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Grading of Emphysema Is Indispensable for
Predicting Prolonged Air Leak After Lung
Lobectomy

Junichi Murakami, MD, PhD, Kazuhiro Ueda, MD, PhD, Toshiki Tanaka, MD, PhD,
Taiga Kobayashi, MD, PhD, and Kimikazu Hamano, MD, PhD
Department of Surgery and Clinical Science, Division of Chest Surgery, and Department of Radiopathology and Science, Division of
Radiology, Yamaguchi University Graduate School of Medicine, Yamaguchi, Japan
Background. The aim of this study was to assess the
utility of quantitative computed tomography–based
grading of emphysema for predicting prolonged air leak
after thoracoscopic lobectomy.

Methods. A consecutive series of 284 patients under-
going thoracoscopic lobectomy for lung cancer was
retrospectively reviewed. Prolonged air leak was defined
as air leaks lasting 7 days or longer. The grade of
emphysema (emphysema index) was defined by the
proportion of the emphysematous lung volume (less
than L910 HU) to the total lung volume (L600 to L1,024
HU) by a computer-assisted histogram analysis of whole-
lung computed tomography scans.

Results. The mean length of chest tube drainage was
1.5 days. Fifteen patients (5.3%) presented with prolonged
air leak. According to a receiver-operating characteristics
curve analysis, the emphysema index was the best pre-
dictor of prolonged air leak, with an area under the curve
of 0.85 (95% confidence interval: 0.73 to 0.98). An
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emphysema index of 35% or greater was the best cutoff
value for predicting prolonged air leak, with a negative
predictive value of 0.99. The emphysema index was the
only significant predictor for the length of postoperative
chest tube drainage among conventional variables,
including the pulmonary function and resected lobe, in
both univariate and multivariate analyses. Prolonged air
leak resulted in an increased duration of hospitalization
(p < 0.001) and was frequently accompanied by pneu-
monia or empyema (p < 0.001).
Conclusions. The grade of emphysema on computed

tomography scan is the best predictor of prolonged air
leak that adversely influences early postoperative out-
comes. We must take new measures against prolonged air
leak in quantitative computed tomography–based high-
risk patients.

(Ann Thorac Surg 2018;105:1031–7)
� 2018 by The Society of Thoracic Surgeons
ostoperative air leak is the most frequent adverse
Pevent observed after major lung resection for cancer
[1]. In particular, prolonged air leak leads to longer
postoperative hospitalization [2], thereby increasing the
hospital costs [2]. Prolonged air leak also can be accom-
panied by major cardiopulmonary complications such as
empyema, pneumonia, atelectasis, and arrhythmias [3, 4].
Recent studies have suggested that patients who had
major postoperative complications are at an increased
risk of postoperative cancer recurrence [5].

To minimize these adverse effects, we have attempted
to stop air leaks thoroughly during surgery using bio-
absorbable mesh in combination with fibrin sealant [6, 7].
This approach resulted in a reduction in the duration of
chest tube drainage, the length of hospitalization, and the
rate of postoperative pulmonary complications [7]. Chest
tubes were able to be removed on the day after operation
in 90% of patients who underwent major lung resection
for cancer. Furthermore, this method enabled the omis-
sion of postoperative chest tube placement in select pa-
tients undergoing major lung resection without
significant adverse events [8]. However, despite these
excellent outcomes, prolonged air leak lasting more than
7 days still occurs in a sizeable proportion of our patients.
To take further measures against prolonged air leak, we

must identify patients at high risk of prolonged air leak.
We previously reported that grading of pulmonary
emphysema by quantitative computed tomography (CT)
is useful for predicting the length of postoperative air leak
in a small series (n ¼ 62) of patients in whom air leak was
controlled without bioabsorbable mesh [9]. However, we
were unable to define the risk criteria of prolonged air
leak precisely owing to the small sample size. In addition,
whether the CT-based grading of emphysema was useful
in a recent series managed with a newer strategy against
air leak remains controversial.
The aim of this study was to reevaluate the role of

quantitative CT on predicting the length of postoperative
air leak and to propose risk criteria of prolonged air leak
after lobectomy for cancer.
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Abbreviations and Acronyms

