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Background: Given the wide adoption of thoracoscopic lobectomy and positive effect of the thoracoscopic
approach for improving postoperative outcomes, questions have arisen regarding the validity of previously
published risk assessment models. We sought to review the reliability of the established predictors for
patients undergoing thoracoscopic lobectomy.

Methods: From January 2009 to May 2017, 606 patients (275 women, 331 men; median age 67 years)
underwent thoracoscopic lobectomy or segmentectomy for confirmed or suspected early-stage lung cancer
or metastasis at our institution. Logistic regression analyses were performed to determine the predictors of
postoperative complications, followed by assessments of causal inference.

Results: The postoperative mortality, pulmonary complication, cardiovascular complication and
overall morbidity rates were 1.0%, 8.9%, 5.8% and 18.0%, respectively. While the American Society
of Anesthesiologists physical status (ASA-PS) emerged as an independent morbidity predictor, only a
slightly significant association between lung function determinants and overall morbidity was found in the
univariable regression analyses. Regarding causal inference, inverse probability of treatment weighting
using propensity scores revealed 2- and 1.7-fold increases in the odds of cardiopulmonary complications
and overall morbidity in patients with ASA-PS grade 3 or 4 compared with those with ASA-PS grade 1 or 2
(OR =2.116,95% CI: 1.252-3.577, P=0.005; OR =1.740, 95% CI: 1.095-2.765, P=0.019, respectively).
Conclusions: Our results suggested that the current physiologic evaluation algorithm is also applicable to
major lung resection via thoracoscopic approach. ASA-PS is an easily assessable factor capable of predicting
major complications following thoracoscopic lobectomy in patients properly selected in compliance with
the current guideline. It is recommended to incorporate the ASA-PS into the existing algorithm for more

accurate risk stratification in this patient population.
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Introduction (NSCLC). The latest guideline for preoperative physiologic
Accurate risk assessment prior to major lung resection assessment was published by the American College of Chest
is crucial for determining an optimal treatment strategy Physicians in 2013 (1). It is noteworthy that the evidence
for patients with early-stage non-small cell lung cancer used in this guideline is predominantly based on clinical
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studies published in the last decade. More importantly, none
of those studies specifically focused on patients undergoing
thoracoscopic lobectomy, which has been widely adopted in
this decade and is currently the preferred surgical approach
for treatment of early stage NSCLC (2).

Owing to less trauma to the chest wall and better
preservation of lung function in the initial postoperative
period, thoracoscopic lobectomy is associated with reduced
postoperative mortality and morbidity compared with
lobectomy via thoracotomy (3). Cumulative evidence has
demonstrated that these benefits over open approach is most
evident in high-risk patients, e.g., those with compromised
pulmonary function or older age (4,5). Our previous studies
also indicated that increased age and comorbidity burden
were not associated with higher risk of morbidity following
thoracoscopic lobectomy (6,7). Regarding the positive effect
of the thoracoscopic approach on improving postoperative
outcomes, important questions have arisen as to the
recommendation for preoperative physiologic evaluation in
the current guideline, which is applicable only to major lung
resections via thoracotomy (1). Moreover, the previously
published data derived from the large clinical thoracic
surgery database showed that the rates of postoperative
major complications and overall morbidity were still not
negligible, when major lung resection was performed via
thoracoscopic approach (5). Accordingly, there is growing
interest in refining risk assessment algorithms, specifically
for patients undergoing thoracoscopic lobectomy. Thus,
we decided to review our institutional database on
thoracoscopic major lung resections. The purpose of the
current study was to explore the relationships of established
predictors to postoperative complications following
thoracoscopic lobectomy or segmentectomy and examine
their causal effect.

Methods

A retrospective study was performed using our institutional
database on thoracoscopic major lung resections that
included retrospective data from 2009 to 2014 and
prospective data thereafter. From January 2009 through
May 2017, 644 patients underwent thoracoscopic lobectomy
or segmentectomy at our institution. Of those patients,
606 with confirmed or suspected early-stage NSCLC
or pulmonary metastasis were included in the present
study. Thirty-eight patients with infectious disease, e.g.,
bronchiectasis, were excluded, because they comparatively
exposed for much higher risk of postoperative complication.
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This study was approved by the local Institutional Review
Board (project number 086/2018B02), and specific patient
consent was waived.

