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Introduction

Report of GOLD (Global Strategy for the Diagnosis, 
Management and Prevention of Chronic Obstructive Pul-
monary Disease) released in 2017 describes chronic 
obstructive pulmonary disease (COPD) as persistent- 
restricted airflow in airways and/or alveoli owing to 
exposure to harmful particles or gases, characterized with 
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respiratory symptoms; nevertheless, it is defined as a 
common, preventable and treatable disease. COPD gen-
erally develops in result of disease of small airways 
(obstructive bronchiolitis) and parenchymal destruction 
(emphysema). Although these pathologies are not present 
together consistently, they might have collocation at dif-
ferent rates over time.1) The occurrence of FEV1 (the 
maximal amount of air forcefully exhaled in the first one 
second)/FVC (forced vital capacity of the lungs) ≤70% 
after the treatment with bronchodilators used due to the 
presence of COPD symptoms indicates persistent airflow 
limitation, which is required for the diagnosis of COPD.1)

The prevalence of COPD is shown to be 11.7% in 
general population1) and at its presence, the prevalence 
of ischemic heart disease is reported to be ranged from 
16.1% to 53%.2,3) Likewise, early and late mortalities in 
patients with high levels of cardiac troponin are noted 
to be increased during COPD flare-ups.4) COPD is also 

Ann Thorac Cardiovasc Surg Vol. 24, No. 4 (2018) 193

Ann Thorac Cardiovasc Surg 2018; 24: 193–199 Online May 18, 2018
 doi: 10.5761/atcs.oa.17-00231



Ovalı C, et al.

demonstrated to be an important risk factor conspicu-
ously increasing mortality and morbidity during major 
surgeries, such as coronary artery bypass graft (CABG).2–5) 
There are numerous publications showing that estab-
lishment of extracorporeal circulation and the provision 
of cardiac arrest through aortic cross-clamp not only 
adversely affect entire body tissues but also myocar-
dium.5,6) Subsequently, some cardiac surgery centers in 
recent years prioritize the use of off-pump CABG to 
avoid these hostile effects.5,6) Therefore, in the present 
study, we planned to investigate how COPD affects the 
prevalence of morbidity and mortality in patients treated 
using off-pump CABG. 

Materials and Methods

In the present study, we retrospectively screened medi-
cal records of 982 patients who underwent coronary bypass 
surgery by the same surgical team between January 2012 
and January 2016. Of these patients, 321 patients were 
treated with off-pump CABG and they were included in 
the current study. The patients whose postoperative follow- 
up were failed or whose medical records were incomplete 
were excluded from the present study. Of 321 patients, 
while 46 patients with COPD were assessed in Group 1, 
275 patients without COPD were considered in Group 2. 

Medical history, physical examination, chest X-ray, 
and arterial blood gases of all the patients were evaluated. 
The presence of an FEV1/FVC ≤0.7 was considered to be 
an airway obstruction. Moreover, all the patients were 
assessed using logistic EuroScore and EuroSCORE II.7,8) 
Each patient was classified into low-risk group with 
EuroSCORE II between 0 and 2, intermediate-risk group 
with EuroSCORE II between 3 and 5, or high-risk groups 
with EuroSCORE II ≥6. Nevertheless, the expected mor-
tality rate for each patient was calculated as the logistic 
EuroSCORE score.

All of the patients in Group 1 were preoperatively 
diagnosed with COPD and treated with bronchodilator 
and/or steroids. These patients were evaluated preopera-
tively by the Chest Diseases Clinic after their treatments 
were decided to be with CABG, and 29 patients (63%) 
received intensive bronchodilator and steroid treatment 
in addition to their previous treatment. After treatment 
(mean 7.1 ± 2.6 days), the patients were admitted to the 
clinic for CABG intervention. In addition, all the patients 
in the preoperative period were taught by physiotherapy 
technicians to implement diaphragm exercises, pursed 
lip breathing (PLB), and triflow exercises.

