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Abstract

Aim: Left ventricular (LV) dysfunction during and after hospitalization for ST-segment elevation myocardial infarction
(STEMI) is associated with increased mortality. Whether baseline LV dysfunction impacts STEMI outcomes is not well
studied. Furthermore, whether bivalirudin and paclitaxel-eluting stents (PES) are beneficial in patients with LV dysfunction
is unknown. We studied the impact of left ventricular ejection fraction (LVEF) on outcomes of patients with STEMI in
the HORIZONS-AMI trial.

Methods: LVEF was determined in 2648 (73.5%) of 3602 enrolled STEMI patients, who were divided into three groups
according to LV function: (1) severely impaired (LVEF <40%); (2) moderately impaired (LVEF 40-50%); and (3) normal
(LVEF 250%).

Results: Compared to patients with normal LV function, those with severely impaired LVEF had higher |-year rates of
net adverse clinical events (27.1 vs. 14.2%, p<0.0001), major adverse cardiovascular events (20.7 vs. 9.5%, p<0.0001),
cardiac death (10.6 vs. 1.2%, p<0.0001), and non-coronary artery bypass graft major bleeding (12.5 vs. 6.6%, p=0.001),
differences which persisted after adjustment for baseline characteristics. Among patients with LVEF <40%, treatment
with bivalirudin compared to heparin+GPlIb/llla inhibitors resulted in reduced |-year mortality (5.8 vs. 18.3%, p=0.007).
Patients with LVEF <40% receiving PES rather than bare metal stents had lower rates of |-year ischaemia-driven target
lesion revascularization (2.9 vs. 12.6%, p=0.02) and reinfarction (4.5 vs. 14.7%, p=0.03).

Conclusions: Among patients with STEMI undergoing primary percutaneous coronary intervention, adverse events are
markedly increased in those with LVEF <40% during the index revascularization procedure. Nevertheless, these high-risk
patients experience substantial clinical benefits from bivalirudin and PES.
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Introduction

Left ventricular (LV) dysfunction is an established correlate
of increased short- and long-term mortality after acute myo-
cardial infarction (AMI).!7 As such, new devices such as
coronary stents and pharmacological agents to improve
LV function by enhancing microcirculatory reperfusion
and decreasing LV remodelling have been developed.
These advances have decreased morbidity and mortality in
patients with ST-segment elevation myocardial infarction
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(STEMI).3-! The prognostic impact of LV dysfunction after
the advent and widespread utilization of these new tech-
niques into routine care has not been studied extensively.!>-15
Moreover, most prior studies assessed LV function days to
months after the index event.!3*14 As primary percutaneous
coronary intervention (PCI) has become the preferred treat-
ment for STEMI,!® the ability to directly assess LV ejection
fraction (LVEF) by ventriculography at the time of presenta-
tion and revascularization allows for early determination of
LV function. Only one prior large-scale study performed
over a decade ago has examined the prognostic impact of
LVEF measured during the primary PCI procedure, whether
this practice remains of clinical relevance with contempo-
rary treatments requires re-evaluation.'?

The multicentre, prospective, randomized HORIZONS-
AMI trial found that usage of bivalirudin rather than hepa-
rin with glycoprotein IIb/Illa inhibitors (GPI) in patients
with STEMI undergoing primary PCI reduced the rates of
net adverse clinical events (NACE) and major bleeding at 1
year.!” Furthermore, patients randomized to paclitaxel-
eluting stents (PES) had lower rates of ischaemia-driven
revascularization than those receiving bare metal stents
(BMS).!8 We examine the prognostic impact of LV function
determined during the index revascularization procedure
by contrast left ventriculography on 1-year clinical out-
comes in the HORIZONS-AMI trial.

Methods

The HORIZONS-AMI study design, major inclusion and
exclusion criteria, endpoints, definitions, and results have
been previously described in detail.!%20 In brief, 3602
patients with STEMI undergoing primary angioplasty were
prospectively randomized in an open-label 1:1 fashion to
either heparin plus a GPI (either abciximab or eptifibatide)
or to bivalirudin with provisional GPI therapy for prede-
fined thrombotic complications. Dosing regimens were
described previously.!” After angiography and contrast left
ventriculography, patients were triaged to PCI, coronary
artery bypass grafting (CABG), or medical management.
The performance of left ventriculography was strongly rec-
ommended, but not mandated, during the index procedure.
A total of 3006 patients with lesions eligible for stenting
were randomized again in a 3:1 fashion to either a PES
(TAXUS EXPRESS?, Boston Scientific, Natick, MS, USA)
or to an otherwise identical BMS (EXPRESS2?, Boston
Scientific).