All patients with confirmed or suspected early-stage
NSCLC underwent computed tomography, positron
emission tomography and brain magnetic resonance
imaging for clinical staging. Patients with suspected
mediastinal nodal metastases were submitted to
endobronchial ultrasound guided fine needle aspiration
or cervical mediastinoscopy. All cases were preoperatively
reviewed by our lung oncology multidisciplinary team. Lung
cancer staging was performed according to the American
Joint Committee on Cancer 7th edition manual (8).
Pathologic stage was reported based on the final
histopathologic findings after lung resection and systematic
mediastinal lymph node dissection.

Physiologic evaluation was performed for all patients
prior to surgery. The predicted postoperative values of
forced expiratory volume in the first second expressed as the
percent predicted (ppoFEV %) and of diffusing capacity of
the lung expressed as the percent predicted (ppoDLCO%)
were calculated using the functional segment technique (1).
Patients in whom preoperative lung function testing
demonstrating impaired pulmonary function (ppoFEV,%
or ppoDLCO% <40) were subjected to a stair climb test
or cardiopulmonary exercise testing (cycle ergometry) for
additional risk stratification prior to lung resection. When
performance in the stair climbing test was not satisfactory,
cycle ergometry was used to determine eligibility. Maximum
oxygen consumption >10 mL/kg/min or 35% predicted
was considered to be sufficient for warranting major lung
resection.

Performance status was considered marginal or
poor when the Eastern Cooperative Oncology Group
(ECOG) scale score was >2. An American Society of
Anesthesiologists physical status (ASA-PS) scale score was
assigned to all patients by the responsible anesthesiologists
prior to surgery according to the modern version (9). In
accordance with previous studies, we collapsed multiple
ASA-PS grades into high- and low-grade strata, with 1 or
2 representing low grade and 3 or 4 denoting high grade
(10,11).

Thoracoscopic lobectomy and segmentectomy were
performed using a three-port approach, including a 3-cm
anterolateral access incision in the fourth intercostal
space without rib spreading and with visualization only
through the monitor. Lobar vessels and the bronchus were
individually divided. Hilar and mediastinal lymph nodes
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were dissected.

Mortality was defined as death during hospitalization for
surgery or within 30 days of the operation. Postoperative
complications were defined according to the Society
of Thoracic Surgeons and The European Society of
Thoracic Surgeons (STS/ESTS) joint standardization
of variable definitions and terminology (12). Pulmonary
complications included pneumonia, atelectasis requiring
bronchoscopy, adult respiratory distress syndrome, initial
ventilator support for >48 hours, unplanned re-intubation,
or tracheotomy. Cardiovascular complications were defined
as acute myocardial infarction, pulmonary embolism, and
atrial or ventricular arrhythmia requiring intervention.
Other complications included bronchopleural fistula,
empyema, wound infection, other postoperative infections,
cerebrovascular events, delirium, renal failure, postoperative
bleeding, chylothorax, recurrent laryngeal nerve injury and
other relevant events. Overall morbidity was defined as the
occurrence of any of the abovementioned complications,
including mortality, except for technical complications
such as postoperative bleeding, chylothorax and recurrent
laryngeal nerve injury.

Categorical variables are expressed as percentages
and were evaluated with Fisher’s exact test. Continuous
data are reported as the median and interquartile range
(IQR) and were compared using the Mann-Whitney
test. Logistic regression analyses were performed to
assess the relationships of the established risk factors for
cardiopulmonary complications and overall morbidity.
The following variables were included: gender (male),
ppoFEV,%, ppoDLCO%, smoking history, ECOG
performance status (=2 vs. <2), ASA-PS scale score (high
grade vs. low grade) and advanced pathologic stage (>1I).
While ppoFEV,% and ppoDLCO% were modeled as
continuous variables, the remaining variables were modeled
as binary categorical variables. Age was not included in
the logistic regression model, as chronologic age is not
considered an absolute risk factor according to the current
guideline for physiologic evaluation prior to major lung
resection (1). In fact, an accumulating body of published
data including our previously published study has illustrated
comparable postoperative outcomes between elderly patients
and their younger counterparts undergoing major lung
resection by either thoracotomy or thoracoscopic approach
(7,13). We used two-sample comparisons of proportions
to calculate the sample size for logistic regression. It was
assumed that postoperative complications occurred in 10%
and 20% of patients with low and high risk, respectively
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(odds ratio =2.25). Accordingly, we estimated that 275
patients were required for each group to reach a statistical
power of 90% at a 5% significance level. To yield an
accurate estimation of the impact of high-grade ASA-
PS, propensity score adjustment using inverse probability
of treatment weighting was performed. In this method,
a weight was calculated based on propensity score for
each subject that was equal to the inverse of the estimated
probability of receiving the treatment (high-grade ASA-PS)
that was actually received, conditionally on the observed
covariates. These weights were then incorporated into a
logistic regression model to estimate the effect of high-
grade ASA-PS on the outcome variables (14). Statistical
significance was declared for P<0.05. Inverse probability of
treatment weighting using propensity scores was conducted
using R Project for Statistical Computing, version 3.3.3,
along with R package “twang” 1.5 and “survey” 3.32 (15-17).
The other statistical analyses were performed using SPSS,
version 22.0, for Windows (SPSS, Chicago, IL, USA).

