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Abstract

Objectives: Clinical characteristics and trends in the outcome of acute coronary syndrome (ACS) in patients with prior
coronary artery bypass graft surgery (CABG) are unclear. The aim of this study was to evaluate clinical characteristics, in-
hospital treatment, and outcomes in patients presented with ACS with or without a history of prior CABG over 2 decades.

Methods: Data were derived from hospital-based study for collected data from 1991 through 2010 of patients hospitalized
with ACS in Doha, Qatar. Data were analyzed according to their history of prior CABG. Baseline clinical characteristics, in-
hospital treatment, and outcome were compared.

Results: A total 16,750 consecutive patients with ACS were studied, of which 693 (4.1%) had prior CABG. Patients with prior
CABG were older (mean 60.5611 vs. 53612 years; P = 0.001), more likely to be females and have more cardiovascular risk
factors than the non-CABG group. Prior CABG patients had larger infarct size, were less likely to receive reperfusion therapy,
early invasive therapy and more likely to receive evidence-based therapies when compared to non-CABG patients. In-
hospital mortality and stroke rates were comparable between the 2 groups. Over 2 decades, there was reduction in the in-
hospital mortality rates and stroke rates in both groups (CABG, death; 13.2% to 4%, stroke; 1.9% to 0.0%, non-CABG, death;
10% to 3.2%, stroke 1.0% to 0.1%; all, p = 0.001).

Conclusion: Significant reduction in-hospital morbidity and mortality among ACS patients with prior CABG over a 20-year
period.
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Introduction

There is a growing global attention concerning the short and

long term prognosis of acute coronary syndrome (ACS) in

patients with prior coronary artery bypass grafting (CABG).

Despite the indisputable benefit of CABG surgery in reducing

morbidity and mortality [1], acute myocardial infarction (MI) still

reported with an incidence of 3% to 8% annually following

bypass graft surgery [2]. In patients with ACS, some of the

previous reports suggested prior CABG as an independent risk

factor for mortality [3,4], while others reported equal or even

more favorable prognosis when compared to non-BABG patients

[5–9]. A recent global rising in the number of ACS was observed

in patients with prior CABG [10], as a result of the worldwide

increasing numbers of bypass surgeries performed annually

[11,12] and in the consequences of the angiographically

recognized loss of vein graft after surgery (50% become diseased

and 25% occluded) by 5 years [2].

In general, patients with prior CABG have often been

underrepresented in ACS clinical trials. Furthermore, trend in

the outcome of ACS patients with prior CABG patients is lacking.

We hypothesize that the clinical characteristics, treatment and

outcome of ACS patients with prior CABG to be different than

patients without prior CABG. Our second hypothesis is that the

improvement in the surgical techniques of CABG and increase use

of evidence-based therapy over the past two decades resulted in

significant reduction in morbidity and mortality of ACS patients

with prior CABG.

Materials and Methods

Study Setting
This study is based at Hamad General Hospital, Doha, Qatar.

This hospital provides inpatient and outpatient medical and

surgical care for all population of Qatar, including nationals and

expatriates. More than 95% of cardiac patients are being treated

in this hospital, making it an ideal center for population-based
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studies. The vast majority of acute coronary syndrome patients

(.95%) are admitted at this hospital. In the last decade of the 20th

century, cardiovascular diseases are the leading causes of

morbidity and mortality in Qatar. Qatar is a small country with

a population of around 600,000 (2001 Census) and 1,6 million

(2010 Census), consisting of Qatari and other Middle Eastern

Arabs (less than 40%) and non-Middle Eastern Arabs of which the

vast majority are South Asians mainly from India, Pakistan, Nepal

and Bangladesh.

The Cardiology and Cardiovascular Surgery Database at

Hamad General Hospital was used for this study. A case report

form with a specific registration identification number for each

Table 1. Acute coronary syndrome patients’ baseline demographics, clinical characteristics and outcomes according to their
history of prior coronary artery bypass surgery.

Variable Prior CABG (n = 693) No CABG (n = 16057) P Value

Patient characteristics at admission (%)

Age in year (mean 6 SD)) 60.5611 53.7612 0.001

Female gender 17.7 14.7 0.03

Body mass index (kg/m2) (mean 6 SD) 27.565 28614 0.61

Ethnicity (%)

Middle Eastern Arabs 55.4 41.9 0.001

South Asians 35.4 45.1 0.001

Others 9.2 13.0 0.001

Age in different ethnicities (mean 6 SD)

Middle Eastern Arabs age 63.7610 58.8613 0.001

South Asians 54.568 49.269 0.001

Others 63.5612 53.0611.5 0.001

Cardiovascular risk factors (%)

Current smoker 20.9 33.9 0.001

Hypertension* 60.6 40.4 0.001

Diabetes mellitus{ 59.9 40.8 0.001

Chronic renal impairment 8.1 3.1 0.001

Dyslipidemia{{ 26.7 21.0 0.001

Prior cardiovascular disease (%)

Prior myocardial infarction 43.3 15.5 0.001

Prior heart failure 14.6 7.6 0.001

Prior or current atrial fibrillation 2.2 1.7 0.37

In-hospital procedure/therapy (%)

Rate of thrombolysis{ 8.8 29.2 0.001

Coronary angiography 18.0 20.9 0.07

Percutaneous coronary intervention 5.1 10.6 0.001

Peak CK-MB (mean 6 SD) 87.46288 231.26757 0.001

Left ventricular ejection fraction (%)

Normal: LVEF of $55% 15.2 20.1 0.02

Mild: LVEF of 40%–54% 41.4 47.1

Moderate: LVEF of 30%–39% 27.7 20.7

Severe: LVEF of ,30% 17.8 12.2

Hospital days (mean 6 SD)

CCU stay 4.665.6 3.563.2 0.006

Total hospital stay 6.767 5.565.5 0.001

In hospital outcome (%)

