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LTHOUGH AN INVASIVE STRAT-

egy is frequently used in pa-

tients with unstable angina

and non-ST-segment eleva-
tion myocardial infarction (NSTEMI),
data from some trials suggest that this
strategy may not benefit women. De-
spite an overall benefit for patients ran-
domized to an invasive strategy in the
FRISC II (Fragmin and Fast Revascu-
larisation During Instability in Coro-
nary Artery Disease) and the RITA 3
(Randomized Intervention Trial of Un-
stable Angina) trials,'” subgroup analy-
ses from these studies showed that an
invasive strategy may be associated with
a higher risk of death or MI in wom-

See also Patient Page.

Context Although an invasive strategy is frequently used in patients with non-ST-
segment elevation acute coronary syndromes (NSTE ACS), data from some trials sug-
gest that this strategy may not benefit women.

Objective To conduct a meta-analysis of randomized trials to compare the effects
of an invasive vs conservative strategy in women and men with NSTE ACS.

Data Sources Trials were identified through a computerized literature search of the
MEDLINE and Cochrane databases (1970-April 2008) using the search terms invasive
strategy, conservative strategy, selective invasive strategy, acute coronary syn-
dromes, non-ST-elevation myocardial infarction, and unstable angina.

Study Selection Randomized clinical trials comparing an invasive vs conservative
treatment strategy in patients with NSTE ACS.

Data Extraction The principal investigators for each trial provided the sex-specific
incidences of death, myocardial infarction (MI), and rehospitalization with ACS through
12 months of follow-up.

Data Synthesis Data were combined across 8 trials (3075 women and 7075 men).
The odds ratio (OR) for the composite of death, MI, or ACS for invasive vs conservative
strategy in women was 0.81 (95% confidence interval [Cl], 0.65-1.01; 21.1% vs 25.0%)
and in men was 0.73 (95% Cl, 0.55-0.98; 21.2 % vs 26.3 %) without significant hetero-
geneity between sexes (P for interaction=.26). Among biomarker-positive women, an
invasive strategy was associated with a 33 % lower odds of death, MI, or ACS (OR, 0.67;
95% Cl, 0.50-0.88) and a nonsignificant 23 % lower odds of death or MI (OR, 0.77; 95%
Cl, 0.47-1.25). In contrast, an invasive strategy was not associated with a significant re-
duction in the triple composite end point in biomarker-negative women (OR, 0.94; 95%
Cl,0.61-1.44; P for interaction=.36) and was associated with a nonsignificant 35% higher
odds of death or MI (OR, 1.35; 95% Cl, 0.78-2.35; P for interaction=.08). Among men,
the OR for death, MI, or ACS was 0.56 (95% Cl, 0.46-0.67) if biomarker-positive and
0.72 (95% Cl, 0.51-1.01) if biomarker-negative (P for interaction=.09).

Conclusions In NSTE ACS, an invasive strategy has a comparable benefit in men
and high-risk women for reducing the composite end point of death, MI, or rehospi-
talization with ACS. In contrast, our data provide evidence supporting the new guide-
line recommendation for a conservative strategy in low-risk women.
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en.*? In contrast, an early invasive strat-
egy was associated with improved out-
comes in both men and women in the
TACTICS-TIMI 18 (Treat angina with
Aggrastat and determine Cost of
Therapy with an Invasive or Conser-
vative Strategy—Thrombolysis in Myo-
cardial Infarction 18) trial,® with par-
ticular benefit observed in high-risk
women identified by an elevated se-
rum troponin. Thus, the benefit of an
invasive strategy in women remains un-
clear. However, individual trials have
not been large enough to explore out-
comes reliably within subgroups. For
this reason, we conducted a collabora-
tive meta-analysis of randomized trials
to examine the benefits and risks of an
invasive strategy in women vs in men
with non-ST-segment elevation acute
coronary syndromes (NSTE ACS).

METHODS
Data Sources

A computerized literature search was
conducted from 1970 through April
2008 of the MEDLINE and Cochrane
databases by using search terms that
included invasive strategy, conservative
strategy, selective invasive strategy,
acute coronary syndromes, non-ST-
elevation myocardial infarction, and
unstable angina. No other search
restrictions were applied. In addition,
we contacted experts in the field and
hand-reviewed abstracts from major
cardiology meetings.

Study Selection Criteria

Trials considered for inclusion were
those that enrolled individuals with a
diagnosis of NSTE ACS (unstable an-
gina or NSTEMI) and randomized pa-
tients to either an invasive or conser-
vative treatment strategy. An invasive
strategy was defined as the referral of
all patients with NSTE ACS for coro-
nary angiography followed by revascu-
larization if deemed appropriate. A con-
servative treatment strategy was defined
as a primary strategy of pharmacologi-
cal management and subsequent coro-
nary angiography reserved only for
those patients with recurrent symp-
toms of unprovoked ischemia or ob-
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jective evidence of inducible ischemia
on noninvasive testing.

Trials were excluded from partici-
pation if they primarily enrolled
patients with stable angina or acute
ST-segment elevation myocardial
infarction (STEMI). Trials were
excluded if data were not previously
peer-reviewed, fibrinolytic therapy
was to be administered in all patients,
inadequate randomization was per-
formed, coronary angiography was
required before patient enrollment, or
reliable sex-specific outcome data
were unavailable.

End Points and Data Extraction

The principal investigators (W.E.B.,
EB.,, CP.C,RJ W, KAAF.,PAM,
R.S., LW.) for each participating trial
provided the sex-specific incidence of
death, nonfatal MI, and rehospitaliza-
tion with ACS, and the composites of
these end points. Outcomes were col-
lected from (1) randomization to hos-
pital discharge, (2) hospital discharge
to the end of 12 months of follow-up,
and (3) randomization to the end of 12
months of follow-up. For the
TACTICS-TIMI 18 trial,” follow-up data
were available through 6 months of fol-
low-up. Outcomes were also substrati-
fied by the presence or absence of car-
diac biomarker elevation (creatine
kinase MB or troponin) and ST-
segment deviation on electrocardio-
gram. Patients without available bio-
marker or ST-segment deviation data
were excluded from the respective high-
risk subgroup analyses. Outcomes were
collected for patients in each treat-
ment group who ultimately under-
went percutaneous coronary interven-
tion or coronary artery bypass graft
(CABG) surgery.