Results

"This study included 275 women and 331 men with a median
age of 67 (IQR, 59-74) years. A total of 252 (41.6%) patients
were older than 70 years. The surgical procedures included
544 (89.8%) lobectomies and 62 (10.2%) segmentectomies.
In 23 (3.8%) patients, thoracoscopic procedures had to
be converted to thoracotomy. Among the entire cohort,
pathological analyses demonstrated confirmed NSCLC in
542 (89.4%) patients and pulmonary metastasis in 30 (5.0%)
patients, while benign processes were found on pathologic
examination in 34 (5.6%) patients with preoperative
suspicion for lung cancer. Patient demographics and clinical
characteristics are shown in 7able 1. Impaired pulmonary
function (ppoFEV,% or ppoDLCO% <40) was found in
116 (19.1%) patients. Of these patients, 50 underwent
cycle ergometry, with a measurement of the maximum
oxygen consumption, ranging from 10.9 to 27.0 mL/kg/min
(43.0-162.0%).

There were 6 (1.0%) postoperative deaths for the entire
patient cohort. Four patients died from postoperative
pneumonia. One patient developed a bronchopleural fistula
followed by sepsis and multiple organ failure and died
on postoperative day 12. Another developed pneumonia
and atrial arrhythmia on postoperative day 5 followed by
a bronchopleural fistula, and died on postoperative day
79. The postoperative cardiopulmonary complication and
overall morbidity occurred in 76 (12.5%) and 109 (18.0%)
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Table 2 Frequency of single postoperative complications (n=606)

Variable Value or number affected (%) Outcomes Number affected (%)
Total 606 [100] Postoperative mortality 6 (1.0)
Age, years 67 [59-74] Pulmonary complications 54 (8.9)
Male 331 (54.6) Pneumonia 38 (6.3)
Overweight (BMI >25) 290 (47.9) Atelectasis requiring bronchoscopy 15 (2.5)
Smoker 416 (68.6) Adult respiratory distress syndrome 7(1.2
Comorbid diseases Initial ventilator support for >48 8(1.3)
Coronary artery disease 92 (15.2) hours
Congestive heart failure 55 (9.1) :ﬂ;;l‘zr;rt]s?n;e—intubation or 16(2.6)
Chronic pulmonary disease 162 (30.0) Cardiovascular complications 35 (5.8)
Peripheral vascular disease 61 (10.1) Acute myocardial infarction 2(0.3)
Cerebrovascular disease 55 (9.1) Pulmonary embolism 1(0.2)
Diabetes 79(13.0) Atrial arrhythmia 29 (4.8)
Moderate to severe renal disease 18 (3.0) Ventricular arrhythmia 4007)
ECOG 22 120 Other complications 64 (10.6)
High-grade ASA-PS 231 (38.1) Bronchopleural fistula 9 (1.5)
FEV,% 75.1 (66.7-84.6) Empyema 17 2.8)
PPOFEV; % 596 (52.6-69.9) Wound infection 2(0.3)
DLCO% 66.5 (54.0-80.5) Other postoperative infection 5(0.8)
PPODLCO% 529 (43.2-64.9 Cerebrovascular event 1(0.2)
Pathologic stage (n=542) Delirium 5(0.8)
Stage | 421 (77.7) Renal failure 4(0.7)
Stage I 82(15.1) Postoperative bleeding 13 (2.1)
Stage 3902 Recurrent laryngeal nerve injury 12 (2.0)
FEV,%, forced expiratory volume in the first second expressed
as the percent predicted; DLCO%, diffusing capacity of the Chylothorax 309
lung expressed as the percent predicted; ppo, predicted Other relevant events 11 (1.8)
postoperative; ECOG, Eastern Cooperative Oncology Overall morbidity* 109 (18.0)

Group performance status; ASA-PS, American Society of
Anesthesiologists physical status.

patients, respectively. The incidences of single postoperative
complication are depicted in Table 2.

