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Background: Prolonged air leak (PAL) is one of the most common postoperative complications after lung
surgery. This study aimed to identify risk factors of PAL after lung resection and develop a preoperative
predictive model to estimate its risk for individual patients.

Methods: Patients with pulmonary malignancies or metastasis who underwent pulmonary resection
between January 2014 and January 2018 were included. PAL was defined as an air leak more than 5 days
after surgery, risk factors were analyzed. Forward stepwise multivariable logistic regression analysis was
performed to identify independent risk factors, and a derived nomogram was built. Data from February 2018
to September 2018 were collected for internal validation.

Results: A total of 1,511 patients who met study criteria were enrolled in this study. The overall incidence
of PAL was 9.07% (137/1,511). Age, percent forced expiratory volume in 1 second, surgical type, surgical
approach and smoking history were included in the final model. A nomogram was developed according to
the multivariable logistic regression results. The C-index of the predictive model was 0.70, and the internal
validation value was 0.77. The goodness-of-fit test was non-significant for model development and internal
validation.

Conclusions: The predictive model and derived nomogram achieved satisfied preoperative prediction of
PAL. Using this nomogram, the risk for an individual patient can be estimated, and preventive measures can

be applied to high-risk patients.
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Introduction

Air leakage occurs frequently after lung surgeries due to
injury of the pulmonary parenchyma. Although most air
leakage resolves within 48 hours, some continue beyond
5 to 7 days postoperatively, and this situation is termed
as prolonged air leak (PAL) (1). The reported incidence
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of PAL varies from 5% to 25% of pulmonary operation
patients (2-5). PAL is associated with prolonged chest
tube drainage and hospital stay, poor postoperative quality
of life, and high financial cost. It also increases the risk
of some complications such as empyema and pneumonia
(3,4,6,7). These factors make PAL a challenge for thoracic
surgeons despite the availability of many preventive
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modalities (pleurodesis, spraying biological glue, strict
postoperative chest tube management, etc.). If physicians
can identify patients who may experience PAL, preoperative
interventions and early prevention strategies could be
applied in advance.

Previous studies have attempted to identify risk factors
of PAL, including advanced age, low body mass index
(BMI), reduced pulmonary function (PF) and presence of
pleural adhesions (2,4-6,8-11). Although a few published
PAL predictive models were developed to stratify patients
into classes associated with high PAL risk (2,8,10,12),
it is still unclear whether the identified risk factors are
relevant to all patients. Existing models were developed
based on data from Europe and the United States
(2,5,8,10,12,13), and their performance is significantly
lower in our study population, hence the application for
Asian populations remains controversial. Moreover, there
were some limitations and differences in these studies,
such as PAL definitions, small numbers of study subjects
which leads to underpowered results, and lack of external
prospective validation (5,8,10,12,14). Thus, patient
evaluation is mainly based on individual experience.
Currently, there are no standard models to predict the
incidence of PAL.

This study used a large dataset to investigate the clinical
characteristics of patients with PAL and develop a simple
clinical prediction tool to stratify PAL risk. The resulting
nomogram could assist physicians in selecting the best plan
for patients with different levels of risk.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tler-21-186).

Methods

This retrospective, observational study was approved by the
Institutional Review Board of Ruijin Hospital, Shanghai Jiao
"Tong University School of Medicine (registration number
2020166) and individual consent for this retrospective
analysis was waived. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

Patients

Patients who had pulmonary malignancies or metastases
and underwent pulmonary resection between January
2014 and January 2018 in the Department of Thoracic
Surgery, Ruijin Hospital, Shanghai Jiao Tong University
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School of Medicine were eligible for study participation.
The exclusion criteria were: (I) benign tumors
confirmed by postoperative pathological examinations;
(II) pulmonary resection for benign thoracic diseases
including bulla resection and volume reduction surgery;
(III) pneumonectomy; and (IV) incomplete perioperative
data. Finally, a total of 1,511 patients were enrolled in this
retrospective study, which was approved by the research
ethics board. PAL was defined as gas leakage (air bubbles
in chest drainage system after cough or deep breathing)
and failure to remove the chest drainage tube 5 days after
surgery (15). Conventional analogue drainage system was
used in most cases, and suction would be applied for patients
with significant air leak. Chest drainage status was assessed
and determined by qualified thoracic surgeons twice a day
and recorded in patients’ electronic medical records. The
indication of chest tube removal was chest drainage less
than 300 mL per 24 hours and air leakage ceased for more
than 6 consecutive hours.

