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Impact of Airflow Limitation on Comorbidities

and Postoperative Complications in
Patients Undergoing Thoracic Surgery:
A Retrospective Observational Study

Kaku Yoshimi, MD, PhD,' Shiaki Oh, MD, PhD,? Kenji Suzuki, MD, PhD,?
Yuzo Kodama, MD, PhD,' Mitsuaki Sekiya, MD, PhD,' Kuniaki Seyama, MD, PhD, '3
and Yoshinosuke Fukuchi MD, PhD!3

Purpose: To assess the frequency of airflow limitation (AFL), and the relationship between
AFL and preoperative comorbidities or postoperative complications in patients who had
undergone thoracic surgery.

Methods: The medical records of patients who underwent non-cardiac thoracic surgery
at our institution between August 1996 and January 2013 were retrospectively reviewed.
On the basis of preoperative pulmonary function tests, patients were classified with those
with FEV /FVC <70% [AFL(+) group] or with FEV,/FVC >70% [AFL(-) group]. Patient
characteristics, preoperative comorbidities and postoperative complications were com-
pared between the groups.

Results: Of the 3667 patients assessed, 738 (20.1%) were allocated to the AFL(+) group.
AFL was an independent risk factor for three preoperative comorbidities: chronic obstruc-
tive pulmonary disease (odds ratio [OR]: 4.65), bronchial asthma (OR 4.30) and cardiac
diseases (OR 1.41). Airflow limitation was also an independent risk factor for postoperative
respiratory failure including long-term oxygen therapy (OR 2.14) and atelectasis (OR 1.90)
in the patients who underwent lobectomy or partial resection of the lung.

Conclusions: Our retrospective study revealed that careful attention needs to be paid to
airflow limitation in patients who undergo non-cardiac thoracic surgery since it appears
to be an important feature of preoperative comorbidities and to increase postoperative

complications.
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Introduction

Respiratory function tests are one of the routine preop-
erative assessments of patients undergoing surgery under
general anesthesia, and predict postoperative complica-
tions and mortality.!? It is not unusual to detect unexpected
abnormalities of pulmonary function that had not been
diagnosed until the tests were undertaken, for example,
chronic obstructive pulmonary disease (COPD) or asthma,
both of which exhibit obstructive ventilator impairment.
COPD is a common disease with a worldwide increase in
the number of patients. In an epidemiological study in
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Japan, airflow limitation was detected on respiratory func-
tion tests in 10.9% of adults aged 40 years or older, sug-
gesting that the potential number of patients in Japan with
COPD is 5 million or more.? Consequently, previously
undiagnosed airflow limitation is likely to be detected in a
substantial proportion of patients when spirometry is per-
formed as preoperative test.

In the retrospective study by Gupta et al., the preopera-
tive comorbidities and postoperative complications of
468795 patients who underwent surgery were examined,
and comparisons made between those with and those
without COPD. They reported that patients with COPD
had higher rates of other comorbidities and significantly
higher rates of postoperative complications, including
prolonged hospitalization and higher mortality.® Similar
findings have been reported by other investigators,
although not yet in Japan. Accordingly, we retrospectively
assessed the frequency of airflow limitation, and the rela-
tionships between airflow limitation and preoperative
comorbidities and postoperative complications, in patients
who underwent thoracic surgery (excluding intra-thoracic
cardiovascular surgery) under the care of the Department
of General Thoracic Surgery, Juntendo University Hospi-
tal, Japan.

Here we present our findings that the existence of air-
flow limitation is not only an important feature of preop-
erative comorbidities, but also an independent risk factor
strongly influencing postoperative outcome after thoracic

surgery.