AUC = area under the curve
CI = confidence interval
CT = computed tomography
FEV1 = forced expiratory volume in 1

second
FVC = forced vital capacity
OR = odds ratio
PGA = polyglycolic acid
ROC = receiver-operating characteristics
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Patients and Methods

Patients
This study was approved by the Institutional Review
Board of Yamaguchi University Graduate School of
Medicine. We retrospectively reviewed our prospective
database of 354 patients who underwent pulmonary
resection between January 2009 and December 2015. The
patients who underwent thoracotomy, lung resection of
two lobes or more, or wedge resection were excluded. We
excluded patients who underwent open thoracotomy
because open thoracotomy is generally chosen in
extended resection or surgery after induction treatment.
The 284 patients who underwent thoracoscopic lobec-
tomy for primary lung cancer were therefore enrolled.
This study did not include patients who had been
enrolled in our previous study for predicting the length of
postoperative air leak [9]. We preoperatively obtained the
patient data of age, sex, height, smoking habit, spiro-
metric variables, number of resected subsegments,
resected site, and resected lobe; and we postoperatively
recorded the occurrence of postoperative complications
of grade 2 or above under the Clavien-Dindo classifica-
tion system [10]. Prolonged air leak was defined if a pa-
tient had a chest tube placed on day 7 or later owing to
postoperative air leak [1]. The smoking data included the
pack-years smoked (smoking index; average number of
packages of cigarettes smoked per day multiplied by the
number of years the person smoked). The patient char-
acteristics are shown in Table 1.

Pulmonary Function Tests
Preoperative spirometric variables were obtained within
1 month preoperatively and included forced vital capacity
(FVC) and forced expiratory volume in 1 second (FEV1).
The percent predicted FVC and percent predicted FEV1

are expressed as the percentage of the predicted value for
age, sex, and height.

CT Scanning and Image Interpretation and Data
Analyses
Helical CT scans were obtained using 64-detector row
(Somatom Definition or Sensation 64; Siemens, Erlangen,
Germany) CT scanners. With the patient in the supine
position, we obtained 1-mm high-resolution CT images of
the entire lungs during a deep inspiratory breath hold.
We used a 512 � 512 matrix, 2-mm collimation, and a scan
time of 1.0 seconds, at 120 to 130 kVp and 220 to 230 mA.
Three-dimensional volume rendering lung images were
created using a commercially available imaging software
program (AZE; Virtual Place Raijin, Tokyo, Japan).
Threshold limits of �600 to �1,024 HU were applied to
segment the entire lungs and exclude soft tissues sur-
rounding the lungs as well as large vessels, atelectasis,
fibrosis, and tumors within the lung. The volume of a
lung that is segmented by certain threshold limits can be
readily obtained using the imaging software program. We
defined the emphysema index as the proportion of the
emphysematous lung volume (less than �910 HU) to the
total lung volume (�600 to �1,024 HU).

Operative Management
The operation was basically performed through three port
sites (1 cm to 3 cm) without rib spreading under general
anesthesia with single-lung ventilation using a double-
lumen endotracheal tube. We used an endoscopic stapler
(Ethicon, Cincinnati, OH; or Covidien, Minneapolis, MN)
without reinforcement to divide the fused fissures and
excise the pulmonary artery, vein, or bronchus.

Water-Seal Test and Pneumostasis
After anatomic lung resection, a water-seal test was done
with warm sterile saline under thoracoscopy. If air leaks
from alveolar fistula were detected, we performed
pneumostasis with thin type (0.15 mm) polyglycolic acid
(PGA) mesh (Neoveil; Gunze, Osaka, Japan) and fibrin
glue (Beriplast; CSL Behring, Tokyo, Japan) as previously
described [6, 7]. The fibrin glue in this study is composed
of solution A and solution B. Solution A contains 80 mg/
mL human fibrinogen, 60 IU/mL human plasma coagu-
lation factor XIII, and 1,000 Kallikrein-Inhibitor-Einheit/
mL bovine aprotinin. Solution B contains 300 IU/mL
human thrombin and 5.88 mg/mL calcium chloride. So-
lution A was sprayed over the dissected lung parenchyma
or stapled line. Solution B was then sprayed over the
surface to create primary sealing. A piece of PGA mesh,
2.5 � 2.5 cm in size and soaked in solution A, was placed
over the primary sealing site and adhered to it by
spraying solution B onto the mesh.

