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ABSTRACT Few studies have analysed postoperative risk factors in patients undergoing thoracoscopic
lobectomy, including assessments of preoperative physical function. The objectives of this study were to
identify predictors of postoperative deterioration of performance status and cardiopulmonary
complications in cases of thoracoscopic lobectomy.

Between June 2005 and October 2012, we retrospectively reviewed 188 consecutive subjects who
underwent thoracoscopic lobectomy for preoperative stage I nonsmall cell lung cancer. The demographic
and clinical parameters, including physical function, were analysed using a multivariate logistic regression
to clarify the determinants.

The percent predicted diffusing capacity of the lung for carbon monoxide, quadriceps muscle strength
and pathologic stage were independent risk factors for deterioration of performance status after surgery in
the multivariate analyses. Chronic obstructive pulmonary disease, 6-min walking distance and pathologic
stage were also independent risk factors for postoperative cardiopulmonary complications.

Our data suggest that, in addition to a greater pathologic stage, lower diffusing capacity and comorbid
chronic obstructive pulmonary disease, poor physical function was associated with worse short-term outcomes
after thoracoscopic lobectomy. An evaluation of preoperative quadriceps muscle strength and 6-min walk test
is easily performed and may therefore be a useful predictor in cases of thoracoscopic lobectomy.
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Introduction
The application of thoracoscopic lobectomy in patients with early-stage nonsmall cell lung cancer
(NSCLC) has been spreading, as many published studies have demonstrated that thoracoscopic lobectomy
is superior to thoracotomy in terms of perioperative morbidity and a reduced hospital length of stay, with
equal long-term outcomes [1–3]. However, few studies have specifically analysed postoperative risk factors
only in patients undergoing thoracoscopic lobectomy [4–6], despite considerable comparative studies of a
thoracoscopic versus open thoracotomy approach [1–3, 7, 8]. In addition, there is very limited evidence
determining whether assessing preoperative physical functioning parameters, such as functional capacity
and muscle strength, has predictive value for determining the postoperative outcomes in patients
undergoing thoracoscopic lobectomy.

Among the various immediate postoperative outcomes, identifying risk factors regarding a change in the
performance status or incidence of complications after surgery is clinically useful because of the potentially
negative impact on oncologic outcomes, such as the delivery of adjuvant chemotherapy [9, 10] or
long-term survival [11, 12].

The objectives of the current study were to identify predictors of postoperative deterioration of
performance status and cardiopulmonary complications, including parameters of preoperative physical
functioning, in subjects treated with thoracoscopic lobectomy.

Methods
Study design and subjects
This prospective observational study was conducted between June 2005 and October 2012 at Shin-Kokura
Hospital (Kitakyushu, Japan). Consecutive patients with preoperative stage I NSCLC who underwent
thoracoscopic lobectomy were eligible for the current study. The indications for major pulmonary
resection via thoracoscopic lobectomy were based on the standard criteria for an open thoracotomy,
including a tumour of ⩽6 cm in diameter [13], and a predicted postoperative (PPO) forced vital capacity
of >800 mL·m−2 or a forced expiratory volume in 1 s (FEV1) of >600 mL·m−2 [14]. Patients were excluded
if they had an Eastern Cooperative Oncology Group performance status [15] of 3–4, underwent
pneumonectomy or were unable to walk independently at the time of admission. The hospital’s
institutional review board of clinical research ethically approved this study (approval number 2015-0005).
Informed written consent was obtained for all subjects.

The present study had two primary outcomes: the incidence of deterioration of performance status after
surgery and the incidence of postoperative cardiopulmonary complications. Performance status
deterioration was defined by a ⩾1-point increase in performance status score at postoperative assessment
in comparison to the preoperative performance status score. The assessment was performed by certified
physical therapists (M.I. and K.H.). The postoperative performance status was assessed on the day of the
first outpatient visit after hospital discharge. Postoperative cardiopulmonary complications were defined as
complications that occurred during the postoperative hospital stay. Any of the following postoperative
events were considered in the analysis: respiratory failure requiring mechanical ventilation, pneumonia
defined by typical clinical and laboratory features, atelectasis requiring bronchoscopy, prolonged air
leakage for more than seven postoperative days, cardiac failure requiring inotropic support, unstable
arrhythmia requiring medical treatment, bronchopleural fistula, empyema, chylothorax and massive
subcutaneous emphysema. All complications were accurately graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events version 3.0 [16], and events graded ⩾II were
included in this study.