Death 5.8 5.2 0.52

Stroke 0.4 0.3 0.53

Data are expressed in numbers (%) of patients unless otherwise indicated.
*Systolic blood pressure .140 mm Hg, diastolic blood pressure .90 mm Hg, or current antihypertensive treatment.
{Patient had been informed of the diagnosis by a physician before admission and for type 1 or 2 diabetes.
{{Total cholesterol .5.2 mmol/L or current use of lipid-lowering agent.
{Of patients eligible for thrombolysis (ST-elevation myocardial infarction (previously known Q wave MI) or new or presumed left bundle branch block).CABG = coronary
artery bypass graft; CCU = coronary care unit; MI = myocardial infarction; STEMI = ST elevation myocardial infarction; NSTEMI = non ST elevation myocardial infarction.
doi:10.1371/journal.pone.0040571.t001
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patient admitted to Hamad General Hospital with cardiac illnesses

was filled out by the assigned physician who followed the patient

throughout hospital stay using standard definitions, and completed

before the patient’s hospital discharge. Data were collected from

the clinical records according to predefined criteria for each

variable. These records have been coded and registered at the

cardiology department since January 1991 [13]. With the

described database, all patients presenting with ACS whom

hospitalized in the 20-year period between January 1991 and end

of 2010 were retrospectively identified. We categorized our study

cohort (n = 16,750) on the basis of prior bypass surgery into two

groups, with or without prior CABG. Accordingly data were

analyzed and compared for clinical characteristics, treatment and

in-hospital outcomes. Ethical approval from Research Committee

of Hamad Medical Corporation was obtained before starting

collection of data for the study. The ethics committee waived the

need of informed consent because of its retrospective analysis and

the fact that the data was analyzed anonymously.

Definitions
Standard definitions were used to diagnose ACS. Formerly

acute MI was defined for this study according to the World Heart

Organization criteria for Q-wave and non Q-wave MI. Then,

STEMI and NSTEMI were defined by a positive serial troponin-T

blood test result ($0.1 ng/ml) in the setting of symptoms and

electrocardiographic changes consistent with MI [14]. Unstable

angina was diagnosed if the patient had a negative cardiac

biomarker and any one of the following characteristics: new-onset

angina (,2 months) of at least class III according to the Canadian

Cardiovascular Society, prolonged (.20 minutes) angina at rest,

recent (,2 months) worsening of angina pectoris, or angina that

occurred within two weeks of an acute MI [15].

The presence of hypertension was determined by any

documentation in the medical record of hypertension or if the

patient was on treatment by the patient’s physician. The presence

of diabetes mellitus was determined by the documentation in the

patient’s previous or current medical record of a documented

diagnosis of diabetes mellitus that had been treated with

medications or insulin. Smoking history: Patients were divided

into current cigarette smokers, past smokers defined as more than

6 months abstinence from smoking, and those who never smoked.

Chronic renal impairment was defined as creatinine .1.5 upper

normal range. The presence of hyperlipidemia was determined by

the demonstration of a fasting cholesterol .5.2 mmol/L in the

patient’s medical record, or any history of treatment of

hyperlipdemia by the patient’s physician. Congestive heart failure

(CHF) was defined using the Framingham criteria. The simulta-

neous presence of at least two major criteria or one major criterion

in conjunction with two minor criteria was required to establish a

diagnosis of CHF. Major criteria included paroxysmal nocturnal

dyspnea or orthopnea, jugular venous distension, pulmonary rales,

radiographic cardiomegaly, acute pulmonary edema, a third heart

sound, central venous pressure above 16 cm of water, hepatoju-

gular reflux, and weight loss of at least 4.5 kg in 5 days in response

to treatment of heart failure. Minor criteria included bilateral

ankle edema, nocturnal cough, dyspnea on ordinary exertion,

hepatomegaly, pleural effusion, and a heart rate of at least 120

beats per minute. Minor criteria were acceptable only if they could

not be attributed to any other medical condition (such as chronic

lung disease, cirrhosis, ascites, or the nephrotic syndrome) [16].

Statistical Analysis
Patients’ characteristics are presented in frequency and

percentages for categorical variables and in mean 6 SD for

T
a

b
le

2
.

M
e

d
ic

at
io

n
re

ce
iv

e
d

b
e

fo
re

,
d

u
ri

n
g

ad
m

is
si

o
n

an
d

at
d

is
ch

ar
g

e
in

ac
u

te
co

ro
n

ar
y

sy
n

d
ro

m
e

p
at

ie
n

ts
w

it
h

o
r

w
it

h
o

u
t

p
ri

o
r

co
ro

n
ar

y
ar

te
ry

b
yp

as
s

su
rg

e
ry

.

M
e

d
ic

a
ti

o
n

s
B

e
fo

re
A

d
m

is
si

o
n

A
t

A
d

m
is

si
o

n
A

t
D

is
ch

a
rg

e

P
ri

o
r

C
A

B
G

(n
=

6
9

3
)

N
o

C
A

B
G

(n
=

1
6

0
5

)
P

v
a

lu
e

P
ri

o
r

C
A

B
G

(n
=

6
9

3
)

N
o

C
A

B
G

(n
=

1
6

0
5

7
)

P
v

a
lu

e
P

ri
o

r
C

A
B

G
(n

=
6

9
3

)
N

o
C

A
B

G
(n

=
1

6
0

5
7

)
P

v
a

lu
e

A
sp

ir
in

7
5

.0
3

0
.6

0
.0

0
1

9
0

.8
9

0
.6

0
.8

6
9

8
6

.0
8

9
.2

0
.0

0
8

C
lo

p
id

o
g

re
l

2
1

.1
9

.9
0

.0
0

1
3

2
.8

3
3

.3
0

.7
8

7
3

3
.9

3
4

.4
0

.7
8

2

B
b

lo
ck

e
r

2
7

.3
1

3
.1

0
.0

0
1

4
1

.7
4

9
.7

0
.0

0
1

2
8

.6
3

0
.7

0
.2

3

C
C

B
1

0
.2

4
.3

0
.0

0
1

1
7

.2
8

.0
0

.0
0

1
2

2
.5

1
1

.5
0

.0
0

1

A
C

E
in

h
ib

it
o

rs
/A

R
B

s
2

0
.8

1
0

.7
0

.0
0

1
3

6
.4

3
0

.6
0

.0
0

1
4

2
.3

4
0

.1
0

.2
4

H
M

G
-C

o
A

re
d

u
ct

a
se

in
h

ib
it

o
r

–
–

–
–

–
–

5
9

.0
5

1
.5

0
.0

0
1

G
P

II
b

/I
II

a
in

h
ib

it
o

rs
4

.2
4

.5
0

.7
2

6

U
n

fr
a

ct
io

n
a

te
d

h
e

p
a

ri
n

3
1

.3
3

8
.6

0
.0

0
1

L
M

W
H

(e
n

o
x

a
p

a
ri

n
)

