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Abstract
Background: Given the extent of the surgical indications for pulmonary lobec-
tomy in breathless patients, preoperative care and evaluation of pulmonary func-
tion are increasingly necessary. The aim of this study was to assess the
contribution of preoperative pulmonary rehabilitation (PR) for reducing the inci-
dence of postoperative pulmonary complications in non-small cell lung cancer
(NSCLC) patients with chronic obstructive pulmonary disease (COPD).
Methods: The records of 116 patients with COPD, including 51 patients who
received PR, were retrospectively analyzed. Pulmonary function testing, including
slow vital capacity (VC) and forced expiratory volume in one second (FEV1),
was obtained preoperatively, after PR, and at one and six months postoperatively.
The recovery rate of postoperative pulmonary function was standardized for
functional loss associated with the different resected lung volumes. Propensity
score analysis generated matched pairs of 31 patients divided into PR and non-
PR groups.
Results: The PR period was 18.7 � 12.7 days in COPD patients. Preoperative
pulmonary function was significantly improved after PR (VC 5.3%, FEV1 5.5%;
P < 0.05). The FEV1 recovery rate one month after surgery was significantly bet-
ter in the PR (101.6%; P < 0.001) than in the non-PR group (93.9%). In logistic
regression analysis, predicted postoperative FEV1, predicted postoperative %
FEV1, and PR were independent factors related to postoperative pulmonary com-
plications after pulmonary lobectomy (odds ratio 18.9, 16.1, and 13.9, respec-
tively; P < 0.05).
Conclusions: PR improved the recovery rate of pulmonary function after lobec-
tomy in the early period, and may decrease postoperative pulmonary complications.

Introduction

Although there have been advances in the management of
non-small cell lung cancer (NSCLC), complete anatomical

resection remains the most effective treatment in patients

with early-stage NSCLC. However, many patients with

NSCLC also have chronic obstructive pulmonary disease

(COPD), which increases their risk of postoperative com-

plications and mortality.1 The preoperative physiological

assessment of patients undergoing pulmonary lobectomy
should begin with lung function assessment that includes
spirometry to measure slow vital capacity (VC), and forced
expiratory volume in one second (FEV1), and predicted
postoperative pulmonary function should be calculated. In
addition, the diffusing capacity for carbon monoxide
(DLCO) or cardiovascular evaluation can be performed
when appropriate.2 In NSCLC patients with COPD, pul-
monary lobectomy may lead to a deterioration in residual
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pulmonary function resulting from the loss of functioning
parts of the lungs, but in limited cases, pulmonary function
may be improved, for example, by eliminating non-
functional emphysematous lung areas, especially after
upper lobectomy.3,4 However most COPD patients have
poor respiratory function and progressive physical disabil-
ity. Therefore, some regional functional differences may
make NSCLC excision impossible in COPD patients even
though cancer resection is anatomically possible.
Preoperative pulmonary rehabilitation (PR) may improve

exercise tolerance, symptoms, and quality of life in COPD
patients following lung volume reduction surgery or lung
transplantation.5–7 The benefit of PR for patients under-
going lung resection for NSCLC is well established and is
gaining momentum as part of the enhanced recovery
pathway.8–10 Although it is well understood that PR may
improve preoperative pulmonary function and functional
status, its effect on reducing perioperative pulmonary com-
plications has not been clearly demonstrated.7,11–13 A few
studies have shown a significant benefit of PR on clinical
outcomes in patients with NSCLC, but these studies also
included many non-COPD patients.14,15 No study has
shown that PR reduces postoperative pulmonary complica-
tions specifically in patients with COPD and NSCLC.
To decrease morbidity and the postoperative complica-

tion rate, improving or maintaining patients’ preoperative
general condition and pulmonary function is considered
essential for COPD patients scheduled to undergo lung
surgery. In this study, the clinical effects of PR on postop-
erative pulmonary complications were retrospectively eval-
uated in NSCLC patients with COPD who underwent
pulmonary lobectomy.