Patients and Methods

We retrospectively analyzed the medical records of
patients who underwent non-cardiac thoracic surgery at
our institution between August 1996 and January 2013.
The cohort was classified into one of two groups on the
basis of the presence of airflow limitation detected during
preoperative assessment, and then the characteristics,
preoperative comorbidities, and postoperative complica-
tions were compared between the groups. We defined air-
flow limitation as a forced expiratory volume in the first
second to forced vital capacity ratio (FEV,/FVC) <70%
and allocated these patients to the airflow limitation
(AFL)(+) group. The remaining patients with FEV ,/FVC
>70% were allocated to the AFL(—) group. This retro-
spective study was approved by the Institutional Review
Board of Juntendo University Hospital (IRB No. 26-244).
All participants gave us written informed consent for par-
ticipation in the study.
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Statistical analysis

Data are reported as mean * standard deviation (SD). We
used the unpaired t-test to compare continuous data whereas
the chi-square test or Fisher’s exact test for categorical data.
To identify the preoperative comorbidities and postopera-
tive complications to which airflow limitation independently
contributed, we undertook two step analyses as follows;
1) we used Fisher’s exact test to identify comorbidities or
complications which show a significant difference between
AFL(+) and AFL(-) group, and 2) then we performed mul-
tivariate logistic regression analysis using the identified
comorbidities or complications as response variable while
airflow limitation as the explanatory variable was adjusted
by age, sex, history of smoking, and comorbidities or post-
operative complications. For each identified comorbidity
and complication, odds ratios (ORs) for airflow limitation
and 95% confidence intervals (95% Cls) were calculated.
All analyses were undertaken using SPSS statistics soft-
ware (version 19, IBM, Tokyo, Japan).

Results

Characteristics of study population

The clinical characteristics of the study population are
shown in Table 1. The total number of patients assessed
was 3667 with a mean age of 61.2 + 13.8 years. The pop-
ulation consisted of 2184 men and 1483 women. An
approximately half of the patients (51.5%) had a smoking
history. On respiratory function testing, mean vital capac-
ity (VC) was 3.72 £ 243 L (95.7 = 17.7 %predicted),
mean FEV, was 2.34 £ 1.60 L (100.0 = 74.9 %predicted),
and mean FEV,/FVC was 76.5 £ 9.8%. The most com-
mon indication for surgery was primary lung cancer,
which was the primary diagnosis in 2072 patients
(accounting for 61.5% of all underlying disease), followed
by metastatic lung tumor and mediastinal tumor, each of
which accounted for 11.8%.

Of 3667 patients, 738 (20.1%) had airflow limitation
and were allocated to the AFL(+) group whereas the
remaining 2929 patients (79.9%) to the AFL(-) group.
The mean age of the AFL(+) group was significantly
higher: 67.4 £ 10.1 years compared with 59.6 + 14.2 years
in the AFL(-) group (p <0.0001). A significantly higher
proportion of those in the AFL(+) group were current or
ex-smokers (75.2% compared with 45.3% in the AFL(-)
group, p <0.0001). The number of pack-years smoked was
also significantly higher in the AFL(+) group than the
AFL(-) group (43.9 £ 39.5 and 18.0 £ 28.1, respectively;
p <0.0001).
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Table 1 Characteristics of the study population

Total (n = 3667) AFL (+) (n=738) AFL (-) (n =2929) P valuel
Age* 61.2+13.8 67.4+10.1 59.6+£14.2
Sex (M/F) 2184/1483 609/129 1575/1354 <0.0001
Current and ex-smoker, n (%) 1890 (51.5) 562 (76.2) 1328 (45.3) <0.0001
Pack-year* 232+324 43.9+39.5 18.0 £28.1 <0.0001
Pulmonary function
VC (L) 3.72+243 3.39+0.83 3.80+2.73 0.6825
VC %pred (%) 95.7+17.7 99.8 +18.7 94.7+173 <0.0001
FEV, (L) 2.34+1.60 2.00+0.58 244+ 1.75 <0.0001
FEV, %pred (%) 100.0 +£74.9 86.1+19.6 103.5+82.9 <0.0001
FEV /FVC 76.5+9.8 623174 80.1+6.6 <0.0001