For the purpose of the current meta-
analysis, nonfatal MI (both procedure-
related and non—procedure-related) and
rehospitalization with ACS were de-
fined as reported in each of the indi-
vidual trials. In addition, as per their
original manuscript, the investigators
from the ICTUS (Invasive vs Conser-
vative Treatment in Unstable Coro-
nary Syndromes) trial® provided inci-

dence rates for nonfatal MI by applying
the definitions of MI as used in the
TACTICS-TIMI 18 and FRISC 11
trials."”

For patients randomized to an inva-
sive strategy, data were collected on the
extent of coronary artery disease (CAD)
at the time of coronary angiography. A
diseased vessel was defined as a major
epicardial vessel or CABG with at least
50% stenosis. In the ICTUS trial,® data
were provided for at least 70% steno-
sis in a major epicardial vessel or CABG.

All of the collected data were veri-
fied by each of the participating inves-
tigators (W.E.B., EB., C.P.C., RJW,,
KAAF.,PAM., RS., LW.). Whenre-
quired, participating investigators per-
formed new analyses to generate tabu-
lar data from the original trials.

Statistical Analyses

A meta-analysis was performed of the
relative odds for each trial, both overall
and stratified by sex, and based on ran-
dom-effects models using the method by
Der Simonian and Laird.” Results are
presented as odds ratios (ORs), with
their 95% confidence intervals (CIs).
Event rates for each trial individually and
the pooled data are presented as fre-
quencies. Heterogeneity between sex and
between high-risk subgroups was as-
sessed by calculating the OR for the in-
teraction term between treatment strat-
egy and subgroup for each individual
trial, combining these ORs in random-
effects models, and calculating P val-
ues for the combined interaction effect.
For the biomarker analyses, the meta-
analysis was restricted to those 5 trials
that enrolled patients both with and
without biomarker elevation (TIMI I1IB
[Thrombolysis in Myocardial Infarc-
tion],' MATE [Medicine vs Angiogra-
phy in Thrombolytic Exclusion],!!
FRISCIL!' TACTICS-TIMI 18,7 RITA 3?)
to enable us to examine the relative
benefit of each strategy across these
subgroups.

With the available sample size and
event rates, our meta-analysis had
80% power to detect a 33% difference
in the relative odds of death, MI, or
rehospitalization with ACS in the

©2008 American Medical Association. All rights reserved.
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invasive vs conservative groups be-
tween men and women. Corrections
were not made for multiple hypoth-
esis testing given the exploratory na-
ture of the analyses. All statistical analy-
ses were performed by using Stata/SE
version 9.0 (StataCorp, College Sta-
tion, Texas). All tests were 2-sided, with
P <<.05 considered significant.

RESULTS

A total of 18 randomized clinical trials
were identified through literature
review (FIGURE 1).1%7810-23 Of these
trials, 10 trials were subsequently
excluded from participation because
fibrinolytic therapy was to be admin-
istered in all patients in 2 trials,'>7
coronary angiography was required
before enrollment in 4 trials,*!%1°
patients were enrolled with stable
angina in 1 trial,” patients were ran-
domized based on the day of the
week in 1 trial,'® patients were
referred in both treatment groups to
undergo coronary angiography
within 5 days of randomization in 1
trial,*? and 1 trial had not yet been
peer-reviewed and published.” A
total of 8 remaining trials were deter-
mined to be eligible and were invited
to collaborate (TABLE 1).'27:810.11.18.20
Of the 8 invited trials, all the princi-
pal investigators agreed to participate
in a collaborative meta-analysis and
contributed sex-specific outcome
data in tabular format.

Glycoprotein IIb/IIla inhibitors were
available for use in 4 of the 8 trials">7#®
and were required per-protocol in the
TACTICS-TIMI 18 trial.” In the ICTUS
trial,® all patients who underwent an in-
terventional procedure during the in-
dex hospitalization were to be admin-
istered a glycoprotein IIb/I1la inhibitor.
All patients in the VANQWISH (Vet-
erans Affairs Non-Q-Wave Infarction
Strategies in Hospital),'® VINO (Value
of First Day Angiography/Angioplasty
In Evolving Non-ST Segment Eleva-
tion Myocardial Infarction),?® and
ICTUS® trials required cardiac bio-
marker elevation to be eligible for trial
enrollment. In the FRISC II trial,! data

INVASIVE VS CONSERVATIVE TREATMENT IN UNSTABLE ANGINA AND NSTEMI

on rehospitalization with ACS were
available in patients enrolled in Den-
mark and Sweden, representing 97% of
the study population.

Baseline Characteristics

These trials enrolled a total of 10412
patients; sex-specific baseline charac-
teristics are displayed in TABLE 2.
Across all trials, the weighted mean age
of patients was 64.1 years in women and
61.3 years in men. Women were sig-
nificantly more likely to have baseline
comorbidities, including diabetes melli-
tus, hypertension, and hyperlipid-
emia. Men were significantly more

likely to be active smokers and have a
prior history of MI. The incidence of ST-
segment depression was similar in both
men and women; however, women
were significantly more likely to have
evidence of T-wave inversions on elec-
trocardiogram. Men were signifi-
cantly more likely than women to have
elevated cardiac biomarkers (creatine
kinase MB or troponin) at the time of
randomization.