Methods

Patients

The medical records of 589 consecutive patients with
NSCLC who underwent pulmonary lobectomy between
September 2005 and January 2016 at our institute were ret-
rospectively reviewed. Patients lost to follow-up or those
with complications that prevented postoperative pulmo-
nary function testing at either one or six months following
surgery were excluded. Cases of sublobar resection, pneu-
monectomy, or concomitant resection with the thoracic
chest wall were also excluded. Finally, 116 patients met the
selection criteria and were enrolled in the study, including
those who had experienced complications. Our institu-
tional review board approved this retrospective analysis
(permit number: 889), and informed consent was obtained
from all patients after discussion of the general risks and
benefits of pulmonary lobectomy for lung cancer. The
116 patients with COPD who underwent lobectomy were

divided into a PR group (n = 51) and a non-PR group
(n = 65). All patients underwent a complete preoperative
pulmonary evaluation. None of the patients had received
preoperative chemotherapy or radiation. A prolonged air
leak was defined as air leakage lasting seven days or
more.16 Delayed pneumothorax was defined as pneumo-
thorax inclusive of increasing residual dead space on the
surgical side after chest tube removal and the cause was
considered a pulmonary fistula.17

Pulmonary function testing

Pulmonary function was tested at our institute using a spi-
rometer (CHESTAC 8800, CHEST M.I. Inc., Tokyo, Japan)
according to American Thoracic Society standards.18 VC
and FEV1 were measured in patients preoperatively and at
one and six months postoperatively. The measurements
were documented in the form of the actual volume and the
ratio of the actual volume to the standard volume deter-
mined by the age, gender, and height of the patient. The
percentage of predicted-FEV1 (%FEV1) is defined as FEV1

of the patient divided by the average FEV1 in the popula-
tion for any person of similar age, gender, and body com-
position. The actual degree of postoperative functional loss
in proportion to the resected lung volume was calculated
as the recovery rate, using the following formula:

Recovery rate = measured postoperative value=ð
predicted postoperative valueÞ× 100 %ð Þ

Briefly, predicted postoperative pulmonary function was
calculated according to the formula described in a previous
report.19 The calculation was based on the number of seg-
ments that remained after surgery. To evaluate the pre-
dicted postoperative value in patients with PR, the
pulmonary function test values after preoperative PR were
used in this calculation.
The diffuse capacity of the lungs for carbon monoxide

(DLCO) was measured in cases of COPD stage II or higher,
according to Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria.20

Pulmonary rehabilitation

The inclusion criteria for PR in our institute are as follows:
(i) calculated predicted postoperative FEV1 under
1000 mL, (ii) COPD staging by GOLD criteria stage II or
higher, (iii) marked diffuse emphysematous changes on
preoperative computed tomography, and (iv) an Eastern
Cooperative Oncology Group (ECOG) performance status
score of two or more. Patients that met at least one of these
criteria and provided their agreement underwent PR.
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In the PR group, the patients were trained to master
adequate breathing and coughing techniques, instructed on
incentive respiratory exercise, and practiced peripheral
muscle exercise training including a cycle ergometer for
two to four weeks (five days a week) under physiotherapist
supervision. The patients themselves continued the training
involving breathing and coughing techniques until the
morning of the day of surgery. After lung resection, PR
started as early as postoperative day 1. First, diaphragmatic
breathing exercises, peripheral circulation exercises, aerosol
therapy with bronchodilators, and exercises for chest
expansion and shoulder girdle mobilization were intro-
duced. After discharge, patients were followed-up clinically,
and spirometry was performed one and six months after
surgery. The differences in PR durations between the
patients resulted from various reasons, such as the choice
of date of surgery or the patients’ convenience. All patients
with COPD were treated by bronchodilator therapy for at
least four weeks preoperatively, and smoking ceased for at
least four weeks before surgery.

Surgical procedures

Patients were intubated using a double-lumen endotracheal
tube. The affected lung was deflated as soon as the pleural
space was opened. The choice of surgical procedure, video-
assisted thoracoscopic surgery (VATS) or open thoracot-
omy, was left to the discretion of the operating surgeon.
The open-method was performed via posterolateral thora-
cotomy (length 6–12 cm) dividing the latissimus dorsi and
anterior serratus muscles. VATS involved performing the
main procedures via mini-thoracotomy (length 4–6 cm)
with a monitor and direct vision. Systematic hilar and
mediastinal lymph node dissection was performed in all
cases. After completing the procedure, the lung was rein-
flated to check for air leakage. A single straight chest tube
was placed in the posterior apex, which was connected to
the chest drainage system, and then -10 cm H2O of suction
was added on the day of surgery.

