Biomedical & Pharmacology Journal

The Role of Preoperative Chronic Obstructive
Pulmonary Disease to Predict Morbidity
After Coronary Artery Bypass Surgery

SEYEDYASER HARIRI', ADEL JOHARI MOGHADAM? and REZA AREFIZADEH?**

'Khatamolanbia Air Defence Medical University, Tehran, Iran.
2Department of Cardiology, AJA University of Medical Sciences, Tehran, Iran.
*Corresponding author E-mail: arefizadehreza@yahoo.com

http://dx.doi.org/10.13005/bpj/985
(Received: June 22, 2016; accepted: July 30, 2016)
ABSTRACT

Prevalence of chronic obstructive pulmonary disease (COPD) among patients who are
candidates for cardiac surgeries has a wide spectrum. Therefore, assessment of the prognostic
value of preoperative COPD in different population is necessary. The present study assessed the
role of different severities of COPD for prediction of morbidity in patients undergoing coronary
artery bypass grafting (CABG). Five hundred and seventy consecutive patients underwent pure
CABG were studied. Patients were divided into three groups depending on the spirometry as
control (FEV1 80% or more, FEV1/ FVC> 0.7), mild to moderate COPD (FEV1 50% or more and
FEV1/FVC 0.7 or less) and severe COPD (FEV1 less than 50% and FEV1/FVC 0.7 or less).
Preoperative pulmonary function indices were assessed as predictors and postoperative morbidity
was used as surgical outcome. Studied groups were similar with regard to coronary artery
disease risk factors, except for hypertension and recent myocardial infarction that were more
frequent in patients with severe COPD. Mean of body mass index in the group with severe COPD
was significantly lower than the control group, however this parameter was comparable in control
group and the group with mild to moderate COPD. Multivariate logistic regression analysis showed
that preoperative FVC measure predicted post-CABG morbidity with the presence of confounders
(OR: 0.989, 95% CI: 0.979 — 1.000, p=0.046). Among preoperative pulmonary function indices,
FVC can effectively predict in-hospital morbidity after CABG.
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INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is a devastating disorder that is currently
one of the main leading causes of mortality and
morbidity whole of the world'. Epidemiological
investigations reported the prevalence of COPD
ranging 9%- 10% that was estimated based on
physiologically definition of COPD and spirometry
testing®. However, this prevalence among patients
with coronary artery disease (CAD) especially those
who are candidates for cardiac surgeries has a wide
spectrum from 5.7% 2 to more than 25 % (In 4-6).

Some recent studies, COPD had a pivotal role to
predict adverse outcome after coronary artery
bypass surgery (CABG). This identified risk factor
was a main predictor for early and late outcome of
CABG and also could effectively predict long-term
postoperative complications and survival of these
patients®’. This appropriate predictive power has
been found in different age groups®. Therefore, it
seems that the selective use of screening
preoperative pulmonary function testing should be
routine in these patients®. However, it seems that
the predictive role of COPD in patients undergoing
CABG is potentially dependant on its defined so
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that the frequency of postoperative poor outcome
after this surgery has been similar in most patients
with mild-to-moderate COPD to those without
COPD?®. Furthermore, this similarity can be
dependent on the difficulty of assigning a precise
definition for COPD and its severity. In addition,
according to reported wide range prevalence of
COPD in CAD patients, assessment of the
prognostic value of preoperative COPD in different
population is necessary. The main goal of the
present study was to assess the role of different
severities of COPD for prediction of morbidity and
prolonged length of stay in hospital and ICU stay in
patients undergoing CABG.

Methods

Between May and September 2006, 570
consecutive patients underwent pure CABG. Among
these patients, 319 patients had COPD on the basis
of preoperative pulmonary function testing results
which was defined as requires therapy for the
treatment of chronic pulmonary compromise and
had a forced expiratory volume in 1 s [FEV1] less
than 80% or FEV1/forced vital capacity [FVC] less
than or equal to 0.7 of predicted value'. Patients
were divided into three groups depending on the
spirometry: controls (FEV1 80% or more, FEV1/
FVC> 0.7), mild to moderate COPD (FEV1 50% or
more and FEV1/FVC 0.7 or less) and severe COPD
(FEV1 less than 50% and FEV1/FVC 0.7 or less™.
According to this definition, 58 patients had mild to
moderate COPD and 261 patients suffered from
severe COPD. This study excluded patients who
underwent repeat CABG and patients who had
undergone other cardiac or non-cardiac
procedures.