2
1

.1
1

8
.8

0
.1

4
1

D
at

a
ar

e
e

xp
re

ss
e

d
in

n
u

m
b

e
rs

(%
)

o
f

p
at

ie
n

ts
.C

A
B

G
=

co
ro

n
ar

y
ar

te
ry

b
yp

as
s

g
ra

ft
;

H
M

G
-C

o
A

=
h

yd
ro

xy
m

e
th

yl
g

lu
ta

ry
l-

co
e

n
zy

m
e

A
;

G
P

=
g

ly
co

p
ro

te
in

;
LM

W
H

=
lo

w
m

o
le

cu
la

r
w

e
ig

h
t

h
e

p
ar

in
;

C
C

B
=

ca
lc

iu
m

ch
an

n
e

l
b

lo
ck

e
rs

;
A

C
E

=
an

g
io

te
n

si
o

n
co

n
ve

rt
in

g
e

n
zy

m
e

in
h

ib
it

o
r,

A
R

B
=

an
g

io
te

n
si

n
re

ce
p

to
r

b
lo

ck
e

r.
d

o
i:1

0
.1

3
7

1
/j

o
u

rn
al

.p
o

n
e

.0
0

4
0

5
7

1
.t

0
0

2

ACS in Patients with Prior Bypass Surgery

PLoS ONE | www.plosone.org 3 July 2012 | Volume 7 | Issue 7 | e40571



continuous variables. The frequencies of categorical variables in

the two populations (CABG and no CABG) were compared using

the Chi-square test and continuous variables were compared using

the two-tailed Student’s t test or Mann Whitney U test wherever

applicable. Variables influencing in-hospital mortality were

assessed with multiple logistic regressions enter method. Odds

ratios (RR), 95% CI, and p values were reported for significant

predictors. A p value of less than 0.05 was considered statistical

significant. All p values were the results of two-tailed tests. Data

analyses were carried out using the Statistical Package for Social

Sciences version 18.0 (SPSS Inc., USA).

Results

Study Population
Overall, from January, 1991 to the end of year 2010, a total of

41,438 patients hospitalized with acute cardiac disease were

scrutinized 16,750 of these patients were admitted with ACS, of

them 693 patients (4.1%) were with prior CABG and 16,057

patients without previous CABG.

Baseline Clinical Characteristics
Table 1 shows the baseline clinical characteristics of the

patients. Those patient with prior CABG were older than patients

without prior CABG (mean 60.5611 vs 53612 years; P = 0.001).

Females constituted 17.7% of the CABG group and were

significantly more in numbers than the non-CABG group 14.7%

(P = 0.03). The body mass index mean values showed no

significant variation between the two groups (27.565 vs 28614;

P = 0.61). Study of different population ethnicity showed Middle

Eastern Arabs were significantly more common to have a prior

bypass surgery than patient without bypass (55.4% vs 41.9%;

P = 0.001). While South Asian population were less commonly had

prior CABG (35.4% vs 45.1%; P = 0.001). Sub-analysis of age

revealed patients with prior CABG were significantly older than

their counterparts in all ethnicities (p = 0.001).

When compared to patients without CABG, those with prior

CABG had more adverse baseline characteristics. They were more

likely to have hypertension (60.6% vs 40.4%; P = 0.001), diabetes

mellitus (59.9% vs 40.8%; P = 0.001) and dyslipidemia (26.7% vs

21%; P = 0.001). In addition, they tended to have more prior

congestive heart failure (1.64% vs 7.6%; P = 0.001) and chronic

renal impairment (8.1% vs 3.1%; P = 0.001). Whereas patients

with prior bypass surgery were less likely to be a current smokers

(20.9% vs 33.9%; P = 0.001). Furthermore, patients with prior

bypass showed a greater preponderance of old MI (43.3% vs

15.5%; P = 0.001).

Table 3. Trend of outcomes (1990 to 2010), include mortality and stroke in acute coronary syndrome patients with or without
prior coronary artery bypass surgery.

Outcomes 1991–94 1995–98 1999–02 2003–06 2007–10 P value

No. of CABG/ACS 60/1775 3.4% 53/1836 2.9% 86/2412 3.6% 243/4652 5.2% 251/6061 4.1% 0.001

Death in CABG 3/60 5.0% 7/53 13.2% 8/86 9.3% 8/243 3.3% 10/251 4.0% 0.02

Death in non CABG 172/1715 10% 161/1783 9% 205/2526 8.8% 204/4412 4.6% 185/5821 3.2% 0.001

No. of stroke/ACS 16/1775 0.9% 18/1836 1.0% 12/2412 0.5% 5/4652 0.1% 6/6061 0.1% 0.001

Stroke in CABG 0/60 0% 1/53 1.9% 0/86 0% 1/243 0.4% 0/251 0% 0.001

Stroke in non CABG 16/1751 0.9% 17/1783 1.0% 12/2326 0.5% 4/4412 0.1% 6/5821 0.1% 0.001

Data are expressed in numbers (%) of patients. CABG = coronary artery bypass graft; ACS = acute coronary syndrome.
doi:10.1371/journal.pone.0040571.t003

Figure 1. The 20 years trend of mortality in 16,750 patients with acute coronary syndrome with or without history of prior coronary
artery bypass surgery. CABG = coronary artery bypass graft; ACS = acute coronary syndrome.
doi:10.1371/journal.pone.0040571.g001
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In-hospital Management
In STEMI patients, thrombolytic therapy was used as a primary

reperfusion therapy. There was a significant higher rate of

thrombolysis in patients without prior CABG (29.2% vs 8.8%;

P = 0.001). Likewise, coronary angiography and percutaneous

coronary intervention (PCI) as a therapeutic mode for ACS, was

showed a significant more frequency in patients without prior

CABG than patients with prior CABG (10.6% vs 5.1%;

P = 0.001). In patients with prior CABG, the pre-discharge left

ventricular ejection fraction (LVEF) was more frequent #30%

(severe LV dysfunction); (17.8% vs 12.2%; P = 0.02) and more

common between 30–39% (moderate LV dysfunction); (27.7% vs

20.7%; P = 0.02) as compared to patients without prior CABG. In

contrary to that normal LVEF ($55%) and mild LV dysfunction

(LVEF = 40–54%) were more prevalent in patient without prior

bypass graft surgery (20.1% vs 15.2%, 47.1 vs 41.4; P = 0.02,

respectively).

