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ABSTRACT
Patients with non–ST-segment elevation acute coronary syndromes (NSTE ACS) are sometimes treated
with medical management alone rather than an invasive strategy. Among those medically managed
without revascularization and discharged, a proportion will require revascularization later on, but little is

CR
IP
T

known about this population. In TRILOGY ACS, 9326 patients with NSTE ACS who were selected for
medical management alone were randomized to treatment with prasugrel or clopidogrel and discharged
without revascularization. Patient characteristics and ischemic and bleeding outcomes through 30 months
were compared between patients who underwent downstream revascularization after the index

AN
US

hospitalization and those who did not. A total of 662 patients (7.1%) underwent later revascularization by
percutaneous coronary intervention (73.1%), coronary artery bypass graft surgery (26.4%), or both
(0.5%). Median time to revascularization was 121 days (25th, 75th percentiles: 41, 326). Revascularized
patients were younger, more likely to be male, and had higher rates of hyperlipidemia, diabetes mellitus,

M

prior myocardial infarction (MI), and prior revascularization compared with those not revascularized.
Europe and North America had the highest rates of revascularization. During the follow-up period, those

ED

who underwent revascularization had a higher rate of the composite outcome of cardiovascular death, MI,
or stroke occurring after revascularization compared with those not revascularized (hazard ratio [HR] 2.73

PT

[95% confidence interval (CI) 2.21-3.38], p<0.001) as well as a higher rate of each of the individual
outcomes. Major bleeding was also higher among those who underwent revascularization (GUSTO severe

CE

or life-threatening: HR 2.61 [95% CI 1.02-6.67], p=0.045; TIMI major: HR 2.24 [95% CI 1.12-4.48],
p=0.022). There was no evidence that bleeding and ischemic outcomes varied by treatment with

AC

clopidogrel versus prasugrel. In conclusion, among patients initially medically managed after NSTE ACS,
a small proportion later require revascularization and have a high rate of ischemic and major bleeding
outcomes compared with those not requiring downstream revascularization.
Key words: acute coronary syndrome; dual antiplatelet therapy; revascularization
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INTRODUCTION
Up to one-third of patients with non–ST-segment elevation acute coronary syndromes (NSTE ACS) are
managed medically.1 Very little is known, however, about patients who are initially medically managed,
discharged, and subsequently require revascularization. A substudy of the PLATO trial that examined

CR
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T

patients planned for non-invasive management found that patients receiving ticagrelor and clopidogrel
had similar rates of downstream percutaneous coronary intervention (PCI) (ticagrelor 28.4% vs.

clopidogrel 29.7%). Furthermore, the incidence of the composite outcome of cardiovascular death,

myocardial infarction (MI), and stroke was lower with ticagrelor than with clopidogrel (12.0% vs. 14.3%,

AN
US

p=0.04).2 TRILOGY ACS was a prospective randomized trial that evaluated the use of either clopidogrel
or prasugrel for patients with NSTE ACS who were treated with medical management alone and did not
undergo revascularization during the index hospitalization. The study showed no difference in the primary
outcome of cardiovascular death, MI, or stroke up to a median of 17 months after the initial ACS event

M

with either therapy.3 Among patients medically managed for NSTE ACS with either prasugrel or
clopidogrel and discharged without revascularization during the enrollment hospitalization, we sought to

ED

describe differences in clinical characteristics and outcomes between those who received downstream

METHODS

PT

revascularization with either PCI or CABG compared with those who did not.

CE

This descriptive post-hoc analysis utilized data collected as part of the TRILOGY ACS study.
TRILOGY ACS was a randomized, double-blind trial conducted at >800 sites worldwide and included

AC

9326 patients. The study design has been described previously.4 Briefly, patients presenting with NSTE
ACS were eligible if they were selected for a treatment strategy of medical management alone without
revascularization. Participants were randomly assigned to receive either prasugrel or clopidogrel in
addition to aspirin. None of the patients underwent revascularization during the enrollment
hospitalization. The primary ischemic end point was a composite of cardiovascular death, nonfatal MI, or
nonfatal stroke at 30 months. Bleeding outcomes included bleeding defined by the Global Use of
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Strategies to Open Occluded Coronary Arteries (GUSTO) not related to CABG and Thrombolysis In
Myocardial Infarction (TIMI) criteria not related to CABG. The current study analyzed the subset of
patients who underwent revascularization after the index hospitalization (n=662) as well as those who
never underwent revascularization during the follow-up period (n=8664).
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Two analyses examining ischemic and bleeding outcomes by post-index revascularization status
were performed. The first was descriptive and reported the occurrence of outcomes in patients who

underwent revascularization and those who never underwent revascularization; and among those who did
undergo revascularization, we also reported the number of outcomes occurring on/before versus after the