Table 3 describes the relationships of the established
risk factors to the postoperative complications. In the
univariable logistic regression analyses, cardiopulmonary
complication rates and overall morbidity were not related
to male gender, smoking history, advanced pathologic
stage or worse performance status (ECOG >2). There
was a slightly significant relationship of ppoFEV,% and
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*, the occurrence of postoperative bleeding, chylothorax and
recurrent laryngeal nerve injury was not included.

ppoDLCO% with overall morbidity. In contrast, there
were specific correlations of high-grade ASA-PS with a
greater cardiopulmonary complication rate and overall
morbidity. In the multivariable regression analysis, high-
grade ASA-PS emerged as the single strong predictor
of both cardiopulmonary complication rates and overall
morbidity. The odds of cardiopulmonary complications
and overall morbidity increased by two-fold in patients
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Table 3 Results of logistic regression analyses of risk factors for postoperative complications

Univariable analyses

Multivariable analyses

Cardiopulmonary

Cardiopulmonary

Factors complications Overall morbidity complications Overall morbidity

OR 95% ClI P OR 95% ClI P OR 95% Cl P OR 95% Cl P
Gender (male) 1.496 0.911-2.458 0.11 1.344 0.881-2.050 0.17 1.214 0.719-2.052 047 1.156 0.737-1.813 0.53
ppoFEV;% 0.988 0.972-1.006 0.19 0.985 0.970-1.000 0.044 0.997 0.977-1.017 0.76 0.992 0.975-1.010 0.38
ppoDLCO% 0.989 0.973-1.004 0.15 0.987 0.973-1.000 0.048 0.996 0.978-1.014 0.67 0.995 0.979-1.011  0.51
Smoking history 1.833 1.026-3.275 0.041 1.399 0.875-2.236 0.16 1.174 0.703-1.958 0.54 1.174 0.703-1.958 0.54
ECOG =2 1.405 0.302-6.540 0.66 2.329 0.688-7.876 0.18 1.054 0.220-5.065 0.95 1.662 0.464-5.666 0.45
High-grade
ASA-PS 2.096 1.291-3.404 0.003 1.944 1.280-2.954 0.002 1.913 1.161-3.154 0.011 1.746 1.133-2.693 0.012
Advanced 1.524 0.586-3.966 0.388 1.004 0.486-2.071 0.99 - - - - - -

pathologic stage*

*, advanced pathologic stage was not included in the multivariable logistic regression due to the patient subset with benign disease
and pulmonary metastasis. FEV,%, forced expiratory volume in the first second expressed as the percent predicted; DLCO%, diffusing
capacity of the lung expressed as the percent predicted; ppo, predicted postoperative; ECOG, Eastern Cooperative Oncology Group
performance status; ASA-PS, American Society of Anesthesiologists physical status.

Table 4 Patient demographic and clinical characteristics stratified by ASA-PS

Covariablos High-grade ASA-PS Low-grade ASA-PS Unweighted Weighted
(affected) (n=231)  (affected) (n=379) Std. effect size* P value Std. effect size P value
Age (years), median [IQR] 72 [64-77] 65 [56-72] 0.666 <0.001 0.220 0.019
Male, n (%) 149 (64.5) 182 (48.5) 0.334 <0.001 0.147 0.121
Smoker, n (%) 172 (74.5) 244 (65.1) 0.215 0.016 0.100 0.299
ECOG 22, n (%) 10 (4.3) 2 (0.5) 0.187 0.001 0.077 0.434
PPOFEV, %, median (IQR) 57.2(50.1-67.6)  61.3(53.9-70.3) -0.237 0.005 -0.087 0.330
ppoDLCO%, median (IQR)  49.4 (39.4-60.1)  55.2 (45.4-67.1) ~0.355 <0.001 ~0.074 0.439
Benign disease, n (%) 3(1.3) 31 (8.3) -0.615 <0.001 ~0.253 0.144

*, standardized effect size was defined as difference in mean values of the two groups divided by the pooled sample standard deviation.
ppoFEV;%, predicted postoperative forced expiratory volume in the first second expressed as the percent predicted; ppoDLCO%,
predicted postoperative diffusing capacity of the lung expressed as the percent predicted; ECOG, Eastern Cooperative Oncology Group

performance status.

with high-grade ASA-PS compared with those with low-
grade ASA-PS.