The patients were intramuscularly injected with 1 
morphine HCl ampoule at 0.1 mg/kg dose (Morphine 
HCl, Biocel) for premedication 30 min prior to the sur-
gery. In the operation room, the patients were kept 
under routine monitoring (ECG, DII-V5, pulse oxime-
ter, noninvasive arterial blood pressure, jugular venous 
cannulation and urine catheter). Subsequently, induc-
tion of the patients was achieved by administering 
5 mg/kg pentothal and 0.5 mg/kg rocuronium. After 
the set of the induction, anesthesia of the patients con-
tinued throughout the operation using 2%–4% sevo-
flurane and 0.1–0.3 μg/kg/min remifentanil infusion. 
Moreover, following the intubation, the patients were 
mechanically ventilated with 50% oxygen + 50% dry 
air mixture at 6–8 ml/kg tidal volume. After the median 
sternotomy, heparin (100 IU/kg) was administered and 
on-pump CABG was implemented. In both groups, the 
left internal mammary arteries (LIMA) and/or saphe-
nous veins were used as graft. Neutralization with pro-
tamine was performed according to the measured active 
coagulation time (ACT) at the end of the operation.

The patients in postoperative intensive care unit were 
connected to mechanical ventilation at SIMV + pressure 
support mode. The patients with a rapid surface respira-
tory index (respiratory rate/tidal volume) <105, con-
scious open, a PCO2 <40 mmHg, a pH >7.30, an arterial 
PO2/FIO2 >250, not receiving a dose of more than 5 mg/
kg of dopamine/dobutamine, with hemodynamic stabil-
ity but without excessive drainage were extubated. After 
extubation, breathing exercises were continued by phys-
iotherapy technicians.

At the postoperative follow-up, the presence of symp-
toms such as coughing, shortness of breath, chest tight-
ness, and wheezing and if these symptoms improved 
with the use of bronchodilator and steroid treatment, the 
condition was evaluated as bronchospasm. Likewise, the 
presence of high fever, leukocytosis/leukopenia, puru-
lent secretions, rales in auscultation and accompanying 
infiltration and consolidation in lung radiographies were 
evaluated as pneumonia. The attendance of complaints 
such as shortness of breath and chest tightness, low oxy-
gen saturation, loss of ventilation, and displacement of 
fissures in lung radiographies were evaluated as atelecta-
sis. Moreover, closure of the sinuses and increase in 
homogeneous opposite the chest radiographs were eval-
uated as pleural effusion.

Mechanic ventilation exceeding 6 hours was consid-
ered as extended mechanic ventilation. Despite of an 
adequate preload and afterload during the period of 
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surgery or postoperation, existence of systemic arterial 
pressure <90 mmHg and mix pulmonary venous satura-
tion <60% was considered as low cardiac output.

The data associated with the surgery and postopera-
tive period of the patients were recorded. The patients in 
both groups were compared for the following parame-
ters: the use of LIMA, the number of anastomosis, oper-
ation time, extubation time, the use of inotropic support 
and intra-aortic balloon pump, drainage, blood transfu-
sion, duration of stay in intensive care, period of hospi-
talization, prolonged intubation, re-intubation, presence 
of pulmonary complications, cardiovascular complica-
tions, development of infection, the use of bronchodila-
tors and steroids, performing tracheostomy, mortality 
rates, and other complications. 

Statistical analysis
Continuous data were expressed as mean ± standard 

deviation. On the other hand, categorical data were 
stated as percentages (%) and n. Shapiro Wilk test was 
used to investigate the suitability of the data to the nor-
mal distribution. Independent sample t-test analysis 
was used to compare the groups showing normal dis-
tribution for the cases consisting of two groups. How-
ever, Mann–Whitney U test was used to compare the 
groups not showing normal distribution for the cases 
consisting of two groups. Pearson’s chi-square, Pear-
son’s exact chi-square and Fisher’s exact chi-square 
analyses were used in the analyses of the tables cre-
ated. For all the tests, a value of P <0.05 was consid-
ered to be statistically significant. The SPSS statistical 
software package (SPSS, Version 21.0 for Windows; 
SPSS Inc., IL, USA) was used to carry out all statisti-
cal calculations.