During hospitalization, the comparison of coronary care unit

days of stay showed a significant longer stay in CABG patients as

compared to patients without prior CABG (4.6265.6 vs 3.4663.2;

p = 0.006). Likewise, total days of stay including step-down ward

stay was longer in CABG patients (6.6967 vs 5.4965.54;

p = 0.001). Patients with no prior bypass graft surgery reported

higher mean values of peak ceatine kinase-MB when presented

with ACS (231.26757 vs 87.46288; p = 0.001). Similarly, higher

positive results of troponin-T during hospitalization (43.3 vs 36.2;

p = 0.001).

Medications Prescribed
Table 2 shows medication use before, during admission and at

discharge in ACS patients without prior CABG.

Before admission. Primarily ACS patients with prior CABG

were more commonly prescribed previous treatment with aspirin,

clopidogrel, beta blockers, calcium channel blockers (CCB) and

angiotensin converting enzyme (ACE) inhibitors/angiotensin

receptor blockers (ARB) than patients with no prior CABG

(P = 0.001).

During hospital admission. There were no significant

differences between the two groups in the medications provided,

aspirin (90.8 vs 90.6; p = 0.869), clopidogrel (32.8 vs 33.3;

p = 0.787), Glycoprotien IIb/IIIa inhibitors (32.8 vs 33.3;

p = 0.787) and low molecular weight heparin (enoxaparin), (21.1

vs 18.8; p = 0.141), but patients with prior CABG were less likely

prescribed beta-blockers (41.7% vs 49.7%; P = 0.001) and

unfractionated heparin (31.3 vs 38.6; p = 0.001). ACE inhibi-

tors/ARBs and CCBs were prescribed more in patients with prior

CABG (36.4% vs 30.6%; P = 0.001, 17.2 vs 8.0; p = 0.001)

respectively.

At discharge. There was no significant difference in clopido-

grel (33.9 vs 34.4; p = 0.782), b-blockers (28.6 vs 30.7; p = 0.24)

and ACE inhibitors/ARBs prescriptions (42.3 vs 40.1; p = 0.24),

but patients with prior CABG were furthermore less prescribed

aspirin (86.0% vs 89.2%; P = 0.008) while, CCB and HMG-CoA

reductase inhibitors were more likely prescribed in these patients

(22.5% vs 11.5%; P = 0.001 and 59.0% vs 51.5%; P = 0.001,

respectively).

Table 4. The 20-year trend of medications prescribed during admission in patient with acute coronary syndrome.

Medications 1991–94 1995–98 1999–02 2003–06 2007–10 P value

Asprin 1371/1775
77.2%

1508/1836
82.1%

2153/2412
89.3%

4367/4655
93.8%

5774/6072
95.1%

0.001

B-blocker 550/1775
31.0%

642/1836
35%

961/2412
39.8%

2235/4655
48%

3884/6072
64%

0.001

ACE inhibitors/ARBs 226/1775
12.7%

319/1836
17.4%

464/2412
19.2%

1421/4655
30.5%

2741/6072
45.1%

0.001

Clopidogrel 0/1775
0%

0/1836
0%

0/2412
0%

1421/4655
17.9%

4733/6072
77.9%

0.001

Data are expressed in numbers (%) of patients. Same abbreviations mentioned in table 2.
doi:10.1371/journal.pone.0040571.t004

Table 5. Trend of morbidities and outcomes with comparisons for 1991–2000 and 2001–2010 periods, in patients with acute
coronary syndrome.

Mortality/Morbidities Prior CABG (n = 693) P value No CABG (n = 16057) P value

1991–2000
(n = 155)

2001–2010
(n = 538)

1991–2000
(n = 4660)

2001–2010
(n = 11397)

Deaths 14(9) 22(4.1) 0.02 451(9.7) 476(4.2) 0.001

Stroke 1(0.6) 1(0.2) 0.35 43(0.9) 12(0.1) 0.001

Cardiogenic shock 13(8.4) 12(2.2) 0.001 187(4.0) 251(2.2) 0.001

Re-infarction 5(3.2) 0(0) 0.001 76(1.6) 39(0.3) 0.001

VT/VF 4(2.6) 16(3) 0.80 317(6.8) 267(2.3) 0.001

Advanced Heart Block* 4(2.6) 2(0.4) 0.009 150(3.2) 126(1.1) 0.001

Data are expressed in numbers (%) of patients. VT = ventricular tachycardia;
VF = ventricular fibrillation,* defined as 2nd or 3rd degree AV block.
doi:10.1371/journal.pone.0040571.t005
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Outcomes
The in-hospital mortality rates observed no significant differ-

ence in patients with prior CABG compared to those without prior

CABG (5.8% vs 5.2%; P = 0.52), and stroke as a complication was

also not different (0.4% vs 0.3%; P = 0.53).

Trend of outcomes. Table 3 shows the trend of outcomes in

term of mortality and stroke in ACS patients with or without prior

CABG. Over the 20-year period, there was significant increasing

number of CABG operations (p = 0.001). The in-hospital mortality

rate significantly reduced from peak 13.2% to 4.0% (p = 0.001) for

patients with prior CABG and from 10% to 3.2% (p = 0.001) for

patients without prior CABG (figure 1). Stroke rates also, reduced

from peak 1.9% to 0.0% (p = 0.001) for patients with prior CABG

and from peak 1.0% to 0.1% (p = 0.001) for patients without prior

CABG.

Trend of medications. Table 4 shows medications given to

patients with ACS during admission. A significant increase in the

use of evidence-based therapies on admission was observed during

the span of 20 years including, aspirin (77.2% to 95.1%,

p = 0.001), beta blockers (31% to 64%, p = 0.001), ACE inhibi-

tors/ARBs (12.7% to 45.1%, p = 0.001) and clopidogrel (17.9% to

77.9%, p = 0.001).

