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Abstract
Background: To evaluate the impact of persistent smoking versus smoking cessation over one month prior to
surgery on early clinical outcomes in Chinese patients undergoing isolated coronary artery bypass grafting (CABG)
surgery in a retrospective study.
Methods: The peri-operative data of consecutive well-documented patients undergoing isolated CABG surgery
from January 2007 to December 2013 were investigated and retrospectively analyzed. All included patients were
divided into either a non-smoking group or a smoking group according to preoperative smoking records. Furthermore,
smokers were divided into either a former smoking subgroup (smokers with smoking cessation over 1 month before
surgery) or a current smoking subgroup (persistent smokers).
Results: A total of 3730 consecutive patients (3207 male patients and mean 63.6 ± 9.5 years) undergoing isolated CABG
surgery were analyzed. Persistent smokers had significantly higher incidence of postoperative pulmonary complications
as compared to non-smokers (7.8% vs. 4.5%, p = 0.0002). No significantly differences in both surgical mortality and major
postoperative morbidities between smokers with smoking cessation over 1 month before surgery and non-smokers were
found. In multiple logistic regression analysis, the risk of postoperative pulmonary complications in persistent smokers was
2.41 times than that in non-smokers, whereas the risk of postoperative pulmonary complications in smokers with smoking
cessation over 1 month before surgery was similar to non-smokers.
Conclusions: Persistent smokers had a higher incidence of pulmonary complications following CABG as compared to
non-smokers. Smoking cessation more than 1 month before surgery was expected to reduce early major morbidities
following CABG surgery.
Keywords: Persistent smoking, Smoking cessation, Early clinical outcomes, Coronary artery bypass grafting surgery

Background
Smoking is a major risk factor for coronary heart disease. Previous study [1] reported smoking cessation has
brought about a reduction of incidence of coronary heart
disease of 12%. Coronary artery bypass grafting surgery
(CABG) is an important means of treatment of coronary
heart disease. Warner MA and colleagues [2] conducted
a blinded prospective study and showed that smokers
with smoking cessation less than 2 months before CABG
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surgery had a higher incidence of postoperative pulmonary complications as compared to smokers with smoking
cessation more than 2 months before CABG surgery.
With the progress in surgical techniques and postoperative care, major morbidities following CABG were also
on the decline. Recently, it is reported that smoking
cessation more than 1 month before CABG procedure
evidently reduced pulmonary complications following
CABG surgery [3].
So far, China becomes the largest tobacco producer
and consumer in the world, with more than 300 million
smokers [4]. However, there are few reports about the
impact of smoking on clinical outcomes of Chinese patients
undergoing isolated CABG surgery. In this retrospective
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study, we aimed to evaluate the impact of persistent smoking vs. smoking cessation over 1 month before surgery on
early postoperative clinical outcomes through reviewing
3730 consecutive Chinese patients undergoing isolated
CABG procedure.

Methods
Subjects

After approval by the ethics committee of Tongji hospital
affiliated to Tongji University, in accordance with the
Declaration of Helsinki, we reviewed the records of consecutive well-documented patients undergoing either emergency or scheduled isolated CABG procedure with or
without cardiopulmonary bypass from January 2007 to
December 2013. Any patient with incomplete information
from preoperative smoking records was excluded from this
study. According to smoking records before CABG surgery,
all included patients were divided into either a smoking
group (smokers) or a non-smoking group (non-smokers).
Furthermore, the smoking group (smokers) was divided
into either a former smoking subgroup (smokers with
smoking cessation over 1 month before CABG surgery) or
a current smoking subgroup (persistent smokers). Data collection was performed by trained staff (two people), and
they did not know the purpose of this study.
The details of the coronary artery lesions (SYNTAX
score [5]), in association with the preoperative characteristics, was carefully evaluated for assignment to CABG with
(on-pump CABG) or without cardiopulmonary bypass
(off-pump CABG). In every patient complete anatomic
revascularization of all diseased vessels with a luminal
diameter greater than or equal to 1 mm was considered
necessary. If the operating surgeon judged a complete revascularization feasible on the beating heart, off-pump
CABG was scheduled. In patients in whom the location or
the quality of the target vessels and the preoperative characteristics (such as left ventricular end diastolic dimension,
left ventricular ejection fraction, etc.) was considered to
make off-pump revascularization technically too challenging, on-pump CABG was scheduled. All the procedures
(either off-pump or on-pump CABG) were performed by
the same surgical team and there were no differences in
the rate of adoption of off-pump CABG between the different surgeons. In our center, off-pump CABG had been
performed routinely for >5 years before the launch of the
trial, and all of the operations were performed by 3 surgeons highly experienced in both off-pump and on-pump
surgery (each of the 3 participating surgeons performed at
least 50% of their CABG procedures as off-pump CABG).
Definition of surgical mortality and major postoperative
morbidities