The extent of CAD was compared in
men and women randomized to an in-
vasive strategy and who underwent
coronary angiography. Women were
more frequently found to have no sig-

-]
Figure 1. Selection of Randomized Clinical Trials for Inclusion in Meta-analysis

identified and screened for inclusion

18 Potentially relevant randomized clinical trials

10 Excluded

2 Fibrinolytic therapy was administered in all patients

4 Coronary angiography required before enrollment

1 Enrolled patients with stable angina

1 Randomized patient by day of week

1 Routine angiography was performed in both
treatment groups within 5 days of randomization

1 Trial not yet peer-reviewed and published

8 Randomized clinical trials eligible and
investigators invited to participate

!

participating trial

8 Invitation accepted by principal investigator
and sex-specific event rates received from

!

8 Randomized clinical trials included in
meta-analysis

]
Table 1. Characteristics of Trials Included in the Collaborative Meta-analysis

No. of Patients

Median Time to Rate of Angiography

[ — Angiography in in Conservative Groups
Source Men Women Invasive Groups, h by Hospital Discharge, %
TIMIIB,™ 1994 976 497 36 57
MATE,"" 1998 129 72 16 60
VANQWISH,® 1998 896 24 48 23
FRISC II,' 1999 1708 749 96 10
TACTICS-TIMI 18,7 2001 1463 757 22 51
VINO,?° 2002 80 51 6.2 12
RITA 3,2 2002 1128 682 48 16
ICTUS,® 2005 880 320 23 53

Abbreviations: FRISC, Fragmin and Fast Revascularisation During Instability in Coronary Artery Disease; ICTUS, Invasive vs
Conservative Treatment in Unstable Coronary Syndromes; MATE, Medicine vs Angiography in Thrombolytic Exclusion;
RITA, Randomized Intervention Trial of Unstable Angina; TACTICS-TIMI, Treat angina with Aggrastat and determine Cost
of Therapy with an Invasive or Conservative Strategy—-Thrombolysis in Myocardial Infarction; TIMI, Thrombolysis in Myo-
cardial Infarction; VANQWISH, Veterans Affairs Non-Q-Wave Infarction Strategies in Hospital; VINO, Value of First Day
Angiography/Angioplasty In Evolving Non-ST Segment Elevation Myocardial Infarction.

©2008 American Medical Association. All rights reserved.
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nificant CAD (<50% stenosis) at an-
giography than were men (24% vs 8%,
P<.001) (Table 2), even if restricted
to only those patients with ST-
segment deviation on electrocardio-
gram (16% vs 6%, P<.001) or to those
patients with elevated biomarkers (14%
vs 6%, P<.001). Conversely, men were
more frequently found to have 3-ves-
sel or left main disease compared with
women (35% vs 23%, P<.001).

Overall Clinical Outcomes

Data on the incidence of death, MI,
or rehospitalization with ACS were
available in 10 150 patients, includ-
ing 3075 women and 7075 men. In
the overall population and irrespec-
tive of sex, the composite end point
of death, nonfatal MI, or rehospital-
ization with ACS occurred in 1075 of
5083 patients (21.1%) in the invasive
group and 1313 of 5067 patients
(25.9%) in the conservative group by

the end of 12 months of follow-up
(OR, 0.78; 95% CI, 0.61-0.98)
(FIGURE 2 and TABLE 3).Compared
with the conservative strategy, the
OR for death with an invasive strat-
egy was 0.97 (95% CI, 0.71-1.32),
the OR for recurrent nonfatal MI was
0.84 (95% CI, 0.63-1.12), the OR for
death or MI was 0.92 (95% CI, 0.69-
1.23), and the OR for rehospitaliza-
tion with ACS was 0.68 (95% CI,
0.55-0.84) (Table 3).

Patient Sex and Clinical Outcomes

The end point of death, MI, or rehos-
pitalization with ACS occurred in 709
of 3075 women (23%) and 1679 of
7075 men (24%) when pooled across
treatment groups. The OR for the com-
posite of death, MI, or rehospitaliza-
tion with ACS with an invasive vs con-
servative strategy was 0.81 (95% CI,
0.65-1.01) inwomen and 0.73 (95% CI,
0.55-0.98) in men without statisti-

|
Table 2. Pooled Baseline Characteristics in Women vs Men in the Invasive and Conservative

Groups of Each Trial (N =10412)

No./Total No. (%) of Patients

Women Men
I 1T 1
Invasive Conservative Conservative
Groups Groups Invasive Groups Groups
(n=1571) (n=1581) (n =3641) (n=23619)
Weighted mean?
Age, y 64.4 63.8 61.4 61.2
BMI 27.6 27.8 27.4 27.5

Current smoker

421/1569 (26.8

503/1577 (31.9

1308/3638 (36.0

1285/3619 (35.5

Diabetes meliitus

292/1451 (201

273/1458 (18.7

592/3419 (17.3

586/3392 (17.3

Hypertension

821/1567 (62.4

816/1580 (51.6

1475/3637 (40.6

1487/3612 (41.2

Prior Ml

366/1581 (23.1

1266/3641 (34.8

1224/3619 (33.8

Hyperlipidemia

737/1538 (47.9

ST-segment depression

609/1561 (39.0

608/1574 (38.6

1352/3595 (37.6

1336/3580 (37.3

T-wave inversion

841/1561 (63.9

849/1574 (63.9

1661/3594 (43.4

1650/3578 (43.3

Creatine kinase MB
or troponin elevation
at randomization

)
)
)
422/1571 (26.9)
)
)
)
)

550/1293 (42.5

(31.9
(18.7)
(51.6
(@3.1)
725/1547 (46.9)
(38.6)
(63.9
(42.9)

550/1293 (42.5

(36.0
ar3
(40.6)
(34.8)
1427/3576 (39.9)
(37.6)
(43.4)
(553

1392/2518 (55.3

(35.9)
ar3
“1.2)
(83.8)
1377/3567 (38.6)
873
433
(53.7)

1353/2521 (63.7

Extent of disease
at angiography, %°

None 24 NA 8 NA
1-vessel disease 32 NA 28 NA
2-vessel disease 21 NA 29 NA
3-vessel disease 23 NA 35 NA

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MI, myo-
cardial infarction; NA, not available.

aStandard deviation not available.