Data collection and variables analysed
Variables potentially related to the primary outcomes, including demographic, lung and physical
functioning parameters and surgical and oncologic data, were collected prospectively. Preoperative
pulmonary function tests, including spirometry and measurements of the diffusing capacity of the lung for
carbon monoxide (DLCO), were performed by experienced technicians. The PPO values were obtained
using the anatomic method, in which the preoperative value is multiplied by the fraction of the functional
lung segments expected to remain after lobectomy. Therefore, the percentage of PPO (%PPO) FEV1 values
were calculated using the following equation:

%PPO FEV1 = FEV1 % predicted × (19−number of segments resected)/19

The %PPO DLCO was calculated in the same manner. The parameters of the physical functioning,
including the 6-min walk test (6MWT) and lower limb strength test, were assessed the day before surgery
by the physical therapists. The 6MWT was performed according to the standardised guidelines [17].
Isometric lower limb strength was assessed using a hand-held dynamometer (Commander PowerTrack II;
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JTECH Medical, Salt Lake City, UT, USA). Knee extensor strength was measured with the patient in the
sitting position and the knee positioned in approximately 90° flexion. The dynamometer force pad was
placed just proximal to the ankle joint and used to measure the force produced by quadriceps muscle
contraction. All subjects were instructed to perform three maximal efforts, and the best result expressed in
newton units was chosen and quantified in kilogram forces. Because muscle strength varies with body size
and body mass normalisation represents a functional muscle strength measurement [18], the value was
normalised to the direct percentage of body weight (%BW).

Surgical and perioperative management
Preoperative staging included chest radiographic studies, bronchoscopy, brain magnetic resonance and
bone scintigraphy. Thoracoscopic lobectomy, as previously reported [13], was performed under epidural
catheter anaesthesia and general anaesthesia with dual-lumen endotracheal tubes in the absence of rib
spreading. Postoperative chest pain was controlled by means of multimodal analgesia, including the
provision of epidural or continuous intravenous analgesia and/or nonsteroidal anti-inflammatory drugs,
which were titrated to maintain adequate pain control in order to achieve early mobilisation. According to
the criteria of extubation in our previous report [13], the chest tube was routinely removed on
postoperative day 1. On the day before surgery, the subjects were informed about the role and contents of
a structured postoperative pulmonary rehabilitation programme, which was performed by the physical
therapists. As soon as the subjects were clinically stable and adequate pain control was confirmed, early
postoperative mobilisation was begun on the morning of postoperative day 1. On postoperative day 2,
subjects with no complications were started on postoperative exercise training twice a day and continued
until the time of hospital discharge, as previously reported [19].