Baseline angiograms were analysed at an independent
angiographic core laboratory by technicians blinded to
treatment assignments and clinical outcomes. Quantitative
angiographic measures including LVEF were performed
using the Medis system (Leiden, The Netherlands). Left
ventriculograms were excluded from analysis if there was
insufficient contrast opacification to visualize LV contours,
in the absence of at least three consecutive sinus or

supraventricular beats, or if the LV gram was not per-
formed. Clinical follow up was scheduled at 30 days, 6
months, 1 year, and then yearly for 5 years. Primary clinical
endpoints were adjudicated by an independent clinical
events committee blinded to treatment assignment. The
major 30-day primary endpoints were NACE and non-
CABG related major bleeding. NACE was defined as a
composite of major adverse cardiovascular events (MACE)
or non-CABG related major bleeding. MACE (death, rein-
farction, stroke, or ischaemic TVR) was the secondary
30-day endpoint. The major 1-year primary endpoint for
patients in the stent level of randomization was ischaemia-
driven target lesion revascularization (TLR).

Statistical analysis

For the present analysis, patients with baseline left ventric-
ular ejection fraction (LVEF) determined by contrast left
ventriculography were divided into those with severely
impaired left ventricular function (LVEF <40%), moder-
ately impaired left ventricular function (LVEF 40-50%),
and normal left ventricular function (LVEF >50%).

Outcomes were assessed according to baseline LVEF in
these three groups. Categorical variables are presented as
percentages and were compared by either the chi-squared
or Fisher’s exact test. Continuous variables are presented as
meantstandard deviation (SD) or as median (interquartile
range) and were compared by the Kruskal-Wallis or
Wilcoxon rank-sum test. Thirty-day and 1-year time-to-
event estimates were calculated using Kaplan—Meier meth-
odology and compared with the log-rank test. Multivariable
analysis was performed using Cox regression analysis with
entry criteria of p=0.20 and stay criteria of p=0.10.
Candidate baseline variables included age, gender, body
mass index, diabetes, insulin-dependent diabetes, renal
insufficiency (creatinine clearance <60 ml/min), smoking,
hypertension, hyperlipidaemia, previous MI, previous
CABG, prior coronary artery disease, prior angina, history
of congestive heart failure, peripheral vascular disease,
baseline anaemia, baseline white blood cell count, baseline
platelet count, Killip class 2—4 (vs. class 1), LVEF (<40 vs.
>50%; 40-50 vs. >50%), symptom to first balloon time, left
anterior descending artery disease, treatment type (PCI,
deferred PCI, CABG, medical management), and randomi-
zation arm (bivalirudin vs. heparin+GPI). All statistical
analyses were performed using SAS version 8.2 (SAS
Institute, Cary, NC, USA).

Results

Baseline characteristics and procedural
outcomes

Of the 3602 randomized patients, 2648 (73.5%) patients
had LVEF determined during the index procedure by
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Table |. Baseline characteristics according to index procedure left ventricular function.

Left ventricular ejection fraction p-value
A: <40% (n=219) B:40-50% (n=396) C:>50% (n=2033) Allgroups Avs.B Avs.C Bvs.C
Age (years) 61.05 (54.90-71.83) 59.65 (53.18-70.13) 59.34 (51.79-68.95) 0.03 0.14 0.0l 0.25

>65 years 40.2 (88/219) 37.6 (149/396) 34.5 (701/2033) 0.15 0.53 0.09 0.23
Gender

Male 67.6 (148/219) 81.3 (322/396) 76.9 (1564/2033) 0.0006  0.0001  0.002 0.06

Female 324 (717219) 18.7 (74/396) 23.1 (469/2033) 0.0006  0.0001  0.002 0.06
Body mass index (kg/m?) 26.51 (24.21-29.48) 27.17 (24.49-30.42) 27.04 (24.61-29.84) 0.15 0.08 0.06 0.77
Hypertension 54.6 (119/218) 53.5(212/396) 52.8 (1073/2033) 0.86 0.80 0.61 0.78
Hyperlipidaemia 41.7 (91/218) 39.4 (156/396) 41.8 (849/2033) 0.68 0.57 1.00 0.38
Current smoker 48.4 (105/217) 50.6 (200/395) 46.4 (940/2026) 0.28 0.60 0.58 0.12
Diabetes mellitus 19.7 (43/218) 15.2 (60/396) 15.6 (317/2033) 0.26 0.15 0.11 0.82

Insulin requiring 6.9 (15/218) 3.8 (15/396) 4.4 (89/2033) 0.18 0.09 0.09 0.60
Peripheral vascular 7.8 (17/218) 1.8 (7/396) 4.1 (84/2033) 0.001 0.0002 0.0l 0.02
disease
History of renal 3.2 (7/218) 2.5 (10/396) 2.1 (42/2033) 0.50 0.62 0.27 0.56
insufficiency?

