchis et 
al37

n/a 2016 Spain 106 81 (±5) 83 (±6) 1.9 (0.6–
2.6)

NSTEMI 
>70, 

≥2 comorbidities

Angiography ±PCI/
CABG

Medical therapy CE: Death, repeat 
MI, readmission for 

cardiac cause

Parisi et al40 ACME 1 1992 USA 107 63 62 2.7 SCAD 
>70% stenosis in 
proximal coronary 
artery, stress test 
with ≥3 mm ST 
depression in at 
least 1 lead or 

filling defect on 
thallium scan, or 
MI in past 3 mo

PTCA, 
aspirin and 1 mo 
calcium channel 

blocker

Medical therapy Exercise testing at 6 
mo: time to angina, 

time to onset 1 
mm ST depression, 

maximal ST segment 
depression, maximal 

work product

Hueb et 
al41

MASS 1 1995 Brazil 214 58 (±7) 58 (±9) 5 SCAD 
≥80% proximal 
LAD stenosis, no 
other significant 

stenosis

PTCA/CABG Medical therapy CE: Death, MI, 
refractory angina, 

CABG in PTCA 
group

Folland et 
al42

ACME 2 1997 USA 101 Not 
available

Not available 5 SCAD, angina; 
MI within 3 m, 

or ≥3 mm 
horizontal ST 
depression on 
exercise testing 
≥70% proximal 

coronary stenosis 
in 1-2 vessels

PTCA, 
aspirin, 

calcium channel 
blocker for 1 mo

Medical therapy Angina frequency, 
change in exercise 
duration, time to 
onset of angina, 

maximal rate-
pressure product, 
percent diameter 
stenosis of index 

lesions

Chamberlain 
et al44

RITA 2 1997 United 
Kingdom, 

Ireland

1018 58 58 7 SCAD, 
≥50% coronary 

stenosis (2 views) 
or ≥70% (1 view) 
amenable to PTCA

PTCA, 
medical therapy

Medical therapy CE: Death and MI

Davies et 
al43

ACIP 1997 United 
Kingdom, 

North 
America

558 61 (±8) 61 (±8) 2 SCAD,
coronary disease 
(≥50% stenosis 

in ≥1 major 
vessel or branch) 

amenable to 
revascularization

PTCA/CABG Medical therapy 
(angina guided or 
ischemia-guided 

strategies)

Death, MI, recurrent 
hospitalization for 
cardiac disease, 

nonprotocol 
revascularization

Pitt et al45 AVERT 1999 North 
America, 
Europe

341 59 (±0.8) 58 (±0.6) 1.5 SCAD, 
≥50% stenosis of 
at least 1 coronary 

CCS class ≤II or 
asymptomatic; 

Completion of ≥4 
min of stress test 
without ischemia, 
LDL ≥115 mg/dL, 
and triglycerides 

<500 mg/dL

PTCA, atherectomy Atorvastatin 
80 mg

CE: Cardiac death, 
resuscitation after 
cardiac arrest, MI, 
stroke, PCI, CABG, 

and worsening 
angina requiring 
hospitalization
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Bech et al46 DEFER 2001 Europe, Asia 325 61 (±9) 61 (±11) 16.9 
(16–17.5)

SCAD, 
>50% coronary 

stenosis, 
FFR ≥0.75. 

No evidence of 
reversible ischemia 

by noninvasive 
testing within the 

previous 2 mo

PCI, 
medical therapy

Medical therapy CE: Death, MI, PCI/
CABG, procedural 

complication

Pfisterer et 
al47

TIME 2001 Switzerland 305 80 (±3.7) 79.8 (±3.5) 4.1 SCAD, 
CCS class ≥II on 2 

agents, 
>75 y old

Angiography±PCI/
CABG

Medical therapy QoL at 6 mo, 
freedom from 

death, MI, angina 
admission, ACS

Hueb et 
al48

MASS 2 2004 Brazil 408 60 (±9) 60 (±9) 10 SCAD, 
≥70% proximal 

multivessel 
stenosis ischemia 

by stress testing or 
CCS II or III

PCI/CABG, 
medical therapy

Medical therapy CE: Death, MI, 
unplanned 

revascularization

Hambrecht 
et al49

n/a 2004 Germany 101 60 (±1) 62 (±1) 1 SCAD, 
≤70 y 

1 stenosis 
≥70% by visual 

assessment, 
CCS I–III, 

ischemia by stress 
testing

PCI Exercise training Clinical symptoms, 
angina free exercise 
capacity, myocardial 

perfusion, cost-
effectiveness. 

