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ABSTRACT
OBJECTIVES This study sought to investigate the impact of nonemergent, uncomplicated target lesion revascularization (TLR) on the risk of long-term mortality after percutaneous coronary intervention (PCI).
BACKGROUND Restenosis requiring TLR after PCI is generally considered a benign event.
METHODS The study pooled patient-level data from 21 randomized trials. Subjects dying the same day as or the day
after the TLR procedure as well as those with myocardial infarction (MI) the day before, the same day as or the day after
TLR were excluded. The primary endpoint of the study was all-cause mortality.
RESULTS The dataset included 32,524 patients who were stratiﬁed according to whether repeat TLR was performed
during follow-up. During a median follow-up of 37 months, 2,330 (7.2%) patients underwent a nonemergent, uncomplicated TLR procedure. After adjusting for potential confounders, TLR was an independent predictor of mortality (hazard
ratio: 1.23, 95% conﬁdence interval: 1.04 to 1.45; p ¼ 0.02). Patients undergoing nonemergent, uncomplicated TLR had
signiﬁcantly higher rates of non–procedure-related MI compared with those without TVR. Among patients undergoing
elective TLR, MI occurring after TLR was an independent predictor of mortality (hazard ratio: 3.82; 95% conﬁdence
interval: 2.44 to 5.99; p < 0.0001).
CONCLUSIONS Nonemergent, uncomplicated TLR after PCI is an independent predictor of long-term mortality, an
association in part explained by higher rates of MI occurring after TLR. Efforts aimed at reducing TLR risk may
translate into prognostic beneﬁts including reduced rates of MI and survival. (J Am Coll Cardiol Intv 2018;11:892–902)
© 2018 by the American College of Cardiology Foundation.
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ABBREVIATIONS

[CABG]) carry the risk of potential periproce-

Selected demographic, angiographic, and outcomes

AND ACRONYMS

dural and late complications. Repeat PCI, in

data that were common to most of the trials were

particular, may require additional stents,

analyzed.

BMS = bare-metal stent(s)
CABG = coronary artery bypass
grafting

CI = conﬁdence interval
DES = drug-eluting stent(s)
HR = hazard ratio
IQR = interquartile range
MACE = major adverse
cardiovascular event(s)

MI = myocardial infarction
PCI = percutaneous coronary
intervention

TLR = target lesion
revascularization

TVR = target vessel
revascularization

which increases the risk of stent thrombosis,

The primary endpoint of the present study was all-

MI, and recurrent restenosis, and necessi-

cause mortality. Our primary objective was to

tates prolonging dual antiplatelet therapy,

examine the relationship between nonemergent, un-

the bleeding complications from which have

complicated

been associated with subsequent mortality

all-cause mortality at the longest follow-up time

(5–7). Thus, the clinical impact of TLR is not

available. The secondary objective was to examine

fully understood and has not been examined

the relationship between nonemergent, uncompli-

in large-scale studies. In this regard, whether

cated non-TLR procedures and subsequent all-cause

TLR per se is associated with an increased

mortality. We also sought to determine whether any

TLR

procedures

and

subsequent

risk of mortality, independent from clinical

identiﬁed risk of repeat revascularization was due to

presentation and procedural complications

an association between the revascularization event

is unknown. We therefore investigated the

and either subsequent MI or stent thrombosis. We

association between nonemergent, uncom-

deﬁned a repeat revascularization procedure as

plicated TLR and mortality in a large cohort

emergent or complicated if an MI occurred the day

of patients included in randomized stent

before, the same day as, or the day after the proced-

trials.

ure. Thus, we excluded patients undergoing revascularization in response to an MI (e.g., emergent
SEE PAGE 903

primary PCI for ST-segment elevation MI or urgent
revascularization for non–ST-segment elevation acute

METHODS

coronary syndromes), as well as those in whom a
ENDPOINTS.

periprocedural MI complicated the follow-up revas-

As part of an ongoing academic project, the data

cularization procedure (occurring on the day of or the

from 21 randomized stent trials (BMS vs. DES and

day after the procedure). Similarly, we excluded pa-

DES vs. DES) were pooled in a common database at

tients who died the same day as or the day after the

the Cardiovascular Research Foundation (New York,

revascularization procedure.

STUDY

DESIGN,

OBJECTIVES,

AND

New York) for individual patient data analysis.