P Baseline biomarker status was restricted to those trials that enrolled patients both with and without baseline elevation of
creatine kinase MB or troponin.

CDiseased vessel defined as at least 50% stenosis in a major epicardial vessel or coronary artery bypass graft. Restricted
to patients in the invasive groups.

74 JAMA, July 2, 2008—Vol 300, No. 1 (Reprinted)

cally significant heterogeneity be-
tween sex (P for interaction=.26)
(Figure 2 and Table 3).

Of the individual elements of the
composite end point, a routine inva-
sive strategy was associated with a sub-
stantial 32% to 34% significant de-
crease in the odds of rehospitalization
with ACS in both women and men
(Table 3). In contrast, in women, an in-
vasive strategy had no significant effect
on all-cause mortality (OR, 1.11; 95%
CI,0.72-1.70), nonfatal MI (OR, 0.93;
95% CI, 0.59-1.45), or the composite
of death or MI (OR, 1.02; 95% CI,
0.67-1.55).

In men, an invasive strategy was as-
sociated with a nonsignificant 11%
lower odds of death (OR, 0.89;95% CI,
0.58-1.35), a nonsignificant 19% lower
odds of nonfatal MI (OR, 0.81; 95% CI,
0.59-1.11), and a nonsignificant 13%
lower odds of death or MI (OR, 0.87;
95% CI, 0.61-1.23).

Timing of Clinical Events

We examined clinical event rates both
before and after hospital discharge to
evaluate the possible existence of an
early hazard in women or men ran-
domized to an invasive strategy
(FIGURE 3).

Before hospital discharge, an inva-
sive strategy was associated with a non-
significant higher incidence of death or
recurrent MI in both women and men
compared with those patients treated
conservatively. Irrespective of sex, an
invasive strategy was associated with a
nonsignificant 37% increase in the odds
of death or MI during index hospital-
ization compared with patients treated
conservatively (OR, 1.37;95% CI, 0.93-
2.02). Death or recurrent MI during the
index hospitalization occurred in 6.2%
women in the invasive group vs 4.2%
women in the conservative group (OR,
1.49;95% CI,0.72-3.09). In men, death
or recurrent MI before first hospital dis-
charge occurred in 6.5% men in the in-
vasive group vs 4.8% men in the con-
servative group (OR, 1.33; 95% CI,
0.93-1.89, P for interaction (sex) =.45).

From the time of first hospital dis-
charge through 12 months of follow-

©2008 American Medical Association. All rights reserved.
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up, an invasive strategy was associ-
ated with a significant 28% lower odds
of death or MI (OR, 0.72;95% CI, 0.52-
0.99), irrespective of sex. The OR for
the composite of death or MI from an
invasive vs conservative strategy was
0.71 (95% CI,0.48-1.07) in women and
0.70 (95% CI, 0.50-0.98) in men (P for
interaction (sex)=.52).

High-Risk Subgroups

Because current guidelines recom-
mend that high-risk features be used to
help identify patients who might ben-
efit most from an invasive strategy,***
we performed an exploratory analysis
stratified by the presence or absence of
cardiac biomarker elevation or ST-
segment deviation on electrocardio-
gram (FIGURE 4). Cardiac biomarkers
(creatine kinase MB or troponin) were
available at the time of enrollment in
97% of men and women. Because se-
rum troponin was only available in 69%
of women and 66% of men, analyses
were not restricted to this parameter.
The presence or absence of ST-
segment deviation was available in
99.5% of women and 97% of men.

Irrespective of sex, the OR for death,
ML, or rehospitalization with ACS with
an invasive vs conservative strategy was
0.59 (95% CI, 0.51-0.69) for patients
with elevated biomarkers (creatine ki-
nase MB or troponin) vs 0.79 (95% ClI,
0.58-1.06) for those without (P for in-
teraction=.18) (Figure 4). An inva-
sive strategy was associated with a sig-
nificant 32% reduction in the odds of
death or MI in patients with elevated
biomarkers (OR, 0.68; 95% CI, 0.56-
0.82), whereas there was no reduction
in death or MI in those patients who
were biomarker-negative upon presen-
tation (OR, 1.01;95% CI, 0.79-1.28; P
for interaction=.03).

In men with an elevated cardiac bio-
marker, an invasive strategy com-
pared with a conservative strategy was
associated with a significant 44% lower
odds of death, MI, or rehospitaliza-
tion with ACS (OR, 0.56;95% CI, 0.46-
0.67) and a 36% lower odds of death
or MI (OR, 0.64; 95% CI, 0.51-0.81).
In men without biomarker elevation,

the quantitative benefit of an invasive
strategy was numerically smaller for
both the triple (OR, 0.72;95% CI, 0.51-
1.01) and double composite end points
(OR, 0.87; 95% CI, 0.61-1.25), al-
though the relative difference was not
statistically significant (P=.09 and

P=.28 for interaction, respectively).
Among women with an elevated car-
diac biomarker, an invasive strategy sig-

INVASIVE VS CONSERVATIVE TREATMENT IN UNSTABLE ANGINA AND NSTEMI

nificantly decreased the odds of death,
MI, or rehospitalization with ACS by
33% (OR, 0.67; 95% CI, 0.50-0.88),
which was comparable with the ben-
efit observed overall in men. In con-
trast, there was less apparent benefit
with an invasive strategy in women in
the absence of biomarker elevation (OR,
0.94;95% CI, 0.61-1.44), although the
test for heterogeneity did not meet sta-

]
Figure 2. Death, MI, or Rehospitalization With ACS in Trials of an Invasive vs Conservative