CE: cardiac death, 
stroke, CABG, 

angioplasty, acute 
MI, worsening 

angina

Boden et 
al 50

COURAGE 2007 North 
America

2287 61.5 
(±10.1)

61.8 (±9.7) 7.6 
(0–15.3)

SCAD, 
≥70% stenosis 
proximal artery. 

Inducible ischemia 
or ST depression/
TWI on resting 

ECG

PCI, 
medical therapy

Medical therapy CE: Death and MI

Nishigaki 
et al52

JSAP 2008 Japan 384 64.2 (±7.6) 64.5 (±7.2) 3.3 (2.9–
3.8)

SCAD 
≥75% coronary 

stenosis. 
Inducible ischemia 
or ST depression/T-
wave inversion on 

resting ECG

PCI, 
medical therapy

Medical therapy CE: Death, ACS, 
stroke, emergency 

admission

BARI 2D 
study 
group53

BARI 2D 2009 North and 
South 

America, 
Europe

1605 62.3 (±8.8) 62.4 (±9.0) 5.3 SCAD, 
≥50% coronary 

stenosis with 
positive stress test 
or ≥70% coronary 

with classic 
angina and type 2 
diabetes mellitus

PCI/CABG, 
medical therapy

Medical therapy All-cause mortality

De Bruyne 
et al51

FAME 2 2012 Europe, 
United States

888 63.5 (±9.4) 63.9 (±9.6) 5(4.98–
5.14)

SCAD, >50% 
coronary stenosis, 

FFR <0.8

PCI, medical 
therapy

Medical therapy CE: Death, MI 
or unplanned 

revascularization

Hochman 
et al5

ISCHEMIA 2019 United States 5179 64 (58–70) 64 (58–70) 3.3 SCAD, moderate 
to severe ischemia 