Surgical mortality was defined as death that occurred
during the same hospitalization or within 30 days of
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CABG surgery [6]. Major postoperative morbidities included postoperative myocardial infarction, low cardiac
output syndrome (LCOS), new onset atrial fibrillation,
cardiac arrest or ventricular fibrillation, pulmonary complications, renal failure, stroke, gastro-intestinal complications, incision infection, and multiple system organ
failure (MSOF). Postoperative myocardial infarction was
defined by either the appearance of new Q waves in 2 or
more contiguous leads on the electrocardiogram, or an
increase in the creatine kinase MB isoenzyme fraction of
more than 50U, in concert with an excess of 7% of the
total creatinine kinase level [7]. LCOS was considered
with those who met the following criteria before discharge from first hospitalization in the intensive care
unit immediately after CABG surgery: 1. Need for inotropic support with vasoactive drugs or mechanical circulatory support with intra-aortic balloon pump to
maintain systolic blood pressure greater than 90 mmHg
after correction of all electrolytes and blood gas abnormalities while adjusting preload volume to its optimal
values; 2. Signs of impairment of body perfusion after
correction of all electrolytes and blood gas abnormalities
while adjusting preload volume to its optimal values [8].
New onset atrial fibrillation was considered as postoperative intermittent or persistent new onset atrial fibrillation before discharge. Cardiac arrest or ventricular
fibrillation was defined as postoperative unexplained
heart arrest or ventricular fibrillation before discharge,
resulting in loss of cardiac ejection function, and requiring cardiopulmonary resuscitation. Pulmonary complications included postoperative pneumonia which was
defined as a positive result in a sputum culture requiring
anti-infective treatment, or chest X-ray diagnosis of
pneumonia following CABG surgery [9] and postoperative respiratory failure which was defined as the duration
of mechanical ventilation more than 48 h after surgery
or unplanned re-intubation within 30 days of surgery
[10] (although some previous reports defined postoperative respiratory failure as requiring mechanical ventilation > 72 h or re-intubation following surgery, this study
defined postoperative respiratory failure as requiring
mechanical ventilation > 48 h or re-intubation following
surgery in view of the majority of included patients
undergoing off-pump CABG). Renal dysfunction was defined as serum creatinine greater than 2.5 mg/dl for
more than 7 days or requiring dialysis [11]. Stroke was
defined as a new focal or global dysfunction of cerebral
function lasting over 24 h. Gastro-intestinal complications included gastrointestinal bleeding, intestinal obstruction and other serious gastrointestinal dysfunction.
Incision infection meant the chest or leg wound infection requiring antibiotic therapy or operation [12].
MSOF (a severe dysfunction of at least two organ systems lasting for more than 24 h, as stated by the
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Consensus Conference of the American College of Chest
Physicians and the Society of Critical Care Medicine
[13]) was recorded. In addition, duration of mechanical
ventilation and length of intensive care unit (ICU) stay
were also recorded.
Statistics analysis

Statistical analysis was performed using the SPSS 17.0
statistical software package. All p values <0.05 were considered to be statistically significant. Normal distribution
of measurement data was shown by mean ± standard deviation, and was compared between the groups by t-test.
Fisher’s exact test was employed to compare enumeration data. In order to further confirm the reliability of
results, mortality and major postoperative morbidities
were further analyzed by multiple logistic regression
analysis. The covariate of regression analysis included age,
gender, body mass index, previous disease history (included diabetes, hyperlipaemia, hypertension, chronic
obstructive pulmonary disease, myocardial infarction,
and peripheral vascular disease), left ventricular ejection fraction, application of the internal mammary
artery, use of cardiopulmonary bypass, and number of
grafts.