Current dialysis 0.5 (1/218) 0.3 (1/396) 0.1 (2/2033) 0.37 0.67 0.17 0.42
Prior Ml 16.1 (35/218) 13.1 (52/396) 9.3 (189/2033) 0.001 0.32 0.002 0.02
Prior PCI 13.8 (30/218) 12.4 (49/396) 8.4 (171/2033) 0.004 0.62 0.009 0.01
Prior CABG 2.3 (5/218) 2.0 (8/396) 2.5 (51/2033) 0.84 0.82 0.85 0.56
Family history of 29.4 (64/218) 34.1 (135/396) 29.4 (597/2033) 0.17 0.23 1.00 0.06
premature CAD
CCS angina class

| 5.0 (11/218) 4.8 (19/396) 4.5 (92/2033) 09235 0.89 0.7267 0.8121

2 11.9 (26/218) 11.9 (47/396) 8.6 (175/2033) 0.0503  0.98 0.1025  0.0394

3 4.6 (10/218) 5.1 (20/396) 3.7 (76/2033) 0.4286 0.80 0.5344  0.2202

4 2.8 (6/218) 4.5 (18/396) 3.2 (66/2033) 03667  0.27 0.6936 0.1956
NYHA class

| 2.3 (5/218) 0.8 (3/396) 0.3 (7/2033) 0.001 0.11 0.0002 0.24

2 3.7 (8/218) 1.5 (6/396) 0.7 (15/2033) 0.0003  0.09 <0.0001 0.13

3 2.8 (6/218) 0.5 (2/396) 0.2 (5/2033) <0.0001 0.02 <0.0001 0.38

4 0.0 (0/218) 0.3 (1/396) 0.0 (1/2033) 0.37 0.46 0.74 0.20
Killip class

| 82.1 (179/218) 88.4 (350/396) 94.3 (1914/2030)  <0.0001 0.03 <0.0001 <0.0001

2 12.8 (28/218) 9.8 (39/396) 4.8 (98/2030) <0.0001 0.25 <0.0001 <0.0001

3 2.8 (6/218) 1.0 (4/396) 0.5 (10/2030) 0.001 0.10 0.0002 0.21

4 2.3 (5/218) 0.8 (3/396) 0.4 (8/2030) 0.003 0.11 0.0004 0.32
Interval from symptom 2.46 (1.27-4.17) 2.50 (1.38-4.08) 2.08 (1.25-3.87) 0.04 0.60 0.24 0.02

onset to first hospital (h)

Values are median (interquartile range) or % (n/total).

2Renal insufficiency was defined as a creatinine clearance of less than 60 ml/min as calculated at baseline by the Cockcroft—Gault equation.
CABG, coronary artery bypass graft; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; MI, myocardial infarction; NYHA, New

York Heart Association; PCI, percutaneous coronary intervention.

contrast left ventriculography, in whom LV function was
severely impaired in 219 (8.3%), moderately impaired in
396 (15.0%), and normal in 2033 (76.8%). Baseline charac-
teristics according to LV function are detailed in Table 1.
Patients with diminished LV function had greater rates of
prior MI, prior PCI, and Killip class 2 than patients with
normal LV function. Patients with severely impaired LV
function were older, more likely women, and had higher
rates of peripheral vascular disease and presentation in

Killip class 3 or 4. Patients with moderately impaired LV
function had a longer interval from symptom onset to hos-
pital presentation than patients with normal LV function.

As shown in Table 2, reduced LV function was associ-
ated with left anterior descending infarct artery involve-
ment. Furthermore, patients with impaired LVEF had
higher rates of pre-procedural TIMI 0/1 flow and lower
rates of post-procedural TIMI 3 flow compared to patients
with normal LV function.
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Table 2. Procedural characteristics according to index procedure left ventricular function.

Left ventricular ejection fraction

p-value

A: <40% (n=219)

B: 40-50% (n=396)

C:250% (n=2033)  Allgroups Avs.B Avs.C Bvs.C

Any intervention 99.5 (204/205) 98.7 (374/379) 99.4 (1868/1879) 0.27 0.34 0.86 0.12
Target vessel
LAD 67.1 (153/228) 56.1 (230/410) 33.6 (684/2035) <0.0001 0.007 <0.0001 <0.0001
LCX 12.3 (28/228) 15.4 (63/410) 16.9 (343/2035) 0.18 0.29 0.08 0.46
RCA 19.3 (44/228) 27.6 (113/410) 48.4 (984/2035) <0.0001 0.02 <0.0001 <0.0001
PTCA only performed 3.4 (7/204) 3.4 (13/378) 3.6 (67/1866) 0.98 1.00 091 0.88
One or more stents 95.6 (197/206) 94.8 (363/383) 94.5 (1793/1897) 0.79 0.65 0.50 0.84
implanted
Patients with stents
implanted
n 197 363 1793
MeantSD 1.60+0.98 1.47+0.73 1.51+£0.79 0.17 0.06 0.13 0.34
Total stent length
implanted (mm)
n 197 363 1789
Median (interquartile ~ 24.00 (18.00-36.00) 24.00 (20.00-36.00) 24.00 (20.00-36.00)
range)
No. of vessels treated 1.06+0.25 1.04+0.19 1.04+0.21 0.33 0.15 0.18 0.64
| 93.6 (190/203) 96.3 (360/374) 95.9 (1785/1862) 0.27 0.15 0.13 0.73
2 6.4 (13/203) 3.7 (14/374) 4.0 (74/1862) 0.23 0.15 0.10 0.83
3 0.0 (0/203) 0.0 (0/374) 0.2 (3/1862) 0.63 - 0.57 0.44
Multiple vessels treated 6.4 (13/203) 3.7 (14/374) 4.1 (7711862) 0.27 0.15 0.13 0.73
No. of lesions treated 1.15£0.43 1.11£0.35 1.12+£0.38 0.56 0.28 0.36 0.65
| 88.2 (179/203) 89.8 (336/374) 89.5 (1666/1862) 0.82 0.54 0.57 0.83
2 8.9 (18/203) 9.1 (34/374) 9.0 (168/1862) 1.00 0.93 0.94 0.97
3 3.0 (6/203) 1.1 (4/374) 1.3 (25/1862) 0.15 0.10 0.07 0.67
4 0.0 (0/203) 0.0 (0/374) 0.2 (3/1862) 0.63 - 0.57 0.44
Multiple lesions treated  11.8 (24/203) 10.2 (38/374) 10.5 (196/1862) 0.82 0.54 0.57 0.83
Any side branch lesion 7.3 (15/206) 8.9 (34/383) 5.9 (112/1897) 0.09 0.50 0.43 0.03
treated
No. of vessels with TIMI
flow before PCI
0/1 65.5 (146/223) 64.2 (262/408) 57.7 (1147/1989) 0.007 0.75 0.02 0.0l
2 17.0 (38/223) 14.0 (57/408) 13.6 (271/1989) 0.38 0.30 0.16 0.85
3 17.5 (39/223) 21.8 (89/408) 28.7 (571/1989) <0.0001 0.20 0.0004 0.005
No. of vessels with TIMI
flow after PCI
0/1 1.4 (3/222) 3.7 (15/408) 2.2 (43/1988) 0.11 0.09 0.42 0.07
2 16.7 (37/222) 14.2 (58/408) 8.2 (164/1988) <0.0001 0.41 <0.0001 0.0002
3 82.0 (182/222) 82.1 (335/408) 89.6 (1781/1988) <0.0001 0.97 0.0006 <0.0001