“Data are presented as mean = SD. IStatistical significance between AFL (+) and AFL (-) groups; chi-square test
was utilized for sex and the proportion of current and ex-smokers whereas unpaired t-test for other variables.
VC: vital capacity; FEV,: forced expiratory volume in 1 second; FVC: forced vital capacity; SD: standard devia-

tion; AFL: airflow limitation

The results of preoperative respiratory function tests
showed that mean FEV, was significantly lower in the
AFL(+) group than the AFL(-) group (2.00 + 0.58 L com-
pared with 2.44 + 1.75 L in the AFL(-) group, p <0.0001),
as were mean FEV /FVC (62.3 £ 7.4% compared with
80.1 + 6.6%, respectively; p <0.0001), and FEV, %pre-
dicted (86.1 = 19.6% compared with 103.5 * 82.9%,
respectively; p <0.0001). Conversely VC %predicted was
significantly higher in the AFL(+) group (99.8 + 18.7%
compared with 94.7 + 17.3% in the AFL(-) group,
p <0.0001).

Preoperative comorbidities

The prevalence of preoperative comorbidities is pre-
sented in Table 2. Notably, only 17.9% of patients in the
AFL(+) group had been diagnosed with COPD before
preoperative respiratory function testing. A significantly
higher proportion of patients in the AFL(+) group had pre-
operative diagnoses of hypertension, diabetes mellitus,
cardiac diseases, COPD, bronchial asthma, and central
nervous system disease. On the other hand, the prevalence
of collagen vascular diseases as a preoperative comorbid-
ity was significantly less in AFL(+) group as compare
with that in AFL(-) group.

The influence of airflow limitation on preoperative
comorbidities was also assessed by means of multivariate
logistic regression analysis (Table 3). Airflow limitation
remained to be an independent risk factor for cardiac dis-
eases (OR 1.41; 95% CI 1.10-1.80), COPD (OR 4.65;
95% CI 3.34-6.51) and bronchial asthma (OR 4.30, 95%
CI 2.60-7.04). Interestingly, the existence of airflow lim-
itation resulted in the lower risk of diabetes mellitus (OR
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0.72, 95% CI 0.54-0.94) and collagen vascular diseases
(OR 0.45,95% CI 0.21-0.86).

Postoperative complications

Next, we analyzed how airflow limitation affected the
incidences of postoperative complications. When we
categorized operative procedures of thoracic surgeries,
they consisted of pneumonectomy (n = 74), lobectomy
(n =1650), partial resection of the lung (n = 1286), oper-
ation of mediastinal diseases (n = 540), and the other
miscellaneous procedures (n = 117) such as chest wall
resection, lymph node biopsy, operation of trachea, oper-
ation of empyema, operation of diaphragm, partial resec-
tion of vertebrate, pleural biopsy, sympathetic nerve
resection, thoracoplasty, and so on. Since the type of
operative procedures is expected to greatly influence the
type and incidence of postoperative complications, we
focused our analysis on both lobectomy and partial
resection of the lung because of the following reasons.
First, both procedures have sufficient numbers for statis-
tical analysis. Second, the surgical procedures are nei-
ther quite complicated nor too much invasive. Lastly, the
categorization itself can generate a relatively homoge-
nous group. In this context, Table 3 shows the compari-
son of postoperative complications, operation time,
bleeding during operation in patients who underwent
lobectomy or partial resection of the lung between
AFL(+) and AFL(-) groups. A significantly higher pro-
portion of patients in the AFL(+) group had postopera-
tive complication of respiratory failure including
long-term oxygen therapy, atelectasis, re-operation,
arrhythmias, and refractory air-leakage. In addition,
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Table 2 Comparison of comorbidities between the AFL(+) and AFL(-) groups