Results

The patients with regard to their age and gender, smok-
ing, presence of hypertension, diabetes, hyperlipidemia, 
and additional diseases were comparable in both groups. 
On the other hand, in Group 1 while preoperative atrial 
fibrillation (AF) was significantly higher, ejection frac-
tion (EF) was lower (Table 1). There was no important 
difference in preoperative values of FVC, FEV1, FVC/
FEV1 and FEF 25–75 in addition to PO2 and PCO2 values 
in the arterial blood between the groups (Table 2). 

Moreover, although surgical technique and its dura-
tion, the number of anastomosis and types of grafts 
used, and the use of intra-aortic balloon pump-support 
concerning the surgery were alike between the groups, 
there were noticeable differences between the groups 
regarding extubation time and inotropic support used, 
the amount of drainage and blood transfusion. In addi-
tion, stay in intensive care unit and in hospital was 

Table 1 Preoperative features of the patients and risk factors

Group 1 (n = 46) 
%(n)

Group 2 (n = 275) 
%(n)

P

Age (year) 62.24 ± 8.96 59.71 ± 9.64 0.097
Gender (male)  65(30)    62(171) 0.819
Smoking  78(36)    66(183) 0.159
Diabetes  35(16)    30(85) 0.725
Hypertension  54(25)    49(134) 0.585
Hyperlipidemia  41(19)    39(107) 0.885
Passed MI  24(11)    15(42) 0.213
Preoperative AF 17(8) 1.8(5) 0.001 
Renal insufficiency (≥2 mg/dl)  4(2) 2.5(7) 0.622
Cerebrovascular event  4(2) 2.9(8) 0.640
Ejection fraction  48.1 ± 3.81    55 ± 2.25 0.001

AF: atrial fibrillation; MI: myocardial infarction

Table 2 Preoperative lung function tests and value 
of blood gases

Group 1  
(46 patients)

Group 2  
(275 patients)

P

FEV1  51.65 ± 10.95 105.45 ± 12.54 0.001
FVC 62.85 ± 6.86  99.85 ± 12.68 0.001
FEV1/FVC  55.05 ± 11.24 100.12 ± 13.25 0.001
FEF 25–75  66.8 ± 5.85 102.24 ± 12.44 0.001
PO2 65.25 ± 9.45 92.83 ± 8.35 0.001
PCO2 41.65 ± 6.18 34.25 ± 2.16 0.001

FEV1: forced expiratory volume in the first second; FVC: 
forced vital capacity; FEF 25–75: forced expiratory flow at 
25–75% of the pulmonary volume; PO2: partial pressure of 
oxygen in arterial blood; PCO2: partial pressure of carbon 
dioxide in arterial blood
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significantly longer in Group 1 when compared with 
Group 2 (Table 3). 

Finally, while there was a noticeable difference between 
the groups regarding prolonged intubation, pulmonary 
complications, cardiac complications such as arrhythmia 
and low cardiac output and the use of steroids and bron-
chodilators, other complications were comparable 
between the groups during the period of postoperative 
intensive care. Likewise, mortality rate was also similar 
between the groups (Table 4). 

EuroSCORE II results showed that 41.3% of the 
patients in Group 1 and 30.4% of the patients in Group 2 

were at high risk. However, no significant difference was 
found between the groups in terms of risk classification 
(P >0.05). In contrast, logistic EuroSCORE assessments 
revealed that expected mortality percentages for 
medium- and high-risk patients in Group 1 was signifi-
cantly higher compared to Group 2 (P <0.05) (Table 5).