Postoperative management

In general, patients were extubated at the end of the opera-
tion and transferred to the ward after a brief stay in the
recovery area. The chest tube was placed on water seal on
the morning of postoperative day 1. A chest X-ray was
obtained daily. Chest tube withdrawal criteria were:
absence of air leakage through the chest tube at the time of
the evaluation, pleural fluid drainage under 200 mL/
24 hours, and postoperative chest X-ray showing no pneu-
mothorax. The chest tube was removed at the earliest on
the third postoperative day. On the morning after chest
tube withdrawal, a chest X-ray was performed to rule out

the occurrence of pneumothorax. The patients were dis-
charged when convenient if no complications occurred
during this perioperative period. All patients were
followed-up postoperatively every three to six months for
five years.

Statistical analysis

JMP 12.2.0 (SAS Institute, Inc., Cary, NC, USA) software
was used for statistical analysis. Groups were compared
using the Pearson chi-square test, and comparisons of
functional changes after surgery within each group were
made using the two-sample Student’s t-test for paired data.
In all cases, two-tailed tests were performed. To control for
potential differences in the preoperative characteristics of
patients in the two groups, a propensity score matching
method was used. The propensity scores were generated
using logistic regression based on clinically relevant preop-
erative variables such as age, gender, height, pack-years
smoked, ECOG performance status score, predicted-
postoperative FEV1, and approach (VATS or open thora-
cotomy), that were considered possible confounders for
their potential association with the outcome of interest
based on clinical knowledge. Patients were matched 1:1 by
nearest neighbor matching (caliper width: 0.2) without
replacement. Comparisons between the matched groups
were performed with McNemar’s test for categorical vari-
ables and paired t-test or Wilcoxon’s rank-sum test for
continuous variables. The standardized difference was used
to measure covariate balance, whereby an absolute standar-
dized difference above 0.1 represents meaningful
imbalance.
Multivariate predictors were evaluated using logistic

regression analysis, and the odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated. On logistic
regression analysis, the conventional receiver-operating
characteristic (ROC) curve was used to determine the cut-
off value of each variable that gave maximal sensitivity and
specificity with respect to predicting postoperative pulmo-
nary complications in this study population. Differences
between groups were considered significant at P < 0.05.
Normally distributed continuous data were expressed as
mean � standard deviation (SD). Categorical data were
expressed as counts and proportions.

Results

A total of 589 patients who underwent pulmonary lobec-
tomy for NSCLC were retrospectively reviewed. The rea-
sons for excluding patients from this study are shown in
Figure 1. Complications preventing pulmonary function
test follow-up resulted in the exclusion of 13 cases. The
most common reason for loss to follow-up was that
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patients could not come to the hospital (e.g. transportation
problem or work responsibilities) at either one or six
months after surgery. COPD was present in 51 patients
(44.0%) in the PR group and 65 patients (13.7%) in the
non-PR group. Thus, 116 patients with COPD were
enrolled in this study, and their clinical characteristics are
summarized in Table 1. Age and Brinkman Index were sig-
nificantly higher in the PR group. Furthermore, preopera-
tive pulmonary function and the predicted postoperative
value were significantly poorer in the PR group.
Propensity score analysis generated well-matched pairs

of 31 patients (Table 2); briefly, 60.8% (31/51) in the PR
group and 47.7% (31/65) in the non-PR group were
matched. There were no significant differences in observed

preoperative variables such as age, gender, height, Brink-
man Index, and all predicted postoperative pulmonary
function parameters between the groups after matching.
The balance of each sample size was assessed by standar-
dized differences, and its values on preoperative variables
were mostly under 0.1. After propensity score matching,
the population of COPD stage II or higher was signifi-
cantly reduced (16.1% in the non-PR group and 22.6% in
the PR group). The DLCO was measured in cases of COPD
stage II or higher in our institute; therefore, it was difficult
to evaluate the DLCO in this study.
The locations of lung cancer are summarized in Table 3,

and the details of complications in COPD patients after
pulmonary lobectomy are shown in Table 4.