Values are % (n/total) or meanSD, unless otherwise stated.

CABG, coronary artery bypass graft; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; LAD, left anterior descending artery;
LCX, left circumflex artery; MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; PTCA, percu-
taneous transluminal coronary angioplasty; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.

Thirty-day and [-year clinical outcomes

At both 30-days and 1-year, patients with severely impaired
LV function had higher rates of NACE, MACE, and non-
CABG related major bleeding than the other patient groups
(Tables 3 and 4 and Figure 1). Patients with severely
impaired LV function also had higher rates of all-cause
death, cardiac death, composite death or reinfarction, and

stent thrombosis at both time periods (Tables 3 and 4 and
Figure 2). Most of the late differences were explained by
the increased hazard during the first 30 days, although com-
pared to patients with normal LV function, patients with
severely and moderately impaired LV function had
increased rates of late (>30 day) all-cause death (4.1 vs.
0.9% and 2.4 vs. 0.9%; p<0.0001 and p=0.01, respectively)
and cardiac death (2.6 vs. 0.3% and 1.0 vs. 0.3%; p<0.0001
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Table 3. Clinical outcomes at 30-days according to index procedure left ventricular function.
Left ventricular ejection fraction p-value
A: <40% B:40-50% C:>50% All Avs.B  Avs.C Bvs.C
(n=219) (n=396) (n=2033) groups
Net adverse clinical events 19.6 (43) 8.6 (34) 88 (178) <0.0001 <0.0001 <0.0001 0.87
MACE (death, MI, ischaemic TVR, or stroke) 123 (27) 3.3 (13) 3.6 (72) <0.0001  <0.0001 <0.0001 0.80
Death 87(19) 1.3(5 1.2 (24) <0.0001  <0.0001 <0.0001 0.89
Cardiac 82 (18 0.8(3) 0.9 (19) <0.0001  <0.0001 <0.0001 0.73
Non-cardiac 0.5 (1) 0.5 (2) 0.2 (5) 0.62 0.96 053 0.38
Reinfarction 34(7) 0.8 (3) 1.6 (32) 0.06 0.02 0.07 021
Q-wave 1.4 (3) 0.3 (1) 1.2 (24) 0.23 0.09 078  0.09
Non-Q-wave 2.0 (4) 0.5 (2) 0.4 (8) 0.02 0.10 0.004 0.75
Death or reinfarction 10.5(23) 2.0 ¢(8) 2.7 (55) <0.0001  <0.0001 <0.0001 0.43
TVR, ischaemia driven 2.8 (6) 1.3 (5) 1.8 (36) 0.39 0.17 0.294 047
Stroke 0.5 (1) 0.8 (3) 0.6 (13) 091 0.68 0.766 0.79
TIA 0.0 (0) 0.0 (0) 0.1 (3) 0.64 - 0.578 0.44
Bleeding
Major bleeding (non-CABG related) 125 (27) 6.3 (25) 6.2 (126) 0.002 0.007 0.0004 0.97
Intracranial bleeding 0.0 (0) 0.0 (0) 0.0 (0) - - - -
Intraocular bleeding 0.0 (0) 0.0 (0) 0.0 (0) - - - -
Retroperitoneal bleeding 1.4 (3) 0.3 () 0.4 (8) 0.10 0.10 0.05 0.67
Access site haemorrhage 0.0 (0) 0.0 (0) 0.2 (4) 0.55 N/A 051 0.38
Haematoma 25 cm at puncture site 3.7 (8) 1.3 (5) 1.8 (37) 0.10 0.05 006 043
Drop in Hb >3 g/dl with overt source 3.2(7) 1.5 (6) 1.8 (37) 0.29 0.16 0.15 0.67
Drop in Hb >4 g/dl without an overt source 75 (16) 4.1 (16) 2.8 (56) 0.0009 0.07 0.0002 0.17
Drop in Hb >5 g/dl without an overt source 3.3(7) 1.5 (6) 1.3 (27) 0.09 0.15 0.03 0.77
Reoperation for bleeding 0.5 (1) 0.0 (0) 0.0 (I 0.09 0.18 0.05 0.66
Blood product transfusion 6.0(13) 23(9 2.7 (54) 0.0l 0.02 0.005 0.65
Major bleeding (including CABG related) 158 (34) 8.6 (34 7.7 (155) 0.0002 0.006 <0.0001 0.56
Stent thrombosis in patients with stent implanted
Definite 2.5 (5) 0.8 (3) 1.8 (33) 0.27 0.10 048  0.17
Probable 1.6 (3) 0.3 (1) 0.2 (3) 0.003 0.08 0.0008 0.66
Subacute stent thrombosis, definite/probable 3.6 (7) 0.8 (3) 1.3 (23) 0.02 0.02 0.01 0.47