Page 3 of 7

smoking group was younger (62.2 ± 9.4 years vs. 65.7 ±
9.7 years, p < 0.0001) and had lower left ventricular ejection fraction (LVEF) (57.9 ± 9.9% vs. 59.7 ± 9.0%, p <
0.0001) as compared to the non-smoking group. And
comparing with the non-smoking group, the former
smoking subgroup was more likely to present with male
(98.0% vs. 68.1%, p < 0.0001), history of myocardial infarction (51.9% vs. 46.7%, p = 0.0029), COPD (15.8% vs.
6.1%, p < 0.0001), and high BMI (25.2 ± 3.0 kg/m2 vs.
24.8 ± 3.2 kg/m2, p = 0.0017), but was younger (60.7 ±
8.8 years vs. 65.7 ± 9.7 years, p < 0.0001) and had
lower LVEF (57.5 ± 9.7% vs. 59.7 ± 9.0%, p < 0.0001). In
addition, the current smoking subgroup was more likely
to present with male (98.9% vs. 68.1%, p < 0.0001), history of myocardial infarction (53.4% vs. 46.7%, p =
0.0002) and COPD (13.3% vs. 6.1%, p < 0.0001), but was
less likely to hypertension (48.3% vs. 58.1%, p < 0.0001)
and hyperlipidemia (30.0% vs. 38.7%, p < 0.0001) as compared to the non-smoking group. Comparing with the
non-smoking group, the current smoking subgroup was
less likely to undergoing CABG with cardiopulmonary
bypass (17.6% vs. 27.1%, p < 0.0001) and had lower LVEF
(58.1 ± 9.8% vs. 59.7 ± 9.0%, p < 0.0001).
Early outcomes following CABG

Results
Study population

From January 2007 to December 2013, after obtaining
approval by the ethic committee, a total of 3856 consecutive patients undergoing isolated CABG were entered into this study. One hundred and twenty-six
patients were excluded due to incomplete information
from preoperative smoking records, and finally 3730 patients (3207 male patients and mean 63.6 ± 9.5 years)
were retrospectively analyzed. According to preoperative
smoking records, 2186 patients (accounting for 58.6%)
who had more than 1 cigarette every day with continuing at least 1 year were included into a smoking group,
and the other 1544 patients without a history of smoking
into a non-smoking group. And then, the smoking group
was divided either into a former smoking subgroup
(smokers with smoking cessation over 1 month before
CABG surgery, n = 614) or a current smoking group
(persistent smokers, n = 1572).
Baseline data of all included patients are shown in
Table 1. Comparing with the non-smoking group, the
smoking group was more likely to present with male
(98.6% vs. 68.1%, p < 0.0001), history of myocardial infarction (53.0% vs. 46.7%, p < 0.0001), chronic obstructive pulmonary disease (COPD) (14.0% vs. 6.1%, p <
0.0001), and high body mass index (BMI) (25.1 ± 3.1 kg/
m2 vs. 24.8 ± 3.2 kg/m2, p = 0.0041), but was less likely
to hypertension (50.5% vs. 58.1%, p < 0.0001) and hyperlipidemia (31.3% vs. 38.7%, p < 0.0001). Patients in the