The following variables were also
complete on each patient at the admission day:
demographic characteristics, history of CAD risk
factors and cardiac status. Also, early outcome after
CABG was assessed included: mortality (defined
as death within 30 days of the CABG operation),
morbidity (defined as the existence of at least one
of these postoperative complications: wound
infection, arrhythmias, brain stroke, and new
respiratory failure), prolonged total length of stay in
hospital (more than 14 days) and prolonged ICU
stay (more than 48 hours).
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Results were expressed as mean+SD for
quantitative variables and percentages for
categorical variables. Categorical variables
between the groups were compared using +2
square test and continuous variables were
compared by using one-way analysis of variance
(ANQVA) test. The Tukey-Kramer test was used for
post-hoc analysis when differences between the
groups were significantaccording to simple ANOVA.
Predictors exhibiting a statistically significant
relationship with morbidity in the univariate analysis
(P value equal or less than 0.1) were taken for a
multivariate logistic regression analysis to
investigate their independence. Odds ratios (OR)
and 95% confidence intervals (Cl) for OR were
calculated. Model calibration was estimated using
the Hosmer-Lemeshow (HL) goodness-of-fit
statistic (higher P values imply that the model fits
the observed data better). P values of 0.05 or less
were considered statistically significant. All the
statistical analyses were performed using SPSS
version 15.0 for windows (SPSS Inc., Chicago, IL,
USA).

RESULTS

Demographic characteristics and clinical
data of patients with and without COPD are
summarized in Table 1. The mean age and sex ratio
were comparable in all groups. Mean of body mass
index in the group with severe COPD was
significantly lower than the control group (p=0.022),
however this parameter was comparable in control
group and the group with mild to moderate COPD
(p=0.894). Studied groups were similar with regard
to some general risk factors for CAD, except for
hypertension and recent myocardial infarction that
were more frequent in patients with more severe
COPD. Also, ejection fraction was higher in control
than severe COPD group (p=0.014), whereas the
difference in ejection fraction between the control
group and group with mild to moderate COPD was
not statistically significant (p=0.648).

This study found no significant differences
in parameters of postoperative morbidity between
the patients without COPD and other patients with
the different severity of COPD (Table 2), however,
assessment the association between surgical
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Table 2: Early outcome after coronary artery bypass surgery in studied patients

Severe COPD Controlgroup p-value

Mild-moderate

Total
(n=570)

Characteristics

(n=261) (n=251)

COPD(n=58)
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0.684

2(0.8)

1(0.4)
111 (42.5)
52 (19.9)

0 (0.0)
21 (36.2)
15 (25.9)

0(0.0)

1(1.7)
26 (44.8)
27 (46.6)
20 (34.5)

3 (0.5)
224 (39.3)

104 (18.2)

Wound infection
Arrhythmias

0.348

2 (36.7)
37 (14.7)

0.090

Respiratory failure
Brain stroke

0.795

2(0.8)
1(0.4)
113 (45.0)
129 (51.4)
80 (31.9)

2 (0.8)
2 (0.8)
132 (50.6)
136 (52.1)

4(0.7)
4 (0.7)
271 (47.5)
292 (51.2)

0.544

Myocardial infarction

Morbidity

0.412

Prolonged length of stay in hospital (>14 days) 0.744

Prolonged ICU stay (>48 hours)

0.806

90 (34.5)

190 (33.3)

Data are presented as mean+SD or number (percentages)

complications and pulmonary function indices
showed an adverse relationship between
postoperative morbidity and FVC (Table 3).
Multivariate logistic regression analysis (Table 4)
also showed that preoperative FVC measure could
effectively predict post-CABG morbidity with the
presence of confounders (OR: 0.989, 95% CI: 0.979
—1.000, p=0.046).

DISCUSSION

The present study had two main findings.
Firstly, we could indicated that some CAD risk factors
such as hypertension and recent myocardial
infarction were more prevalent in patients with
severe COPD than the control group, however body
mass index was lower in the patients with severe
COPD than others. Association between body mass
index and the presence of severe COPD has been
found in some COPD phenotypes. BMI can be
significantly lower in the emphysema dominant
phenotype than in the airway dominant phenotype
and therefore, BMI measurement as a risk factor for
CAD may be different in these phenotypes™.
However, it has been also shown that after
controlling for confounding factors such as cigarette
smoking, age, abdominal obesity and educational
status, men with low BMI are at increased risk for
getting COPD and the risk of COPD developing in
patients with low BMI was 2.76 times of other
patients'. Even, pathological changes following
reduction of BMI was also demonstrated so that
mitochondrial respiratory dysfunction was impaired
in low BMI group than other patients groups’.
Furthermore, systemic hypertension is frequently
encountered in COPD patients™. It has been
suggested that COPD besides other risk factors
such as hypertension can lead to high CAD-related
mortality and longer hospitalization. Therefore,
monitoring and control of these risk factors with
particular care in patients with severe COPD are
strongly recommended.