Postoperative Chest Tube Management
A 20F chest tube was placed in the hemithorax under
continuous suction at �5 cm H2O before closure of the
chest wall using the Mera Sucuum device (Mera, Tokyo,
Japan). Chest tubes were removed in the operating room
if no air leaks were detected just after tracheal extubation
[8]. Otherwise, the chest tubes were removed the day
after the air leaks disappeared, regardless of the amount
of pleural drainage. Patients were sent home after the
removal of chest tubes.

Statistical Analyses
The unpaired Student’s t test was used to test relation-
ships between discrete and continuous variables. The c2

test was used to compare discrete variables. The cumu-
lative percentage of patients who were free from chest
tubes was calculated by the Kaplan-Meier method, and



Table 1. Characteristic Variables According to Presence or Absence of Prolonged Air Leaks

Variables Total

Prolonged Air Leak

p ValueYes No

Number (%) 284 15 (5) 269 (95)
Age, years 70.7 � 9.9 71.7 � 9.2 70.6 � 10.0 0.69
Sex, male/female 165/119 12/3 153/116 0.08
Height, m 1.55 � 0.08 1.57 � 0.06 1.55 � 0.09 0.21
ECOG-PS 0/1/2/3 236/37/8/2 13/2/0/0 223/35/8/2 0.90
FHJ grading 1/2/unknown 246/27/11 14/1/0 232/26/11 0.65
Smoking history, no/yes 102/182 4/11 98/172 0.44
Pack-years smoked 43.9 � 34.5 31.2 � 25.8 44.8 � 34.9 0.15
FVC, % predicted 107.4 � 18.2 114.3 � 18.0 107 � 18.2 0.13
FEV1, % predicted 86.2 � 17.8 82.0 � 19.3 87.9 � 17.6 0.23
FEV1/FVC, % 71.2 � 11.0 63.3 � 13.1 71.6 � 10.7 0.004
Emphysema index, % 22.2 � 15.4 44.0 � 16.6 20.9 � 14.3 <0.001
Resected subsegments 8.5 � 2.7 8.3 � 2.6 8.5 � 2.7 0.77

Resected side, right/left 191/93 11/4 180/89 0.61
Resected site, upper/lower 181/103 10/5 171/98 0.81

Operative time, minutes 184 � 58 208 � 64 183 � 57 0.09
Intraoperative blood loss, g 87 � 148 95 � 88 87 � 151 0.83

Values are n or mean � SD unless otherwise indicated.

ECOG-PS ¼ European Cancer Organization Group performance status; FEV1 ¼ forced expiratory volume in 1 second;
FHJ ¼ Fletcher-Hugh-Jones; FVC ¼ forced vital capacity.
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significant differences between the groups were deter-
mined by the log rank test. A receiver-operating charac-
teristics (ROC) curve was constructed to determine the
diagnostic performances among the preoperative pa-
rameters by calculating the area under the receiver-
operating characteristic curve (AUC). Univariate and
multivariate logistic regression analyses were used to
determine the relationship between various clinical fac-
tors and the occurrence of prolonged air leaks. Using
multivariate regression, independent predictors of pro-
longed air leaks were determined using all variables with
p value less than 0.1 as input. The univariate and multi-
variate Cox proportional hazards analysis were used to
determine the relationship between various clinical fac-
tors and the length of drainage. Using multivariate
regression, independent predictors for the length of
drainage were determined using all variables with p value
less than 0.1 as input. All p values less than 0.05 were
considered to indicate statistical significance. The statis-
tical analyses were performed using the Stata 12 software
program (StataCorp, College Station, TX).
Table 2. Proportion of Patients With Air Leaks

Timing

Air Leak

Present Absent

Intraoperative 119 (70) 85 (30)
Day after operation 54 (19) 230 (81)
Seven days after operation 15 (5.3) 269 (94.7)