Discussion 

In spite of technological developments and increased 
clinical experiences, coronary bypass surgery is still a 
major problem causing to morbidity and mortality in 

Table 3 Data associated with the operation

Group 1  
(46 patients)

Group 2  
(275 patients)

P

Use of LIMA, %(n)    95(44)    95(262) 1.000
Number of anastomose (mean) 2.78 ± 0.80 3.10 ± 1.11 0.06
Time for surgery (hour)  3.2 ± 2.02 3.0 ± 1.8 0.494
Extubation time (hour) 7.65 ± 3.81 4.25 ± 2.05 0.001
Inotropic support (n)    73(34)    35(96) 0.001
Use of IABP (n) 0.04(2) 0.01(1) 1.000
Drainage (ml) 520 ± 175 460 ± 150 0.015
Blood transfusion (unit)  3.2 ± 1.14  2.6 ± 0.89 0.001
Stay in intensive care (day)  3.3 ± 1.46 1.4 ± 0.8 0.001
Hospitalization (day)  9.6 ± 3.18  6.1 ± 1.88 0.001

LIMA: left internal mammary artery; IABP: intra-aortic balloon pump

Table 4 Postoperative data

Group 1 (46)  
%(n)

Group 2 (275)  
%(n)

P

Long-term entubation 10(5) 0.7(2) 0.001
Re-entubation  4(2)    1(3) 0.151
Pulmonary complications
 Bronchospasm  26(12)    4(13) 0.001 
 Atelectasis 15(7)    4(12) 0.010
 Pleural effusion 10(5) 2.5(7) 0.018
 Pneumonia  4(2) 0.4(1) 0.055
Cardiovascular complications
 Postoperative AF  23(11)    4(12) 0.001
 Low cardiac output  6(3) 0.7(2) 0.022
 Perioperative MI  0(0)    0(0) 1.000
Inflectional location 
 Superficial  4(2)    1(3) 0.151
 Mediastinitis  2(1)    0(0) 0.143
Revision  4(2) 2.5(7) 0.622
Use of steroid and bronchodilator  32(15)    5(14) 0.001
Tracheostomy  2(1)    0(0) 0.143
Other complications  4(2)    1(3) 0.151
 Cerebrovascular event  2(1) 0.7(2) 0.372
 Renal insufficiency (≥2 mg/dl)  4(2)    4(11) 1.000
Mortality  4(2) 0.7(2) 0.100

AF: atrial fibrillation; MI: myocardial infarction
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hospitals. The most important reason for this is gradual 
increase in the average age of patients who underwent 
coronary artery bypass in recent years and the patients 
who were considered to be inoperable owing to high 
risks in the past are now considered to be operable.9,10) 

Risk scoring systems used to determine the risk of sur-
gery can allow us to evaluate preoperative results of the 
patients to make decision on whether to treat high-risk 
patients surgically, medically or just follow-up.11) More-
over, risk scoring systems also let us to take risk reduc-
ing preparations for the patients determined to be treated 
surgically. For this purpose, in the current study, all 
of the patients were assessed using advanced scoring 
systems EuroSCORE II and logistic EuroSCORE.7,8) 
According to EuroSCORE II, 41.3% of the patients in 
Group 1 and 30.4% of the patients in Group 2 were in the 
high-risk group and the mortalities seen in both groups 
were pertaining to the patients in the high-risk group. 
Although the expected mortality rates in the high-risk 
group were quite high (15%–25%), the mortality rates 
seen were very low (0.7%–4%). We attributed improved 
results, which we obtained in the treatment of the patients, 
to the use of data acquired from the risk scoring systems. 