Figure 1 Diagram of patient selec-
tion. COPD, chronic obstructive pul-
monary disease; NSCLC, non-small
cell lung cancer; PR, pulmonary
rehabilitation.
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The duration of PR was 18.7 � 12.7 days. Preoperative
pulmonary function was significantly improved after PR
(VC 5.3%, FEV1 5.5%, both P < 0.05) (Fig 2). Postopera-
tive pulmonary function testing was performed at one
month (1.2 � 0.3 months) and six months (6.4 � 0.5
months). The recovery rate of VC one month after surgery
was not significantly different between the groups, but the

recovery rate of FEV1 one month after surgery was signifi-
cantly better in the PR group (101.6%; P < 0.001) com-
pared to the non-PR group (93.9%) (Fig 3). There was no
significant difference between the groups regarding the
recovery rate of postoperative VC/FEV1 at six months.
Logistic regression analysis was performed to estimate the

predictors of postoperative pulmonary complications after

Table 1 Clinical details of NSCLC patients with COPD who underwent pulmonary resection

COPD patients

PR (+) PR (−)
Standardized difference P(n = 51) (n = 65)

Age (years) 74.4 � 7.7 68.2 � 8.6 0.760 <0.001*
Gender
Male 46 (90.2) 56 (86.2) 0.124 0.509
Female 5 (9.8) 9 (13.8) — —

Height (cm) 160.1 � 7.9 162.8 � 7.0 0.362 0.038*
Brinkman Index 1120.0 � 704.4 950.7 � 735.1 0.235 0.049*

Histology
Adenocarcinoma 28 (54.9) 38 (58.5) 0.073 0.702
Squamous cell 19 (37.3) 20 (30.8) — —

Others 4 (7.8) 7 (10.8) — —

Tumor size (mm) 35.0 � 21.8 31.3 � 16.7 0.191 0.404
Preoperative pulmonary function
VC (mL) 3137.8 � 842.0 3597.5 � 754.7 0.575 0.002*
FEV1 (mL) 1813.7 � 552.8 2249.1 � 499.9 0.826 < 0.001*
FEV1% (%) 60.5 � 8.3 65.0 � 6.0 0.621 0.001*
%FEV1 (%) 90.3 � 18.4 100.5 � 20.6 0.522 0.006*

GOLD
1 26 (51.0) 54 (83.1) 0.727 0.003*
2 25 (49.0) 11 (16.9) — —

Postoperative predicted value
Predicted VC (mL) 2428.9 � 816.0 2931.0 � 772.1 0.632 < 0.001*
Predicted FEV1 (mL) 1399.2 � 508.5 1849.9 � 510.2 0.885 < 0.001*
Predicted %FEV1 (%) 56.4 � 14.3 69.1 � 14.7 0.876 < 0.001*

Performance status
0 40 (78.4) 64 (98.5) 0.662 < 0.001*
1 9 (17.6) 1 (1.5) — —

2 2 (3.9) 0 (0.0) — —

Approach
Open thoracotomy 33 (64.7) 37 (56.9) 0.160 0.397
VATS 18 (35.3) 28 (43.1) — —

Operation duration (minutes) 218.2 � 49.5 224.3 � 59.6 0.111 0.578
Blood loss (mL) 135.9 � 128.1 126.5 � 119.1 0.076 0.588
Pathological staging
IA 12 (23.5) 20 (30.8) 0.164 0.519
IB 19 (37.3) 20 (30.8) — —

IIA 6 (11.8) 7 (10.8) — —

IIB 4 (7.8) 5 (7.7) — —

IIIA 10 (19.6) 13 (20.0) — —

Postoperative stay (days) 19.0 � 24.8 13.6 � 9.8 0.286 0.049*
Postoperative complications (%)
Total 4 (7.8) 12 (18.5) 0.321 0.101
Pulmonary 3 (5.9) 10 (15.4) 0.312 0.109