The comparison of surgical mortality and major postoperative morbidities between the smoking group and
non-smoking group is shown in Table 2. A total of 92
patients were died, with a surgical mortality of 2.5%. The
smoking group had a low surgical mortality as compared
to the non-smoking group, but no statistical difference
was found (2.2% vs. 2.8%, p = 0.3348). The smoking
group had significantly higher incidence of postoperative
pulmonary complications (7.1% vs. 4.5%, p = 0.0010),
and significantly longer duration of mechanical ventilation (9.8 ± 2.6 h vs. 9.4 ± 2.4 h, p < 0.0001) as compared
to the non-smoking group. There were no statistically
significant differences between the smoking group and
the non-smoking group in postoperative myocardial infarction, low cardiac output syndrome, new onset atrial
fibrillation, cardiac arrest or ventricular fibrillation, acute
kidney injury, stroke, gastro-intestinal complications, incision infection, and multiple system organ failure.
The comparison of surgical mortality and major postoperative morbidities between the current smoking subgroup and non-smoking group is shown in Table 2.
There was no significant difference in surgical mortality
between the 2 groups (2.0% vs. 2.8%, p = 0.1579). Comparing with the non-smoking group, the current smoking subgroup had significantly higher incidence of
postoperative pulmonary complications (7.8% vs. 4.5%,
p = 0.0002) and significantly longer duration of mechanical
ventilation (p < 0.001). There were no statistically significant differences between the two groups in postoperative
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Table 1 Baseline data of all included patients
Variables

Age (years)

Non-smoking
group

Smoking group
Total

Former smoking subgroup

Current smoking subgroup

(n = 1544)

(n = 2186)

(n = 614)

(n = 1572)

65.7 ± 9.7

62.2 ± 9.4*

60.7 ± 8.8*

65.3 ± 9.2

602 (98.0%)*

1554 (98.9%)*

*

Male

1051 (68.1%)

2156 (98.6%)

BMI (kg/m2)

24.8 ± 3.2

25.1 ± 3.1*

25.2 ± 3.0*

24.9 ± 3.1

Familial history of CAD

1425(92.3%)

1994(91.2%)

556(90.6%)

1438(91.5%)

Diabetes mellitus

559(36.2%)

783(35.8%)

230(37.5%)

553(35.2%)

Hypertension

897(58.1%)

1103 (50.5%)*

344(56.0%)

759 (48.3%)*

Hyperlipemia

597(38.7%)

684 (31.3%)*

212(34.5%)

472 (30.0%)*

*

*

COPD

94 (6.1%)

306 (14.0%)

97 (15.8%)

209 (13.3%)*

History of MI

721(46.7%)

1158 (53.0%)*

319 (51.9%)*

839(53.4%)*

Prior CVA

240(15.5%)

348(15.9%)

108(17.6%)

240(15.3%)

134(8.7%)

198 (9.0%)

54 (8.8%)

144(9.1%)

Coronary artery lesion
Double-vessel
Triple-vessel

1408(91.2%)

1985(90.8%)

558(90.9%)

1427(90.8%)

Left main

378(24.5%)

529 (24.2%)

147 (23.9%)

382 (24.3%)

278 (18.0%)

306 (14.0%)

101 (16.4%)

200 (13.1%)

SYNTAX score
Low: ≤ 22
Intermediate: 23-32

793 (51.4%)

1194 (54.6%)

324 (52.8%)

870 (55.3%)

High: ≥33

473 (30.6%)

686 (31.4%)

189 (30.8%)

497 (31.6%)

LVEF (%)

59.7 ± 9.0

57.9 ± 9.9*

57.5 ± 9.7*

58.1 ± 9.8*

>50%

1275 (82.6%)

1631 (74.6%)

35-50%

178 (11.5%)

407(18.6%)*

<35%

91 (5.9%)

*

*

148 (6.8%)

*

463 (75.4%)

1168 (74.3%)*

99 (16.1%)*

308 (19.6%)*

*

52(8.5%)

96 (6.1%)

Emergence operation

123 (8.0%)

179 (8.2%)

49 (7.9%)

130 (8.3%)

On-pump CABG

418(27.1%)

439 (20.1%)*

163(26.5%)

276 (17.6%)*

CPB (min)

78.2 ± 31.4

79.6 ± 27.8

75.5 ± 24.8

80.1 ± 28.4

ACC (min)