Statistical analysis
The data are presented as absolute numbers and percentages for categorical variables and as the median
and interquartile range (IQR) for continuous variables. A logistic regression analysis was used to
determine the associations of the potential risk factors with the primary outcome variables and to estimate
adjusted odds ratios and their 95% confidence intervals. For the purpose of the regression analysis, all
variables other than the surgical procedure were divided into two groups and analysed as binary data. The
thresholds with regard to postoperative outcomes were made according to the most clinically relevant
cut-off values [20–23]. A univariate analysis was first performed to identify any potential predictor
variables. Variables with a p-value <0.2 according to a univariate analysis and those considered to be
clinically relevant were included in the multivariate analysis to determine any independent predictors of
the primary outcome variables. To avoid multicollinearity, only one variable was retained in a set of
variables with a correlation coefficient >0.9. A stepwise selection procedure was used to identify variables
with a p-value <0.05. The goodness-of-fit of the overall model was evaluated by the Hosmer–Lemeshow
goodness-of-fit statistic, and the discriminatory capacity of the model was investigated using an area under
the receiver operating characteristics curve (AUC) analysis. Furthermore, to increase the robustness of each
model, the logistic regression analysis was validated by a bootstrap analysis with 1000 samples and an
exact logistic regression analysis. A p-value <0.05 was considered to be statistically significant. Statistical
analyses, other than the goodness-of-fit statistic, AUC analysis and the reliability tests, were performed
using EZR (Saitama Medical Centre, Jichi Medical University, Saitama, Japan), which is a graphical user
interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a
modified version of R commander designed to add statistical functions frequently used in biostatistics [24].
All other statistical analyses were conducted using STATA statistical software (version 14; StataCorp,
College Station, TX, USA).

Results
In the current study, <10% of the eligible patients were excluded (n=17), largely due to compromised lung
function and/or the presence of significant comorbidities. The remaining 188 consecutive patients with
preoperative stage I NSCLC who underwent thoracoscopic lobectomy were enrolled in the present study.
The baseline characteristics of the subjects are shown in table 1. The distribution of preoperative lung
function values is illustrated in figure 1, which shows that the subjects without comorbid chronic
obstructive lung disease (COPD) had much higher lung function than the subjects with comorbid COPD.
None of the subjects were converted from the thoracoscopic approach to open thoracotomy. Postoperative
cardiopulmonary complications and the distribution of pathologic stages are shown in table 2 and figure 2,
respectively. The rate of hospital mortality in this study was one subject (0.5%) who underwent
reoperation for a refractory air leak and developed respiratory failure requiring mechanical ventilation,
finally dying from multiple organ failure on postoperative day 25. Given the small number of in-hospital
deaths, mortality was not analysed separately, and this case was included as a patient with a worse
outcome.
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Postoperative deterioration of the performance status
26 (13.8%) of the 188 subjects showed deterioration in their postoperative performance status, the
assessment of which was performed a median (IQR) 16 (14–20) days after surgery. Variables significantly
associated with deterioration of performance status in the univariate analysis were DLCO % pred and %
PPO, quadriceps muscle strength and pathologic stage (tables 3–5). In addition to these factors, the
variables with p-values <0.2 in the univariate analyses were considered for entry in the stepwise logistic

TABLE 1 Preoperative characteristics of study subjects

Subjects n 188
Age years 71 (64–77)
Females 72 (38.3)
Body mass index kg·m−2 22.1 (21.0–24.8)
Comorbidities 149 (79.3)
COPD 66 (35.1)
Charlson comorbidity index
0 91 (48.4)
1 39 (20.7)
2 36 (19.1)
3 13 (6.9)
4 7 (3.7)
⩾5 2 (1.1)

ASA classification
I 25 (13.3)
II 89 (47.3)
⩾III 74 (39.4)

mMRC dyspnoea scale
I 154 (81.9)
II 28 (14.9)
III 6 (3.2)

ECOG performance status
0 150 (79.8)
1 36 (19.1)
2 2 (1.1)

FEV1 % pred 99 (83–110)
DLCO % pred 96 (80–114)
Preoperative stage
IA 134 (71.3)
IB 54 (28.7)

Data are presented as n, median (interquartile range) or n (%). COPD: chronic obstructive pulmonary
disease; ASA: American Society of Anesthesiologists; mMRC: modified Medical Research Council; ECOG:
Eastern Cooperative Oncology Group; FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the
lung for carbon monoxide.
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FIGURE 1 Distribution of a) forced expiratory volume in 1 s (FEV1) and b) the diffusing capacity of the lung for carbon monoxide (DLCO) in subjects
with comorbid chronic obstructive pulmonary disease (COPD) (n=66) and without comorbid COPD (n=122).
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regression analysis. The multivariate analysis showed that DLCO % pred (<80%), quadriceps muscle
strength (<40%BW) and pathologic stage (⩾IIA) were independent risk factors for deterioration of
performance status after surgery (table 6). The final model fit the data well, and the discriminatory
capacity was good (Hosmer–Lemeshow Chi-squared=0.64, p=0.73 and AUC=0.84, respectively). The
predictive variables of the final model were confirmed to be reliable by reliability tests, including a
bootstrap analysis and an exact logistic regression analysis.