Ten years comparison of outcomes. Table 5 reveals

morbidities and mortality comparison in periods, 1991-2000 and

2001-2010 according to history of prior CABG. There was

significant reduction in mortality and the majority of morbidities

measured (reinfarction, cardiogenic shock and advanced heart

block) in the latter when compared to the earlier time periods

regardless of prior CABG history, with the exception of stroke and

ventricular arrhythmia rates which were comparable in the two

time periods among patients with prior CABG only.

Multiple logistics regression analysis. Multiple logistic

regression revealed that prior heart failure (adjusted OR = 1.94,

95% CI 1.18–3.24, P = 0.01) and age (adjusted OR = 1.05, 95%

C.I. 1.03–1.06, P = 0.001) were risk factor for mortality. Prior

CABG did not show statistical reduction in-hospital mortality (OR

0.55, 95% CI 0.21 to 1.41; p = 0.21) whereas, admission

medication like, aspirin, B-blockers, CCBs, ACE inhibitors/ARBs

and low molecular weight heparin (LMWH) were showed

significant reduction in mortality rate (Table 6, Figure 2).

Discussion

The current study reports the clinical characteristics, treatment

and outcome of Middle-eastern ACS patients according to their

Table 6. Multivariate analysis of predictors of in-hospital
mortality in patients presented with acute coronary
syndromes.

Independent Predictor Odds Ratio 95% C.I. P value

Patients characteristics

Male gender 0.69 0.43–1.08 0.11

Age 1.05 1.03–1.06 0.001

Current smoking 1.02 0.66–1.57 0.94

Diabetes mellitus 0.99 0.68–1.47 0.98

Hypertension 1.36 0.91–2.03 0.14

Chronic renal impairment 0.94 0.48–1.86 0.85

Prior myocardial infarction 1.06 0.67–1.67 0.81

Dyslipidemia 1.07 0.67–1.71 0.76

Prior heart failure 1.95 1.18–3.24 0.01

Body Mass Index 0.99 0.96–1.02 0.60

In-hospital therapy

Thrombolytic therapy 0.77 0.46–1.27 0.30

Percutaneous coronary intervention 0.86 0.50–1.45 0.56

In-hospital medication

Asprin 0.50 0.30–0.84 0.009

Clopidogrel 0.81 0.55–1.18 0.27

Beta blocker 0.23 0.15–0.35 0.001

Calcium channel blocker 0.11 0.03–0.34 0.001

ACEi/ARB 0.24 0.15–0.39 0.001

Unfractionated heparin 1.38 0.90–2.12 0.13

LMWH(enoxaparin) 0.42 0.26–0.69 0.001

Prior CABG 0.55 0.21–1.41 0.21

CABG = coronary artery bypass graft; LMWH = low molecular weight heparin;
ACE = angiotension converting enzyme, ARB = angiotensin receptor blocker;
CI = confident interval.
doi:10.1371/journal.pone.0040571.t006

Figure 2. The predictors of in-hospital mortality in patients with prior coronary artery bypass surgery who presented with acute
coronary syndrome. CABG = coronary artery bypass graft; ACS = acute coronary syndrome; ACE = angiotensin-converting enzyme; ARB =
angiotensin receptor blocker; LMWH = low molecular weight heparin.
doi:10.1371/journal.pone.0040571.g002
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history of prior CABG. Patients with prior CABG were older,

constitutes more females and carrying more cardiovascular risk

factors including diabetes mellitus and hypertension than non-

CABG group. Prior CABG patients were more likely to have

larger infarct size and less likely to receive reperfusion therapy and

early invasive therapy when compared to non-CABG patients.

Despite having worse clinical profile, prior CABG patients had

comparable morbidity and mortality to non-CABG patients. Over

20-years period, the current study reports for the first time

significant reduction in mortality and stroke rates among ACS

patients with prior CABG, which may be attributed to improve-

ment in surgical CABG techniques and more use of evidence

therapies.

The prevalence of prior CABG in ACS patients is variable. This

study demonstrates a lower proportion of patients with prior

CABG (4.2%) in our ACS cohort as compared to previous reports

from Western countries (7%–27%), [8–10,17–22]. However,

similar data were reported in other series [5,23,24]. We reported

an increasing number of CABG patients hospitalized with ACS

matching the significant increase in the population of Qatar which

nearly tripled since 2001 (600,000 population in 2001 and 1.6

million population in 2010).

Clinical Characteristics
The reported older ages in CABG patients is consistent with

previous studies when compared to patients without prior CABG

[9,18,21,25–27]. Likewise, the predominance of men in both

groups. Females were significantly more prevalent in our

population with prior CABG, a similar finding was reported in

previous studies conducted on same Middle-eastern population

[28,29]. This female preponderance with prior CABG was not

reported in Western population. In comparison to patients without

prior CABG and consistent with the earlier reports, CABG

patients clearly had more adverse baseline characteristics and

burden of co-morbidities when presenting with ACS. They more

often had a history of cardiovascular risk factors such as

hypertension, diabetes and dyslipidemia, as well as, higher

prevalence of chronic renal impairment. In addition, they had a

greater likelihood of prior MI and treated heart failure

[9,18,22,23,25–27,30].

In-hospital Management
Evidence-based therapies among ACS patients with prior

CABG are very limited to post-hoc analysis of limited number

of trials and registries, which suggested underuse of evidence-based

therapies in this high-risk group as aspirin, beta-blocker, or

thrombolytic therapy in the VALIANT trial [10], or evidence-

based medications and PCI in the expanded-GRACE analysis in

NSTEMI [3]. Our observations demonstrate increased use of

aspirin, clopidogrel, b-blockers, ACE/ARB among ACS patients

with prior CABG. The significant greater likelihood of evidence-

based medications used before and during admission in our cohort

with prior CABG reflect the unprejudiced utilization of evidence

based medication in previous CABG patients by our physicians as

well as this results may emphasize on the protective value

accomplished by these medications as have been well established

in different studies to reduce mortality in patients with coronary

artery disease [31–35]. We observed an overall very low use of

invasive procedures including coronary angiography and percu-

taneous coronary revascularization when compared to reports

from Western countries, however it is consistent with recent study

(2006–2007) conducted in 6 Middle –eastern countries and

reported overall 20% use of coronary angiography among ACS

patients [36].
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The Effect of Prior CABG on Outcomes
In-hospital mortality. The effect of prior CABG on

mortality after ACS remains controversial (Table 7). Observation-

al studies based on selected clinical trial populations have

demonstrated a worse clinical outcomes and reported higher

likelihood of adverse events of patients with ACS and prior CABG

compared to those without prior CABG [10,18,19,22,37–39].