TLR was deﬁned in all trials as revascularization of
the target vessel with either PCI or CABG due to
restenosis of the prior stent, including a 5-mm prox-

F I G U R E 1 Study Flow Chart

imal or distal margin. TVR was deﬁned as any repeat
revascularization in the epicardial vessel of the prior
stent (main branch or side branches). Non-TLR was
deﬁned as any revascularization performed either in
the epicardial coronary artery of the prior stent,
excluding the region of the stent and its 5-mm proximal and distal margins (non-TLR TVR), or in a non–
stent-related epicardial coronary artery (non-TVR).
All endpoints as deﬁned and adjudicated in each individual trial were utilized.
STATISTICAL ANALYSIS. For continuous variables,

univariate comparisons were made across the 3
groups using 1-way analysis of variance with post hoc
pairwise comparisons using Scheffé’s test. Binary
variables were compared using a generalized linear
mixed model employing a binary distribution and
logit link function with Scheffé’s adjustment for post
hoc comparisons. Both types of models included a
After excluding patients with periprocedural death or myocardial infarction (MI), 32,524
patients remained in the main analysis dataset reporting target vessel revascularization

random effect for study. Unadjusted incidence densities were generated for elective revascularization

(TVR), and 19,732 patients remained in the restricted analysis dataset reporting all repeat

procedures as well as for MI and all-cause death.

revascularizations. TLR ¼ target lesion revascularization.

To take into account the time-dependent nature of
survival analyses, the survival computations were
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T A B L E 1 Baseline Characteristics

TLR
(n ¼ 2,330)

Non-TLR TVR
(n ¼ 810)

No TVR
(n ¼ 29,384)

p Value

62.2  10.7*

62.0  10.5

62.8  11.1

0.004

Male

69.3 (1,615/2,330)*†

74.4 (603/810)

72.3 (21,237/29,379)

0.003

Hypertension

69.2 (1,609/2,324)*

69.3 (560/808)

64.0 (18,748/29,313)

0.001

Diabetes mellitus

30.6 (712/2,326)*

32.4 (262/810)*

23.8 (6,988/29,322)

<0.0001

Hyperlipidemia

69.1 (1,597/2,311)*

70.8 (566/799)

61.9 (17,988/29,075)

Smoking

24.8 (574/2,312)*

27.6 (220/797)

28.3 (8,255/29,133)

Age, yrs

0.0001
0.018

Prior myocardial infarction

25.0 (575/2,300)

27.2 (215/792)

24.5 (7,113/28,999)

Prior percutaneous coronary intervention

28.8 (665/2,313)*

31.2 (250/801)*

23.3 (6,785/29,186)

<0.0001

0.18

Prior coronary artery bypass graft surgery

13.1 (305/2,326)*

11.2 (90/806)*

9.0 (2,640/29,305)

<0.0001

Clinical presentation
Stable coronary artery disease
Acute coronary syndromes

43.5 (940/2,163)

51.1 (380/743)

35.2 (9,733/27,650)

56.5 (1,223/2,163)*†

48.9 (363/743)*

64.8 (17,917/27,650)

<0.0001

Stented coronary artery
Left main
Left anterior descending

1.7 (40/2,328)†

0.3 (2/807)*

1.6 (479/29,316)

0.008

53.7 (1,250/2,328)*†

42.6 (344/807)*

50.3 (14,746/29,316)

<0.0001

Left circumﬂex

29.4 (685/2,328)

27.9 (225/807)

33.2 (9,743/29,316)

0.48

Right

38.5 (897/2,328)†

44.0 (355/807)*

41.7 (12,221/29,316)

0.004

Stents per patient
Total stent length per patient, mm

1.62  0.99*†

1.39  0.70*

1.48  0.90

<0.0001

24.0 (18.0–36.0)†

20.0 (16.6–32.0)*

24.0 (18.0–36.0)

<0.0001
<0.0001

Type of stent
Bare metal

36.9 (859/2,330)*†

21.2 (172/810)

19.1 (5,605/29,384)

Paclitaxel eluting

25.7 (598/2,330)*†

29.5 (239/810)

29.1 (8,558/29,384)

0.002

Sirolimus eluting

5.2 (120/2,330)*†

7.8% (63/810)

8.4 (2,472/29,384)

<0.0001

Cobalt-chromium everolimus eluting

14.9 (347/2,330)

22.5 (182/810)

18.0 (5,278/29,384)

0.11

Zotarolimus eluting

8.9 (208/2,330)†

7.4 (60/810)

10.1 (3,000/29,384)

0.006

Platinum-chromium everolimus eluting

4.5 (104/2,330)

8.3% (67/810)

7.7 (2,249/29,384)