Postoperative cardiopulmonary complications
Of the 188 subjects, postoperative cardiopulmonary complications were recorded in 36 cases and the
incidence rate was 19.1% (table 2). The univariate analysis showed a significant association between
postoperative cardiopulmonary complication and body mass index, comorbidity of COPD, the distance
covered during 6MWT, amount of blood loss and pathologic stage (tables 3–5). The multivariate analysis
was performed in the same manner as that of deterioration of performance status. As a result, significant
predictors of postoperative cardiopulmonary complication were comorbidity of COPD, the distance
covered during 6MWT (<400 m) and pathologic stage (⩾IIA) (table 6). Although the fit was marginal, the
goodness-of-fit of the model was confirmed (Hosmer–Lemeshow Chi-squared=8.70, p=0.07). The model
also demonstrated a moderate discriminatory capacity (AUC=0.77). All of the variables in the final model
were proven to be stable by the reliability tests.

Discussion
The major findings of our present study are as follows. 1) The incidence of postoperative deterioration of
performance status and postoperative cardiopulmonary complication was 13.8% and 19.1%, respectively,
after thoracoscopic lobectomy; 2) DLCO % pred, quadriceps muscle strength and pathologic stage were
independent risk factors for deterioration of performance status; and 3) comorbidity of COPD, 6-min
walking distance and pathologic stage were independent risk factors for postoperative cardiopulmonary
complication. Clinical practice guidelines, which include a functional algorithm based on preoperative
physiological evaluations, such as pulmonary function and exercise tests, were developed with the aim of
determining whether patients should undergo curative surgical resection for lung cancer [20, 25].

TABLE 2 Postoperative cardiopulmonary complications occurring in 36 subjects after
thoracoscopic lobectomy#

Prolonged air leakage for >7 days 18 (9.6)
Atrial fibrillation requiring medical treatment 12 (6.4)
Atelectasis requiring bronchoscopy 8 (4.3)
Pneumonia 4 (2.1)
Massive subcutaneous emphysema 2 (1.1)
Chylothorax 1 (0.5)
Respiratory failure requiring mechanical ventilation 1 (0.5)

Data are presented as n (%). #: some subjects experienced more than one complication.

FIGURE 2 Distribution of pathologic
stages in postoperative subjects.
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However, these guidelines were established according to evidence from a large body of literature assessing
patients undergoing lung resection via the open thoracotomy approach. In a recent report, PATELLA et al.
[6] developed a specific risk-adjusted morbidity model for thoracoscopic lobectomy. The current study was
also conducted in patients who were undergoing thoracoscopic lobectomy and aimed to identify the risk
factors for the postoperative outcome, which included measurements of physical function, such as
functional capacity and quadriceps strength.

Although lower limb muscle strength has been used as the measured outcome in several recent
randomised controlled trials of postoperative exercise interventions for lung cancer patients [26–28], this is
the first study to demonstrate that poor muscle function is associated with the postoperative functional
status. There are several possible reasons why the muscle function has predictive value. Lower limb muscle
dysfunction is a major cause of exercise limitations in patients with chronic respiratory disease [29, 30],
whose characteristics are mostly similar to those of patients with lung cancer. This could be related to the
fact that such patients are unable to perform higher levels of postoperative exercise training. In addition,
the peripheral muscle dysfunction noted in such patients may be attributable to systematic effects, such as
deconditioning, inflammation and impaired energy balance [31]. In other words, because an individual’s
performance status is reflected in their general condition, poor muscle strength would predispose our
patients to exhibit performance status deterioration. Therefore, the measurement of the quadriceps muscle
strength using handheld dynamometry, which has the advantages of being both portable and inexpensive,
is considered to be clinically useful for candidates for lung resection.