Total AFL (+) AFL (-) Odds ratio for P value*
(n=3667) n (%) (n=738)n (%) (n=2929) n (%) AFL (95% CI)

Hypertension 856 (23.2) 210 (28.5) 646 (22.1) 1.41 (1.17-1.70) 0.0003
Dyslipidemia 280 (7.6) 63 (8.5) 217 (7.4) 1.16 (0.85-1.57) 0.3141
Diabetes mellitus 409 (11.1) 104 (14.1) 305 (10.4) 1.42 (1.11-1.81) 0.0048
Cardiac diseases 476 (12.9) 157 (21.3) 319 (10.9) 2.22 (1.78-2.75) <0.0001
COPD 200 (5.4) 132 (17.9) 68 (2.3) 9.17 (6.70-12.6) <0.0001
Bronchial asthma 99 (2.7) 35@4.7) 64 (2.2) 2.23 (1.42-3.46) <0.0001
Interstitial pneumonia 192 (5.2) 30 (4.1) 162 (5.5) 0.75 (0.49-1.12) 0.1664
CNS diseases 149 (4.1) 48 (6.5) 101 (3.4) 3.45 (1.34-2.81) 0.0004
Malignant diseases 813 (22.1) 168 (22.8) 645 (22.0) 1.04 (0.85-1.26) 0.7278
CVD 110 (3.0) 11 (1.5) 99 (3.4) 0.43 (0.21-0.82) 0.0053
Renal diseases 68 (1.8) 13 (1.8) 55(1.9) 0.94 (0.47-1.75) 1.0000

“Fisher’s exact test was utilized to test a statistical significance between AFL(+) and AFL(-) group. Cardiac diseases
include previous myocardial infarction, angina pectoris, cardiomyopathy, valvular diseases and aortic aneurysm. Central
nervous system diseases include cerebral infarction, transient ischemic attack, Parkinson’s disease and other degenerative
diseases. AFL: airflow limitation; COPD: chronic obstructive pulmonary disease; CNS: central nervous system; CVD:

collagen vascular diseases; 95% CI: 95% confidence interval

Table 3 Comorbidities to which AFL independently contributed

Response variable Odds ratio for AFL (95% CI) P value*
Cardiac diseases 1.41 (1.10-1.80) 0.0057
Diabetes mellitus 0.72 (0.54-0.94) 0.0177
COPD 4.65 (3.34-6.51) <0.0001
Bronchial asthma 4.30 (2.60-7.04) <0.0001
CVD 0.45 (0.21-0.86) 0.0230

“Multivariate logistic regression analysis was utilized in each response
variable (odds ratio for AFL as the explanatory variable was adjusted by
age, sex, history of smoking, and comorbidities except for a response
variable of interest). AFL: airflow limitation; 95% COPD: chronic
obstructive pulmonary disease; CVD: collagen vascular diseases;

CI: 95% confidence interval

operation time was significantly longer and bleeding
during operation was more in AFL(+) group.

When multivariate logistic regression analysis was per-
formed, a significantly higher proportion of patients in the
AFL(+) group were diagnosed with postoperative respira-
tory failure that needed supplemental oxygen therapy (OR
2.14, 95% CI 1.12-4.11) and atelectasis (OR 1.90, 95%
CI 1.19-3.01) (Table 5), indicating that airflow limitation
was an independent risk factor for these two types of post-
operative complications.

Discussion
Our findings suggest that airflow limitation is an
important feature of preoperative comorbidities and influ-

ences postoperative outcome after thoracic surgery. We
found that approximately 20% of patients who underwent

Ann Thorac Cardiovasc Surg Vol. 22, No. 3 (2016)

thoracic surgery fulfilled the criterion for airflow limita-
tion; and that those affected were significantly more likely
to have preoperative comorbidities, such as COPD, bron-
chial asthma, and cardiac diseases. Furthermore, the inci-
dence of postoperative complications was higher in those
with airflow limitation, which proved to be an indepen-
dent risk factor for postoperative respiratory failure and
atelectasis in patients who underwent lobectomy or partial
resection of the lung.