We could also show a significant
association between postoperative morbidity and
FVC so that the morbidity rate was higher in patients
with lower preoperative FVC. This relationship was
also confirmed in the presence of some important
patients’ indices such as age, IABP insertion,
inotrope use, pacemaker insertion and number of
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Table 3: Pulmonary function indices in groups
with and without early complications

Outcome FEVA FVC FEV1/FVC
Morbidity (+) 74.2 (%) 80.2 (%) 0.94
Morbidity (-) 76.0 (%) 83.6 (%) 0.92
p-value 0.263 0.012 0.280
LOS>14 days 74.9 (%) 81.8 (%) 0.93
LOS<14 days 75.3 (%) 82.2 (%) 0.93
p-value 0.836 0.743 0.915
ICU stay> 48 hours 75.3 (%) 82.0 (%) 0.93
ICU stay < 48 hours 75.0 (%) 82.0 (%) 0.92
p-value 0.902 0.983 0.653

Table 4: Mutivariate analysis of the predictive power of forced
vital capacity for prediction of postoperative morbidity

Variable Univariate Multivariate Odds 95% Confidence
p-value p-vakue Ratio Interval
Forced vital capacity 0.012 0.046 0.989 0.979 - 1.000
Advanced age <0.001 0.002 1.032 1.011 - 1.053
Hyperlipidemia 0.040 0.151 1.323 0.903 — 1.939
Peripheral vascular disease 0.016 0.013 0.607 0.410 — 0.899
Serum creatinine 0.001 0.011 2.443 1.230 — 4.850
IABP insertion 0.050 0.140 0.359 0.092 — 1.402
Inotrope use 0.029 0.260 0.816 0.573 - 1.163
Pacemaker insertion 0.005 0.098 0.589 0.314 - 1.103
Number of grafts 0.046 0.006 1.266 1.078 — 1.564

Hosmer and Lemeshow test: y2 = 6.604, df = 8, p-value = 0.580

used grafts. Most of the similar studies could also
show the role of impaired airway flow for predicting
of postoperative early outcome®'%1516 and also
long-term survival®. However, relationship between
pulmonary function parameters and post-CABG
outcome was not observed in some other
studies' 8. Some investigations showed that the
index of FEV1 had main role to predict morbidity,
prolonged LOS and ICU stay in these patients.
Canver et al showed that preoperative FEV1 was
a significant predictor of 5-year survival in the young
and aged individuals undergoing Also, Fuster et
aP found that preoperative FEV1 less than 60%
must be considered as a primary prognostic factor
in patients undergoing CABG procedures. Besides,
similar to our study, some others emphasized on
the role of FVC as an important predictor for

postoperative events. Durand et al'® found that low
FVC was associated with mortality, reintubation and
prolonged ventilation after surgery. It seems that
the predictive role of FVC following CABG is mainly
related to the prediction of postoperative respiratory
complications and arrhythmias. There is increasing
evidence that COPD patients undergoing CABG
surgery are at increased risk for postoperative
respiratory complications and arrhythmias'’-2.
According to high respiratory complication rate and
arrhythmia in our study, predictive power of FVC
was more documented. It is well known that
respiratory muscles dysfunction due to surgery can
lead to a reduction in FVC. This may cause
atelectasis in the basal lung segments which affects
the gas exchange properties of the lung, pulmonary
infections, which have significant morbidity and
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mortality in this patient population®'22. In severe
cases, these consequences of impaired respiratory
muscle function may also lead to respiratory failure
and notable mortality and morbidity?3. However, the
relationship between preoperative low FVC and
postoperative morbidity can be observed in patients
with the history of severe COPD and in cases with
mild to moderate pulmonary dysfunction, this
association as shown in Michalopoulos et al.,?*
assessment may not be demonstrated.
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In conclusion, among CAD risk factors,
hypertension and recent myocardial infarction were
more frequent in patients with severe COPD than
the groups with normal pulmonary function test,
however obesity was more observed in normal
group. Frequencies of these risk profiles were
comparable in control group and the group with
mild to moderate COPD. Among pulmonary function
indices, FVC could effectively predict in-hospital
morbidity after CABG.

REFERENCES

1. Bednarek M, Maciejewski J, Wozniak M,
Kuca P, Zielinski J. Prevalence, severity and
underdiagnosis of COPD in the primary care
setting. Thorax. 2008; 63(5):402-7.

2. Halbert RJ, Natoli JL, Gano A. Global burden
of COPD: systematic review and meta-
analysis. Eur Respir J. 2006; 28:523—-32.