Prior CABG is an independent risk factor for in-hospital mortality

[10] and at both 30 days and 1 year after MI [40,41]. In GUSTO-

1 (Global Utilization of Streptokinase and TPA for Occluded

Arteries I) trial, patients with prior CABG had shown an increased

30-day mortality of 10.7% vs 6.7% (P = 0.001). In the GRACE

registry prior CABG was associated with increased both in-

hospital mortality and early mortality [7,30]. All these older

studies showed poor prognosis in patients with prior CABG

presenting with ACS.

On the other hand, more recently several studies have showed

no significant differences in in-hospital and long term prognosis

in patients with or without prior CABG presenting with ACS.

Teixeira et al, reported no significant influence of prior CABG

on short or medium term outcomes, such as all-cause mortality

and adverse cardiac events in patient presenting with ACS [5].

As well as, Kim et al [4] concluded that, in-hospital mortality did

not differ significantly from non-CABG patients who had

NSTEMI (adjusted ORs 1.00, 95% CI 0.92–1.11 and 0.99,

95% CI 0.87–1.11, respectively). In addition, Elbarasi et al,

demonstrated less in-hospital mortality in NSTE-ACS patient

with prior CABG (1.7%) and prior CABG with PCI (0.9%) than

in patients without prior CABG (2.3%) (P = 0.001) [3].

Wisemann et al, reported similar 1- and 5-year mortality rates

in patients with and without prior CABG [42]. Furthermore,

Mathew et al, reported a weak association of prior CABG with

adjusted in-hospital mortality in patients who had STE/LBBB

(OR 1.11, 95% CI 1.00–1.23), but not in patients had NSTE/

LBBB (OR 0.99, 95% CI 0.92–1.07), [9]. These reports may

point toward a possible protective role might be played by

CABG against death in patients who have history of severe

coronary artery disease enough to merit revascularization

presented currently with ACS. In addition, the better prognosis

observed in the recent studies may be a sign toward the role of

the guideline recommended evidence based therapies in the

management of coronary artery disease patients.

In this study it was found that although patients who had

previously undergone CABG presented with significantly adverse

baseline characteristics and had larger infarct size, they demon-

strate no significant difference in in-hospital mortality when

compared to patients without prior CABG. It remains somewhat

intriguing, why high risk background did not translate into worse

mortality. Advanced age is an important risk factor for mortality,

however our CABG patients demonstrated to be younger than

other reported cohorts. This along with less recurrence of ischemia

or infarction together with the higher prevalence of previous and

in-hospital treatment with evidence-based medications may

explain to some extent their favorable outcome.

The Effect on Stroke and other Morbidities
Most of studies revealed a higher prevalence of prior stroke in

prior CABG patient when presented with ACS. However, the

occurrence of stroke as a new complication in those patients is still

controversial.The observed non-significant difference of stroke

between post-CABG patients and those who had not undergone a

previous CABG, was a similar finding observed by texiera et al [5]

and others [18]. In contrary brikalis et al reported those with

previous CABG were approximately 2 times as likely as to develop

stroke than those without prior CABG [19]. Likewise, Berry et al,

showed CABG patients were more likely to experience the

composite outcome of cardiovascular death, MI, HF, resuscitated

cardiac arrest, or stroke; 3 year Kaplan–Meier rate, 64 vs. 39%

(adjusted hazard ratio 1.29, 95% CI 1.17–1.43; P, 0.0001), [10].

The Trends
Mortality rates from coronary heart disease and from acute MI,

in particular, have been declining steadily since the 1970s in

several Western populations. In the United States, Krumholz et al,

reported significant decrease in the risk-standardized hospital

mortality rate for patients discharged with Acute MI between 1995

and 2006 [43]. We observed for the first time, over 20 year period,

there was a significant reduction in mortality and stroke rates

among our population with or without prior CABG who presented

with ACS.

It is worth mentioning that, although, the results were

generalized and including all patients admitted to CCU and no

case exempted for registration in the registry. The result of this

study should be interpreted in the context that, the data presented

were intended to provide a fairly general representation of the

practice and trends over the last 2 decades; as such, these data are

largely descriptive without adjustment for case mix, so conclusions

based on observed associations should be made with caution.

Conclusion
The current study on the clinical characteristics, treatment and

outcome of Middle-eastern ACS patients according to the history

of prior CABG reports significant reduction in-hospital morbidity

and mortality among ACS patients with or without prior CABG

over 20-years period.

Study Limitations
First, as in all registry studies spanning long time intervals,

admission policies to the CCU and management of ACS would

have changed considerably during this study period. Second, our

data were collected retrospectively from records registration over

20 years, which is another limitation. The fundamental limitations

of retrospective observational studies cannot be eliminated because

of the nonrandomized nature and unmeasured confounding

factors. However, well-designed retrospective observational studies

may provide valid results without systematic overestimation, bias

or predilection. Finally, detailed surgical data was not available on

prior CABG patients such as the number of bypass grafts and the

use arterial grafts.

Author Contributions

Conceived and designed the experiments: JA HA. Performed the

experiments: JA NA. Analyzed the data: RS. Contributed reagents/

materials/analysis tools: AQ AA. Wrote the paper: JA RA.

References

1. Varnauskas E (1988) Twelve-year follow-up of survival in the randomized

European Coronary Surgery Study. N Engl J Med 319: 332–7.

2. Fitzgibbon GM, Kafka HP, Leach AJ, Keon WJ, Hooper GD, et al. (1996).

NRMI Investigators. Coronary bypass graft fate and patient outcome:

angiographic follow- up of 5,065 grafts related to survival and reoperation in

1,388 patients during 25 years. J Am Coll Cardiol 28: 616–626.