A diagnosis of COPD can be established if other causes
or conditions resulting in airflow limitation were excluded.
In our cohort, only 17.9% of those with FEV /FVC <70%
on preoperative respiratory function testing had previ-
ously been diagnosed with COPD, strongly suggesting
that COPD is under-diagnosed in current clinical practice.
This low incidence of the diagnosis of COPD in our study
population can be explained by the several reasons; the
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Table 4 Comparison of postoperative complications, operation time and bleeding during operation in patients who
underwent lobectomy or partial resection of the lung between AFL(+) and AFL(-) groups

Total (n=2912) AFL (+) AFL (-) Odds ratio P value*
n (%) (n=623)n (%) (n=2289) n (%) 95%ClI
Respiratory failure 48 (1.6) 26 (4.2) 22 (1.0) 4.48(2.42-8.37) <0.0001
including LTOT
Atelectasis 99 (3.4) 45 (7.2) 54 (2.4) 3.22 (2.10-4.93) <0.0001
Re-operation 42 (1.4) 20 (3.2) 22 (1.0) 342 (1.76-6.61) 0.0002
Arrhythmias 220 (7.6) 78 (12.5) 142 (6.2) 2.16 (1.59-2.92) <0.0001
Refractory air-leakage 224 (7.7) 79 (12.7) 145 (6.3) 2.15 (1.58-2.89) <0.0001
Chylothorax 59 (2.0) 152.4) 44 (1.9) 1.26 (0.65-2.32) 0.4254
Bronchial stump fistula 8(0.3) 3(0.5) 5(0.2) 2.21(0.34-11.4) 0.3797
Acute exacerbation of IP 7(0.2) 1(0.2) 6(0.3) 0.61 (0.01-5.06) 1.0000
Wound infection and/or 17 (0.6) 6 (1.0) 11 (0.5) 2.01 (0.61-5.97) 0.2290
pyrothorax
Pneumonia 24 (0.8) 7 (1.1) 17 (0.7) 1.52 (0.53-3.87) 0.3250
Operation time (min) 160.8 £ 86.3 179.9£93.0 155.6 £83.6 24.41(16.2-32.5) <0.0001
Bleeding (ml) 131.4£317.3 165.4 £354.5 122.1 £305.7 43.31(12.3-74.2) 0.0062

Data of operation time (min) and bleeding (ml) during operation are presented as mean * SD. “Fisher’s exact test was utilized to test
a statistical significance between AFL(+) and AFL(-) groups. Unpaired t-test was utilized for operation time or bleeding during
operation to test the difference between AFL(+) and AFL(-) groups. The values indicate the difference (time or ml) between

AFL(+) and AFL(-) groups. AFL: airflow limitation; 95% CI: 95% confidence interval; LTOT: long-term oxygen therapy;

IP: interstitial pneumonia; SD: standard deviation

Table 5 Postoperative complications in patients who underwent lobectomy or
partial resection of the lung to which AFL independently contributed

Response variable QOdds ratio for AFL (95% CI) P value*

Respiratory failure including LTOT
Atelectasis

2.14 (1.12-4.11) 0.0214
1.90 (1.19-3.01) 0.0063

“Multivariate logistic regression analysis was utilized in each response variable (odds
ratio for AFL as the explanatory variable was adjusted by age, sex, history of smok-

ing, and postoperative complications except for a response variable of interest). AFL:
airflow limitation; LTOT: long-term oxygen therapy; 95% CI: 95% confidence interval

severity of airflow limitation detected was commonly
mild, suggesting that they were likely asymptomatic
despite fulfilling the diagnostic criterion.