0.68

Biolimus eluting

3.2 (75/2,330)*†

3.0 (24/810)*

5.7 (1,675/29,384)

<0.0001

No stent

0.8 (19/2,330)*†

0.4 (3/810)*

1.9 (547/29,384)

<0.0001

Values are mean  SD, % (n/N), or median (interquartile range). All revascularization procedures were nonemergent and uncomplicated. *p < 0.05 compared with the no target
vessel revascularization (TVR) group. †p < 0.05 compared with the non-target lesion revascularization (TLR) TVR group.

made using the methodology proposed by Simon and

the hazard functions across each level of the predictor

Makuch (8) rather than the Kaplan-Meier method

variables. In cases in which these plots indicated

typically employed for ﬁxed covariates. The 2

disordinal interactions (i.e., crossing of the hazard

methods differ in that the number of subjects at risk

functions), plots of the hazard functions were shown

within each of the covariate levels is ﬁxed at time 0 in

without estimation of hazard ratios (HRs).

the Kaplan-Meier method but not in the Simon-

The multivariable relationship of repeat revascu-

Simon-Makuch

larization procedures and time to death were esti-

method creates product-limit estimates of survival

mated using Cox proportional hazards regression

functions that correspond to episodes of risk deﬁned

models. Variables included in the models were: age,

by certain covariate levels, rather than for static

sex, diabetes, previous MI, previous PCI, previous

groups of individual subjects. The method can

CABG, presentation with MI before the index pro-

therefore accommodate subjects who may begin

cedure, post-procedure MI, stent thrombosis, and

follow-up at level A of some exposure and subse-

repeat revascularization (the latter 3 event variables

quently change to level B. Accordingly, the number at

as time-dependent covariates). Models were also

risk for each group reported at the time point on the x

adjusted for study by including it as a random effect.

axis of the survival analysis curves identiﬁes “risk

The following revascularization procedures were

episodes” rather than “subjects at risk,” as in the

evaluated in separate models: TLR, non-TLR TVR,

Kaplan-Meier curves. Between group comparisons

and all TVR. For the 12 trials in which all cases of

were analyzed by the Mantel-Byar test, which is a

repeat revascularization were also reported, addi-

score test for a proportional hazards model with time-

tional models were generated for non-TLR (i.e., the

dependent covariates. The proportional hazards

composite of non-TLR TVR and non-TVR). For

assumption was assessed graphically by comparing

patients with multiple types of revascularization

Makuch

method.

As

such,

the
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T A B L E 2 Mortality Rates According to Follow-Up Revascularization

21 Trials (N ¼ 32,524) Reporting TVR
n

No revascularization†

Incidence Rate of
Revascularization*

Number of
Deaths

2,330

—

TVR

n

Incidence Rate of
Revascularization*

Number of
Deaths

Incidence
Rate of Death*

1,739

1.87

16,789

—

1,097

1.78

2.40

144

2.45

1,380

2.07

90

2.44

29,384

TLR

12 Trials (N ¼ 19,732) Reporting TVR and Non-TVR

Incidence Rate
of Death*

3,140

3.23

193

2.50

1,890

2.84

124

2.56

Non-TLR TVR

810

0.83

49

2.67

510

0.77

34

2.96

Non-TVR

—

—

—

—

1,053

1.58

50

1.85

Non-TLR‡

—

—

—

—

1,563

2.35

84

2.18

Any revascularization

—

—

—

—

2,943

4.42

174

2.31

*Per 100 patient-years. †No revascularization in the target vessel for the 21-trial cohort and no revascularization in any vessel for the 12-trial cohort. ‡Non-TLR TVR or non-TVR.
All revascularization procedures were nonemergent and uncomplicated.
Abbreviations as in Table 1.

procedures on different days, the ﬁrst occurrence was

in whom either a nonemergent, uncomplicated repeat

considered primary. Two-sided p values <0.05 were

TVR or no repeat TVR was required during follow-up.

considered statistically signiﬁcant. Statistical ana-

The main characteristics of the included trials and

lyses were performed using SAS version 9.4 (SAS

their relative reference appear in Online Table 1. The

Institute, Cary, North Carolina).

major inclusion and exclusion criteria, and internal
validity assessment for each trial are reported in