3. Elbarasi E, Goodman SG, Yan RT, Welsh RC, Kornder J, et al. (2010)

Canadian Acute Coronary Syndrome Registries I and II (ACS I and ACS II);

ACS in Patients with Prior Bypass Surgery

PLoS ONE | www.plosone.org 9 July 2012 | Volume 7 | Issue 7 | e40571



Canadian Global Registry of Acute Coronary Events (GRACE/expanded-

GRACE) Investigators. Management patterns of non-ST segment elevation

acute coronary syndromes in relation to prior coronary revascularization. Am
Heart J 159: 40–46.

4. Kim MS, Wang TY, Ou FS, Klein AJ, Hudson PA, et al. (2010) Association of

prior coronary artery bypass graft surgery with quality of care of patients with
non-ST-segment elevation myocardial infarction: a report from the National

Cardiovascular Data Registry Acute Coronary Treatment and Intervention

Outcomes Network Registry-Get With the Guidelines. Am Heart J 160: 951–

957.

5. Teixeira R, Lourenço C, António N, Jorge E, Baptista R, et al. (2010) Can we

improve outcomes in patients with previous coronary artery bypass surgery

admitted for acute coronary syndrome? Rev Esp Cardiol 63: 554–563.

6. Cannon CP, Battler A, Brindis RG, Cox JL, Ellis SG, et al. (2001) American

College of Cardiology key data elements and definitions for measuring the

clinical management and outcomes of patients with acute coronary syndromes.
A report of the American College of Cardiology Task Force on Clinical Data

Standards (Acute Coronary Syndromes Writing Committee). J Am Coll Cardiol

38: 2114–2130.

7. Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, et al. (2003)

Global Registry of Acute Coronary Events Investigators. Predictors of hospital

mortality in the global registry of acute coronary events. Arch Intern Med 163:
2345–2353.

8. Al Suwaidi J, Velianou JL, Berger PB, Mathew V, Garratt KN, et al. (2001)

Primary percutaneous coronary interventions in patients with acute myocardial
infarction and prior coronary artery bypass grafting. Am Heart J 142: 452–459.

9. Mathew V, Gersh B, Barron H, Every N, Tiefenbrunn A, et al. (2002) In

hospital outcome of acute myocardial infarction in patients with prior coronary
artery bypass surgery. Am Heart J 144: 463–469.

10. Berry C, Pieper KS, White HD, Solomon SD, Van de Werf F, et al. (2009)

Patients with prior coronary artery bypass grafting have a poor outcome after
myocardial infarction: an analysis of the VALsartan in acute myocardial

iNfarcTion trial (VALIANT). Eur Heart J 30: 1450–6.

11. Ferguson TB Jr, Hammill BG, Peterson ED, DeLong ER, Grover FL (2002) A
decade of change–risk profiles and outcomes for isolated coronary artery bypass

grafting procedures, 1990–1999: a report from the STS National Database

Committee and the Duke Clinical Research Institute. Society of Thoracic

Surgeons. Ann Thorac Surg 73: 480–9.

12. The Society for Cardiothoracic Surgery in Great Britain and Ireland. Sixth

National Adult Cardiac Surgical Database Report: Demonstrating Quality

(2008) Available: http://www.scts.org/documents/PDF/Sixth NACSD report
2008 with c.pdf.Accessed 2010 Oct 30.

13. Hadi HA, Al Suwaidi J, Bener A, Khinji A, Al Binali HA (2005) Thrombolytic

therapy use for acute myocardial infarction and outcome in Qatar. Int J Cardiol
102: 249–54.

14. Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, et al. (2000)

TIMI risk score for ST-elevation myocardial infarction: a convenient, bedside,
clinical score for risk assessment at presentation. An intravenous nPA for

treatment of infarcting myocardium early II trial substudy. Circulation 102:

2031–2037.

15. Braunwald E (1989) Unstable angina. A classification. Circulation 80: 410–414.

16. Al Suwaidi J, Bener A, Hajar HA, Numan MT (2004) Does hospitalization for

congestive heart failure occur more frequently in Ramadan: a population-based
study (1991–2001). Int J Cardiol 96: 217–21.

17. Davis KB, Alderman EL, Kosinski AS, Passamani E, Kennedy JW, et al. (1992)

Early mortality of acute myocardial infarction in patients with and without prior
coronary revascularization surgery: a Coronary Artery Surgery Study Registry

Study. Circulation 85: 2100–9.

18. Peterson LR, Chandra NC, French WJ, Rogers WJ, Weaver WD, et al. (1999)
Reperfusion therapy in patients with acute myocardial infarction and prior

coronary artery bypass surgery (National Registry of Myocardial Infarction-2).

Am J Cardiol 84: 1287–91.

19. Brilakis ES, de Lemos JA, Cannon CP, Wiviott SD, Murphy SA, et al. (2008)
Outcomes of patients with acute coronary syndrome and previous coronary

artery bypass grafting (from the Pravastatin or Atorvastatin Evaluation and

Infection Therapy [PROVE IT-TIMI 22] and the Aggrastat to Zocor [A to Z]
trials). Am J Cardiol 102: 552–8.

20. Kugelmass AD, Sadanandan S, Lakkis N (2006) Early invasive strategy improves

outcomes in patients with acute coronary syndrome with previous coronary
artery bypass graft surgery: a report from TACTICS-TIMI 18. Crit Pathways

Cardiol 5: 167–172.

21. Servoss SJ, Wan Y, Snapinn SM, DiBattiste PM, Zhao XQ, et al. (2004)
Tirofiban therapy for patients with acute coronary syndromes and prior

coronary artery bypass grafting in the PRISM-PLUS trial. Am J Cardiol 93:

843–7.

22. Labinaz M, Kilaru R, Pieper K, Marso SP, Kitt MM, et al. (2002) Outcomes of

patients with acute coronary syndromes and prior coronary artery bypass

grafting: results from the platelet glycoprotein IIb/IIIa in unstable angina:

receptor suppression using integrilin therapy (PURSUIT) trial. Circulation 105:

322–7.
23. Labinaz M, Sketch MH Jr, Ellis SG, Abramowitz BM, Stebbin AL, et al. (2001)

Outcome of acute ST-segment elevation myocardial infarction in patients with

prior coronary artery bypass surgery receiving thrombolytic therapy. Am Heart J
141: 469–77.