Treatment Strategy in NSTE ACS

Invasive Conservative
All Patients Strategy Strategy
TIMIIB™® 122/895 (13.6) 171/915 (18.7)
MATE" 27/111 (24.3) 22/90 (24.4)
VANQWISH'® 148/462 (32.0)  124/458 (27.7)
FRISC II" 196/1093 (17.9)  322/1102 (29.2)
TACTICS-TIMI 187 177/1114 (16.9)  215/1106 (19.4)
RITA 32 122/895 (13.6) 171/915 (18.7)
VINO?® 5/64 (7.8) 19/67 (28.4)
ICTUS® 137/604 (22.7) 126/596 (21.1)
Overall 1075/5083 (21.1) 1313/5067 (25.9)
Rates of Death, MI, or Rehospitalization
With ACS, No./Total No. (%)
I I
Invasive Conservative
Women Strategy Strategy
TIMI B 85/249 (34.1) 104/248 (41.9)
MATE" 7/34 (20.6) 7/38 (18.4)
VANQWISH'® 2/14 (14.9) 4/10 (40.0)
FRISC II" 65/315 (20.6) 105/357 (29.4)
TACTICS-TIMI 187 67/395 (17.0) 71/362 (19.6)
RITA 32 55/350 (15.7) 46/332 (13.9)
VINO?® 2/23 (8.7) 7/28 (25.0)
ICTUS? 41/158 (25.9) 41/162 (25.3)
Overall 324/1538 (21.1)  385/1537 (25.0)
Rates of Death, MI, or Rehospitalization
With ACS, No./Total No. (%)
I I
Invasive Conservative
Men Strategy Strategy
TIMIIB™® 178/491 (36.3) 206/485 (42.5)
MATE" 20/77 (26.0) 156/52 (28.8)
VANQWISH'® 146/448 (32.6) 124/448 (27.7)
FRISC II" 131/778 (16.8)  217/745 (29.1)
TACTICS-TIMI 187 110/719 (15.3) 144/744 (19.4)
RITA 32 67/545 (12.3) 125/583 (21.4)
VINO?® 3/41 (7.3) 12/39 (30.8)
ICTUS® 96/446 (21.5) 85/434 (19.6)
Overall 751/3545 (21.2)  928/3530 (26.3)

Rates of Death, MI, or Rehospitalization

With ACS, No./Total No. (%)

Favors : Favors
Odds Ratio Invasive : Conservative
(95% Cl) Strategy : Strategy
0.75 (0.61-0.93) -
0.99 (0.52-1.90) — .
1.22 (0.92-1.61) -
0.53 (0.43-0.65) E
0.78 (0.63-0.97)
0.69 (0.53-0.88) E =
021(007-062) <— |
1.09 (0.83-1.44) -
|
0.78 (0.61-0.98)
0.2 1.0 5.0
Odds Ratio (95% Cl)
Favors : Favors
Odds Ratio Invasive i Conservative
(95% Cl) Strategy : Strategy
0.72 (0.50-1.03) = B
1.15 (0.36-3.69) -
0.25 (0.04-1.77)
0.62 (0.44-0.89) -
0.84 (0.58-1.21) ——
1.16 (0.76-1.77) —l—
0.29 (0.05-154) <~#—————
1.03 (0.63-1.71) — .
0.81(0.65-1.01)
0.2 1.0 5.0
Odds Ratio (95% Cl)
Favors : Favors
Odds Ratio Invasive : Conservative
(95% Cl) Strategy : Strategy
0.77 (0.60-1.00) -
0.87 (0.39-1.90) R
1.26 (0.95-1.68) s =
0.49 (0.39-0.63) -
0.75 (0.57-0.99) -
0.51(0.37-0.71) —
0.18 (0.05-0.69) <——!
1.13 (0.81-1.56) ——
0.73 (0.55-0.98) —
0.2 1.0 5.0

0Odds Ratio (95% Cl)

ACS indicates acute coronary syndromes; Cl, confidence interval; MI, myocardial infarction; NSTE, non-ST-
segment elevation. Size of data markers is weighted based on the inverse variance.
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lower odds of death or MI in women
with elevated biomarkers (OR, 0.77;
95% CI, 0.47-1.25), whereas an inva-

tistical significance (P for interac-
tion=.36). An invasive strategy was as-
sociated with a nonsignificant 23%

]
Table 3. Summary of Odds Ratios and Pooled Event Numbers for Major Outcomes Both
Overall and by Sex After 12 Months of Follow-up?

No./Total No. (%) of Patients

1
Conservative

Invasive Odds Ratio
Strategy Strategy (95% CI)
Overall
Death, MI, or rehospitalization 1075/5083 (21.1) 1313/5067 (25.9) 0.78 (0.61-0.98)
with ACS
Death or Ml 595/5212 (11.4) 638/5200 (12.3) 0.92 (0.69-1.23)
Death 225/5212 (4.3) 227/5200 (4.4) 0.97 (0.71-1.32)
Nonfatal Ml 382/5212 (7.9) 443/5200 (8.5) 0.84 (0.63-1.12)
Rehospitalization with ACS 652/5083 (12.8) 911/5067 (18.0) 0.68 (0.55-0.84)
Women
Death, MI, or rehospitalization 324/1538 (21.1) 385/1537 (25.0) 0.81 (0.65-1.01)
with ACS
Death or Ml 162/1571 (10.3) 163/1581 (10.3) 1.02 (0.67-1.55)
Death 68/1571 (4.3) 62/1581 (3.9) 1.11(0.72-1.70)
Nonfatal Ml 98/1571 (6.2) 106/1581 (6.7) 0.93 (0.59-1.45)
Rehospitalization with ACS 208/1538 (13.5) 290/1537 (18.9) 0.68 (0.54-0.85)
Men
Death, MI, or rehospitalization 751/3545 (21.2) 928/3530 (26.3) 0.73 (0.55-0.98)
with ACS
Death or Ml 433/3641 (11.9) 475/3619 (13.1) 0.87 (0.61-1.23)
Death 157/3641 (4.3) 165/3619 (4.6) 0.89 (0.58-1.35)
Nonfatal MI 284/3641 (7.8) 337/3619 (9.3) 0.81(0.59-1.11)
Rehospitalization with ACS 444/3545 (12.5) 621/3530 (17.6) 0.66 (0.54-0.82)

Abbreviations: ACS, acute coronary syndromes; Cl, confidence interval; MI, myocardial infarction.