on a stress test

Angiography+PCI/
CABG, medical 

therapy

Medical therapy CE: Composite 
of CV death, 

MI, resuscitated 
cardiac arrest, or 

hospitalization for 
unstable angina or 

heart failure

ACME indicates A Comparison of Angioplasty with Medical Therapy in the Treatment of Single-Vessel Coronary Artery Disease; ALKK, Arbeitsgemeinschaft Leitende Kardiologische 
Krankenhausärzte; AVERT, Atorvastatin versus Revascularization Treatment; BARI, Bypass Angioplasty Revascularization Investigation 2 Diabetes; CABG, coronary artery bypass grafting; CCS, 
Canadian Cardiovascular Society; CHF, congestive heart failure; COMPLETE, Complete versus Culprit-Only Revascularization Strategies to Treat Multivessel Disease after Early PCI for STEMI trial; 
CVLPRIT, Complete Versus Lesion-Only Primary PCI trial; CV, cardiovascular; DANAMI, Danish Multicenter Study of Invasive vs. Conservative Treatment of Thrombolyzed AMI; DECOPI, DEsobstruction 
COronaire en Post-Infarctus; DEFER, Fractional Flow Reserve to Determine the Appropriateness of Angioplasty in Moderate Coronary Stenosis; ESV, end systolic volume; FAME 2, Fractional Flow 
Reserve versus Angiography for Multivessel Evaluation 2; FFR, fractional flow reserve; FRISC, Fast Revascularisation during InStability in Coronary artery disease; HELP AMI, HEpacoat™ for cuLPrit 
or multivessel stenting for Acute Myocardial Infarction; INSPIRE, Adenosine Sestamibi Post-Infarction Evaluation; ISCHEMIA, International Study of Comparative Health Effectiveness With Medical 
and Invasive Approaches; ICTUS, Invasive versus Conservative Treatment in Unstable Coronary Syndromes; IRA, infarct-related artery; JSAP, Japanese Stable Angina Pectoris; LDL, low-density 
lipoprotein; LVEF, left ventricular ejection fraction; MASS, The Medicine, Angioplasty, or Surgery Study; MI, myocardial infarction; NSTEMI, non -ST-segment -elevation myocardial infarction; NYHA, 
New York Heart Association; OAT, Occluded Artery Trial; PCI, percutaneous coronary intervention; PRAMI, Preventive Angioplasty in Acute Myocardial Infarction; PTCA, Percutaneous transluminal 
coronary angioplasty; RITA, Randomized Intervention Trial of unstable Angina; SCAD, stable coronary artery disease; SPECT, single photon emission computed tomography; STEMI, STAQ7 segment 
-elevation myocardial infarction; TACTICS, Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or Conservative Strategy; TIME, Trial of invasive versus medical therapy in 
elderly patients with chronic symptomatic coronary-artery disease; TIMI, Thrombolysis in myocardial infarction; TOAT, The Open Artery Trial; TOPS, Treatment of Post-Thrombolytic Stenoses; TRUCS, 
Treatment of Refractory Unstable angina in geographically isolated areas without Cardiac Surgery; and VIAMI, Viability-guided Angioplasty after acute Myocardial Infarction.
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An additional sensitivity analysis was performed 
using fixed effects for each of the main outcome mea-
sures, with results consistent with the primary analysis 
(Figures VIII through X in the Data Supplement).

Sensitivity analyses were also performed excluding 
trials in which CABG could be used as the revasculariza-
tion strategy, the results of which are shown in Figures 
XI through XIII in the Data Supplement.

We performed sensitivity analyses excluding trials 
considered at high risk of bias, the results of which 
are shown in Figures XIV through XVI in the Data 
Supplement.

Finally, we also performed a sensitivity analysis in 
which each one of the trials in the main analysis has 

been removed in turn for the outcome of all-cause mor-
tality. The result is shown in Figures XVII through LIX in 
the Data Supplement.

DISCUSSION
This analysis shows that for unstable CAD subsets, PCI 
reduces all-cause mortality by 16%, cardiovascular mor-
tality by 31%, and MI by 26%. In contrast, PCI had no 
impact on these end points in patients with stable CAD. 
Our analysis incorporates results from 2 large, con-
temporary RCTs examining the role of PCI in different 
scenarios of CAD: the COMPLETE trial for multivessel 
disease in STEMI and the ISCHEMIA trial in stable CAD.

Figure 2. The effect of percutaneous coronary intervention (PCI) on all-cause mortality.
Results stratified into unstable coronary artery disease (CAD; unrevascularized post–myocardial infarction [MI],10–20 multivessel disease following ST-segment–eleva-
tion myocardial infarction [STEMI],4,21–29 non-ST segment–elevation acute coronary syndrome [NSTEACS]30–39) and stable CAD.40–54
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Effect of PCI in Varying Clinical 
Syndromes
PCI is established to have a clear benefit in mortality 
over fibrinolysis, which itself almost halves the mortality 
of patients with STEMI. There is, therefore, no doubt 
over the survival benefit of primary PCI at the time of 
presentation with STEMI. The utility of PCI in other clini-
cal syndromes, however, has been controversial. Out-
side the context of an ongoing STEMI lies not a simple 
unitary entity but a broad clinical spectrum.

As the years have passed and technology evolved, 
there has been an increasingly sophisticated categoriza-
tion of patients between these groups. For example, in 
the first decades of angioplasty, a patient who had sur-
vived a STEMI to discharge and had subsequently been 
found to have a positive exercise test would be consid-
ered to have stable CAD,16 in much the same way as a 
patient with a several year-history of exertional angina. 