Data collection

Demographics including age, sex, BMI, Eastern
Cooperative Oncology Group performance status (PS)
score, American Society of Anesthesiologists score,
history of respiratory disease (asthma, chronic bronchitis,
COPD, etc.), cardiovascular disease (coronary heart
disease, arrhythmia, heart valve disease, etc.), hypertension
and diabetes, history of thoracic surgery (pulmonary,
esophageal, cardiac surgery or surgery of rib fracture)
and smoking history (past or current smoker and never
smoker) were retrospectively documented from electronic
medical records. Data of preoperative evaluations
including computed tomography, echocardiography, and
percent forced expiratory volume in 1 second (%FEV1)
were also recorded. In order to give consideration to both
clinical significance and practicality, we divided %FEV1
into three categories: >80%, 50% to 80% and <50%, based
on the Global Initiative for Chronic Obstructive Disease
classification of airflow limitation severity in COPD (16).
Surgical data were collected including surgical approach
[thoracotomy and video-assisted thoracic surgery (VATS)/
robot-assisted thoracic surgery (RATS), for patients who
experienced intraoperative conversion to thoracotomy,
the planned surgical approaches were recorded], surgical
type (lobectomy, segmentectomy, wedge resection or
bilobectomy), location of surgery, operation time, and
amount of blood loss during surgery. Postoperative
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pathological results were also collected.

Statistical analyses

Chi-square tests were used to compare categorical variables
(reported as frequencies) and 7-tests or Wilcoxon rank-
sum tests were used to test differences for continuous
variables. Continuous variables with normal distributions
were reported as mean = standard deviation, and continuous
variables with non-normal distributions were reported as
median and interquartile range.

Univariate logistic regression was used to identify risk
factors of PAL. The clinical significance of each variable
was also considered for variable selection. All variables
significantly associated with PAL (P<0.25 in univariate
logistic regression) were included in the forward stepwise
multivariable logistic regression analysis. Variables with P
values <0.05 in multivariable analysis were remained in the
final model.

Based on the multivariable logistic regression results, a
nomogram was built using the STATA program nomolog (17).
A score for each variable was calculated based on the
regression coefficient values. The scores of different variables
were summed to yield a total score for each patient that could
be converted into the predicted probability of PAL.

P values <0.05 were considered statistically significant.
All analyses mentioned above were performed using STATA
version 15.1 (StataCorp., College Station, TX).

Measurement of performance and validation

A retrospective cohort of 500 patients who underwent
pulmonary resection between February 2018 and September
2018 in Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine were used as validation data set for
internal validation. The model performance was assessed
by discrimination and calibration. Discrimination is defined
as the probability that a model correctly distinguishes non-
events and events, which can be measured by calculating
the C-index developed for the logistic regression model.
Nomogram was used to estimate individual PAL probability;
receiver operating characteristic curves were constructed
using the estimated probabilities and the actual situations of
PAL. Areas under receiver operating characteristic curves
were calculated to form the C-indexes. Calibration measures
how closely the predicted probabilities agree with the actual
outcomes. A Hosmer-Lemeshow (H-L) type y’ statistic
was used for calibration. This y’ statistic was calculated
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to compare the differences between the mean predicted
and the observed risks, large P value (i.e., greater than
0.05) indicates good calibration. A calibration plot of both
development data set and validation data set was formed for
evaluating calibration. Optimal cutoff value was determined
based on the receiver operating characteristic curve
analysis of the development data set to represent the best
compromise of Youden index (sensitivity + specificity - 1)
and clinical practicality.