AN
US

revascularization. In order to examine the association between revascularization status and outcomes,
survival analysis was performed using a Cox proportional hazards regression model with a timedependent binary indicator for the occurrence of post-index revascularization. Specifically, the timedependent indicator turns from 0 to 1 at the time of the revascularization and remains 1 for the duration of

M

the patient’s follow-up. As such, only first events occurring after revascularization were attributed to the
revascularization group. For example, if a patient’s first MI occurred after revascularization, the MI event

ED

would be included in the revascularization group. On the other hand, if a patient’s first MI occurred
before revascularization, the MI event would not be included in the revascularization group. Thus, this

PT

analysis examined the event risk after revascularization in those who had not yet experienced the event
and were therefore still at risk for the event. The Kaplan-Meier method was used to provide a visual

CE

description of the relationship between post-index revascularization and the primary trial end point. For
the no revascularization group, the Kaplan-Meier curve starts at the time of randomization. For the

AC

revascularization group, the curve starts at the time of revascularization, which is the risk period of
interest.

All statistical tests were conducted at the nominal 0.05 significance level. Statistical analyses

were performed with SAS version 9.2 or higher (SAS Institute Inc, Cary, NC).
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RESULTS
Of 9326 patients, 662 (7.1%) received downstream revascularization (Table 1). The baseline
characteristics of the revascularization and no revascularization groups are shown in Table 2. Among
those who underwent revascularization, 484 (73.1%) patients received PCI, 175 (26.4%) received CABG,
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and 3 (0.5%) received both (Table 1). The distribution of time to revascularization is shown in Figure 1.
Patients who later underwent revascularization (Table 2) were more likely to be male, younger,
and have higher rates of hyperlipidemia, diabetes mellitus, tobacco use, prior MI, and prior

revascularization compared with those not revascularized. The index event leading to inclusion into the

AN
US

trial was more likely non–ST-segment elevation MI for those in revascularization group as compared to
the no revascularization group (77.2% vs. 69.4%; p<0.001). Among the geographic regions, Europe and
North America had the highest rates of downstream revascularization.

Approximately 40% of the total population (n=3851) had baseline angiography performed during

M

the index event prior to randomization. The revascularization group had more extensive coronary artery
disease, including 2-vessel (29.4% vs. 21.5%; p<0.001) and 3-vessel (32.3% vs. 21.6%; p<0.001) disease

ED

compared with the no revascularization group.

The rates of ischemic and bleeding end points relative to the revascularization status and

PT

treatment arm are shown in Table 3. The revascularization group had a higher rate of the composite
ischemic end point of cardiovascular death, nonfatal MI, or nonfatal stroke compared with the no

CE

revascularization group (41.1% vs. 11.5%). In the revascularization group, the composite ischemic end
point occurred on or before revascularization in 65.4% of patients and after revascularization in 34.6%.

AC

The difference in the composite end point was predominantly due to a higher rate of MI in the
revascularization group (40.0% vs. 10.7%), while the rates of cardiovascular death, all-cause death, and
stroke were similar between the 2 groups. Of those who had an MI, 66.8% of the MIs occurred on or
before revascularization. The revascularization group had a higher rate of GUSTO severe, lifethreatening, or moderate bleeding compared to the no revascularization group (2.9% vs. 1.6%). In the
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revascularization group, >60% of the bleeding events occurred after revascularization. The differences in
ischemic and bleeding outcomes by revascularization status did not vary by treatment arm.
In order to better assess the association of revascularization with ischemic and bleeding
outcomes, analysis was performed to compare outcomes occurring only after revascularization (Table 4).
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T

During the 30-month follow-up period, the revascularization group had a higher rate of the composite
ischemic end point compared with the no revascularization group (hazard ratio [HR] 2.73 [95%
confidence interval (CI) 2.21-3.38], p<0.001). The revascularization group had a higher rate of

myocardial infarction (HR 2.70 [2.17-3.37], p<0.001), all-cause death (HR 1.71 [1.31-2.23], p<0.001),

AN
US

cardiovascular death (HR 1.64 [1.21-2.23], p=0.001), and nonfatal stroke (HR 2.00 [1.07-3.75], p=0.030)
compared with the no revascularization group. A Kaplan-Meier curve for the primary composite ischemic
end point during the follow-up period is shown in Figure 2.