57.2 ± 20.6

58.5 ± 19.5

57.4 ± 18.6

59.4 ± 20.6

Use of IMA

1518 (98.3%)

2144 (98.1%)

603 (98.2%)

1541 (98.0%)

Number of grafts

3.3 ± 0.5

3.3 ± 0.4

3.3 ± 0.6

3.3 ± 0.4

Fisher’s exact test was employed to compare enumeration data, and t-test to compare measurement data.
*p < 0.05 (as compared to Non-smoking group).
BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; CVA, cerebro-vascular accident; LVEF,
Left ventricular ejection fraction; CABG, coronary artery bypass grafting; On-pump CABG, CABG with cardiopulmonary bypass; CPB, cardiopulmonary bypass; ACC,
aortic cross clamp; IMA, internal mammary artery.

myocardial infarction, low cardiac output syndrome, new
onset atrial fibrillation, cardiac arrest or ventricular fibrillation, acute kidney injury, stroke, gastro-intestinal complications, incision infection, and multiple system organ
failure.
The comparison of early outcomes following CABG
between the former smoking subgroup and the nonsmoking group is shown in Table 2. There were
no statistically significant differences between the 2
groups in surgical mortality, major postoperative
morbidities, and length of mechanical ventilation and
ICU stay.

Logistic regression analysis

The impact of smoking on surgical mortality and major
postoperative morbidities after adjustment for potential
confounders (age, gender, BMI, diabetes, hyperlipaemia,
hypertension, COPD, recent myocardial infarction, peripheral vascular disease, LVEF, application of internal
mammary artery, use of cardiopulmonary bypass, number of grafts) is shown in Table 3. In multivariate logistic
regression analysis, smoking had an independent influence on the development of postoperative pulmonary
complications (OR = 1.92, 95% CI 1.08-3.64). And, multivariate logistic regression analysis also showed that the
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Table 2 Early clinical outcomes after CABG surgery
Non-smoking
group (n = 1544)

Smoking group
Total

Former smoking subgroup

Current smoking subgroup

(n = 2186)

(n = 614)

(n = 1572)

Surgical mortality

43(2.8%)

49(2.2%)

18(2.9%)

31(2.0%)

MI

16(1.7%)

24(1.1%)

8(1.3%)

16(1.0%)

LCOS

282(18.3%)

433(19.8%)

124(20.2%)

309(19.7%)

New onset AF

177(11.5%)

227(10.4%)

78(12.7%)

95(9.5%)

Ventricular fibrillation

29(1.9%)

46(2.1%)

15(2.4%)

31(2.0%)

Pulmonary complications

70 (4.5%)

156 (7.1%)*

34 (5.5%)

122 (7.8%)*

Mean ventilation time (h)

9.4 ± 2.4

9.8 ± 2.6*

9.5 ± 2.3

9.9 ± 2.7*

Renal failure

38(2.5%)

53(2.4%)

14(2.3%)

39(2.5%)

Stroke

31(2.0%)

20(0.9%)

5(0.8%)

15(1.0%)

GI complications

82(5.3 %)

120(5.5%)

19(3.1%)

101(6.4%)

Incision infection

21(1.4%)

33(1.5%)

9(1.5%)

24(1.5%)

MSOF

25(1.6%)

29(1.3%)

6(1.0%)

23(1.5%)

Mean length of ICU stay (h)

33.5 ± 6.9

34.2 ± 6.8

33.5 ± 6.1

34.5 ± 7.0

Mean was compared between the groups by t-test, and enumeration data by Fisher’s exact test.
*p < 0.05 (as compared to Non-smoking group).
MI, myocardial infarction; LCOS, low cardiac output syndrome; AF, atrial fibrillation; GI complications, gastro-intestinal complications; MSOF, multiple system organ
failure; ICU, intensive care unit.

risk of postoperative pulmonary complications in persistent smokers was 2.41 times than that in non-smokers,
whereas the risk of postoperative pulmonary complications in smokers with smoking cessation over 1 month
before CABG was similar to non-smokers.