3. Medalion B, Katz MG, Cohen AJ, Hauptman
E, Sasson L, Schachner A. Long-term
beneficial effect of coronary artery bypass
grafting in patients with COPD. Chest. 2004;
125(1):56-62.

4. Canver CC, Nichols RD, Kroncke GM.
Influence of age-specific lung function on
survival after coronary bypass. Ann Thorac
Surg. 1998; 66(1):144-7.

5. Fuster RG, Argudo JA, Albarova OG, et al.
Prognostic value of chronic obstructive
pulmonary disease in coronary artery
bypass grafting. Eur J Cardiothorac Surg.
2006; 29(2):202-9.

6. Rosenfeld R, Smith JM, Woods SE, Engel
AM. Predictors and outcomes of extended
intensive care unit length of stay in patients
undergoing coronary artery bypass graft
surgery. J Card Surg. 2006; 21(2):146-50.

7. Grover FL, Johnson RR, Marshall G,
Hammermeister KE, Department of Veterans
Affairs Cardiac Surgeons. Factors predictive
of operative mortality among coronary artery
bypass subsets. Ann Thorac Surg. 1993; 56:
1296 —1307.

8. Ibrahim SG, Forgiarini LA Jr, Félix EA.
Evaluation of cytokine levels and pulmonary

function in patients undergoing coronary
artery bypass graft. Rev Bras Anestesiol.
2012; 62(1):137-8.

9. Samuels LE, Kaufman MS, Morris RJ,
Promisloff R, Brockman SK. Coronary artery
bypass grafting in patients with COPD. Chest.
1998; 113(4):878-82.

10. Manganas H, Lacasse Y, Bourgeois S,
Perron J, Dagenais F, Maltais F.
Postoperative outcome after coronary artery
bypass grafting in chronic obstructive
pulmonary disease. Can Respir J. 2007;
14(1):19-24.

11. Ogawa E, Nakano Y, Ohara T. Chronic
obstructive pulmonary disease. body mass
index in male patients with COPD: correlation
with low attenuation areas on CT. Thorax.
2009;64:20-5.

12.  Harik-Khan RI, Fleg JL, Wise RA. Body Mass
Index and the Risk of COPD. Chest. 2002;
121(2): 370-6.

13. Rabinovich RA, Bastos R, Ardite E.
Mitochondrial dysfunction in COPD patients
with low body mass index. Eur Respir J. 2007,
29:643-50.

14. Marquis K, Maltais F, Poirier P.
Cardiovascular manifestations in patients
with COPD. Rev Mal Respir.2008; 25(6):663-
73.

15. de Albuquerque Medeiros R, Faresin S,
Jardim J. Postoperative lung complications
and mortality in patients with mild-to-
moderate COPD undergoing elective
general surgery. Arch Bronconeumol. 2001;



16.

17.

18.

19.

20.

HARIRI et al., Biomed. & Pharmacol. J., Vol. 9(2), 643-649 (2016) 649

37(5): 227-34.

Durand M, Combes P, Eisele JH, Contet A,
Blin D, Girardet P. Pulmonary function tests
predict outcome after cardiac surgery. Acta
Anaesthesiol Belg. 1993; 44(1):17-23.
Jacob B, Amoateng - Adjepong Y,
Rasakulasuriar S, Manthous CA, Haddad R.
Preoperative pulmonary function tests do not
predict outcome after coronary artery bypass.
Conn Med. 1997; 61(6):327-32.

Spivack SD, Shinozaki T, Albertini JJ, Deane
R. Preoperative prediction of postoperative
respiratory outcome. Coronary artery
bypass grafting. Chest. 1996; 109(5):1222-
30.

Ferraris VA, Ferraris SP. Risk factors for
postoperative morbidity. J Thorac Cardiovasc
Surg. 1996; 111: 731.

Creswell LL, Schuessler RB, Rosenbloom
M, Cox JL. Hazards of postoperative atrial

21.

22.

23.

24.

arrhythmias. Ann Thorac Surg. 1993; 56:539.
Newman LS, Szczukowski LC, Bain RP,
Perlino CA. Suppurative mediastinitis after
open heart surgery. A case control study of
risk factors. Chest. 1988; 94: 546.

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

Laghi F, Tobin MJ. Disorders of the respiratory
muscles. Am J Respir Crit Care Med. 2003;
168:10-48.

Michalopoulos A, Geroulanos S,
Papadimitriou L. Mild or moderate chronic
obstructive pulmonary disease risk in
elective coronary artery bypass grafting
surgery. World J Surg. 2001; 25(12):1507-
11.