The revascularization group also had a higher rate of bleeding events according to the GUSTO

M

criteria for severe or life-threatening bleeding (HR 2.61 [95% CI 1.02-6.67], p=0.045) and severe, lifethreatening, or moderate bleeding (HR 2.42 [1.39-4.23], p=0.002) as well as bleeding according to TIMI

ED

major (HR 2.24 [1.12-4.48], p=0.022) and TIMI major or minor bleeding criteria (HR 2.03 [1.15-3.60],
p=0.015) compared with the no revascularization group (Table 4). The differences in ischemic and

CE

DISCUSSION

PT

bleeding outcomes by revascularization status did not vary by treatment arm.

In the TRILOGY ACS trial, a small subset of patients medically managed for NSTE ACS later

AC

required downstream revascularization. The revascularization group differed in baseline characteristics
compared with the no revascularization group and had higher rates of ischemic and major bleeding
events. This study highlights the need to better identify this vulnerable population and to determine the
optimal management strategy.
Among patients medically managed for NSTE ACS, the rate of downstream revascularization
over time is unclear. In a meta-analysis of randomized trials including FRISC II and RITA 3 comparing
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routine versus selective invasive strategies in patients with NSTE ACS, 24% of patients in the selective
invasive group underwent revascularization after hospital discharge by the end of 1 year and 30.2% by the
end of 3 years.5 In a separate meta-analysis of randomized trials comparing early invasive versus
conservative treatment in patients with NSTE ACS, 17.7% of patients in the conservative group

CR
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underwent revascularization within 12 months after hospital discharge.6 The rate of revascularization of
7.1% over 30 months in this study is substantially lower than rates reported from prior studies. The rate
observed in this study may not mimic those in practice, as they are lower than expected; yet, the event
rate is high, suggesting that we may find better approaches to manage these patients.

AN
US

This study demonstrates that the revascularization group is at significantly higher risk for
ischemic and bleeding events compared to the no revascularization group. The higher rate of the

composite ischemic outcome in the revascularization group was primarily due to the difference in rates of
MI when ischemic events were measured, regardless of its timing relative to revascularization. However,

M

a large proportion of the ischemic outcomes, particularly MI, occurred before or at the time of
revascularization. When first-onset ischemic events occurring only after revascularization were examined,

ED

the hazard rate of the composite ischemic end point as well as each of its individual components was
significantly higher in the revascularization group compared to the no revascularization group. In the

PT

RITA 3 trial, the interventional strategy reduced the odds of MI or death by 56%, with the most marked
reduction seen in high-risk patients.7 It is plausible that the revascularization group would have benefited

CE

from revascularization during the index event, rather than later on. Further research to characterize this
poorly studied subgroup is needed to identify patients for whom invasive management should be strongly

AC

considered despite factors that may compel physicians to opt for a conservative approach.
Angiographic data suggest greater coronary artery disease burden in the revascularization group,

predisposing them to ischemic symptoms and events. Among the 40% of patients with coronary
angiography prior to randomization, the revascularization group had significantly higher rates of 2- or 3vessel coronary artery disease. However, patient characteristics and outcomes differed between those who
did and did not receive angiography;8 therefore, these angiographic findings cannot be generalized to
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those without angiography. Among patients who had at least 1 lesion with >50% stenosis, the reason for
not pursuing revascularization in 66% of the cases was coronary anatomy judged to be unsuitable for
PCI.8
The rates of both minor and major bleeding events were greater in the revascularization group

CR
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T

compared with the no revascularization group. The timing of these bleeding events suggests that they
likely occurred in the setting of anticoagulation for ACS and procedure-related bleeding.