TABLE 4 Univariate analyses of lung and physical function data in patients with or without postoperative deterioration of
performance status and cardiopulmonary complications

Deterioration of
performance status

OR (95% CI) p-value Cardiopulmonary
complications

OR (95% CI) p-value

Yes No Yes No

Subjects 26 162 36 152
FEV1 <80% pred 9 (34.6) 30 (18.5) 2.31 (0.94–5.69) 0.07 10 (27.8) 29 (19.1) 1.62 (0.70–3.73) 0.26
DLCO <80% pred 13 (50.0) 32 (19.8) 3.84 (1.62–9.10) 0.002 7 (19.4) 38 (25.0) 0.68 (0.28–1.68) 0.40
PPO FEV1 <60% pred 6 (23.1) 23 (14.2) 1.80 (0.65–4.96) 0.26 7 (19.4) 22 (14.5) 1.42 (0.55–3.63) 0.47
PPO DLCO <60% pred 10 (38.5) 24 (14.8) 3.41 (1.38–8.41) 0.008 8 (22.2) 26 (17.1) 1.31 (0.54–3.19) 0.56
6-min walking distance <400 m 9 (34.6) 51 (31.5) 2.32 (0.94–5.77) 0.07 14 (38.9) 25 (16.4) 3.00 (1.35–6.66) 0.007
Desaturation during 6MWT ⩾4% 4 (15.4) 16 (9.9) 1.64 (0.50–5.39) 0.41 6 (16.7) 14 (9.2) 1.84 (0.65–5.19) 0.25
Quadriceps muscle strength
<40%BW

17 (65.4) 59 (36.4) 3.79 (1.48–9.68) 0.005 17 (47.2) 59 (38.8) 1.21 (0.58–2.53) 0.61

Data are presented as n or n (%), unless otherwise stated. FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for carbon
monoxide; PPO: predicted postoperative; 6MWT: 6-min walk test; BW: bodyweight.

TABLE 3 Univariate analyses of demographic and clinical data in patients with or without postoperative deterioration of
performance status and cardiopulmonary complications

Deterioration of
performance status

OR (95% CI) p-value Cardiopulmonary
complications

OR (95% CI) p-value

Yes No Yes No

Subjects 26 162 36 152
Age ⩾70 years 16 (61.5) 88 (54.3) 1.34 (0.57–3.14) 0.49 23 (63.9) 81 (53.3) 1.55 (0.73–3.29) 0.25
Females 14 (53.8) 58 (35.8) 2.08 (0.91–4.76) 0.083 12 (33.3) 60 (39.5) 0.77 (0.36–1.64) 0.50
Body mass index <18.5 kg·m−2 4 (15.4) 16 (9.9) 1.66 (0.51–5.42) 0.40 8 (22.2) 12 (7.9) 3.33 (1.25–8.9) 0.016
Comorbidities 22 (84.6) 127 (78.4) 1.52 (0.49–4.69) 0.47 31 (86.1) 118 (77.6) 1.79 (0.65–4.95) 0.26
COPD 10 (38.5) 56 (34.6) 1.16 (0.49–2.73) 0.73 24 (66.7) 42 (27.6) 5.14 (2.36–11.2) <0.001
Charlson comorbidity index score ⩾2 9 (34.6) 49 (30.2) 1.29 (0.54–3.13) 0.56 10 (27.8) 48 (31.6) 0.83 (0.37–1.85) 0.64
ASA classification ⩾3 14 (53.8) 60 (37.0) 1.98 (0.86–4.57) 0.11 19 (52.8) 55 (36.2) 1.97 (0.94–4.10) 0.07
mMRC dyspnoea scale grade ⩾II 5 (19.2) 28 (17.3) 1.18 (0.41–3.40) 0.76 7 (19.4) 26 (17.1) 1.14 (0.45–2.89) 0.78
ECOG performance status ⩾1 7 (26.9) 31 (19.1) 1.64 (0.63–4.27) 0.31 10 (27.8) 28 (18.4) 1.69 (0.73–3.91) 0.219