To examine the causal effect of a high-grade ASA-PS
on postoperative adverse outcomes, inverse probability of
treatment weighting using propensity scores was performed.
In our patient cohort, there were 375 (61.9%) patients
with low-grade ASA-PS, with the remainder of patients
having high-grade ASA-PS (n=231, 38.1%), including two
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patients with grade 4. Compared with patients with low-
grade ASA-PS, those with high-grade ASA-PS were older
and had lower pulmonary function. They were also more
likely to be male and to have a history of smoking and
worse performance status (7zble 4). However, they were less
likely to have benign disease. According to these differences
in demographics and clinical characteristics, propensity
scores were assessed using a multivariable logistic regression
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model, which included age, male gender, history of smoking,
ppoFEV %, ppoDLCO%, ECOG score (>2 vs. <2)
and benign disease. Inverse probability of treatment
weighting using the estimated propensity score resulted in
well balanced patient characteristics in both groups except
for still significant difference in age (ZTable 4). Our analysis
of weighted data using generalized linear model revealed
2- and 1.7-fold increases in the odds of cardiopulmonary
complications and overall morbidity, respectively, in
patients with high-grade ASA-PS compared with those with
low-grade ASA-PS (odds ratio =2.116, 95% CI:
1.252-3.577, P=0.005; odds ratio =1.740, 95% CI:
1.095-2.765, P=0.019, respectively).

Discussion

Because of its minimally invasive nature, thoracoscopic
lobectomy is associated with less pain and better
preservation of lung function in the initial postoperative
period (18,19). These advantages, in turn, translate into
reduced postoperative adverse events compared with
lobectomy via thoracotomy (3). In the present study,
thoracoscopic lobectomy resulted in low mortality and
reasonable morbidity. Our postoperative outcomes are in
accordance with those of the previously published study
based on large clinical thoracic surgery database (5).
Nevertheless, the rates of major complications and
overall morbidity following thoracoscopic lobectomy and
segmentectomy were not negligible in our patient cohort
despite thorough preoperative physiologic evaluation. This
fact implies a greater need for refining preoperative risk
stratification in this special patient population.

Lung function determinants, including FEV,% and
DLCO%, are essential for the risk stratification prior
to major lung resection (1). Due to the consideration of
resected functioning lung, ppoFEV,% and ppoDLCO%
are admittedly more accurate in predicting postoperative
complications than the preoperative values (1). Previous
studies suggested that ppoFEV,% and ppoDLCO% are
predictive of cardiopulmonary complications regardless
of whether lobectomy is performed by an open or
thoracoscopic approach (5,20). However, there were
only slightly significant relationships of ppoFEV,% and
ppoDLCO% with overall morbidity in our univariable
analyses. The multivariable regression analyses failed
to associate ppoFEV % and ppoDLCO% with
cardiopulmonary complications or overall morbidity after
thoracoscopic lobectomy in our study. These results may
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be explained by our thorough workup and careful patient
selection performed before surgery. Indeed, the vast
majority of our patients presented with a good preoperative
performance status (ECOG score <2). Moreover, in
accordance with the guidelines for preoperative physiologic
evaluation, all patients with impaired pulmonary function
were submitted to a stair climbing test or cardiopulmonary
exercise testing for additional risk stratification. Only those
patients who presented with satisfactory performance in
the stair climbing test or who had adequate maximum
oxygen consumption were operated on and included in the
present study. In this aspect, our favorable postoperative
outcomes indicate that the current physiologic evaluation
algorithm is also applicable to identify patients amenable
to major lung resection performed via thoracoscopic
approach.

Interestingly, the ASA-PS exhibited distinct power in
predicting the major complications following thoracoscopic
lobectomy in our properly selected patient cohort.
Compared with patients with low-grade ASA-PS, those
with high-grade ASA-PS had a two-fold greater risk of
cardiopulmonary complications and overall morbidity in
the multivariable regression analyses. More importantly,
causal effect analyses using inverse probability of treatment
weighting demonstrated a similar effect size of high-
grade ASA-PS. As a currently popular method for causal
inference, propensity score matching combined with
logistic regression models with random effects was initially
considered to analyze the causal effect of high-grade ASA-
PS. However, our attempt to perform propensity score
matching without replacement for balancing the differences
in baseline characteristics between patients with high- and
low-grade ASA-PS was unsuccessful because the propensity
score distribution was very different in the two groups.
While propensity score matching with replacement yielded
two groups with well-balanced baseline characteristics,
there was reasonable doubt about the results based on the
matched data due to a considerably reduced sample size.
In contrast, the inverse probability of treatment weighting
using propensity scores retained all subjects in the analysis
and was believed to be a superior approach for causal effect
analyses in our study (14).