Our findings are similar to those reported by other inves-
tigators. It is widely recognized that COPD frequently
co-exists with other disease, particularly cardiovascular
diseases, such as hypertension and cardiac failure, cerebro-
vascular disease, osteoporosis and gastrointestinal ulcer
disease, all of which have been reported to be significantly
more common in patients with COPD presenting for sur-
gery.> Cigarette smoking is a key risk factor for COPD,
and is thought to trigger the disease by provoking a sys-
temic inflammatory response; other comorbidities are
thought to develop in other organ systems as a consequence
of this systemic inflammation.® The proportion of patients
with a history of smoking was significantly higher in the
AFL(+) group and, even if they only had mild COPD,
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smoking seems to have evoked systemic inflammation that
consequently provoked a variety of other comorbidities.
The variety and incidence of postoperative complica-
tions after pneumonectomy have been examined in a num-
ber of studies, all of which reported that acute respiratory
failure was the most common,’'" but, whether preopera-
tive FEV, and FEV /FVC, and predicted postoperative
FEV, are independent risk factors remains unclear.'"'? In
our study, however, we excluded pneumonectomy from the
analysis of postoperative complications since the number
of pneumonectomy was too small to perform multivariate
logistic regression analysis. On the other hand, we found
that the preoperative airflow limitation was significantly
associated with increased likelihood of postoperative com-
plications after lobectomy or partial resection of the lung:
postoperative respiratory failure and atelectasis. Recently,
Zhang et al. reported that lung function (postoperative
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FEV, %predicted and postoperative diffusing capacity
Yopredicted) were predictive of pulmonary complications
after both open and minimally invasive lobectomy.'® Sim-
ilarly, the other studies indicated that COPD is the preoper-
ative variable increasing postoperative atelectasis after
surgery for non-small cell lung cancer'? and for lobec-
tomy.'#!> Stolz et al. reported that patients with COPD and
those undergoing right upper lobectomy are at higher risk
of postlobectomy atelectasis.' In our study, regardless of
the existence of underlying diseases, the presence of air-
flow limitation itself was an independent risk factor for
postoperative respiratory failure and atelectasis, which
appears to be in broad agreement with these reports.

Large-scale epidemiological studies of COPD, includ-
ing those conducted in Japan (the NICE study) and inter-
nationally (the BOLD and PLATINO studies) have
reported that the prevalence of COPD is higher than previ-
ously thought.>!¢-18 The results of these epidemiological
studies are greatly influenced by the methods used for sur-
veillance and patient selection, and diagnostic criteria for
COPD, nonetheless COPD still seems to be under-
diagnosed worldwide. This is a likely cause that we
happen to identify airflow limitation in a preoperative
respiratory function test, and eventually establish a diag-
nosis of COPD in patients who are about to have a sur-
gery due to a certain disease. As found in this study,
pre-operative patients with airflow limitation have higher
rates of non-respiratory comorbidities such as cardiac
diseases and thus a comprehensive approach should be
considered so that diseases of other major organ systems
are not overlooked. Furthermore, it needs to realize that
another inflammatory airway disease, bronchial asthma,
is likely to exist.

A limitation of our study is that it was retrospective
and observational. We relied on the integrity of data
recorded in our clinical databases, and comorbid diseases
such as COPD and bronchial asthma may not have been
recorded accurately in some cases. Furthermore, diagno-
ses of postoperative complications were based on the
clinical judgment of individual physicians in our depart-
ment, so may have been influenced by inter-individual
variation. The significance of impact of airflow limitation
on postoperative complications and comorbidities will
need to be clarified by future studies that collect data
prospectively, and also include patients undergoing
abdominal surgery, to allow a fuller understanding of the
impact of airflow limitation on the outcomes of patients
undergoing a broader range of major surgical procedures
to be obtained.
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Conclusion

Both physicians and surgeons in pulmonary medicine
should aware the significance of airflow limitation which
predicts unperceived existence of preoperative comorbid-
ities as well as an independent risk strongly influencing
postoperative outcome.
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