Data are presented as n or n (%), unless otherwise stated. COPD: chronic obstructive pulmonary disease; ASA: American Society of
Anesthesiologists; mMRC: modified Medical Research Council; ECOG: Eastern Cooperative Oncology Group.
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This study demonstrated that the 6-min walking distance was an independent risk factor for postoperative
complications. The available evidence, derived from a multivariate analysis, is insufficient to describe the
role of the 6MWT in risk stratification before lung resection [20], whereas a recent retrospective study has
documented that a shorter distance in the 6MWT is associated with an increased risk of postoperative
complication [32]. In general, preoperative exercise capacity can be used to estimate the physiological
reserve that may be available after surgery by stressing the whole oxygen delivery system. Formal
cardiopulmonary exercise tests, requiring exercise equipment, an airflow transducer and gas analyser, are
recommended to discriminate patients at risk of postoperative complications, because this test represents
the most accurate assessment of maximum oxygen consumption [33, 34]. However, according to a survey
report [35], the rate of implementation of such high-technology exercise tests is relatively low due to the
lack of availability of technical resources. In contrast, the 6MWT is easy to use in this setting because of its
simplicity and safety, with no equipment required [17]. Although the application of the 6MWT raises
potential concerns about the so-called ceiling effect, due to the insufficient stress in patients with
early-stage disease [36], this test may be clinically useful in patients considered for lung resection.

Unlike that observed in previous research [2, 7, 8], DLCO % pred failed to identify patients at risk for
postoperative complications in the current study, although it was an independent predictor of performance
status deterioration. In agreement with previous studies [37, 38], the comorbidity of COPD was identified

TABLE 5 Univariate analyses of surgical and oncologic data in patients with or without postoperative deterioration of
performance status and cardiopulmonary complications

Variable Deterioration of
performance status

OR (95% CI) p-value Cardiopulmonary
complications

OR (95% CI) p-value

Yes No Yes No

Subjects 26 162 36 152
Side of resection 0.78 0.58
Right 17 (65.4) 110 (67.9) 1 (ref.) 23 (63.9) 104 (68.4) 1 (ref.)
Left 9 (34.6) 52 (32.1) 1.13 (0.47–2.71) 13 (36.1) 48 (31.6) 1.24 (0.58–2.65)

Surgical procedure 0.31 0.23
Upper or middle lobectomy 18 (69.2) 106 (65.4) 1 (ref.) 20 (55.6) 104 (68.4) 1 (ref.)
Lower lobectomy 6 (23.1) 52 (32.1) 0.68 (0.25–1.81) 14 (38.9) 44 (28.9) 1.65 (0.77–3.57)
Others 2 (7.7) 4 (2.5) 2.94 (0.50–17.3) 2 (5.6) 4 (2.6) 2.60 (0.45–1.52)

Concomitant procedure 17 (65.4) 126 (77.8) 0.54 (0.22–1.31) 0.17 27 (75.0) 116 (76.3) 0.93 (0.40–2.16) 0.87
Blood loss ⩾60 mL 17 (65.4) 80 (49.4) 1.87 (0.79–4.42) 0.16 25 (69.4) 72 (47.4) 2.43 (1.12–5.29) 0.03
Operative time ⩾255 min 15 (57.7) 80 (49.4) 1.38 (0.60–3.18) 0.45 21 (58.3) 74 (48.7) 1.46 (0.70–3.04) 0.32
Histopathologic type 0.38 0.30
Adenocarcinoma 18 (69.2) 125 (77.2) 1 (ref.) 25 (69.4) 118 (77.6) 1 (ref.)
Non-adenocarcinoma 8 (30.8) 37 (22.8) 1.50 (0.61–3.73) 11 (30.6) 34 (22.4) 1.53 (0.68–3.41)

Preoperative stage IB 11 (42.3) 117 (27.8) 1.38 (0.57–3.31) 0.48 11 (30.6) 43 (28.3) 1.11 (0.51–2.46) 0.79
Pathologic stage ⩾II 10 (38.5) 22 (13.6) 3.95 (1.59–9.80) 0.003 12 (33.3) 20 (13.2) 3.28 (1.42–7.57) 0.006

Data are presented as n or n (%), unless otherwise stated.