2There was no evidence of statistical heterogeneity between men and women for any of the examined end points (P for
interaction: death, MI, or rehospitalization with ACS, P = .26; death or MI, P = .17; death, P = .20; nonfatal MI, P = .41;
and rehospitalization with ACS, P = .48).

sive strategy was associated with a non-
significant 35% higher odds of death or
MI in biomarker-negative women (OR,
1.35; 95% CI, 0.78-2.35; P for
interaction=.08).

In addition, the presence of ST-
segment deviation also identified those
patients at higher risk and with mod-
est but not statistically significant
greater benefit from an invasive strat-
egy (Figure 4).

Outcome by Treatment Received

In both the invasive and conserva-
tive treatment groups, men were more
likely than women to undergo coro-
nary revascularization, largely due
to a higher rate of CABG surgery
(TABLE 4). As an exploratory analysis,
we compared outcomes between
women and men by type of revascular-
ization performed after randomization,
while recognizing the limitation that
treatment strategy was not random-
ized and that it is not possible to ascer-
tain whether observed differences in
patient outcomes can be explained by
differences in baseline comorbidities
or presenting features. Overall, the
risk of death, MI, or rehospitalization
was 23% for women and 24% for men

]
Figure 3. Death or Nonfatal MI for Index Hospitalization and Hospital Discharge to End of 12 Months of Follow-up in Trials of an Invasive vs

Conservative Treatment Strategy in NSTE ACS

Deaths or Nonfatal

No. of Individuals MI Events, No.
I I I I Favors : Favors
Invasive  Conservative Invasive  Conservative Odds Ratio Invasive : Conservative
Index Hospitalization Strategy Strategy Strategy Strategy (95% Cl) Strategy : Strategy
Women 15671 15681 97 66 1.49 (0.72-3.09) —
Men 3640 3619 235 172 1.33(0.93-1.89) ——
Overall 5211 5200 332 238 1.37 (0.93-2.02) —
0.2 1.0 5.0
Odds Ratio (95% Cl)
Deaths or Nonfatal
No. of Individuals MI Events, No.
Hospital Discharge [ | [ | Favors : Favors
to End of 12 Months Invasive  Conservative Invasive  Conservative Odds Ratio Invasive : Conservative
of Follow-up Strategy Strategy Strategy Strategy (95% Cl) Strategy : Strategy
Women 1513 1524 65 95 0.71(0.48-1.07) —
Men 3516 3501 221 304 0.70 (0.50-0.98) B =
Overall 5029 5025 286 399 0.72 (0.52-0.99) E—
r T T ™
0.2 1.0 5.0

Odds Ratio (95% Cl)

Cl indicates confidence interval; MI, myocardial infarction; NSTE ACS, non-ST-segment elevation acute coronary syndromes. Odds ratios were generated from random-

effects models. Size of data markers is weighted based on the inverse variance.
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at 12 months of follow-up. Across
treatment groups, there were no sig-
nificant differences in the subsequent
odds of death, MI, or rehospitalization
with ACS in women vs men who
underwent coronary revascularization

INVASIVE VS CONSERVATIVE TREATMENT IN UNSTABLE ANGINA AND NSTEMI

by percutaneous coronary interven-
tion (pooled event rates, 31% vs 30%;
random effects: OR, 1.14; 95% CI,
0.96-1.35). There were significantly
higher odds of death, MI, or rehospi-
talization with ACS in women vs men

who required CABG surgery by the
end of follow-up (33% vs 26%; OR,
1.44; 95% CI, 1.15-1.81). Conversely,
there was a nonsignificantly lower
event rate in women who were treated
medically without coronary revascu-

L]
Figure 4. Death, MI, or Rehospitalization With ACS for Biomarker Status and ST-Segment Deviation in Trials of an Invasive vs Conservative
Treatment Strategy in NSTE ACS

Death, MI, or Rehospitalization
With ACS Events, No.
I I I I

No. of Individuals

Invasive  Conservative Invasive  Conservative Odds Ratio Inzz‘;?\:: (Ei?sr:rvativ e
Strategy Strategy Strategy Strategy (95% Cl) Strategy | Strategy
Biomarker Status
Woman
Biomarker Positive 550 550 118 156 0.67 (0.50-0.88) e
Biomarker Negative 743 743 152 163 0.94 (0.61-1.44) ——
Men
Biomarker Positive 1392 1353 260 382 0.56 (0.46-0.67) R &
Biomarker Negative 1126 1168 229 300 0.72 (0.51-1.01) ——
Overall
Biomarker Positive 1942 1903 378 538 0.59 (0.51-0.69) S
Biomarker Negative 1869 1911 381 463 0.79 (0.58-1.06) e
ST-Segment Deviation
Woman
ST deviation present 671 667 160 194 0.77 (0.58-1.02) -
ST deviation absent 859 864 164 190 0.87 (0.69-1.11) -
Men
ST deviation present 1561 1559 360 475 0.67 (0.46-0.98) ——
ST deviation absent 1938 1932 381 443 0.82 (0.63-1.07) —-
Overall
ST deviation present 2232 2226 520 669 0.72 (0.54-0.95) =
ST deviation absent 2797 2796 545 633 0.82 (0.69-0.99)
0.2 1.0 5.0

Odds Ratio (95% Cl)