Results
Patient characteristics

From January 2014 to January 2018, 1,919 patients with
pulmonary malignancies or metastases underwent pulmonary
resection in Ruijin Hospital. Of these patients, 383 were
excluded for incomplete perioperative data and 25 patients
who underwent pneumonectomy were also excluded. Finally,
a total of 1,511 patients were enrolled in this study. Most
patients (1,085) underwent VATS, 247 underwent RATS,
and 179 underwent thoracotomy. Of these patients who
received minimally invasive surgery, 21 (21/1,332, 1.58%)
experienced intraoperative conversion to thoracotomy. The
overall incidence of PAL was 9.07% (137/1,511). Based on
the absence or presence of PAL, these patients were divided
into two groups (patients without PAL and patients with
PAL). The characteristics of both groups are listed in ZTable 1.

Risk factors of PAL

To identify risk factors of PAL, we performed univariate
logistic regression analysis for each variable (Tzble 2).
Given the preoperative property of this predictive model,
operation time and amount of blood loss were excluded
from univariate logistic regression analyses and further
multivariable analyses. Of the variables considered, sex, age,
PS score, %FEV1, surgical type, surgical approach, history
of hypertension, and smoking history were significantly
associated with PAL development.

Notably, we found that patients with PAL were more
likely to be male, older, and have much poorer PF (Table I).
For patients older and younger than 70 years, the incidences
of PAL were 15.94% (44/276) and 7.53% (93/1,235),
respectively. Patients who received minimally invasive surgery
(VAT'S or RAT'S) were less likely to develop PAL (103/1,332,
7.73% wvs. 34/179, 18.99%, P<0.001) compared with those
who underwent thoracotomy. Among the 1,511 patients,
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Characteristic Patients without PAL, No. (%) Patients with PAL, No. (%) P

Sex 0.001
Male 636 (46.3) 83 (60.6)

Female 738 (53.7) 54 (39.4)

Age (years), median [IQR] 61 [14] 64 [14] <0.001

BMI (kg/m®), median [IQR] 23.36 [4.03] 22.99 [4.25] 0.143

PS score 0.003
0 1,074 (78.2) 92 (67.2)

1-3 300 (21.8) 45 (32.8)

%FEV1, median [IQR] 0.93[0.22] 0.86 [0.24] <0.001
%FEV1 20.8 1,053 (76.6) 87 (63.5) <0.001
0.8> %FEV1 =0.5 304 (22.1) 44 (32.1)

%FEV1 <0.5 17 (1.2) 6 (4.4)

ASA score 0.744

1 60 (4.4) 4(2.9)
2 978 (71.2) 102 (74.5)
3 333 (24.2) 31 (22.6)

4 3(0.2) 0 (0)

Surgical type <0.001

Lobectomy/lobectomy + wedge resection 1,003 (73.0) 121 (88.3)
Segmentectomy 187 (13.6) 6 (4.4)
Wedge resection 168 (12.2) 2(1.5)

Bilobectomy 16 (1.2) 8 (5.8)

Surgical technology <0.001
Thoracotomy 145 (10.6) 34 (24.8)

VATS/RATS 1,229 (89.4) 103 (75.2)

Upper lobe surgery 0.594
Yes 790 (57.5) 82 (59.9)

No 584 (42.5) 55 (40.1)

Location of surgery 0.966
Left 549 (40.0) 55 (40.1)

Right 825 (60.0) 82 (59.9)

Operation time (min), median [IQR] 140 [69] 165 [60] <0.001

Blood loss (mL), median [IQR] 100 [150] 200 [200] <0.001

Diabetes 0.717
Yes 144 (10.5) 13 (9.5)

No 1,230 (89.5) 124 (90.5)