*P < 0.05 between pulmonary rehabilitation (PR) and non-PR groups. COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume
in one second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; NSCLC, non-small cell lung cancer; VATS, video-assisted thoracoscopic
surgery; VC, vital capacity.
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surgery (Table 5). The threshold was determined based on
ROC analysis (as mentioned in the Methods section). Use of
this cut-off value is limited to this study, because the thresh-
old was determined based on ROC analysis of this study
population. In logistic regression analysis, age, predicted
postoperative FEV1 (<1500 mL), predicted postoperative %
FEV1 (≤60%), and PR were independent factors related to
postoperative pulmonary complications after pulmonary
lobectomy (OR 1.53, 7.10, 6.80, and 6.42, respectively;

P < 0.05). These results indicate that PR could contribute to
reducing postoperative pulmonary complications after pul-
monary lobectomy in NSCLC patients with COPD.

Discussion

Pulmonary rehabilitation has been shown to significantly
reduce dyspnea and improve exercise capacity in COPD
patients prior to surgery, and may help improve these

Table 2 Clinical details of NSCLC patients with COPD who underwent pulmonary resection after propensity matching

COPD patients after propensity score matching

Characteristics PR (+) PR (−)
Standardized difference P(n = 31) (n = 31)

Age (years) 72.0 � 8.8 71.3 � 6.5 0.090 0.695
Gender
Male 27 (87.1) 27 (87.1) 0.000 1.000
Female 4 (12.9) 4 (12.9) — —

Height (cm) 161.6 � 8.1 161.8 � 5.4 0.029 0.876
Brinkman Index 986.8 � 466.3 1015.3 � 820.1 0.043 0.867
Histology
Adenocarcinoma 19 (61.3) 19 (61.3) 0.000 1.000
Squamous cell 10 (32.3) 10 (32.3) — —

Others 2 (6.5) 2 (6.5) — —

Tumor size (mm) 33.6 � 25.5 31.4 � 17.6 0.100 0.344
Preoperative pulmonary function
VC (mL) 3332.9 � 952.8 3340.7 � 620.3 0.010 0.970
FEV1 (mL) 1967.1 � 597.4 2063.6 � 389.9 0.191 0.455
FEV1% (%) 61.7 � 6.7 63.9 � 6.5 0.333 0.191
%FEV1 (%) 92.0 � 16.7 97.2 � 19.0 0.290 0.257

GOLD
1 24 (77.4) 26 (83.9) 0.164 0.063
2 7 (22.6) 5 (16.1) — —

Postoperative predicted value
Predicted VC (mL) 2674.7 � 908.1 2603.7 � 592.3 0.093 0.642
Predicted FEV1 (mL) 1582.7 � 540.5 1604.4 � 345.3 0.048 0.850
Predicted %FEV1 (%) 61.3 � 13.7 62.6 � 13.2 0.097 0.635

Performance status
0 30 (96.8) 30 (96.8) 0.000 0.317
1 1 (3.2) 1 (3.2) — —

Approach
Open thoracotomy 20 (64.5) 18 (58.1) 0.131 0.441
VATS 11 (35.5) 13 (41.9) — —

Operation time (minutes) 214.1 � 41.1 218.4 � 50.3 0.094 0.717
Blood loss (mL) 124.4 � 96.8 110.5 � 90.8 0.148 0.560
Pathological staging
IA 7 (22.6) 8 (25.8) 0.075 0.713
IB 11 (35.4) 12 (38.7) — —

IIA 5 (16.1) 4 (12.9) — —

IIB 3 (9.7) 2 (6.5) — —

IIIA 5 (16.1) 5 (16.1) — —

Post-operative stay (days) 16.4 � 10.3 12.1 � 6.0 0.510 0.179
Post-operative complications (%)
Total 2 (6.5) 5 (16.1) 0.306 0.232
Pulmonary 1 (3.2) 3 (9.7) 0.267 0.165

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; GOLD, Global Initiative for Chronic Obstructive Lung
Disease; NSCLC, non-small cell lung cancer; PR, pulmonary rehabilitation; VATS, video-assisted thoracoscopic surgery; VC, vital capacity.
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parameters and allow patients with borderline and poor
lung function to undergo curative surgery.21 However, the
exact effect of PR on postoperative pulmonary complica-
tions in NSCLC patients with COPD has not been eluci-
dated. The main objective of the present study was to
determine whether preoperative physiotherapy has any
effect on lung function and the incidence of pulmonary
complications after lung resection surgery. This study
demonstrated that PR may be an option for improving