TABLE 6 Multivariate logistic regression analysis of the risk of postoperative deterioration of
performance status and cardiopulmonary complications

OR (95% CI) p-value

Deterioration of performance status
DLCO <80% pred 3.44 (1.28–9.26) 0.015
Quadriceps muscle strength <40%BW 4.53 (1.51–13.6) 0.007
Pathologic stage ⩾II 9.50 (2.99–30.2) <0.001

Cardiopulmonary complications
COPD 5.88 (2.51–13.8) <0.001
6-min walking distance <400 m 4.04 (1.60–10.2) 0.031
Pathologic stage ⩾II 4.81 (1.77–13.1) 0.002

DLCO: diffusing capacity of the lung for carbon monoxide; BW: body weight; COPD: chronic obstructive
pulmonary disease.
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to be an independent risk factor for postoperative complication. There are several possible explanations for
this result: the presence of COPD may have contributed to prolonged air leakage during the period
immediately after surgery due to the fragile nature of emphysematous lungs, since an increase in the right
ventricular diastolic pressure is predictive of atrial arrhythmia [39]; and lung resection may cause
temporary elevation in pulmonary artery afterload, resulting in an increased incidence of atrial fibrillation,
particularly in patients with COPD.

Given that a greater pathologic stage was found to be a predictive factor for both deterioration of
performance status and postoperative cardiopulmonary complication, cancer progression may affect
long-term as well as short-term outcomes. NAKANISHI et al. [13] demonstrated that an advanced stage is
associated with a higher incidence of complications, and another report by LICKER et al. [37] showed that
the diagnosis of earlier cancer stages probably contributes to better short-term outcomes. This suggests
that patients with a greater pathologic stage are more likely to undergo more extensive surgical stress,
resulting in a worse postoperative outcome than that observed in subjects at an earlier stage.

We recognise that there are some important limitations to this analysis. First, the main limitations of this
study are its retrospective nature and the fact that only subjects treated at a single institution were
examined. Therefore, we should take into account the inherent biases in patient selection and experience
of the surgeons. We attempted to minimise these biases by limiting our analysis to patients with
preoperative stage I NSCLC only, who were deemed to undergo simple lobectomy without an extended
procedure. In addition, the hospital and surgeon volume of our institution is high (defined as >20 cases
per year [40]), which may lessen biases regarding surgical techniques and postoperative management.
Second, the small sample size of this study might have interfered with the reliability of the regression
analysis. However, this issue was partially overcome by the bootstrap and exact logistic analyses, which
showed the robustness of the models. Third, several potential confounding variables may influence the
postoperative outcomes. Fourth, timing of the reassessment of the performance status varied according to
the timing of the individual’s hospital discharge; this might have reduced the quality of these data. In
addition, the lack of blinding of the performance status assessors had the potential to introduce
considerable bias into the study results. Finally, performance status deterioration might have a negative
impact on the long-term outcomes because patients who still have a poor functional status will be unable
to commence adjuvant chemotherapy. Nonetheless, our study did not investigate the long-term outcomes.

In conclusion, our data suggest that, in addition to a greater pathologic stage, lower DLCO and comorbid
COPD, poor physical function was associated with worse short-term outcomes after thoracoscopic
lobectomy. A possible clinical implication of this study is that the assessment of quadriceps muscle
strength and 6MWT, which can be used widely in various clinical settings, may therefore be a useful and
effective method for identifying risk factors for short-term outcomes in cases of thoracoscopic lobectomy.
Further prospective controlled trials are needed to confirm these findings.
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