Table 1 (continued)
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Characteristic Patients without PAL, No. (%) Patients with PAL, No. (%) P

Hypertension 0.047
Yes 434 (31.6) 32 (23.4)
No 940 (68.4) 105 (76.6)

Disease of respiratory system 0.537
Yes 29 (2.1) 4(2.9)
No 1,345 (97.9) 133 (97.1)

Cardiovascular disease 0.282
Yes 79 (5.7) 11 (8.0)
No 1,295 (94.3) 126 (92.0)

Smoking <0.001
Yes 378 (27.5) 63 (46.0)
No 996 (72.5) 74 (54.0)

History of thoracic surgery 0.182
Yes 50 (3.6) 2(1.5)
No 1,324 (96.6) 135 (98.5)

ASA score, American Society of Anesthesiologists score; BMI, body mass index; %FEV1, percent forced expiratory volume in 1 second;
IQR, interquartile range; PAL, prolonged air leak; PS, performance status; RATS, robot-assisted thoracic surgery; VATS, video-assisted

thoracic surgery.

24 received bilobectomy, and 8 of those patients developed
PAL. Lobectomy, which was the main surgical type, carried a
higher risk of PAL (121/1,124, 10.77%) than segmentectomy
(6/193, 3.11%) or wedge resection (2/170, 1.18%). Patients
with PAL tended to have a longer operation time and larger
amount of surgical blood loss. Compared with non-smokers,
patients with a smoking history had a significantly higher risk
of PAL (63/441, 14.29% vs. 74/1,070, 6.92%, P<0.001).

Nomogram development and validation

Multivariable logistic regression [reported as odds
ratios (ORs) and 95% confidence intervals] revealed
that age [1.02 (1.01-1.05)], surgical approach [VATS/
RATS ws. thoracotomy, 0.61 (0.38-0.97)], surgical type
[segmentectomy vs. lobectomy = wedge resection, 0.35
(0.15-0.82); wedge resection vs. lobectomy = wedge
resection, 0.12 (0.03-0.50); bilobectomy vs. lobectomy +
wedge resection, 3.04 (1.22-7.57)], and smoking history
[1.54 (1.05-2.27)] were independently associated with the
presence of PAL (7able 3).

We created a nomogram to calculate the probability of
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PAL using the coefficients of the model (Figure I). This
nomogram makes it convenient to predict the probability
of PAL. Data are collected for patients who will undergo
pulmonary resection, and the position of each variable on
the corresponding axis is identified. By drawing lines to the
points axis, the points for each variable can be summed to
form a total score. The total score axis is used to estimate
the probability of PAL for a given patient. For example,
a 75-year-old patient with normal %FEV1 and a 20-year
history of smoking who will undergo VAT'S lobectomy has a
total score of 13.5 points. The estimated probability of PAL
for this patient is slightly less than 20%.

The predictive model and nomogram demonstrated
relatively good accuracy in estimating the risk of PAL, with
a C-index of 0.70 for development data set and 0.77 for
validation data set. The calibration plot for both data sets
indicated a closed agreement between predicted and actual
risk of PAL (Figure 2). Hosmer-Lemeshow goodness-of-fit
tests were insignificant for model development and validation
data set, which also indicated good calibration (Tible 4).