Table 3 Resected pulmonary location in COPD patients

Location

Total COPD patients
After propensity
score matching

PR (+) PR (−) PR (+) PR (−)
(n = 51) (n = 65) (n = 31) (n = 31)

Right upper 11 (21.6) 25 (38.5) 10 (32.2) 10 (32.2)
Right middle 4 (7.8) 6 (9.2) 3 (9.7) 0 (0)
Right lower 14 (27.5) 12 (18.5) 4 (12.9) 8 (25.8)
Left upper 13 (25.5) 14 (21.5) 10 (32.2) 7 (22.6)
Left lower 9 (17.6) 8 (12.3) 4 (12.9) 6 (19.4)

COPD, chronic obstructive pulmonary disease; PR, pulmonary rehabilitation.

Table 4 Details of complications in NSCLC patients with COPD after
pulmonary lobectomy

Total COPD
patients

After propensity
score matching

Pulmonary
complications

PR (+) PR (−) PR (+) PR (−)
(n = 51) (n = 65) (n = 31) (n = 31)

Pneumonia 1 (2.0) 2 (3.1) 0 (0.0) 1 (3.2)
Interstitial pneumonia 0 (0.0) 3 (4.6) 0 (0.0) 1 (3.2)
Prolonged air leak 2 (3.9) 3 (4.6) 1 (3.2) 0 (0.0)
Delayed pneumothorax 0 (0.0) 2 (3.1) 0 (0.0) 1 (3.2)

Other complications
Chylothorax 0 (0.0) 1 (1.5) 0 (0.0) 0 (0.0)
Pyothorax 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.2)
Wound infection 1 (2.0) 1 (1.5) 1 (3.2) 1 (3.2)

COPD, chronic obstructive pulmonary disease; NSCLC, non-small cell
lung cancer; PR, pulmonary rehabilitation.

Figure 2 The percentage increase in pulmonary function (vital capacity
[VC] and forced expiratory volume in one second [FEV1]) after pulmo-
nary rehabilitation (PR) compared to before PR. *P < 0.05 versus before
PR (n = 51).

Figure 3 The recovery rate of (a) vital capacity (VC) and (b) forced
expiratory volume in one second (FEV1) one and six months after pul-
monary lobectomy in the pulmonary rehabilitation (PR) (closed circles)
and non-PR groups (open circles). The Y-axis shows the recovery rate as
expressed by measured postoperative value/predicted postoperative
value × 100 (%). Values are expressed as means � standard deviation.
*P < 0.05 versus PR.
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pulmonary function and the recovery rate of pulmonary
function after lobectomy in the early period. Furthermore,
logistic regression analysis showed that PR could contribute
to reducing postoperative pulmonary complications after
pulmonary lobectomy in NSCLC patients with COPD.
Many investigators have established the benefits of pul-

monary rehabilitation; however, the duration of a standard
program for COPD was generally 6–12 weeks,22,23 although
several studies reported that short-term PR, such as two to
four weeks, still improved patients’ postoperative condi-
tion.7,11,12,24 Recently, short-term PR has been generally
accepted. Because it is necessary for patients with malig-
nant disease to undergo surgery without delay, effective
short-term preoperative PR programs should be adopted.
In the present study, the PR period was generally two to
four weeks. Our results suggest that this short-term PR
contributes to an improvement in pulmonary function and
the recovery rate of pulmonary function after lobectomy in
the early period, as well as to reducing postoperative pul-
monary complications. These results indicate that short-
term PR of two to four weeks may be an acceptable dura-
tion considering the trade-off between cancer therapy and
effective PR.
Many of the common complications after thoracic sur-