RESULTS

Online Table 2. The deﬁnitions of the clinical end-

The pooled dataset consisted of individual patient
data from 21 randomized trials that enrolled 32,882
patients. The study ﬂow is reported in Figure 1. After
excluding 5 patients who died the same day as or the
day after the TVR procedure and 353 (1.1%) patients
who had an MI the day before, the same day as, or the
day after TVR, 32,524 patients remained for analysis

points in each trial are reported in Online Table 3.
INCIDENCE AND PREDICTORS OF TLR. During a

median follow-up of 1,095 days (interquartile range
[IQR]: 395 to 1,807 days), 2,330 (7.2%) patients
underwent

a

nonemergent,

uncomplicated

TLR

procedure (incidence rate 2.40 per 100 patient-years)
at median time after PCI of 271 days (IQR: 174 to 522
days), and 810 (2.5%) patients underwent a nonemergent, uncomplicated non-TLR TVR procedure

F I G U R E 2 Simon-Makuch Analysis Showing Mortality Rates in Patients With

(incidence rate 0.83 per 100 patient-years) at median

Nonemergent, Uncomplicated TLR, Non-TLR TVR, and No TVR

time of 537 days (IQR: 247 to 1,015 days). In total,

15

No TVR

TLR versus no TVR: HR=1.40, 95% CI 1.16–1.69; p=0.0005
Non-TLR TVR versus no TVR: HR=1.48, 95% CI 1.08–2.04; p=0.02
TLR versus non TLR TVR: HR=0.93, 95% CI 0.65–1.32; p=0.67

TLR
Non-TLR TVR

Death (%)

12.2%
11.7%
10

8.9%

3,140 (9.7%) TVR procedures (incidence rate 3.23 per
100 patient-years) were performed at a median time
of 288 days (IQR: 184 to 712 days).
Clinical, angiographic, and procedural characteristics of patients stratiﬁed by the occurrence of nonemergent, uncomplicated TLR are reported in Table 1.
Patients undergoing nonemergent, uncomplicated
TLR during follow-up were younger, more often

5

women, and more frequently had diabetes and other
comorbidities compared with patients without TVR.
Most TLR procedures were elective; only 93 of the

0
0

365

Risk Episodes

730

1095

1460

1825

Days after revascularization

2,330 (4.0%) TLR procedures were performed after an
MI occurring between 1 and 30 days earlier.

No TVR
TLR

32524
2330

27149
1686

21641
1324

17648
987

11543
768

4948
1

Non-TLR TVR

810

600

426

260

157

0

Patients with nonemergent, uncomplicated target lesion revascularization (TLR) and nonTLR TVR had signiﬁcantly higher rates of mortality compared with patients with no

MORTALITY AFTER TLR. As shown in Table 2, there

were 1,932 deaths during follow-up; 1,739 occurred in
patients without TVR (incidence rate 1.87 per 100
patient-years), 144 occurred in patients with non-

target vessel revascularization (TVR). The number at risk reported for each group

emergent, uncomplicated TLR (incidence rate 2.45

identiﬁes risk episodes. CI ¼ conﬁdence interval; HR ¼ hazard ratio.

per 100 patient-years), and 49 occurred in patients
with non-TLR TVR (incidence rate 2.67 per 100
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T A B L E 3 Multivariable Predictors of Long-Term Mortality in 21 Trials in Which TVR Rates

Were Reported

years). The median durations from the performance
Excluding Patients Presenting
With MI Within 1 Month
of the TVR

of the TLR and non-TLR TVR procedures to the end of
follow-up were 884 days (IQR: 299 to 1,554 days) and

All Patients

797 days (IQR: 339 to 1,280 days), respectively. As

HR (95% CI)

p Value

HR (95% CI)

shown in Figure 2, patients with nonemergent, un-

TVR*

1.23 (1.04–1.45)

0.02

1.27 (1.07–1.50)

0.006

complicated TLR had signiﬁcantly higher rates of

Non-TLR TVR

1.23 (0.83–1.82)

0.31

1.33 (0.91–1.95)

0.15

mortality than patients not undergoing TVR. After

MI or stent thrombosis
during follow-up*†

4.26 (3.16–5.74)

<0.0001

4.38 (3.25–5.90)

p Value

<0.0001

adjusting for potential confounders, nonemergent,

Age (per 1 yr)

1.07 (1.07–1.08)

<0.0001

1.07 (1.07–1.08)

<0.0001

uncomplicated TLR was an independent predictor of

Diabetes

1.60 (1.46–1.76)

<0.0001

1.61 (1.47–1.77)

<0.0001

mortality (HR: 1.23; 95% conﬁdence interval [CI]: 1.04

Male

1.16 (1.08–1.25)

<0.0001

1.17 (1.09–1.26)

<0.0001

to 1.45; p ¼ 0.02), whereas non-TLR TVR was not

Previous coronary
artery bypass grafting

1.35 (1.21–1.52)

<0.0001

1.34 (1.19–1.51)

<0.0001

signiﬁcantly associated with mortality (Table 3).