Surgery and anesthesia used in coronary bypass sur-
gery cause to certain respiratory changes such as signifi-
cant reduction in vital capacity, total lung capacity, and 
functional residual capacity.12) The factors associated 
with complications of the respiratory system are among 
the major factors that affect mortality and morbidity 
rates for coronary bypass surgery. These complications 
are much more common in the patients with COPD and 
rate of mortality might increase up to 3.8%.13,14) The 
main reasons causing these complications might include 
application of general anesthesia, use of cardiopulmo-
nary bypass, and placement of cross-clamp, which are 
known to generate postoperative hypoxia through reduc-
ing functional residual capacity, forming compression 
atelectasis, and making pulmonary shunts. Moreover, 
previous studies indicate that various surgical manipu-
lations such as sternotomy, removal of left internal 

mammary artery, and opening of the pleura are shown 
to yield temporary reduction in vital capacity.6,15) Like-
wise, other studies show that the use of ice-slush or 
cold isotonic serum physiologic during the CABG 
might not only lead to paralysis of the diaphragm due 
to damage to the phrenic nerve but also result in post-
operative deterioration in respiratory functions.15,16) 

In the present study, the need for long-term intubation, 
frequency of pulmonary complications (e.g., pleural 
effusion, atelectasis), and cardiac complications (e.g., 
atrial fibrillation, low cardiac output) were meaning-
fully higher in Group 1 (the patients with COPD) than 
Group 2 (P <0.005). In addition, the incidence of other 
complications was also higher in Group 1 compared to 
Group 2 but the difference was not statistically signifi-
cant (P >0.005). Overall, the present results were con-
sistent with the literature. 

 Diagnosing COPD prior to coronary artery bypass 
surgery, putting some protective strategies into practice, 
and planning subsequent steps are shown to significantly 
reduce the incidence of morbidity and mortality. In addi-
tion, some recent studies recommend that all the patients 
smoking should receive preoperative routine spirometry 
before cardiac surgery.17,18) Quitting smoking before the 
surgery, performing effective lung exercises and receiv-
ing bronchodilator therapy and steroid treatment if nec-
essary are reported to increase postoperative recovery.1) 
Moreover, achieving optimal lung functions and mini-
mal airway secretions in the coronary artery bypass 
patients with COPD should be aimed. During the present 
study, we implemented preoperative routine spirometry 
tests and measured arterial blood gases, both of which 
are easy and cheaper to apply in all patients. Conse-
quently, we had the opportunity to detect undiagnosed 
COPD patients and determine the severity of their dis-
ease; thereby, they had chance to receive additional treat-
ment and certain protective precautions if needed before 
the surgery. In this way, 29 patients in Group 1 were 
referred to Chest Disease Clinic to receive additional 
intensive bronchodilator, steroid therapy, and exercise 

Table 5 Comparison of risk groups and mortality rates

EuroSCORE II point 
and risk classification

Number of patients %(n) Logistic EuroSCORE point

Group I Group II P Group I Group II P

Low risk (0–2) 8.7(4)  9.6(36)  0.403 1.92 ± 0.34 1.62 ± 0.30 0.06 
Mean risk (4–6)   50(23)    60(165)  0.203 5.54 ± 1.98 4.65 ± 1.92 0.03
High risk (≥6) 41.3(19) 30.4(74)  0.627 24.05 ± 18.14 15.05 ± 14.22 0.04
Total  100(46)    100(275) <0.001  16.6 ± 14.08  9.34 ± 12.65 <0.001
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respiratory physiotherapy in addition to their previous 
treatment. 

Furthermore, long-term ventilator dependence and late 
mobilization of the patients during the postoperative 
period are indicated to impair left ventricular perfor-
mance and increase the stay in intensive care and hospital 
through aggregating pulmonary complications.19,20) An 
earlier study found that ventilator dependence increased 
pneumonia risk by 1% daily.21) Another study reported 
that pneumonia due to the ventilator might increase up to 
10.8%. The rate of pneumonia in our study was 4% in 
Group 1 and 0.4% in Group 2, which were less than that 
reported in the literature. Among the postoperative pul-
monary complications, bronchospasm, atelectasis, and 
pleural effusion were statistically higher in Group 1 than 
Group 2. We believe that high incidence of postoperative 
pulmonary complications in patients with COPD (Group 1) 
were due to long duration of ventilator support, longer 
extubation, and increased stay in intensive care. 