Values are % (n).

CABG, coronary artery bypass graft; Hb, haemoglobin; MACE, major adverse cardiovascular events; TIA, transient ischaemic attack; TVR, target ves-

sel revascularization.

and p=0.02, respectively). Ischaemic TLR rates were not
significantly affected by LV function.

After adjustment for baseline differences, LVEF <40%
was an independent predictor of 1-year NACE (HR 1.96,
95% CI 1.38-2.78, p<0.001), MACE (HR 2.09, 95% CI
1.49-2.94, p<0.0001), all-cause death (HR 3.54, 95% CI
2.09-5.98, p<0.0001), and non-CABG major bleeding (HR
1.85, 95% CI 1.10-3.11, p=0.02). By multivariable analy-
sis, LVEF 40-50% was not a predictor of poorer
outcomes.

Pharmacological randomization in patients
with severely reduced LVEF

Of the 219 patients with severely impaired LVEF, 103
(47.0%) were randomized to bivalirudin and 116 (53.0%)
were randomized to heparin plus GPI. The groups were

well matched except that patients treated with heparin+GPI
had slightly higher rates of hypertension (60.9 vs. 47.6%,
p=0.049). Although rates of NACE and MACE were simi-
lar, patients with LVEF <40% treated with bivalirudin
rather heparin+GPI had significantly lower 1-year rates of
all-cause death, cardiac death, non-cardiac death and com-
posite death and reinfarction (Table 5). Total major bleed-
ing was also reduced by bivalirudin.

Stent randomization in patients with
severely reduced LVEF

Of 189 stent eligible patients with LVEF <40%, 145
(76.7%) patients were randomized to PES and 44 (23.3%)
patients to BMS. Baseline clinical and angiographic char-
acteristics were well matched between the two treatment
arms (data not shown). At 1-year, rates of NACE and
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Table 4. Clinical Outcomes at |-Year According to Index Procedure Left Ventricular Function.