"The optimal cutoff value of the total nomogram scores was
12 point, corresponding to the estimated probability of PAL
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Variable OR (95% Cl) P
Sex, male vs. female 1.78 (1.25-2.55) 0.002
Age (years) 1.04 (1.02-1.06) <0.001
BMI (kg/m?) 0.96 (0.90-1.02) 0.150
PS score, =1 vs. 0 1.75 (1.20-2.56) 0.004
%FEVA1 0.10 (0.04-0.25) <0.001
0.8> %FEV1 =0.5 vs. %FEV1 =0.8 1.75 (1.19-2.57) 0.004
%FEV1 <0.5 vs. %FEV1 >0.8 4.27 (1.64-11.11) 0.003
ASA score
2 points vs. 1 point 1.56 (0.56-4.39) 0.396
3 points vs. 1 point 1.40 (0.48-4.10) 0.543
Surgical type
Segmentectomy vs. lobectomy/lobectomy + wedge resection 0.27 (0.12-0.61) 0.002
Wedge resection vs. lobectomy/lobectomy + wedge resection 0.10 (0.02-0.40) 0.001
Bilobectomy vs. lobectomy/lobectomy + wedge resection 4.15 (1.74-9.89) 0.001
Surgical approach, VATS/RATS vs. thoracotomy 0.36 (0.23-0.55) <0.001
Upper lobe surgery, yes vs. no 1.10 (0.77-1.58) 0.594
Location of surgery, right vs. left 0.99 (0.69-1.42) 0.966
Diabetes, yes vs. no 0.90 (0.49-1.63) 0.717
Hypertension, yes vs. no 0.66 (0.44-1.00) 0.048
Disease of respiratory system, yes vs. no 1.40 (0.48-4.03) 0.538
Cardiovascular disease, yes vs. no 1.43 (0.74-2.76) 0.285
Smoking status, past or current smoker vs. never smoker 2.24 (1.57-3.20) <0.001
History of thoracic surgery, yes vs. no 0.39 (0.09-1.63) 0.198

ASA score, American Society of Anesthesiologists score; BMI, body mass index; Cl, confidence interval; %FEV1, percent forced
expiratory volume in 1 second; OR, odds ratio; PAL, prolonged air leak; PS, performance status; RATS, robot-assisted thoracic surgery;

VATS, video-assisted thoracic surgery.

about 10%. The sensitivity and specificity were 56% and 68%
respectively. Furthermore, the observed PAL rates of different
categories matched closely with the estimated rates according
to the nomogram in the validation cohort (Zable 5).

Discussion

PAL is one of the most common complications of pulmonary
surgeries and significantly affects postoperative clinical
recovery. Patients with PAL are more likely to require
longer chest tube drainage, which could cause pain and
discomfort and increases the risk of other complications like
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postoperative infection (1,6,7). The current definition of
PAL is arbitrary, this term has been used to report different
lengths of leakage, varying from 5 to 10 days (1). The
reported incidence of PAL varies from 5% to 25% (3-5,12),
making it difficult to compare the results of previous studies.
The most popular definitions of PAL are air leakage greater
than either 5 or 7 days after surgery (4,5,7). Consistent with
the Society of Thoracic Surgeons General Thoracic Surgery
Database definition (15), we used the definition of >5 days in
the present study. The implementation of fast-track recovery
strategies mean that most patients who undergo pulmonary
surgery are discharged within 5 days, some even within 2 or
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Table 3 Multivariable logistic regression of PAL presence
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Factor Coefficient SE OR P
Age 0.02 0.01 1.02 0.015
%FEVA1

>0.8 Ref

0.8> %FEV1 =0.5 0.18 0.26 1.20 0.393

<0.5 1.04 1.45 2.82 0.043
Surgical approach

Thoracotomy Ref

VATS/RATS -0.50 0.14 0.61 0.036
Smoking

Never smoker Ref

Past or current smoker 0.43 0.30 1.54 0.029
Surgical type

Lobectomy/lobectomy + wedge resection Ref

Segmentectomy -1.05 0.15 0.35 0.015

Wedge resection -2.11 0.09 0.12 0.003

Bilobectomy 1.1 1.42 3.04 0.017
Constant -3.46 0.02 0.03 <0.001

%FEV1, percent forced expiratory volume in 1 second; OR, odds ratio; PAL, prolonged air leak; RATS, robot-assisted thoracic surgery; SE,

standard error; VATS, video-assisted thoracic surgery.

3 days. The reported incidence of PAL with this definition
is 5% to 10% (1,6,12), which is also consistent with our
observation (137/1,374, 9.07%).