Extended operation time can cause increase in poten-
tial postoperative complications and mortalities. In the 
present study, the duration of surgery in COPD patients 
was 0.2 hours longer in average owing to sternotomy and 
preparation of the LIMA grafts. With respect to Group 2, 
the patients in Group 1 remained heparinized for a lon-
ger period, a factor increased amount of drainage, need 
for blood transfusions, and caused augmented pleural 
effusion in the patients in Group 1.

Cardiac disorders such as atrial fibrillation (23.3%), 
atherosclerotic heart disease (16.1%–53%), heart failure 
(20%–32%) and HT (22%) are more common in COPD 
patients than in the normal population.3,9,10,12,16) Factors 
that increase the risk of ischemic heart disease might 
include advanced age, smoking; systemic inflammation, 
endothelial dysfunction, and increased inflammation 
during acute exacerbations. Atrial fibrillation is shown to 
be associated with hypoxemia, acidosis, and loss of 
FEV1 in addition to bronchodilators used in the treat-
ment of COPD.3,4,13,17) In the present study, while ejec-
tion fraction was lower, AF was higher in patients with 
COPD (Group 1) (P <0.05). Similarly, preoperative risk 
factors in Group 1 were higher than Group 2 but it was 
not statistically significant (P >0.05). Likewise, postop-
erative cardiac complications such as AF and low cardiac 
output were higher in Group 1 than Group 2. (P <0.05). 
The current results were consistent with the literature.

Several studies indicate that use of off-pump CABG 
approach eliminates need for entering extracorporeal cir-
culation, thereby helps reducing oxidative stress and 

inflammatory response (endothelin-1, tumor necrosis 
factor-α, interleukin-1, and interleukin-8).22) A relatively 
recent study indicates that CABG procedure is one of the 
protective strategies to avoid effect of cardiopulmonary 
bypass on pulmonary functions in working heart.6) Like-
wise, another study claims that off-pump CABG method 
provides noticeable benefits in postoperative pulmonary 
functions and achieving normal level of arterial blood 
gases in the patients with mild-to-moderate COPD.23) 
In the present study, we treated the patients with off 
pump CABG approach to reduce development of poten-
tial complications and mortality risk. When comparing 
the expected mortality percentage of the groups in terms 
of logistic EuroSCORE, it was determined that the risk 
was significantly higher for Group 1 than for Group 2 
(P <0.05). However, the number of mortalities was 
nearly the same in both groups, which was of no statisti-
cal significance (4% in Group 1; 0.7% in Group 2)

At their study, Samuels et al. reported that while the 
mortality rate after CABG in patients with mild-to- 
moderate COPD was not different from the other 
patients, it was markedly increased in the patients over 
age of 75 and treated with steroid.24) In another study, 
the incidence of CABG mortality in the patients with 
COPD was shown to be two-fold higher.25) In the cur-
rent study, there was no noticeable difference in mortal-
ity incidence between Group 1 and Group 2, a result 
indicating that coronary bypass surgeries performed 
using CABG approach might be reliable, which was 
used in the treatment of patients with COPD. 

Conclusion

Despite the developments in technological advance-
ments and accumulated clinical experiences, COPD is still 
a major problem affecting rates of morbidity and mortality 
in coronary artery bypass graft surgeries. In the current 
study, we obtained comparable morbidity and mortality 
rates among the patients with COPD and without COPD 
when they were treated with off-pump CABG. Conse-
quently, the current results indicate that the existence of 
COPD is not associated with in-hospital mortality or 
severe morbidity post-CABG by off-pump approach.

Limitations 

The greatest limitation in the present study is the 
inability to compare patients with on-pump CABG. In 
our clinic, coronary bypass operations of patients with 
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risk factors such as COPD and chronic renal insuffi-
ciency are generally performed by off-pump method. 
Therefore, the number of COPD patients with on-pump 
CABG is not sufficient for comparison.
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 2) Dursunoğlu N, Köktürk N, Baha A, et al. Comorbid-
ities and their impact on chronic obstructive pulmo-
nary disease. Tuberk Toraks 2016; 64: 289-98.