The ASA-PS is a classification system that assesses a
patient’s overall health status and degree of sickness based
on systemic disease. Although it has been widely used by
anesthesiologists to estimate operative and anesthesiological
risks, the ASA-PS has rarely been considered in the risk
assessment process prior to major lung resection to date (21).
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This is thought to be due, at least in part, to the fact that
very few studies have previously investigated the impact of
the ASA-PS as a predictor of postoperative adverse outcomes
following major lung resection (22,23). Notably, these
data are characterized by various limitations, particularly
smaller sample sizes. Additionally, little is known about
the predictive capability of ASA-PS in patients undergoing
major lung resection via minimally invasive approach. In a
recent study based on data derived from the STS General
Thoracic Database, Fernandez and colleagues evaluated
postoperative outcomes of over 27 thousand lung resections
through an open or minimally invasive approach (10).
They found a 1.25-fold increase in the odds of major
complications in patients with ASA-PS grade 3 compared
with those with ASA-PS grade 1 or 2. In a study involving
176 elderly patients undergoing thoracoscopic lobectomy,
our group has previously reported a nearly 3-fold increase
in the odds of cardiopulmonary complications in those
with ASA-PS grade =3 compared with patients with
ASA-PS grade <3 (7). It is worth mentioning that this
finding was based on the univariable logistic regression
analyses restricted to elderly patients. In contrast, the
present study used multivariable regression model for
confounder adjustment and showed that ASA-PS was
an independent morbidity predictor in a general patient
population considered for thoracoscopic lobectomy or
segmentectomy. Moreover, the present study is the first to
determine the size of causal effect of high-grade ASA-PS on
postoperative complications following major lung resection
using propensity-adjusted analysis. Based on our findings,
early involvement of anesthesiologists and assignment of
an ASA-PS scale are recommended for the risk assessment
prior to thoracoscopic lobectomy or segmentectomy. We
believe that the ASA-PS, as an easily assessable gauge of
surgical risks, can be used to identify patients who require
more comprehensive physiologic evaluation prior to major
lung resection. In conjunction with other predictors,
the ASA-PS will enhance the current algorithms for risk
stratification and improve informed decision making for
patients with early-stage NSCLC. Due to the possible
inter-rater inconsistency, especially in assigning grades
2 (mild systemic disease) and 3 (severe systemic disease),
patients with ASA-PS grade 2 or higher should consult with
senior anesthesiologists as early as possible (24).

The authors acknowledge potential limitations of the
present study. First, there was the inherent bias due to
the use of retrospective data. Only thoracoscopic major
lung resections in and after 2015 at our institution were
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prospectively evaluated. Therefore, it is possible that some
postoperative adverse events were undisclosed in patients
operated on from 2009 through 2014. Additionally, our
results are derived from single institution data, which
may not fully reflect the clinical scenario elsewhere. On
the other side, our postoperative outcomes are in line
with those of previously published large-scale studies on
thoracoscopic lobectomy (5). Though further investigation
involving a multicenter design is necessary to validate our
findings, our data may have mitigated the bias caused by
the variety in surgical techniques and perioperative care
strategies commonly seen in multicenter studies. Selection
bias was another concern in the present study. Although
propensity score adjustment using inverse probability of
treatment weighting mitigated the selection bias to some
extent by balancing the known confounders, there may
be some unknown confounding variables that influenced
the results.

In conclusion, our results suggested that the current
physiologic evaluation algorithm is also applicable to
identify patients amenable to major lung resection
performed by thoracoscopic approach. Despite thorough
physiologic evaluation in compliance with the current
guideline, the major complications following thoracoscopic
lobectomy were still not negligible. As an easily assessable
factor the ASA-PS is capable of predicting postoperative
adverse events after thoracoscopic lobectomy in properly
selected patients. Early involvement of anesthesiologists in
the preoperative risk assessment and assignment of the ASA-
PS scale are recommended for refined risk stratification
in this patient population. Future efforts are warranted to
incorporate the ASA-PS into the existing algorithm for risk
assessment prior to major lung resection.
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