Modern practice, however, would be to consider the 
unrevascularized post-MI patient as requiring urgent 
angiography and revascularization if indicated. Doc-
tors in current practice can certainly gain from trials of 
yesteryear but can do this best when trial patients are 
contextualized in the relevant part of the modern view 
of the clinical spectrum. This meta-analysis lays out this 
context simply and underlines the importance of plac-
ing patients in the correct categorization when decid-
ing on whether they may benefit from PCI.

There is no evidence that PCI reduces mortality, car-
diovascular mortality or MI in patients who have true 
stable CAD. Patients who have suffered an MI, how-
ever, do derive benefit from PCI. This grouping includes 
patients with NSTEACS, patients who have been dis-
charged after an unrevascularized MI and also patients 
who have had PCI for the culprit artery in a STEMI, but 
who have residual coronary disease. It should be noted 
that the unrevascularized post-MI cohort is a group of 

Figure 3. The effect of percutaneous coronary intervention (PCI) on cardiovascular mortality.
Results stratified into unstable coronary artery disease (CAD; unrevascularized post–myocardial infarction [MI],10–12,14–17,19 multivessel disease following ST-segment–
elevation myocardial infarction [STEMI],4,22,24,26–29 non-ST segment–elevation acute coronary syndrome NSTEACS33) and stable CAD.40,44–46,48–52,54
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trials from a time when STEMI was routinely managed 
with fibrinolysis and without angiography.

Our analysis underlines that these patients, who 
have had an unstable event, are distinct, and have spe-
cific therapeutic needs.

The ISCHEMIA Trial
This analysis is the first to include the data from the 
ISCHEMIA trial,54 which was recently presented at the 
American Heart Association Scientific Sessions 2019 
in Philadelphia. This trial randomized 5179 patients to 
invasive or conservative therapy. Revascularization was 
performed in 80% of patients randomized to invasive 
therapy, and PCI was the modality used in 74%. There 

was no difference in all-cause mortality, cardiovascular 
mortality or MI between the 2 groups. Procedural MI 
was increased with invasive therapy, while spontane-
ous MI was reduced with invasive therapy. The result 
of these 2 findings was that the net effect on MI is 
dependent on the timepoint at which it is measured. 
There is an early penalty in terms of MI with invasive 
therapy, but the curves cross at the 2-year timepoint 
and then continue to diverge in favor of invasive thera-
py. Although the overall effect of invasive therapy on MI 
was neutral, it is possible that if the curves continue to 
diverge then there would be a significant benefit of MI 
observed at longer-term follow-up. Clinicians may wish 
to counsel their patients regarding this when weighing 
options of invasive and conservative therapy.

Figure 4. The effect of percutaneous coronary intervention (PCI) on myocardial infarction (MI).
Results stratified into unstable coronary artery disease (CAD; unrevascularized post-MI,10–20 multivessel disease following ST-segment–elevation myocardial infarc-
tion [STEMI],4,21–29 non-ST segment–elevation acute coronary syndrome [NSTEACS]30–39) and stable CAD.40–54
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Clinical Implications
There has long been a belief that since heart disease 
is the leading cause of death worldwide,55 PCI might 
prevent deaths. However, within what we now define 
as stable CAD, there is no evidence of a net favorable 
effect on mortality, cardiovascular mortality, or MI. It 
should be remembered, however, that patients with left 
main CAD have not been randomized in these trials, 
and so if there is benefit in them, it would not be found 
by this meta-analysis.

Clinicians working in a modern environment should 
be careful to distinguish the generality of stable CAD 
from the other categories we describe, which we take 
together here and label unstable CAD, because the 
mortality impact of PCI differs between these 2 patient 
groups. This analysis can help provide clinicians with 
a framework when assessing patients with CAD in 
their clinical practice. If a patient has an acute coro-
nary syndrome, then PCI can reasonably be offered 
on the grounds it will improve the clinical outcome of 
that patient. Similarly, if a patient has residual disease 
following PCI for a STEMI, that patient is also likely 
to have their prognosis improved by PCI to residual 
lesions. If a patient has had an MI but not been revas-
cularized (less common in modern clinical practice), 
they also might derive prognostic benefit from PCI. For 
all other patients—that is, those who have truly stable 
CAD—PCI cannot reasonably be offered on prognostic 
grounds with the expectation it will reduce MI or pre-
vent death. In this setting, PCI should be reserved for 
patients who experience angina refractory to medical 
therapy, in line with clinical guideline recommendations 
and recent blinded trial data.56

Study Limitations
The ISCHEMIA trial has not yet been published in full. If 
the full published data differ from the presentation, we 
will update this analysis accordingly.