1.32 (1.23–1.40)

<0.0001

1.32 (1.24–1.41)

<0.0001

0.97 (0.87–1.07)

0.39

0.96 (0.86–1.07)

0.42

ity were post-PCI MI or stent thrombosis, age, dia-

Previous percutaneous
coronary intervention

betes, male sex, clinical presentation with MI before

Presentation with MI‡

1.47 (1.23–1.75)

<0.0001

1.47 (1.22–1.77)

<0.0001

Other variables signiﬁcantly associated with mortal-

the index procedure, previous CABG, and previous
MI. Nonemergent, uncomplicated TLR remained an
independent predictor of mortality in sensitivity an-

Previous MI

*Included as a time-dependent covariate. †Myocardial infarction (MI) or stent thrombosis occurring after the
index procedure. ‡Refers to the index procedure.
CI ¼ conﬁdence interval; HR ¼ hazard ratio; other abbreviations as in Table 1.

alyses in which the 130 patients presenting with an MI
between 1 day and 1 month earlier were excluded
(HR: 1.27; 95% CI: 1.07 to 1.50; p ¼ 0.006), in which
patients with periprocedural MI occurring the day

5.99; p < 0.0001) after adjusting for measured con-

after the TLR were included (HR: 1.22; 95% CI: 1.03 to

founders. Finally, when all patients who developed

1.45; p ¼ 0.02), and in which the 273 patients in whom

an MI during follow-up (including those due to stent

TLR was performed in a vein graft were excluded (HR:

thrombosis) were eliminated, by multivariable anal-

1.20; 95% CI: 1.02 to 1.41; p ¼ 0.03).

ysis the association between TLR and subsequent

RISK OF MI AFTER TLR. As shown in Figure 3, 1,080

MIs occurred during follow-up, including 89 MIs that

mortality remained signiﬁcant (HR: 1.25; 95% CI:
1.04 to 1.50; p ¼ 0.02).

occurred at a median time of 364 days (IQR: 135 to 708
days) after nonemergent, uncomplicated TLR (incidence rate 1.59 per 100 patient-years) and 973 MIs
that occurred in patients without TVR (incidence rate

F I G U R E 3 Simon-Makuch Analysis Showing MI Rates in Patients With

Nonemergent, Uncomplicated TLR, Non-TLR TVR, and No TVR

1.08 per 100 patient-years). In addition, 18 MIs
occurred at a median time of 446 days (IQR: 109 to
768 days) after non-TLR TVR (incidence rate 1.02 per
100 patient-years) (HR compared with no TVR not
determined because of violation of the proportional
hazards assumption). Thus, 107 MIs at a median time
of 367 days (IQR: 123 to 753 days) occurred after TVR
(incidence rate 1.45 per 100 patient-years). Among
patients with TLR, non-TLR TVR, and any TVR, MI
before the revascularization procedure occurred in
166 (7.1%), 62 (7.6%), and 228 (7.3%) patients,
respectively.
As shown in Figure 4, among patients with TLR,
those with MI occurring after TLR had signiﬁcantly
higher rates of mortality compared with those
without MI after TLR (incidence rate 9.42 per
100 patient-years vs. 1.44 per 100 patient-years,

Patients undergoing nonemergent, uncomplicated TLR during follow-up had signiﬁcantly
higher rates of MI compared with patients not undergoing TVR. As the proportional
hazards assumption was not met for the comparison between non-TLR TVR and non-TVR,

respectively). Among patients with TLR, MI occur-

corresponding HRs are not reported. The number at risk reported for each group

ring during follow-up after TLR was an independent

identiﬁes risk episodes. Abbreviations as in Figures 1 and 2.

predictor of mortality (HR: 3.82; 95% CI: 2.44 to

898
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non-TVR procedures versus those not undergoing