24. Welsh RC, Granger CB, Westerhout CM, Blankenship JC, Holmes DR Jr, et al.
(2010) Prior Coronary Artery Bypass Graft Patients With ST-Segment Elevation

Myocardial Infarction Treated With Primary Percutaneous Coronary Interven-

tion. J Am Coll Cardiol Intv 3: 343–51
25. Grines CL, Booth DC, Nissen SE, Gurley JC, Bennett KA, et al. (1990)

Mechanism of acute myocardial infarction in patients with prior coronary artery
bypass grafting and therapeutic implications. Am J Cardiol 65: 1292–6.

26. Stone GW, Brodie BR, Griffin JJ, Grines L, Boura J, et al. (2000) Clinical and
angiographic outcomes in patients with previous coronary artery bypass graft

surgery treated with primary balloon angioplasty for acute myocardial

infarction. Second Primary Angioplasty in Myocardial Infarction Trial (PAMI-
2) Investigators. J Am Coll Cardiol 35: 605–11.

27. Nguyen TT, O’Neill WW, Grines CL, Stones GW, Brodie BR, et al. (2003)
One-year survival in patients with acute myocardial infarction and a saphenous

vein graft culprit treated with primary angioplasty. Am J Cardiol 91: 1250–4.

28. Al-Aqeedi R, Sulaiman K, Al Suwaidi J, Alhabib K, El-Menyar A, et al. (2011)
Characteristics, management and outcomes of patients with acute coronary

syndrome and prior coronary artery bypass surgery: findings from the second
Gulf Registry of Acute Coronary Events. Interact Cardiovasc Thorac Surg 13:

611–618.
29. Alanbaei M, Alsheikh-Ali AA, Aleinati T, Zubaid M, Ridha M, et al. (2011)

Clinical characteristics and outcomes of patients with acute coronary syndrome

and prior coronary artery bypass grafting in a large middle eastern cohort. Open
Cardiovasc Med J 5: 196–202.

30. Goldberg RJ, Currie K, White K, Brieger D, Steg PG, et al. (2004) Six-month
outcomes in a multinational registry of patients hospitalized with an acute

coronary syndrome (the Global Registry of Acute Coronary Events [GRACE]).

Am J Cardiol 93: 288–293
31. Scandinavian Simvastatin Survival Study Group (1994) Randomized trial of

cholesterol lowering in 4444 patients with coronary heart disease: the
Scandinavian Simvastatin Survival Study (4S). Lancet 344: 1383–9.

32. Sacks FM, Pfeffer MA, Moye LA, Rouleau JD, Rutheford JD, et al. (1996) The
effect of pravastatin on coronary events after myocardial infarction in patients

with average cholesterol levels. N Engl J Med 335: 1001–9.

33. Yusuf S, Peto R, Lewis J, Collins R, Sleight P, et al. (1985) Beta blockade during
and after myocardial infarction: an overview of the randomized trials. Prog

Cardiovasc Dis 27: 335–71.
34. ISIS-4 Collaborative Group (1995) ISIS-4: a randomised factorial trial assessing

early oral captopril, oral mononitrate, and intravenous magnesium sulphate in

58,050 patients with suspected acute myocardial infarction. Lancet 345: 669–85.
35. GISSI Investigators (1994) GISSI-3: effects of lisinopril and transdermal glyceryl

trinitrate singly and together on 6-week mortality and ventricular function after
acute myocardial infarction. Lancet 343: 1115–22.

36. Panduranga P, Sulaiman K, Al-Zakwani I, Zubaid M, Rashed W, et al. (2010)
Utilization and Determinants of In-Hospital Cardiac Catheterization in Patients

With Acute Coronary Syndrome From the Middle East. Angiology 61: 744–50

37. Waters DD, Walling A, Roy D, Theroux P (1986) Previous coronary artery
bypass grafting as an adverse prognostic factor in unstable angina pectoris.

Am J Cardiol 58: 465–469.
38. Kleiman NS, Anderson HV, Rogers WJ, Theroux P, Thompson B, et al. (1996)

Comparison of outcome of patients with unstable angina and non-Q-wave acute

myocardial infarction with and without prior coronary artery bypass grafting
(Thrombolysis In Myocardial Ischemia III Registry). Am J Cardiol 77: 227–231.

39. Maynard C, Weaver WD, Litwin PE, Weaver WD (1991) Acute myocardial
infarction and prior coronary artery surgery in the Myocardial Infarction Triage

and Intervention Registry: patient characteristics, treatment, and outcome.

Coron Artery Dis 2: 443–8.
40. Lee KL, Woodlief LH, Topol EJ, Weaver WD, Betriu A, et al. (1996) Predictors

of 30-day mortality in the era of reperfusion for acute myocardial infarction:
results from an international trial of 41,021 patients. Circulation 91: 1659–68.

41. Califf RM, Pieper KS, Lee KL, Van De Werf F, Simes RJ, et al. (2000)
Prediction of 1-year survival after thrombolysis for acute myocardial infarction

in the GUSTO-I trial. Circulation 101: 2231.

42. Wiseman A, Waters DD, Walling A, Pelletier GB, Roy D, et al. (1988) Long-
term prognosis after myocardial infarction in patients with previous coronary

artery bypass surgery. J Am Coll of Cardiol 12: 873–80.
43. Krumholz HM, Wang Y, Chen J, Drye EE, Spertus JA, et al. (2009) Reduction

in acute myocardial infarction mortality in the United States–risk-standardized

mortality rates from 1995–2006. JAMA 302: 767–73.
44. Nikolsky E, Mehran R, Ohman EM, Bertrand ME, Lincoff AM, et al. (2010)

Outcomes of patients with acute coronary syndromes and prior coronary artery
bypass grafting: analysis from the ACUITY trial. J Am Coll Cardiol 55: A190–

E1777.

ACS in Patients with Prior Bypass Surgery

PLoS ONE | www.plosone.org 10 July 2012 | Volume 7 | Issue 7 | e40571