The ISCHEMIA trial, along with some others included 
in our analysis, is not truly a trial of PCI versus medical 
therapy; rather it is a trial of invasive therapy (angiog-
raphy with a view to revascularization via PCI or CABG) 
versus conservative therapy.

We have performed sensitivity analyses excluding 
ISCHEMIA and other trials which included CABG as a 
mode of revascularization, or which generally random-
ized to invasive therapy rather than to PCI, and these 
plots are shown in the Data Supplement.

Definitions of categories of CAD change over time, in 
line with changing clinical practice. Previously,16 the unre-
vascularized post-MI state may have been considered 
stable CAD but this has now changed, and therefore, 
we cannot confidently predict how coronary disease will 
be categorized in the years to come. Nevertheless, we 

should always be sensitive to how studies have been 
grouped because this can influence the results.

MI is less solid in this respect because it is typically only 
tested for in patients with symptoms, and symptoms 
themselves are somewhat dependent on perception of 
patients’ clinical status (both by patient and by staff). 
We did not include angina as an end point because this 
is vulnerable to perception. As an example of this, the 
unblinded A Comparison of Angioplasty with Medi-
cal Therapy in the Treatment of Single-Vessel Coronary 
Artery Disease 1 trial40 found a 90-second increase in 
exercise time from plain balloon angioplasty, whereas 
the similar-sized but blinded ORBITA trial57 found only a 
16-second increment from modern stenting.

Our primary end point was all-cause mortality as 
this is the most clinically relevant and bias-resistant end 
point. Our analysis is, therefore, focused on this mor-
tality end point. Our study also uses MI as a secondary 
end point, as defined in each constituent trial. The defi-
nition of this end point varies substantially across trials. 
We only included prespecified end points, as these are 
more resistant to bias. We considered all MI together, 
so as not to introduce bias through selection (ie, we did 
not consider periprocedural MI separate from sponta-
neous MI). We also considered cardiovascular mortality 
as a secondary end point, although this is more vulner-
able to bias than all-cause mortality because it requires 
adjudication. We did not use any other, nonprespeci-
fied end points so as not to introduce bias. Our results 
for cardiovascular mortality and MI show a higher 
degree of heterogeneity than our results for all-cause 
mortality, which is in part a reflection of these factors. 
Other potential sources of heterogeneity include differ-
ences in length of follow-up, pharmacotherapy, inva-
sive therapy (balloons, bare metal stents, drug-eluting 
stents), and study populations. Our analysis includes 
trials from 1992 and from 2019, and in that period of 
time there has been significant advancement in both 
the in the pharmacological and invasive management 
of CAD. This is a further source of heterogeneity in 
such an analysis.

Most trials lacked adequate data, such as hazard 
ratios, which prevented a meta-analysis of survival data, 
and so this meta-analysis was performed using the rela-
tive risks provided by trials. Such effect sizes are typi-
cally more easily influenced by the time point chosen 
for analysis as they merely represent a single snapshot 
during follow-up. We provided a sensitivity analyses for 
longer-term follow-up of those trials which reported it, 
and the P value for interaction was nonsignificant when 
comparing timepoints.

Our study only addresses RCTs. They typically ran-
domize only a minority of patients. However, this 
approach of focusing on RCTs is the best method of 
avoiding consistent bias in one direction or another 
from unmeasured confounders.
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Conclusions
PCI prevents death, cardiac death, and MI in patients with 
unstable CAD. For patients with stable CAD, PCI shows 
no evidence of an effect on any of these outcomes.
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