ACS indicates acute coronary syndromes; Cl, confidence interval; MI, myocardial infarction; NSTE, non-ST-segment elevation. Odds ratios were generated from random-
effects models. Size of data markers is weighted based on the inverse variance. The odds ratios (ORs) and corresponding P values for the interaction terms for the efficacy
of an invasive over a conservative strategy in biomarker-positive vs biomarker-negative patients were as follows: for all patients, OR for interaction, 0.79; P for interac-
tion=.18; for women, OR for interaction, 0.75; P for interaction=.36; and for men, OR for interaction, 0.77; P for interaction=.09. The analogous data for patients with vs
without ST-segment deviation were as follows: for all patients, OR for interaction, 0.83; P for interaction=.07; for women, OR for interaction, 0.87; P for interaction=.76;
and for men, OR for interaction, 0.79; P for interaction=.07. VINO,* VANQWISH,® and ICTUS® trials were excluded from the primary biomarker analysis because they only
enrolled patients with elevated biomarkers thus precluding the comparison of biomarker-positive and biomarker-negative subgroups. The meta-analysis OR and 95% Cls
for the efficacy of an invasive strategy vs conservative strategy if those 3 trials were also included were as follows: for all patients biomarker-positive, OR, 0.72; 95% Cl,
0.53-0.98; for all patients biomarker-negative, OR, 0.79; 95% Cl, 0.60-1.03; for biomarker-positive men, OR, 0.71; 95% Cl, 0.49-1.01; for biomarker-negative men, OR,
0.72; 95% Cl, 0.54-0.98; for biomarker-positive women, OR, 0.71; 95% Cl, 0.56-0.91; and for biomarker-negative women, OR, 0.94; 95% Cl, 0.61-1.44.

- _____________________________________________________________________________________________]
Table 4. Rates of Coronary Revascularization Overall and by Sex After Randomization

No. (%) of Patients
I 1

Overall Women Men
[ 1 [ 1 [ 1
Invasive Conservative Invasive Conservative Invasive Conservative
Groups Groups Groups Groups Groups Groups
(n=5212) (n =5200) (n=1571) (n=1581) (n =3641) (n=3619)
Revascularization during 3161 (60.6) 1298 (25.0) 870 (55.4) 361 (22.8) 2291 (62.9) 937 (25.9)
index hospitalization
Revascularization by 12 months 3425 (65.7) 2219 (42.7) 908 (57.8) 609 (38.5) 2517 (69.1) 1610 (44.5)
of follow-up
Percutaneous intervention 2196 (42.1) 1312 (25.2) 647 (41.2) 391 (24.7) 1549 (42.5) 921 (25.4)
by 12 months of follow-up
CABG surgery by 12 months 1369 (26.3) 991 (19.1) 313 (19.9) 242 (15.3) 1056 (29.0) 749 (20.7)

of follow-up
Abbreviation: CABG, coronary artery bypass graft.
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larization compared with men (16% vs
20%; OR, 0.91; 95% CI, 0.66-1.22).

Heterogeneity Between Trials

There was evidence of heterogeneity be-
tween trials for the composite end
points of death or MI (heterogeneity
x*=34.5,P<<.001) and death, MI, or re-
hospitalization with ACS in men
(heterogeneity x*=39.7, P<<.001), and
death or MI in women (heterogeneity
x*=17.0, P=.02). Sensitivity analyses
suggested that several trials contrib-
uted to this heterogeneity with the larg-
est contribution provided by the
ICTUS,® VANQWISH,'® and VINO*
trials. Importantly, heterogeneity did
not appear to be explained by the year
of publication or concomitant thera-
pies alone. When the primary compos-
ite end point of death, MI, or rehospi-
talization with ACS was reanalyzed
applying alternate definitions of MI for
the ICTUS trial® as defined in
TACTICS-TIMI 18 and FRISCI1,' the
heterogeneity between trials was not
eliminated.

COMMENT

The findings of our meta-analysis sug-
gest that both men and high-risk
women, defined by elevated biomark-
ers of necrosis, have a comparable ben-
efit from an invasive strategy in un-
stable angina and NSTEMI for reducing
the odds of death, MI, or rehospitaliza-
tion with ACS. In contrast, an inva-
sive strategy does not appear to sub-
stantially benefit women in the absence
of biomarker elevation and moreover
may potentially increase the risk of
death or MI. Our data provide evi-
dence to support the updated Ameri-
can College of Cardiology/American
Heart Association guidelines that now
recommend that a conservative strat-
egy be used in low-risk women with
NSTE ACS.*

Prior sex subgroup analyses within
individual trials have yielded dispar-
ate findings.*® These conflicting data
have led to controversy regarding the
optimal treatment strategy in women
with NSTE ACS. Despite an overall ben-
efit for patients randomized to an in-

78 JAMA, July 2, 2008—Vol 300, No. 1 (Reprinted)

vasive strategy in RITA 3% and FRISC
IT' trials, subgroup analyses within these
trials suggested that an invasive strat-
egy may not benefit women and may
potentially increase their risk of death
or MI. In the FRISC II trial,' the higher
event rate observed in women com-
pared with men in the invasive group
appeared to be largely due to a marked
increase in death (9.9% vs 1.2%) and
recurrent MI (12% vs 5%) in women
who required CABG surgery.” To that
end, there is continuing debate as to
whether women are inherently at in-
creased risk of adverse outcomes after
CABG surgery, or whether this appar-
ent increase in risk is explained by body
size and comorbidities.?**! Recent stud-
ies now suggest a more favorable prog-
nosis than in the past for women with
ACS undergoing CABG surgery.>*>*

Methods of risk stratification, in-
cluding cardiac biomarkers of necro-
sis, ST-segment changes, and risk
scores, have been previously shown to
help identify high-risk patients who
might benefit most from an invasive
strategy.®?*% In both the RITA 3? and
FRISC II! trials, women overall had a
more favorable prognosis compared
with men. In addition, women in the
RITA 3 trial*> were at lower risk than
women in the TACTICS-TIMI 18 trial.’
A larger proportion of lower-risk pa-
tients may help to explain the reduced
benefit from an invasive strategy in
women observed in some trials and may
also highlight procedural risk. To that
end, in the TACTICS-TIMI 18 trial,’ the
benefit from an invasive strategy ap-
peared to be restricted to women with
an elevated troponin T (OR, 0.56;95%
CI, 0.32-0.97), whereas there was a
trend toward harm from an invasive
strategy in women who were troponin
negative (OR, 1.46; 95% CI, 0.78-
2.72).