Left ventricular ejection fraction p-value
A: <40% B:40-50% C:250%  Allgroups Avs.B Avs.C Bvs.C
(n=219) (n=396) (n=2033)
Net adverse clinical events 27.1 (59) 15.6 (61) 14.2 (283) <0.0001 0.0004 <0.0001 0.47
MACE (death, MI, ischaemic TVR, or stroke) 20.7 (45) 10.8 (42) 9.5 (187) <0.0001 0.0006 <0.0001 0.38
Death 12.4 (27) 3.6 (14) 2.1 (41) <0.0001 <0.0001 <0.0001 0.07
Cardiac 10.6 (23) 1.8 (7) 1.2 (24) <0.0001 <0.0001 <0.0001 0.35
Non-cardiac 2.0 (4) 1.8 (7) 0.9 (17) 0.11 0.88 0.12  0.09
Reinfarction 6.0 (12) 32(12) 3.5 (69) 0.18 0.10 008 0.72
Q-wave 1.9 (4) 1.9 (7) 1.8 (36) 0.99 0.90 0.90 1.00
Non-Q-wave 4.6 (9) 1.3 (5) 1.8 (35) 0.02 0.02 0.009 0.52
Death or reinfarction 16.1 (35) 6.7 (26) 5.4 (108) <0.0001 0.0002 <0.0001 0.33
TVR, ischaemia driven 85 (17) 5.5 (21) 6.1 (119) 034 0.17 0.18 0.70
Stroke 1.5 (3) 1.0 (4) 0.9 (18) 0.74 0.64 044 08l
TIA 0.0 (0) 0.0 (0) 0.3 (5) 0.48 N/A 047 032
TLR, ischaemia driven 4.9 (10) 4.8 (18) 5.0 (98) 0.98 0.89 1.00 0.83
Bleeding
Major bleeding (non-CABG related) 12.5 (27) 6.9 (27) 6.6 (134) 0.005 0.01 0.001 0.90
Intracranial bleeding 0.0 (0) 0.3 (1) 0.0 (0) 0.06 047 - 0.02
Intraocular bleeding 0.0 (0) 0.0 (0) 0.0 (0) - - - -
Retroperitoneal bleeding 1.4 (3) 0.3 (I) 0.5 (10) 0.16 0.10 0.10 052
Access site haemorrhage 0.0 (0) 0.0 (0) 0.2 (4) 0.55 N/A  0.51 0.38
Haematoma >5 cm at puncture site 3.7(8) 1.3 (5) 1.9 (39) 0.11 0.05 008 037
Drop in Hb >3 g/dl with overt source 3.2(7) 1.5 (6) 2.1 (43) 0.36 0.16 028 044
Drop in Hb >4 g/dl without an overt source 7.5 (16) 4.1 (16) 2.8 (57) 0.001 0.07 0.0003 0.19
Drop in Hb >5 g/dl without an overt source 3.3 (7) 1.5 (6) 1.3 (27) 0.09 0.15 0.03 0.77
Reoperation for bleeding 0.5 (1) 0.0 (0) 0.0 () 0.09 0.18 0.05 066
Blood product transfusion 6.0 (13) 28 (1) 3.0 (60) 0.04 0.04 0.01 0.84
Major bleeding (including CABG related) 16.3 (35) 8.9 (35) 8.2 (165) 0.0003 0.005 <0.0001 0.68
Stent thrombosis in patients with stent implanted
Definite 3.6 (7) 2.2 (8) 2.7 (48) 0.61 0.32 043 062
Probable 1.6 (3) 0.6 (2) 0.2 (3) 0.005 0.22 0.0008 0.16
Late stent thrombosis, definite or probable 1.6 (3) 1.7 (6) 0.9 (15) 0.24 0.97 027 0.13

Values are % (n).

CABG, coronary artery bypass graft; Hb, haemoglobin; MACE, major adverse cardiovascular events; TIA, transient ischaemic attack; TLR, target
lesion revascularization; TVR, target vessel revascularization.

MACE were similar between the two groups. However,
patients with severe LV dysfunction receiving PES rather
than BMS had 76% and 66% relative reductions in ischae-
mia-driven TLR and TVR, respectively (Table 6). PES ran-
domized patients also had a 70% reduction in the 1-year
rate of reinfarction. Stent thrombosis rates were similar
between patients randomized to PES and BMS.

Discussion

The present study demonstrates that severe LV dysfunction
as assessed by LV angiography during the acute phase of
STEMI in patients undergoing a primary PCI management
strategy is a powerful independent predictor of poor clini-
cal outcomes. Patients with a LVEF <40% have increased
rates of mortality, MACE, major bleeding, and NACE.

However, moderate LV dysfunction was not a predictor of
poor clinical outcomes. While the major deleterious impact
of reduced LVEF on survival is principally seen in the first
30 days after presentation, late mortality after this time
point continued to be greater in patients with LV dysfunc-
tion. Moreover, patients with severe left ventricular dys-
function had improved survival with bivalirudin
monotherapy compared to heparin plus GPI, and reduced
rates of reinfarction and recurrent ischaemia necessitating
repeat revascularization procedures with PES rather than
BMS.

Consistent with prior studies, patients with LV dysfunc-
tion in the present study more frequently had co-existent
clinical comorbidities and adverse angiographic character-
istics.®12 Many of these, such as advanced age, prior MI,
female sex, presentation in Killip class 3 or 4, left anterior
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Figure |. Impact of LV dysfunction on |-year outcomes: |-year
time-to-event curves according to LVEF for net adverse clinical
events (NACE; A), major adverse cardiovascular events (MACE;
B), and non-CABG major bleeding (C).

descending artery involvement, and an occluded infarct
vessel at baseline, have also been associated with increased
mortality.2>7141521-25 However, after adjusting for these
variables, LVEF measured during index procedure
remained a powerful independent determinate of subse-
quent death, consistent with other studies that measured
LVEF during the convalescent phase of STEMI.3->12.13.15 [n
this regard, our results are consistent with a retrospective
analysis from the Controlled Abciximab and Device
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Figure 2. Impact of LV dysfunction on mortality: |-year
time-to-event curves according to LVEF for all-cause death (A),
cardiac death (B), and non-cardiac death (C).

Investigation to Lower Late Angioplasty Complications
(CADILLAC) trial.!? This trial studied 1620 AMI patients
that had baseline LVEF determined by left ventriculogra-
phy during their primary PCI procedure, and reported that a
baseline LVEF <40% compared to >40% was associated
with decreased 30-day (93.7 vs. 99.1%; p=0.001) and
1-year survival (89.0 vs. 97.2%; p<0.0001).

Both HORIZONS-AMI and CADILLAC studies found
that decreased LVEF was not associated with increased
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Table 5. |-year outcomes in patients with LVEF <40% according to pharmacological randomization.