Discussion
Although the public gradually raised awareness of the
dangers of smoking and Chinese government attached
great importance to the tobacco control, the prevalence
rate of smoking in China remains unacceptably high in

the current era [4]. The prevalence rate of smoking in
patients with coronary artery disease undergoing isolated
CABG surgery in this study touched 58.6%, with far
above 30% in the Western countries reports [14-16],
suggesting that the task of tobacco control was difficult,
and moreover, time was pressing. There were rare reports about the impact of smoking on clinical outcomes
in Chinese patients undergoing isolated CABG. Based
on these, this study aimed to evaluate the impact of persistent smoking vs. smoking cessation over 1 month before surgery on early postoperative clinical outcomes by

Table 3 Logistic regression analysis
Events

Non-smoking
group

Smoking group
Total

Former smoking subgroup

Current smoking subgroup

OR (95% CI)

OR (95% CI)

OR (95% CI)

Surgical mortality

1.0

1.10 (0.42-2.73)

0.85 (0.31-2.42)

1.41 (0.42-3.91)

MI

1.0

1.23 (0.48-3.12)

1.12 (0.43-2.89)

1.45 (0.63-3.49)

LCOS

1.0

1.13 (0.82-1.51)

1.22 (0.82-1.84)

1.05 (0.85-1.38)

New onset AF

1.0

1.07 (0.74-1.61)

0.95 (0.62-1.62)

1.41 (0.77-2.21)

Ventricular fibrillation

1.0

1.43 (0.65-3.14)

1.93 (0.78-4.82)

1.31 (0.58-2.95)

*

Pulmonary complications

1.0

1.92 (1.08-3.64)

1.32 (0.61-3.16)

2.41 (1.21-4.64)*

Renal failure

1.0

1.20 (0.54-2.63)

1.05 (0.41-2.97)

1.38 (0.52-3.10)

Stroke

1.0

0.92 (0.41-2.14)

0.41 (0.11-1.83)

0.29 (0.08-1.31)

GI complications

1.0

1.55 (0.45-4.75)

0.51 (0.11-3.76)

1.79 (0.55-5.48)

Incision infection

1.0

1.31 (0.44-4.78)

2.11 (0.55-8.93)

1.17 (0.29-5.14)

MSOF

1.0

1.14 (0.44-3.10)

0.62 (0.21-2.99)

1.51 (0.48-4.03)