In recent decades, thoracic surgeons have made efforts
to prevent PAL after surgery. There have been some
improvements and innovation in surgical techniques
including pleural repair, pleurodesis, spraying biological
glue, strict postoperative chest tube management, and using
staples with absorbable gaskets. These strategies certainly
help reduce PAL incidence, however, there are still some
controversies and limitations including inapplicability to
all patients and increasing costs (18,19). Thus, it is of great
importance to specifically implement these approaches when
treating patients who are at high risk for developing PAL.
Multiple studies have attempted to identify risk factors for
PAL after pulmonary surgery. Sex (2,11), PF (2,10,14,20),
medical history (especially respiratory diseases) (9), pleural
adhesion, upper lobectomy (21) and less developed fissure
(22,23) were reportedly associated with PAL. Also, surgeon’s
experience, fissureless technique use, magnitude of the
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remaining air leak, and drainage management can all affect air
leak duration following pulmonary resection (11,20,23-25).
We further demonstrated that older male patients with
poor PF (especially those with %FEV1 less than 0.5) were
at greater risk of PAL. Smoking history also significantly
increases the incidence of PAL and is an independent risk
factor. Interestingly, we found that patients who underwent
minimal invasive thoracic surgery (VATS or RATS) were
less likely to develop PAL compared with thoracotomy. This
may be due to the much more invasive nature and inferior
surgical field of open surgeries. Serious tissue injuries caused
by open approach may prolong the wound healing, therefore,
increase the risk of PAL. In our institution, most of the
pulmonary surgeries were performed under minimal invasive
approach, and there is no absolute contraindication for
minimally invasive surgery. However, open approach might
be considered in some circumstances: tumor larger than Scem;
central lung cancer; suspected adhesion of hilar lymph nodes;
invasion of great vessel. Indeed, these aspects may be relevant
to the risk of PAL. Besides, other factors including surgeons’
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Nomogram for prediction of PAL risk

% FEV1 L )
>80% >50% and <80% <50%

1 1

Surgical type ¢ I

wedge resection segmentectomy  lobectomy/lobectomy + wedge resection bilobectomy
Surgical approach
VATS/RATS thoracotomy
Smoking status — 1
no yes
Age L L 1 1 1 1 1 L L 1
12 20 27 35 43 51 66 74 82 90
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Total score

Figure 1 Nomogram for preoperative prediction of PAL risk after pulmonary malignancy resection. Different values of each variable

correspond to different positions in the nomogram. Draw a line from the position of each variable to the points axis for acquiring points of

this variable. Points of different variables are calculated and summed to yield a total score that can be converted into predicted probability of

PAL based on the total score axis of the nomogram. %FEV1, percent forced expiratory volume in 1 second; PAL, prolonged air leak; RATS,

robot-assisted thoracic surgery; VAT, video-assisted thoracic surgery.

0.5

0.4 1

0.3 1

0.24

Actual probability of PAL

0.1

0.0 1
0.0 0.1 0.2 0.3 0.4 0.5
Predicted probability of PAL

Figure 2 Calibration plot. Calibration plot of observed probability
of PAL with 95% confidence interval (y-axis) vs. predicted
probability (x-axis), in both development data set and validation
data set. PAL, prolonged air leak.

experience, patients’ preference and financial situation could
also influence surgical approach in several cases.
Multivariable analyses demonstrated that age, surgical

© Translational Lung Cancer Research. All rights reserved.

approach, surgical type, smoking history and %FEV1
were independent risk factors for PAL. There are several
plausible mechanisms to explain these relationships. It is
well known that smoking history and %FEV1 are closely
associated with PF (26). Importantly, poor PF indicates
increased airway resistance, decreased lung compliance,
and emphysema, all of which directly affect lung healing
(22,26-28). Likewise, age is a key factor affecting general
physical condition, which is important for postoperative
recovery, and other groups have reported older age as a
risk factor for PAL (5,13,18). Besides, as mentioned above,
different surgical approaches or types might cause various
degrees of injury, resulting in different incidences of PAL.
Physiologically speaking, less lung tissue resected during
segmentectomy and wedge resection results in lower level
of pleural pressure, which may lead to lower risk of PAL (29).