Bivalirudin (n=103) UFH+GPI (n=116) p-value
Net adverse clinical events 23.4 (24) 30.5 (35) 0.25
MACE (death, M, ischaemic TVR, or stroke) 15.6 (16) 25.3 (29) 0.09
Death 5.8 (6) 18.3 (21) 0.007
Cardiac 5.8 (6) 14.9 (17) 0.04
Non-cardiac 0.0 (0) 4.0 (4) 0.05
Reinfarction 3.1 (3) 8.6 (9) 0.09
Q-wave 1.1 (1) 2.7 (3) 0.36
Non-Q-wave 2.1 (2) 7.0 (7) 0.10
Death or reinfarction 8.8 (9) 22.7 (26) 0.007
TVR, ischaemia driven 7.2 (7) 9.7 (10) 0.53
Stroke 2.0 (2) 1.0 (1) 0.53
TIA 0.0 (0) 0.0 (0)
TLR, ischaemia driven 4.1 (4) 5.7 (6) 0.60
Bleeding
Major bleeding (non-CABG related) 8.9 (9) 15.7 (18) 0.12
Intracranial bleeding 0.0 (0) 0.0 (0) -
Intraocular bleeding 0.0 (0) 0.0 (0) -
Retroperitoneal bleeding 0.0 (0) 2.6 (3) 0.10
Access site haemorrhage 0.0 (0) 0.0 (0) -
Haematoma >5 cm at puncture site 3.0(3) 4.4 (5) 0.58
Drop in Hb >3 g/dl with overt source 2.0 (2) 4.4 (5) 0.32
Drop in Hb >4 g/dl without an overt source 6.0 (6) 8.9 (10) 0.43
Drop in Hb >5 g/dl without an overt source 2.0 (2) 4.5 (5) 0.32
Reoperation for bleeding 0.0 (0) 0.9 (I) 0.35
Blood product transfusion 29 (3) 8.7 (10) 0.08
Major bleeding (including CABG related) 10.9 (11) 21.1 (24) 0.04
Stent thrombosis in patients with stent implanted
Definite 2.1 (2) 5.1 (5) 0.27
Probable 1.0 (1) 2.2 (2) 0.56
Late stent thrombosis, definite/probable .1 () 22 (2) 0.54

Values are % (n).

CABG, coronary artery bypass graft; Hb, haemoglobin; MACE, major adverse cardiovascular events; TIA, transient ischaemic attack; TLR, target

lesion revascularization; TVR, target vessel revascularization.

rates of reinfarction, revascularization, or stroke. In an ear-
lier era, LV dysfunction had previously been implicated as
an independent predictor of 30-day reinfarction after pri-
mary balloon angioplasty and BMS from the Primary angi-
oplasty in Acute Myocardial Infarction (PAMI) trials.> The
30 day reinfarction rate in the present study was 1.6%,
somewhat lower than in the PAMI era (2.1%); the extent to
which improved pharmacotherapy, devices, and technique
may be resulting in greater freedom from reinfarction and a
lesser effect of LV dysfunction is unknown. Furthermore,
earlier studies suggested that patients with left ventricular
dysfunction after myocardial infarction had higher rates of
stroke.?*-28 This may be related to the increased predisposi-
tion for LV thrombus development in patients with areas of
LV akinesis or dyskinesis.?3 In an observational analysis
containing 2231 patients with LV dysfunction after an acute
myocardial infarction in the Survival and Enlargement
(SAVE) trial, a depressed LV ejection fraction was an inde-
pendent predictor of stroke events during the 5-year

follow-up period.?® Unlike earlier reports, our study did not
detect any difference in stroke rates between patients with
and without LV dysfunction.

Prior studies have shown that a strong association exists
between bleeding complications, blood transfusions, and
increased mortality in patients with acute coronary syn-
dromes and in those undergoing PCI.3!1-3¢ A novel finding
of the present study is that patients with severely reduced
baseline LVEF had increased rates of non-CABG related
major bleeding and blood transfusions, even after adjusting
for other comorbidities such as advanced age and female
sex which have also been associated with bleeding.31,32.34.37.38
While the causes of increased bleeding in patients with
reduced systolic LV function are not known, the increased
rate of major haemorrhagic complications and transfusions
may be contributing to their poor survival in these patients.