*p < 0.05 (as compared to Non-smoking group).
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reviewing 3730 Chinese patients with or without a history of smoking undergoing isolated CABG surgery.
The major finding of this study was that comparing
with non-smokers, persistent smokers were more likely
to suffer from postoperative pulmonary complications,
whereas smokers with smoking cessation over 1 month
before CABG surgery did not increase the incidence of
postoperative pulmonary complications. In this study,
univariate analyses showed that persistent smokers had a
higher incidence of postoperative pulmonary complications (7.8% vs. 4.5%, p = 0.0002) as compared to nonsmokers, whereas smokers with smoking cessation over
1 month before CABG surgery and non-smokers shared
a similar incidence of postoperative pulmonary complications (5.5% vs. 4.5%, p = 0.3183). Furthermore, multiple logistic regression analysis showed that the risk of
postoperative pulmonary complications in persistent
smokers was 2.41 times than that in non-smokers,
whereas the risk of postoperative pulmonary complications in those smokers with smoking cessation over
1 month before CABG was similar to non-smokers.
Reason of this difference may be that smoking caused
obstructive ventilation function disturbance and aggravated respiratory disease, contributing to postoperative
pulmonary complications, whereas smoking cessation
over 1 month may gradually improve ciliary function
and macrophage phagocytic function, and steadily decreased the sputum, resulting in the reduction of postoperative pulmonary complications in a few weeks
[17,18]. This result was consistent with previous studies [2,3,14,15,17,18]. In addition, smokers with smoking cessation over 1 month before CABG surgery and
non-smokers shared a similar incidence of major postoperative morbidities, suggesting that smoking cessation
more than 1 month before CABG surgery was expected to
reduce early major morbidities after CABG surgery and to
accelerate recovery.
This study showed smokers were less likely to hypertension and hyperlipidemia as compared to non-smokers.
Reason of this difference may be the age, regarding that
smokers suffered with coronary atherosclerosis received
treatment in their youth, and thus were less likely to suffering from senile diseases, such as hypertension, hyperlipidemia [19]. In this study, smokers were more likely to
history of myocardial infarction and had lower left ventricular ejection fraction as compared to non-smokers.
Higher incidence of myocardial infarction, in association
with reduction of cardiac function, may lead to more serious condition, hence may unfavourable for postoperative
recovery. This study also showed that there was no significant difference in surgical mortality between smokers and
non-smokers, which was consistent with Al-Sarraf N’s
study [20]. Smokers were younger and had lower incidence of hypertension and hyperlipidemia, but had higher
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incidence of chronic disease obstructive pulmonary disease and history of myocardial infarction with poor cardiopulmonary function, and then had the similar surgical
mortality to non-smokers [3,14].
So far, few studies have assessed the relationship between persistent smoking vs. smoking cessation before
surgery and early clinical outcomes of Chinese patients
undergoing isolated CABG surgery. This study showed
that persistent smoking increased postoperative pulmonary complications, which not only prolonged rehabilitation, but also may cause other morbidities, consequently
increasing the financial burden. Smoking cessation over
1 month before CABG surgery was expected to reduce
early major morbidities after CABG surgery.
There are some limitations of this study. This study
was only a retrospective observational trial, which may
influence the generalizability. Secondly, relatively low
postoperative morbidities and mortality in this study
may cause false negative result, which remained to be resolved by expanding the sample size. Finally, this study
focused on the early clinical outcomes, and further
follow-up study involving larger sample size were needed
to determine the effect of smoking on long-term clinical
outcomes after CABG surgery.

Conclusions
Persistent smokers had a higher incidence of pulmonary
complications following CABG as compared to nonsmokers. Smoking cessation more than 1 month before
CABG surgery was expected to reduce early major
morbidities after CABG surgery.
Abbreviations
CABG: Coronary artery bypass grafting; LCOS: Low cardiac output syndrome;
MSOF: Multiple system organ failure; ICU: Intensive care unit; COPD: Chronic
obstructive pulmonary disease; BMI: Body mass index; LVEF: Left ventricular
ejection fraction; OR: Odds ratio.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
YQM and WJD made contributions to conception, design and coordination
in this study and revised it critically for important intellectual content. QJ and
HZ participated in the design of the study and drafted the manuscript. YQS
and RHM carried out the data collection and statistical analysis. All authors
read and approved the final manuscript.
Authors’ information
Qiang Ji and Hang Zhao is the co-first author.
Author details
1
Department of Thoracic Cardiovascular Surgery of Tongji Hospital of Tongji
University, 389 Xincun Rd, Shanghai 200065, P.R. China. 2Master student,
Tongji University, 1239 Siping Rd, Shanghai 200092, P.R. China. 3Department
of Cardiovascular Surgery of Zhongshan Hospital of Fudan University, 180
Fenglin Rd, Shanghai 200032, P.R. China.
Received: 21 September 2014 Accepted: 18 January 2015