gery are pulmonary in nature. Varela et al. reported that
atelectasis developed less commonly in the PR group than
in a control group.25 The mechanisms by which PR
improves postoperative pulmonary complication are still
not clear, but coughing, deep breathing using an incentive
spirometer, walking, and performing other seemingly
minor activities all might contribute to decreasing the inci-
dence of postoperative complications, such as pneumo-
nia.26 It is possible that PR may prevent acute respiratory
distress syndrome, which starts with pneumonia, but a ran-
domized, prospective study is needed to confirm this.
DLCO, a method for evaluating pulmonary function, is a

good predictor of complications. However, DLCO was not

routinely measured in the present study, although it was
measured in patients with GOLD stage II or higher, which
indicates severely compromised respiratory function, such
as idiopathic interstitial pneumonia. Because these specific
predictors are more accurate, it would be worth measuring
DLCO to evaluate its use as a high-risk group marker in
future studies.
In the present study, the recovery rate was used to evalu-

ate the degree of difference between the measured postop-
erative pulmonary function and the expected value. The
recovery rate of FEV1 at one month after surgery was sig-
nificantly better in the PR than in the non-PR group. The
reason for this is unclear, but the PR effect may have con-
tinued for at least up to a month after surgery. In support
of this hypothesis, Horie et al. reported that short-term PR
(two weeks of PR followed by continued one-day PR every
month up to 1.5 years) in 47 COPD patients resulted in
the maintenance of pulmonary function and exercise per-
formance over the long term.27 This result suggests the
possibility that short-term PR, such as two weeks, might
have an effect for at least a month. PR was not performed
in patients after discharge in the present study, thus further
investigation is needed to clarify these mechanisms.
Previously published studies have shown COPD to be a

well-known risk factor for postoperative pulmonary com-
plications.28,29 Whereas PR improves the functional para-
meters responsible for inoperability,22 the selection criteria
for enrolling patients in PR are still controversial. A recent
study demonstrated that, even in patients with early-stage
COPD, the prevalence of postoperative pulmonary compli-
cations was higher than in NSCLC patients with normal
spirometry.29 In the present retrospective review, the non-
PR group included stage I COPD. Our finding that PR
reduced postoperative pulmonary complications may indi-
cate that PR should be performed even at stage I COPD.
Nevertheless, the retrospective nature of the present study
is a limitation. Considering the relationship between PR

Table 5 Logistic regression analysis for predictors of the incidence of postoperative pulmonary complications in NSCLC patients with COPD after
lobectomy

Total COPD patients After propensity score matching

Variable OR 95% CI P OR 95% CI P

Age (70 years ≦) 2.79 0.53–19.8 0.233 1.53 1.27–78.4 0.036*
Gender (Male) 3.35 0.09–67.1 0.462 1.70 0.45–2.23 0.096
Brinkman Index (400 ≦) 2.94 0.30–82.8 0.387 1.49 0.06–72.3 0.809
Tumor size (30 mm <) 2.74 0.68–13.1 0.160 2.25 0.18–32.9 0.519
Approach (open thoracotomy) 2.24 0.54–11.3 0.273 1.45 0.08–42.7 0.799
Predicted VC (≦2000 mL) 10.16 0.88–276.1 0.064 1.49 0.08–11.4 0.205
Predicted FEV1 (<1500 mL) 31.30 2.34–974.9 0.007* 7.10 1.33–439.2 0.002*
Predicted %FEV1 (≦60%) 9.67 1.24–92.9 0.030* 6.80 1.425–235.0 0.017*
Rehabilitation (−) 5.82 1.11–48.3 0.036* 6.42 1.69–589.1 0.021*

*P < 0.05. COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; NSCLC, non-small cell lung cancer; VC, vital
capacity.
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and postoperative pulmonary complications, it is very diffi-
cult to conduct a randomized, controlled clinical trial
(RCT) to compare patients with NSCLC and COPD under-
going pulmonary lobectomy, because randomizing patients
into two groups with and without PR may present serious
ethical concerns. Therefore, to overcome this limitation
and to minimize bias, the best approach is to use a large
registry and propensity score-matched data.
In summary, our results suggest that PR may be an

option to improve pulmonary function and the recovery
rate of pulmonary function after lobectomy in the early
period. Our results also suggest that PR could contribute to
reducing postoperative pulmonary complications after pul-
monary lobectomy in NSCLC patients with COPD.
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