Contrast left ventriculography performed during the
index revascularization procedure can safely assess LVEF
and provide important information to risk stratify patients,
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Table 6. |-year outcomes in patients with LVEF <40% according to stent randomization.
TAXUS (n=145) BMS (n=44) p-value
Net adverse clinical events 25.6 (37) 36.4 (16) 0.21
MACE (death, M, ischaemic TVR, or stroke) 19.4 (28) 32.0 (14) 0.10
Death 12.5 (18) 18.3 (8) 0.37
Cardiac 10.4 (15) 18.3 (8) 0.19
Non-cardiac 23 (3) 0.0 (0) 0.35
Reinfarction 4.5 (6) 14.7 (6) 0.03
Q-wave 22 (3) 2.3 (1) 0.96
Non-Q-wave 3.1 (4 12.7 (5) 0.02
Death or reinfarction 15.9 (23) 25.1 (1) 0.20
TVR, ischaemia driven 6.0 (8) 17.8 (7) 0.03
Stroke 1.6 (2) 2.3 (1) 0.65
TIA 0.0 (0) 0.0 (0)
TLR, ischaemia driven 29 (4) 12.6 (5) 0.02
Bleeding
Major bleeding (non-CABG related) 14.8 (21) 6.8 (3) 0.19
Intracranial bleeding 0.0 (0) 0.0 (0) -
Intraocular bleeding 0.0 (0) 0.0 (0) -
Retroperitoneal bleeding 2.1 (3) 0.0 (0) 0.34
Access site haemorrhage 0.0 (0) 0.0 (0) -
Haematoma >5 cm at puncture site 2.8 (4) 6.8 (3) 0.21
Drop in Hb >3 g/dl with overt source 4.2 (6) 2.3(1) 0.57
Drop in Hb >4 g/dl without an overt source 8.6 (12) 4.6 (2) 0.39
Drop in Hb >5 g/dI without an overt source 3.6 (5) 4.6 (2) 0.76
Reoperation for bleeding 0.7 (1) 0.0 (0) 0.58
Blood product transfusion 7.7 (1) 4.5 (2) 0.49
Major bleeding (including CABG related) 15.5 (22) 9.5 (4) 0.30
Stent thrombosis in patients with stent implanted
Definite 3.6 (5) 49 (2) 0.76
Probable 0.8 (I) 47 (2) 0.08
Late stent thrombosis, definite/probable 1.5(2) 26 (1) 0.67

Values are % (n).

CABG, coronary artery bypass graft; Hb, haemoglobin; MACE, major adverse cardiovascular events; TIA, transient ischaemic attack; TLR, target

lesion revascularization; TVR, target vessel revascularization.

thereby facilitating the selection of therapies to improve the
prognosis of these high-risk patients. Consistent with the
findings from the overall HORIZONS-AMI trial, when
treated with bivalirudin rather than heparin+GPI, patients
with LVEF <40% had significantly improved survival and
reduced bleeding complications. However, the absolute
benefit in terms of improved survival in patients treated
with bivalirudin rather than heparin+GPI was even greater
in those with severely depressed left ventricular dysfunc-
tion (12.5% absolute improvement in 1-year survival, or
number needed to treat (NNT) to save one life = 8) than in
the entire study population (1.3%, NNT = 77).17 Finally,
PES rather than BMS implantation led to decreased rates of
ischaemia-driven TLR and TVR in patients with severe LV
dysfunction, without any safety concerns apparent.

Several study limitations should be considered. This is a
post-hoc analysis and is one of many, albeit pre-specified,
substudies of the HORIZONS AMI Trial and as such should
be considered hypothesis generating, and cannot exclude

chance findings due to increased alpha error. However, the
impact of LVEF on outcomes after STEMI is consistent
with prior data and clinically plausible, despite the modest
number of patients with LVEF <40% in the study and the
fact that this substudy was not powered to determine the
effect of therapies within this group. Given the relatively
small subset of patients with severely reduced LV function,
an additional sensitivity analysis was performed in which
the study population was divided into approximately equal
quartile populations. Patients in the lowest LVEF quartile
continued to have higher rates of 30-day and 1-year NACE,
MACE, and death (data not shown), thus demonstrating the
robustness of this analysis despite the small population of
patients with a LVEF <40%.

The results of this analysis can only be applied to
patients who met the inclusion and exclusion criteria of the
overall trial. Acute left ventriculography was only available
and interpretable in 73.5% of patients; thus, an unknown
bias may exist in this subset that might have influenced the
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results. However, this ascertainment rate is similar to that
reported from other observational studies using convales-
cent LVEF determination,?® and similar to the rates reported
in the CADILLAC trial (11%)."> LVEF was assessed using
contrast left ventriculography in the acute phase; it is
unknown whether LVEF studied using other modalities
such as echocardiography, blood pool scintigraphy, or mag-
netic resonance provides the same prognostic value, and
whether the predictive value of LVEF assessment is
stronger in the acute or convalescent phases of STEMI.
Also, other indicators of LV function, such as wall motion
index,*4 were not examined and might provide incremen-
tal information. Finally, left ventricular function was not
systematically evaluated at follow-up visits; thus, no con-
clusions can be drawn regarding the impact of left ventricu-
lar function recovery.

These limitations notwithstanding, in the contemporary
era of improved drugs and devices for the treatment of
STEMI, patients presenting with a reduced LVEF continue
to have increased rates of 30-day and 1-year all-cause and
cardiac death, MACE, major bleeding, and NACE com-
pared to patients with a normal global LVEF. LVEF deter-
mined by contrast left ventriculography during the acute
index revascularization procedure can provide important
risk stratification information to guide management strate-
gies in STEMI. Furthermore, treatment with bivalirudin
rather than heparintGPI appears to provide substantial
improvement in survival in these high-risk patients, and
PES may safely be used to reduce recurrent ischaemia and
the need for late repeat revascularization procedures.
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