We developed a predictive model and nomogram
to assess the risk factors of PAL for individual patients.
Importantly, visualization of data with our nomogram
makes evaluation convenient and it could easily be
integrated into clinical practice (30). There were several
previously published predictive models with different
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Table 4 Performance measures for definitive model

Jin et al. Nomogram for predicting prolonged air leak

Aspect Measure Development data set Validation data set
Discrimination C-index 0.70 0.77
Goodness-of-fit test Hosmer-Lemeshow, P 0.79 0.51

Table 5 PAL risk categories in validation cohort

Number of patients in

Estimated PAL risk validation cohort (n) PAL incidence (n) Frequency of PAL (%)
0-5% 180 3 1.7
5-10% 171 11 6.4
10-20% 138 20 14.5
>20% 11 5 45.5

PAL, prolonged air leak.

definitions of PAL (5,8,10-12,31). For instance, the work
of Attaar et a/. used the same definition of PAL (air leak
more than 5 days after surgery) (8). This retrospective
study included 2,317 patients underwent pulmonary
resection from January 2009 to Jun 2014. In their model,
surgical type, %FEV1, BMI, smoking history, right-side
thoracotomy, preoperative hospitalization, wedge resection
by thoracotomy, reoperation and PS score were included. In
order to investigate the predictive ability of this previously
published predictive model, we employed this model in
our cohort and calculated the score and the corresponding
risk of PAL for each patient. When using the clinically
relevant threshold score of 29 points (corresponding to the
estimated probability of 10% according to their model),
the sensitivity and specificity were 4.4% and 99% in our
cohort. An optimal threshold score of 19 points represented
the best combination of sensitivity and specificity (56% and
71%) in our cohort. Of note, the corresponding probability
of PAL was about 3% according to the nomogram, which
was not clinically relevant. Therefore, this predictive model
was disappointing in our study cohort. Given that, the
existing models were developed based on data from Europe
and the United States (5,8-12,14,31), and their inadequate
predictive performances in our cohort, these models
may be less relevant to Asian subjects. Furthermore, our
model was developed based on data from patients treated
at our institution who underwent pulmonary malignancy
resection [wedge resection, segmentectomy, lobectomy, and
bilobectomy by either a thoracotomy or minimal invasive

(VATS/RATYS) surgical approach], compared to previously

© Translational Lung Cancer Research. All rights reserved.

published models that focused on specific populations. Two
studies excluded wedge resection (5,10), and one study
excluded thoracotomy (12). Others only included specific
surgical types, such as lobectomy (5,9,14).

Generalization of our model may be limited by the
study population size, and the predictive model requires
external validation in a multicenter setting. This nomogram
is relatively complex, and therefore not well applicable
when facing intraoperative change of surgical plan. In
addition, this was a retrospective study that may have some
unobserved and/or uncontrolled confounding factors.
Regardless of these limitations, this preoperative predictive
model has the potential to enhance the surgical team’s ability
to identify patients at risk of PAL. Interventions aimed
at reducing pulmonary air leaks could be implemented in
advance, and potential harm from overtreatment of low-
risk patients could be minimized. For example, in our
institution, biological glue is usually applied to lower the
PAL risk for patients with estimated probability of PAL
more than 10%, although the effectiveness is still under
discussion. Placing chest tube on water seal and stricter
indication of chest tube removal are also recommended for
patients with higher risk of PAL (32,33). Meanwhile, this
model may also help to improve preoperative counseling by
informing high risk patients with possibly longer hospital
stay and more strict chest tube management.

In conclusion, we developed a clinical nomogram model
to preoperatively predict PAL. Using our predictive model
and the derived nomogram, the individual risk of PAL can
be estimated, and preventive measures can be applied to
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high-risk patients.
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