F I G U R E 4 Simon-Makuch Analysis Showing Mortality Rates Stratiﬁed by the

repeat revascularization (Figure 5C). As shown in

Occurrence of MI Occurring After Nonemergent, Uncomplicated TLR

Online Table 4, after adjusting for potential confounders, the performance of a nonemergent, uncomplicated repeat revascularization procedure was
an independent predictor of mortality (HR: 1.26; 95%
CI: 1.02 to 1.56; p ¼ 0.04). When any revascularization
was replaced in the model by TLR and non-TLR, TLR
was a signiﬁcant independent predictor of mortality
(HR: 1.33; 95% CI: 1.08 to 1.64; p ¼ 0.006), whereas
non-TLR was not (HR: 1.18; 95% CI: 0.90 to 1.55;
p ¼ 0.22) (Table 4). Finally, when non-TLR was
replaced in the model by non-TLR TVR and non-TVR,
TLR remained an independent predictor of mortality
(HR: 1.33; 95% CI: 1.06 to 1.67; p ¼ 0.01), non-TLR TVR
was of borderline statistical signiﬁcance (HR: 1.46;
95% CI: 1.00 to 2.12; p ¼ 0.048), and non-TVR (HR:
Among patients with TLR, those with an MI after revascularization had signiﬁcantly

1.08; 95% CI: 0.88 to 1.33; p ¼ 0.44) was not signiﬁ-

higher rates of mortality compared with those without an MI. The number at risk re-

cantly associated with mortality.

ported for each group identiﬁes risk episodes. Abbreviations as in Figures 1 and 2.

DISCUSSION
The present study, based on an analysis of 32,524
MORTALITY AFTER ANY REPEAT REVASCULARIZATION.

patients enrolled in 21 randomized stent trials, is the

Twelve trials that enrolled 20,041 patients reported

largest report to date examining the relationship be-

all cases of repeat revascularization, including non-

tween repeat revascularization procedures and mor-

TVR. After excluding 4 patients who died the same

tality. The major ﬁndings are: 1) During a median

day as or the day after any repeat revascularization

follow-up of 2.5 years after PCI, patients undergoing

and 305 (1.5%) patients with an MI the day before, the

nonemergent, uncomplicated TLR had increased

same day as, or the day after any repeat revasculari-

rates of mortality compared with patients not

zation procedure, 19,732 patients remained available

undergoing revascularization of the target vessel,

for the analysis. During a median follow-up of 1,122

after adjusting for measured confounders; 2) rates of

days (IQR: 1,095 to 1,811 days), 2,943 (14.7%) patients

MI following TLR after a median time of 364 days

underwent any repeat revascularization, including

were signiﬁcantly higher than in patients not under-

1,380 TLR procedures and 1,563 non-TLR procedures,

going revascularization of the target vessel, and

the latter consisting of 510 non-TLR TVR procedures

among patients with TLR, MI was an independent

and 1,053 non-TVR procedures. The incidence rates of

predictor of mortality; 3) nonetheless, TLR remained

repeat revascularization and their respective mortal-

an independent predictor of mortality even after

ity rates are reported in Table 2. As shown in Figure

excluding all patients who developed an MI during

5A, patients undergoing any nonemergent, uncom-

follow-up, suggesting that other mechanisms in

plicated

had

addition to MI underlie the association between TLR

signiﬁcantly higher rates of mortality compared with

and mortality; and 4) in a restricted dataset of 19,732

those not undergoing repeat revascularization. Pa-

patients reporting any type of repeat revasculariza-

tients with TLR had higher rates of mortality

tion, TLR and non-TLR TVR were independent pre-

compared with patients not undergoing any repeat

dictors of mortality, whereas non-TVR was not

revascularization, whereas mortality was not signiﬁ-

signiﬁcantly associated with mortality.

repeat

revascularization

procedure

cantly increased in patients undergoing non-TLR

The clinical outcomes of patients undergoing

procedures versus those not undergoing repeat

PCI has progressively improved over time due to

revascularization (Figure 5B). Finally, patients un-

advances

dergoing TLR or non-TLR TVR had increased rates of

imaging, and technique (9,10). Nonetheless, reste-

mortality compared with patients not undergoing

nosis and progressive coronary atherosclerosis reduce

any repeat revascularization, whereas mortality was

event-free survival after PCI, and limit its utility in

not signiﬁcantly increased in patients undergoing

patients with complex multivessel coronary artery

in

devices,

adjunct

pharmacotherapy,
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F I G U R E 5 Simon-Makuch Analysis Showing Mortality Rates Stratiﬁed by the Type of Repeat Revascularization

Simon-Makuch analysis in 19,736 patients from 12 randomized trials showing survival curves with (A) nonemergent, uncomplicated repeat revascularization versus no
repeat revascularization; (B) nonemergent, uncomplicated TLR versus non-TLR versus no repeat revascularization; and (C) nonemergent, uncomplicated TLR versus
non-TLR TVR versus non-TVR versus no repeat revascularization. Patients with TLR or non-TLR TVR had signiﬁcantly higher rates of mortality compared with patients
without repeat revascularization, whereas nonsigniﬁcantly different rates of mortality were observed in patients with non-TVR and no repeat revascularization. The
number at risk reported for each group identiﬁes risk episodes. Abbreviations as in Figures 1 and 2.