 3) Barnes PJ, Celli BR. Systemic manifestations and co-
morbidities of COPD. Eur Respir J 2009; 33: 1165-85.

 4) Høiseth AD, Neukamm A, Karlsson BD, et al. Elevated 
high-sensitivity cardiac troponin T is associated with in-
creased mortality after acute exacerbation of chronic ob-
structive pulmonary disease. Thorax 2011; 66: 775-81.

 5) Daitoku K, Suzuki Y, Fukuda I. [Cardiovascular sur-
gery for patients with chronic respiratory failure and 
respiratory dysfunction]. Kyobu Geka 2008; 61: 624-9. 
(in Japanese)

 6) Güler M, Kirali K, Toker ME, et al. Different CABG 
methods in patients with chronic obstructive pulmo-
nary disease. Ann Thorac Surg 2001; 71: 152-7.

 7) Nashef SA, Roques F, Sharples LD, et al. Euro-
SCORE II. Eur J Cardiothorac Surg 2012; 41: 734-44; 
discussion 744-5.

 8) Roques F, Michel P, Goldstone AR, et al. The logistic 
EuroSCORE. Eur Heart J 2003; 24: 881-2.

 9) Goldman S, Zadina K, Moritz T, et al. Long-term pa-
tency of saphenous vein and left internal mammary 
artery grafts after coronary artery bypass surgery: 
results from a Department of Veterans Affairs Coop-
erative Study. J Am Coll Cardiol 2004; 44: 2149-56.

 10) Shahian DM, O’Brien SM, Sheng S, et al. Predictors of 
long-term survival after coronary artery bypass graft-
ing surgery: results from the Society of Thoracic Sur-
geons Adult Cardiac Surgery Database (the ASCERT 
study). Circulation 2012; 125: 1491-500.

 11) Sanon S, Lee VV, Elayda MA, et al. Predicting early 
death after cardiovascular surgery by using the Texas 
Heart Institute Risk Scoring Technique (THIRST). 
Tex Heart Inst J 2013; 40: 156-62.

 12) Badenes R, Lozano A, Belda FJ. Postoperative pulmo-
nary dysfunction and mechanical ventilation in cardi-
ac surgery. Crit Care Res Pract 2015; 2015: 420513.

 13) Grover FL, Hammermeister KE, Burchfiel C. Initial 
report of the Veterans Administration Preoperative 
Risk Assessment Study for Cardiac Surgery. Ann Tho-
rac Surg 1990; 50: 12-26; discussion 27-8.

 14) Buggeskov KB, Sundskard MM, Jonassen T, et al. Pul-
monary artery perfusion versus no pulmonary perfu-
sion during cardiopulmonary bypass in patients with 
COPD: a randomised clinical trial. BMJ Open Respir 
Res 2016; 3: e000146.

 15) Wynne R, Botti M. Postoperative pulmonary dysfunc-
tion in adults after cardiac surgery with cardiopulmo-
nary bypass: clinical significance and implications for 
practice. Am J Crit Care 2004; 13: 384-93.

 16) Hirose H, Amano A, Takahashi A, et al. Coronary 
artery bypass grafting for patients with non-dialysis- 
dependent renal dysfunction (serum creatinine > or = 
2.0 mg/dl). Eur J Cardiothorac Surg 2001; 20: 565-72.

 17) Vaz Fragoso CA, McAvay G, Van Ness PH, et al. Phe-
notype of spirometric impairment in an aging popula-
tion. Am J Respir Crit Care Med 2016; 193: 727-35.

 18) López Varela MV, Montes de Oca M, Rey A, et al. De-
velopment of a simple screening tool for opportunistic 
COPD case finding in primary care in Latin America: 
The PUMA study. Respirology 2016; 21: 1227-34.

 19) Adler J, Malone D. Early mobilization in the inten-
sive care unit: a systematic review. Cardiopulm Phys 
Ther J 2012; 23: 5-13.
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