In each of the comparisons of ischemic and bleeding outcomes, there were no differences in
outcomes by treatment with clopidogrel versus prasugrel, both within and between the revascularization

AN
US

and no revascularization groups.

Several limitations to this study should be noted. This is a secondary analysis and is limited by
the biases of a non-randomized design. Additionally, the analysis comparing clopidogrel versus prasugrel
by revascularization status was not powered to assess safety and efficacy; therefore, the results should be

M

interpreted with caution and should be considered exploratory in nature. Finally, information on the
indication for revascularization was not collected, which may have provided additional insights into the

ED

worse outcomes seen in the revascularization group.

In conclusion, among patients initially medically managed after NSTE ACS, a small proportion

PT

later require revascularization and have higher rates of ischemic and bleeding outcomes compared with
those not revascularized. No differences in ischemic or bleeding outcomes were seen when stratified by

CE

treatment with either prasugrel or clopidogrel. Further studies are needed to better identify this vulnerable

AC

population and to determine the optimal management strategy.
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Figure Legends
Figure 1. Distribution of Time to First Revascularization by Treatment Arm
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Figure 2. Cumulative Kaplan-Meier Estimates of the Composite Ischemic End Points

Table 1. Frequency and Characterization of Revascularization in Overall and by Treatment Arm
Variable

Total Population

Prasugrel

Clopidogrel

(n=9326)

(n=4663)

(n=4663)

662 (7.1%)

342 (7.3%)

320 (6.9%)

At least 1
Never

AN
US

Underwent revascularization

8664 (92.9%)

4321 (92.7%)

4343 (93.1%)

484 (73.1%)

245 (71.6%)

239 (74.7%)

175 (26.4%)

96 (28.1%)

79 (24.7%)

3 (0.5%)

1 (0.3%)

2 (0.6%)

120.5 (41.0, 326.0)

104.5 (40.0, 307.0)

139.5 (42.0, 357.0)

289 (43.7%)

148 (43.3%)

141 (44.1%)

373 (56.3%)

194 (56.7%)

179 (55.9%)

Percutaneous coronary
intervention
Coronary artery bypass grafting
Both percutaneous coronary
intervention and coronary artery

ED

bypass grafting

M

Type of first revascularization

Time to first revascularization,

PT

median (25th, 75th percentile) (days)
Had event after revascularization*

CE

At least 1
Never

AC

Data presented as no. (%), unless otherwise indicated.
*Events considered in this analysis: composite of cardiovascular death/myocardial infarction/stroke;
cardiovascular death; all-cause death; myocardial infarction; stroke; GUSTO severe/life-threatening
bleed; GUSTO severe/life-threatening/moderate bleed; TIMI major bleed; and TIMI major/minor bleed
(all bleeding endpoints are non-CABG bleeds).

Table 2. Baseline Characteristics
Variable

Revascularization

P-Value
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No

(n=662)

(n=8664)

64.0 (58.0, 72.0)

66.0 (59.0, 74.0)

0.008

541 (81.7%)

6702 (77.4%)

0.009

213 (32.2%)

3437 (39.7%)

< 0.001

80.0 (70.0, 90.0)

75.0 (64.4, 86.0)

< 0.001

55 (8.3%)

1346 (15.5%)

151 (22.8%)

2655 (30.6%)

511 (77.2%)

6009 (69.4%)

87 (13.1%)

1048 (12.1%)

th

Age (median 25 , 75 percentile) (years)
Age <70 years
Women
th

th

Weight (median, 25 , 75 percentile)
(kilograms)
Weight <60 kilograms
Unstable angina pectoris
Non-ST-segment elevation myocardial
infarction

AN
US

Killip class II–IV

CR
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th

Yes

Geographic region
Central/Eastern Europe

< 0.001

0.433

< 0.001

236 (35.6%)

2854 (32.9%)

37 (5.6%)

715 (8.3%)

31 (4.7%)

1110 (12.8%)

Latin America

78 (11.8%)

1198 (13.8%)

Mediterranean Basin

40 (6.0%)

618 (7.1%)

126 (19.0%)

1145 (13.2%)

104 (15.7%)

890 (10.3%)

10 (1.5%)

134 (1.5%)