T A B L E 4 Multivariable Predictors of Long-Term Mortality in

12 Trials in Which All Revascularization Events Were Reported
HR (95% CI)

p Value

TLR*

1.33 (1.08–1.64)

0.006

Non-TLR*

1.18 (0.90–1.55)

0.18

disease, for whom CABG remains the standard of
care (11,12).
Although there is a general perception that restenosis requiring TLR is benign, observational studies

MI or stent thrombosis*†

3.26 (2.27–4.68)

<0.0001

Age (per 1 yr)

1.08 (1.07–1.08)

<0.0001

Diabetes

1.50 (1.39–1.61)

<0.0001

Male

1.20 (1.12–1.29)

<0.0001

Previous coronary artery
bypass grafting

1.36 (1.19–1.56)

<0.0001

Previous MI

1.33 (1.23–1.44)

<0.0001

revascularization had signiﬁcantly higher rates of

Previous percutaneous coronary
intervention

0.91 (0.79–1.06)

0.24

major adverse cardiovascular events (MACE) (death,

Initial presentation with MI

1.40 (1.12–1.75)

0.003

have noted that restenosis may present with an acute
coronary syndrome in up to 40% of cases (4) and may
be associated with increased long-term mortality (13).
In the SYNTAX (Synergy between PCI with Taxus and
Cardiac Surgery) trial, patients who underwent repeat

MI, or stroke) compared with those not undergoing
repeat revascularization (14). After adjustment for

All revascularization procedures were nonemergent and uncomplicated. *During
follow-up; included as time-dependent covariates. †Occurring after the index procedure.
Abbreviations as in Tables 1 and 3.

possible

confounders,

repeat

revascularization

remained an independent predictor of MACE after
both initial PCI and initial CABG.

899

900
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Unique aspects of our study are the large sample

have arisen from recurrent restenosis at the TLR site.

size (drawn from 21 randomized controlled trials with

It is also possible that TLR is a marker of progressive

careful adjudication of events); the focus on mortality

atherosclerosis in non–stent-treated coronary seg-

as the principal endpoint; the appraisal of repeat

ments; however, the relationship between TLR and

revascularization as a time-dependent variable; and

mortality remained signiﬁcant even after excluding

analysis stratiﬁed by the type of repeat revasculari-

all patients with MI from the multivariable analysis,

zation including TLR, non-TLR TVR, non-TVR, and

suggesting that other mechanisms may be responsible

non-TLR. Moreover, we excluded patients with MI

for this association.

immediately before or after the procedure, thus

Of

note,

in

the

principal

analysis

dataset

investigating the implications of nonemergent, un-

(n ¼ 32,524), the adjusted HR of non-TLR TVR for

complicated

than

subsequent mortality was similar to that of TLR (both

32,500 patients included, we observed a signiﬁcant

1.23), although its wider conﬁdence interval pre-

association between nonemergent, uncomplicated

cluded

TLR and mortality. The relationship between TLR and

restricted dataset in which non-TVR could also be

death held even after excluding patients presenting

assessed (n ¼ 20,041), the adjusted HR relating

with MI within 1 month before TVR, after excluding

non-TLR TVR to subsequent mortality was somewhat

patients in whom TLR was performed in a vein graft,

greater (1.46), and the association reached borderline

and after adjusting for multiple potential con-

statistical signiﬁcance (p ¼ 0.048). Thus, both TLR

founders

and non-TLR TVR procedures (i.e., TVR) may be

revascularization.

including

follow-up

With

MI

more

and

stent

reaching

statistical

signiﬁcance.

In

the

associated with subsequent mortality. In contrast,

thrombosis.
Our ﬁndings are consistent with previous studies

non-TVR procedures were not associated with sub-

reporting high rates of recurrent ischemic events in

sequent death, although the upper bound of the 95%

patients undergoing TLR (15). Speciﬁcally, 1-year

CI of the point estimate of 1.33 precludes ruling out

mortality, MI, and MACE rates after TLR have been

the possibility of a modest relationship here as well.

as high as 7%, 4%, and 20%, respectively, depending

Thus, the major implication of our study is that

on the study and the device used to treat restenosis

new therapies that limit restenosis as well as pro-

(1). Even with second-generation DES, ischemic

gressive atherosclerosis may reduce MI and improve

event rates after TLR are substantial. Speciﬁcally, in

survival in patients with coronary artery disease

a pooled analysis from the RIBS (Restenosis Intra-

undergoing PCI.