Ji et al. Journal of Cardiothoracic Surgery (2015) 10:16

References
1. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, et al.
Explaining the decrease in U.S. deaths from coronary disease, 1980–2000.
N Engl J Med. 2007;356:2388–98.
2. Warner MA, Offord KP, Warner ME, Lennon RL, Conover MA, JanssonSchumacher U. Role of preoperative cessation of smoking and other factors
in postoperative pulmonary complications: a blinded prospective study of
coronary artery bypass patients. Mayo Clin Proc. 1989;64:609–16.
3. Sepehripour AH, Lo TT, McCormack DJ, Shipolini AR. Is there benefit in
smoking cessation prior to cardiac surgery? Interact Cardiovasc Thorac Surg.
2012;15:726–32.
4. Gu D, Kelly TN, Wu X, Chen J, Samet JM, Huang JF, et al. Mortality
attributable to smoking in China. N Engl J Med. 2009;360:150–9.
5. Sianos G, Morel MA, Kappetein AP, Morice MC, Colombo A, Dawkins K,
et al. The SYNTAX Score: an angiographic tool grading the complexity of
coronary artery disease. EuroIntervention. 2005;1:219–27.
6. Arozullah AM, Henderson WG, Khuri SF, Daley J. Postoperative mortality and
pulmonary complication rankings: how well do they correlate at the
hospital level? Med care. 2003;41:979–91.
7. Carrier M, Pellerin M, Perrault LP, Solymoss BC, Pelletier LC. Troponin levels
in patients with myocardial infarction after coronary artery bypass grafting.
Ann Thorac Surg. 2000;69:435–40.
8. Sa MP, Nogueira JR, Ferraz PE, Figueiredo OJ, Cavalcante WC, Cavalcante TC,
et al. Risk factors for low cardiac output syndrome after coronary artery
bypass grafting surgery. Rev Bras Cir Cardiovasc. 2012;27:217–23.
9. Sachdev G, Napolitano LM. Postoperative pulmonary complications:
pneumonia and acute respiratory failure. Surg Clin North Am.
2012;92:321–44.
10. Gupta H, Gupta PK, Fang X, Miller WJ, Cemaj S, Forse RA, et al.
Development and validation of a risk calculator predicting postoperative
respiratory failure. Chest. 2011;140:1207–15.
11. Antunes PE, Prieto D, Ferrao de Oliveira J, Antunes MJ. Renal dysfunction
after myocardial revascularization. Eur J Cardiothorac Surg. 2004;25:597–604.
12. Swenne CL, Lindholm C, Borowiec J, Carlsson M. Surgical-site infections
within 60 days of coronary artery bypass graft surgery. J Hosp Infect.
2004;57:14–24.
13. Calandra T, Cohen J. International Sepsis Forum Definition of Infection in
the ICUCC. The international sepsis forum consensus conference on
definitions of infection in the intensive care unit. Crit Care Med.
2005;33:1538–48.
14. Van Domburg RT, op Reimer WS, Hoeks SE, Kappetein AP, Bogers AJ. Three
life-years gained from smoking cessation after coronary artery bypass surgery: a 30-year follow-up study. Am Heart J. 2008;156:473–6.
15. Benedetto U, Albanese A, Kattach H, Ruggiero D, De Robertis F, Amrani M,
et al. Harefield Cardiac Outcomes Research Group. Smoking cessation
before coronary artery bypass grafting improves operative outcomes. J
Thorac Cardiovasc Surg. 2014;148:468–74.
16. Saxena A, Shan L, Reid C, Dinh DT, Smith JA, Shardey GC, et al. Impact of
smoking status on early and late outcomes after isolated coronary artery
bypass graft surgery. J Cardiol. 2013;61:336–41.
17. Papathanasiou A, Milionis H, Toumpoulis I, Kalantzi K, Katsouras C, Pappas K,
et al. Smoking cessation is associated with reduced long-term mortality and
the need for repeat interventions after coronary artery bypassgrafting. Eur J
Cardiovasc Prev Rehabil. 2007;14:448–50.
18. Smith PM, Burgess E. Smoking cessation initiated during hospital stay for
patients with coronary artery disease: a randomized controlled trial. CMAJ.
2009;180:1297–303.
19. He Y, Lam TH, Jiang B, Wang J, Sai X, Fan L, et al. Combined effects of
tobacco smoke exposure and metabolic syndrome on cardiovascular risk in
older residents of China. J Am Coll Cardiol. 2009;53:363–71.
20. Al-Sarraf N, Thalib L, Hughes A, Tolan M, Young V, McGovern E. Effect of
smoking on short-term outcome of patients undergoing coronary artery
bypass surgery. Ann Thorac Surg. 2008;86:517–23.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