224 (38.1%)

2294 (29.8%)

< 0.001

History of hypertension*

560 (84.7%)

7065 (81.8%)

0.056

History of hyperlipidemia*

453 (71.2%)

4794 (58.2%)

< 0.001

Diabetes mellitus

282 (42.7%)

3257 (37.7%)

0.011

Current or recent smoking

157 (24.0%)

1687 (19.7%)

0.008

Angiography for index event

262 (39.6%)

3589 (41.4%)

0.351

East Asia

M

Indian Subcontinent

North America

ED

Western Europe/Scandinavia
Rest of world

AC

CE

PT

Family history of coronary artery disease

Extent of stenosis

< 0.001

Non-obstructive coronary artery disease

23 (9.0%)

566 (16.4%)

1-vessel ≥50%

75 (29.4%)

1396 (40.5%)

2-vessel ≥50%

75 (29.4%)

743 (21.5%)

82 (32.2%)

746 (21.6%)

75.9 (57.8, 96.7)

72.5 (53.7, 96.1)

3-vessel ≥50%
th

Creatinine clearance (median, 25 , 75

th

percentile) (milliliter per minute)

0.018
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Revascularization

Variable
th

th

GRACE risk score (median, 25 , 75

Yes

No

(n=662)

(n=8664)

P-Value

122.0 (105.0, 139.0)

0.116
0.035

118.0 (104.0,

percentile)

138.0)
310 (47.0%)

3677 (42.8%)

Prior percutaneous coronary intervention

240 (36.5%)

2185 (25.4%)

< 0.001

Prior coronary artery bypass grafting

240 (36.5%)

2185 (25.4%)

< 0.001

Prior heart failure

124 (18.8%)

1505 (17.5%)

0.399

34 (5.3%)

440 (5.2%)

0.956

Prior atrial fibrillation

CR
IP
T

Prior myocardial infarction

Medications

AN
US

Clopidogrel strata
No use prior to index event

0.353

30 (4.5%)

368 (4.2%)

Used for index event

446 (67.4%)

6067 (70.0%)

Used prior to index event

186 (28.1%)

2228 (25.7%)

548 (82.8%)

6703 (77.4%)

0.001

515 (77.8%)

6512 (75.2%)

0.130

576 (87.0%)

7200 (83.1%)

0.009

191 (28.9%)

2153 (24.8%)

0.022

Beta-blocker

inhibitor/angiotensin receptor blocker
Statin

ED

Proton-pump inhibitor

M

Angiotensin-converting enzyme

Aspirin dose (milligrams per day)

100–250

196 (32.5%)

2786 (35.0%)

350 (57.9%)

4567 (57.3%)

58 (9.6%)

615 (7.7%)

CE

>250

PT

<100

0.165

AC

Data presented as no. (%), unless otherwise indicated.
*Refer to TRILOGY ACS results for definitions.4

Table 3. First Ischemic and Bleeding Events by Revascularization Status, Timing of Event Relative to
Revascularization, and Treatment Arm
Revascularization

No Revascularization

Overall Prasugrel Clopidogrel Overall Prasugrel Clopidogrel
n=662
Ischemic Endpoints

n=342

n=320

n=8664

n=4321

n=4343

ACCEPTED MANUSCRIPT
15
Revascularization

No Revascularization

Overall Prasugrel Clopidogrel Overall Prasugrel Clopidogrel

On or before
revascularization

139

(41.1%)

(40.6%)

178

92

(26.9%)

(26.9%)

94

47

(14.2%)

(13.7%)

After
revascularization
Cardiovascular death

49
(7.4%)

On or before
revascularization

3
(0.5%)

After

46

revascularization
All-cause death

(6.9%)
63
(9.5%)

On or before
revascularization

3
(0.5%)
60

Myocardial
infarction
On or before

After

AC

revascularization
Stroke

On or before

revascularization
After
revascularization

589

33 (10.3%)

2 (0.6%)

28 (8.2%)

(26.7%)

(26.9%)

88

45

(13.3%)

(13.2%)

(1.7%)

---

30 (8.8%)

92

11

47 (14.7%)

26 (8.1%)

177

(0.6%)

---

20 (5.8%)

(40.1%)

4

---

---

(40.0%)