stent: Balloon Angioplasty Versus Elective Stenting)
IV and V randomized trials, the 1-year rates of mor-

STUDY LIMITATIONS. Several imbalances in baseline

tality, MI, and MACE in 249 patients with in-stent

clinical characteristics were apparent between pa-

restenosis treated with everolimus-eluting stents

tients undergoing TLR

were 2.6%, 1.0%, and 10.0%, respectively (16). In the

Moreover, several angiographic and procedural vari-

RIBS V trial, in which 189 patients were randomized

ables such as small vessels, long lesions, and over-

to either drug-coated balloons or everolimus-eluting

lapping stents were not systematically collected in

stents after BMS restenosis, overall 3-year rates of

the 21 randomized trials, and therefore multivariable

mortality, MI, and MACE were 4.5%, 4.5%, and

analysis could not account for these potential un-

11.1%, respectively (17).

measured confounders. Similarly, data on access site,

versus

control patients.

Multiple stents, especially when layered to treat

staged procedures. left ventricular function, and

in-stent restenosis, carry an increased risk of stent

medication adherence were not available. As such our

thrombosis, recurrent restenosis, and MI (18), and

analysis can only note associations and not prove

necessitate prolonged dual antiplatelet therapy,

causality. Large-scale randomized trials are required

which has been associated with bleeding and late

to conﬁrm this hypothesis.

mortality (5,6). In our study, the increased risk of

Other limitations should be acknowledged. Most of

mortality in patients who underwent nonemergent,

the included studies did not mandate routine angio-

uncomplicated TLR compared with those not under-

graphic follow-up; therefore, we could not determine

going TVR was in part related to greater subsequent

the impact of restenosis itself on the risk of mortality,

rates

The

nor we could determine whether there was a corre-

increased rate of MI in patients with TLR accrued over

lation between the severity of restenosis and mor-

time with no evidence of plateau, in agreement with

tality. Deﬁnitions of MI were slightly different across

previous studies (19). As the database only enabled

trials, potentially introducing imprecision. Whether

analysis of the ﬁrst occurrence of TLR, late MIs may

the late MIs occurred in the target vessel or a

of

nonperiprocedural

MI

after

TLR.
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non-target vessel is unknown. Data on bleeding and

atherosclerosis progression) may improve the prog-

kidney function were not available, and therefore we

nosis of patients with coronary artery disease

could not determine whether bleeding or renal com-

undergoing PCI.

plications may underlie the relationship between TLR
and mortality (5). Procedural details of TLR were not

ADDRESS FOR CORRESPONDENCE: Dr. Gregg W.

collected, and therefore it remains undetermined

Stone, Columbia University Medical Center, Cardio-

whether clinical outcomes may vary depending on

vascular Research Foundation, 1700 Broadway, 8th

the device used to treat restenosis. Detailed angio-

Floor, New York, New York 10019. E-mail: gs2184@

graphic follow-up data were also not available (e.g.,

columbia.edu.

to determine the extent of progressive atherosclerosis
and plaque ruptures). Finally, the case narratives

PERSPECTIVES

from all studies were not available, and thus determining the relative event timing when MI and TLR

WHAT IS KNOWN? The clinical impact of TLR on mortality

occurred on the same day was not possible. The

alone is not fully understood, and has not been examined in

relationship between TLR and subsequent mortality

large-scale studies.

may have been even stronger had we included sameday periprocedural MIs occurring as a consequence of

WHAT IS NEW? The present study is the ﬁrst to demonstrate

repeat revascularization procedures.

that nonemergent uncomplicated TLR per se is an independent
predictor of all-cause mortality. The association between TLR
and mortality was in part related to the higher risk of late MI

CONCLUSIONS

after TLR, and may also be related to other factors such as the

In the present analysis of 21 randomized trials and

cumulative effects of contrast, bleeding, or other procedural

32,524 patients, nonemergent, uncomplicated TLR

risks.

was associated with increased mortality during median follow-up of 1,095 days compared with patients
not

requiring

repeat

revascularization.

Further

studies are required to determine the mechanisms
underlying this observation, and whether new ther-

WHAT IS NEXT? These ﬁndings suggest that TLR is not a
benign event, and that efforts aimed at reducing restenosis and
TLR after PCI may translate into reduced rates of MI and
improved patient survival.

apies to prevent restenosis (in addition to limiting
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