In our meta-analysis, we found that
women with elevated biomarkers at
randomization had a significant 33%
lower odds of death, MI, or rehospital-
ization with ACS (OR, 0.67; 95% CI,
0.50-0.88) and a directionally consis-
tent but nonsignificant 23% lower odds
of death or MI with an invasive strat-

egy (OR,0.77;95% CI, 0.47-1.25), ben-
efits that were similar to the overall ben-
efit observed in men. In contrast,
women without biomarker elevation
did not appear to have a significant ben-
efit from an invasive strategy and had
a nonsignificant higher odds of death
or MI compared with those treated con-
servatively. Although the relative dif-
ference between biomarker-positive and
biomarker-negative women was not sta-
tistically significant, tests for interac-
tion are conservative and may miss a
true difference when one does in fact
exist. It may be challenging to detect a
statistically significant difference be-
tween subgroups due to their inher-
ently smaller sample size. Our find-
ings emphasize the need for larger
prospective trials to specifically exam-
ine the benefit of an invasive strategy
in women both overall and within high-
risk subgroups.

We found that regardless of sex, the
benefit of an early invasive strategy was
largely due to a significant reduction in
rehospitalization with ACS, with more
modest effects on death or MI. Consis-
tent with prior analyses,’ we observed
asignal toward an early hazard with an
invasive strategy such that patients ran-
domized to an invasive strategy had a
higher rate of death or MI before first
hospital discharge, but subsequently
had a significant reduction in death or
MI following hospital discharge com-
pared with patients treated conserva-
tively.

We also observed that women are sig-
nificantly less likely than men to have
obstructive CAD at the time of angiog-
raphy despite a clinical presentation
consistent with NSTE ACS. Overall,
24% of women randomized to an in-
vasive strategy had no evidence of sig-
nificant epicardial CAD at angiogra-
phy vs only 8% of men. When restricted
to only those patients with elevated bio-
markers of necrosis, the incidence of ob-
structive CAD marginally increased in
women and men; however, 14% of
women still had no evidence of signifi-
cant CAD. These findings may reflect
a greater burden of microvascular dis-
ease or abnormal vasodilatory reserve
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in women resulting in subendocardial
ischemia, coronary vasospasm, or pos-
sibly other acute disease states that
mimic ACS secondary to obstructive
CAD %337 Because only a select sub-
set of patients in the conservative group
of each trial underwent coronary an-
giography, it is not possible to explore
the relative benefit of an invasive or con-
servative strategy in patients who were
found to have obstructive CAD due to
the risk of selection bias.

The relative paucity of obstructive
CAD in women may dilute the treat-
ment benefit of an invasive strategy
and may in part explain the signal
toward harm observed in some trials
from an invasive strategy in women,
because patients without significant
epicardial disease are unlikely to
obtain benefit from coronary angiogra-
phy. Although biomarkers of necrosis
may be useful for helping to predict
the presence of obstructive CAD, con-
sideration should be given to identify
additional high-risk features or novel
biomarkers that may prove to be use-
ful for predicting the benefit of an
invasive strategy in women.*

There are limitations to our analy-
sis that warrant consideration. None of
the trials were individually powered to
examine outcomes within specific sub-
groups, and subgroup analyses inher-
ently increase the risk that the find-
ings might be explained by chance or
uncontrolled confounding.’®* In ad-
dition, because we did not find any
effect modification by sex alone, fur-
ther analysis within high-risk sub-
groups can only be performed on an ex-
ploratory basis and these results should
be confirmed with prospective trials. Be-
cause directional consistency was not
observed across the individual ele-
ments of the composite end points, the
secondary end points should be inter-
preted as hypothesis generating. Fi-
nally, as with any meta-analysis, limi-
tations to the methods include
heterogeneity between trials and the
possibility of publication bias. In par-
ticular, there are differences across the
trials in terms of populations, adjunc-
tive pharmacotherapy, invasive treat-

INVASIVE VS CONSERVATIVE TREATMENT IN UNSTABLE ANGINA AND NSTEMI

ment options, and outcome mea-
sures.*® However, with regard to the
latter, our findings did not qualita-
tively differ when alternate defini-
tions for MI were applied to the ICTUS
trial population.®

In our meta-analysis, we did not
have access to patient-level data so it
is not possible to assess whether dif-
ferences in outcomes by sex can be
explained by variations in baseline
characteristics or presenting features.
In addition, bleeding events were not
collected in all trials, so we cannot
ascertain whether women may be at
increased risk of bleeding following
angiography or revascularization. The
meta-analysis spans trial publication
dates of more than 10 years. Since the
publication of the first trial, there have
been several advances in the treatment
of patients with ACS, including the
routine use of glycoprotein IIb/IIla
inhibitors, thienopyridines, and evolu-
tions with stent and surgical technolo-
gies. The use of these agents may dif-
fer both between trials and treatment
groups. Moreover, the proportion of
patients undergoing angiography and
revascularization in the conservative
groups varied widely across trials and
may have contributed to the observed
heterogeneity. More intensive back-
ground medical therapy may be
present in more recent trials. How-
ever, importantly, heterogeneity
between trials did not appear to be
explained by publication date or con-
comitant therapies alone.

This is to our knowledge the first
large-scale and collaborative meta-
analysis that examines the association
between sex and outcomes with an in-
vasive or conservative treatment strat-
egy in NSTE ACS across all of the ma-
jor randomized trials. Combination of
these data enabled us to explore the as-
sociation of sex with outcomes both
overall and within high-risk sub-
groups, whereas individual studies may
be insufficiently powered in this re-
gard. Future investigations should in-
clude novel methods for identifying
women at high-risk of adverse out-
comes after NSTE ACS and whose risk

©2008 American Medical Association. All rights reserved.

could be modifiable with an invasive ap-
proach.
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