(2.3%)

86 (26.9%)

1 (0.3%)

137

15

(11.2%)

2 (0.6%)

265

CE

revascularization

(9.0%)

(11.5%)

27 (8.4%)

PT

revascularization

482

22 (6.4%)

ED

After

997

133 (41.6%)

(6.8%)

515 (11.9%)

---

CR
IP
T

infarction/stroke

272

---

286

(6.6%)

---

303 (7.0%)

---

---

---

---

---

731

355

(8.4%)

(8.2%)

1 (0.3%)

---

---

---

32 (10.0%)

---

---

---

924

446

(10.7%)

(10.3%)

85 (26.6%)

---

---

---

43 (13.4%)

---

---

---

56 (1.3%)

60 (1.4%)

AN
US

death/myocardial

M

Cardiovascular

128 (40.0%)

116

376 (8.7%)

478 (11.0%)

6 (1.8%)

9 (2.8%)

2 (0.6%)

2 (0.6%)

---

---

---

4 (1.2%)

7 (2.2%)

---

---

---

(1.3%)
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Revascularization

No Revascularization

Overall Prasugrel Clopidogrel Overall Prasugrel Clopidogrel
Bleeding
Endpoints*

On or before

0

revascularization

(0.0%)

After

5

revascularization

(0.8%)

GUSTO severe/life-

19

threatening/moderate

(2.9%)

On or before
revascularization

5
(0.8%)

After

14

TIMI major

(2.1%)
11
(1.7%)

On or before
revascularization

2
(0.3%)

After

9

TIMI major/minor

revascularization

AC

After

(1.4%)
21

(3.2%)

CE

On or before

revascularization

0 (0.0%)

---

2 (0.6%)

3 (0.9%)

---

9 (2.6%)

10 (3.1%)

2 (0.6%)

7 (2.0%)

6 (1.8%)

1 (0.3%)

5 (1.5%)

PT

revascularization

0 (0.0%)

ED

revascularization

3 (0.9%)

8

(1.2%)
13

(2.0%)

(0.5%)

139
(1.6%)

20 (0.5%)

24 (0.6%)

CR
IP
T

(0.8%)

44

2 (0.6%)

---

---

---

---

80 (1.9%)

59 (1.4%)

AN
US

threatening

5

3 (0.9%)

---

---

---

7 (2.2%)

---

---

---

52 (1.2%)

43 (1.0%)

5 (1.6%)

M

GUSTO severe/life-

95

(1.1%)

1 (0.3%)

---

---

---

4 (1.3%)

---

---

---

85 (2.0%)

68 (1.6%)

153

12 (3.5%)

9 (2.8%)

4 (1.25%)

4 (1.3%)

---

---

---

8 (2.3%)

5 (1.6%)

---

---

---

(1.8%)

* All bleeding endpoints were prespecified as non-CABG related.
Data presented as no. (%).
GUSTO, Global Use of Strategies to Open Occluded Coronary Arteries; TIMI, Thrombolysis In
Myocardial Infarction.

Table 4. Association Between the Occurrence of a Post-Index Revascularization and Outcomes
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Overall Hazard Ratio
(95% Confidence Interval)

Overall
P-Value

Interaction with Treatment
Arm P-Value

Cardiovascular death/myocardial
infarction/stroke

2.73 (2.21-3.38)

<0.001

0.945

Cardiovascular death

1.64 (1.21-2.23)

0.001

0.258

All-cause death

1.71 (1.31-2.23)

<0.001

0.397

Myocardial infarction

2.70 (2.17-3.37)

<0.001

0.891

Stroke

2.00 (1.07-3.75)

0.030

0.318

GUSTO severe/life-threatening

2.61 (1.02-6.67)

0.045

0.625

GUSTO severe/life-threatening/moderate

2.42 (1.39-4.23)

0.002

0.340

2.24 (1.12-4.48)

0.022

0.771

2.03 (1.15-3.60)

0.015

0.976

CR
IP
T

Ischemic Endpoints

AN
US

Bleeding Endpoints

TIMI major
TIMI major/minor

AC

CE

PT

ED

M

GUSTO, Global Use of Strategies to Open Occluded Coronary Arteries; TIMI, Thrombolysis In
Myocardial Infarction