Values are n (%).
Results

Table 2 shows the proportion of patients with air leak
during operation, on the day after operation, and on
postoperative day 7. The chest tube was still in place on
postoperative day 7 or later in 5.3% of the patients (n ¼
15). Two patients required reoperation to control air leak
because conservative treatment with a sealant was un-
successful: the air leak sites were stitched, followed by
covering with the PGA mesh in both cases. Three patients
required chest tube reinsertion for lung collapsing after
initial chest tube removal: air leak lasted until post-
operative day 7 or later in these 3 patients. Table 1 shows
characteristic variables of patients who were complicated
by prolonged air leak and of patients who were not. Pa-
tients who were complicated by prolonged air leak had a
significantly lower FEV1/FVC and higher emphysema
index than patients who were not.
Figure 1 shows the correlation among FEV1/FVC,

emphysema index, and the occurrence of prolonged air
leak. Table 3 shows the AUC for evaluating the role of
various factors in predicting prolonged air leaks. The
AUC was the highest for the emphysema index, followed
by FEV1/FVC, FVC, predicted postoperative FEV1, and
FEV1. Although the emphysema index and FEV1/FVC
were the only variables with potential diagnostic value for
predicting prolonged air leak (AUC greater than 0.7), the
diagnostic value for the emphysema index was signifi-
cantly superior to that of FEV1/FVC (p ¼ 0.03). Figure 2
shows the ROC curves for the emphysema index and
FEV1/FVC in diagnosing the risk of prolonged air leak.
The statistically best cutoff value for the emphysema

index and FEV1/FVC was 35% and 75%, respectively. The



Fig 1. Correlation among forced expiratory volume in 1 second/forced
vital capacity (FEV1/FVC), emphysema index, and occurrence of
prolonged air leak. Note that prolonged air leak (closed circle)
developed predominantly in patients with high emphysema index,
rather than in patients with low FEV1/FVC. No significant relation
was found between FEV1/FVC and emphysema index (Y ¼ 71.9 �
0.04 X, R ¼ 0.031, p ¼ 0.61).

Fig 2. Receiver-operating characteristics curve for emphysema index
(solid line) and forced expiratory volume in 1 second/forced vital
capacity (FEV1/FVC) index (dotted line) in predicting risk of pro-
longed air leak. Cutoff points are indicated on each curve by open
circle. (AUC ¼ area under the curve.)
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sensitivity, specificity, and negative predictive value for
diagnosing prolonged air leak by emphysema index were
86.7%, 79.9%, and 99.0%, respectively. According to a
univariate logistic regression analysis for predicting pro-
longed air leak, the emphysema index (odds ratio [OR]
for emphysema index 35% or greater: 24.72, 95% confi-
dence interval [CI]: 5.42 to 112.76, p < 0.001) and FEV1/
FVC (OR for FEV1/FVC 75% or less: 9.25, 95% CI: 1.20 to
71.36, p ¼ 0.033) were the only significant variables.
Likewise, the emphysema index (OR for emphysema in-
dex 35% or greater: 27.25, 95% CI: 5.42 to 136.89, p < 0.001)
and FEV1/FVC (OR for FEV1/FVC 75% or less: 8.43, 95%
CI: 1.02 to 69.84, p ¼ 0.048) were the only significant
variables according to a multivariate logistic regression
analysis. Figure 3 shows the cumulative percentage of
patients who were free from chest tube, according to
patients with emphysema index of 35% or greater or less
than 35% (Fig 3A), as well as according to patients with
FEV1/FVC of 75% or greater or less than 75% (Fig 3B). The
Table 3. Area Under the Curve for Evaluating Role of
Variables in Predicting Prolonged Air Leaks

Variables AUC 95% CI

Emphysema index, % 0.85a 0.73–0.98
FEV1/FVC, % 0.70 0.56–0.84
FVC, % of predicted 0.60 0.45–0.74
FEV1, % of predicted 0.58 0.42–0.73

a p ¼ 0.03 versus forced expiratory volume in 1 second/forced vital
capacity (FEV1/FVC).

AUC ¼ area under the curve; CI ¼ confidence interval.
log rank test revealed that the emphysema index, but not
FEV1/FVC, was useful for predicting the length of chest
tube drainage.
Table 4 shows the results of univariate and multivariate

Cox proportional hazards analyses for predicting the
length of chest tube drainage. According to the univariate
analysis, being male and having an emphysema index of
35% or greater were significant factors associated with
longer chest tube drainage. According to the multivariate
analysis, the emphysema index was the only significant
factor associated with longer drainage (Table 4), which is
in accordance with the results of the log rank test. The
occurrence rate of postoperative complications according
to presence or absence of prolonged air leak are shown in
Table 5. Postoperative complications, particularly empy-
ema or pneumonia, developed predominantly in patients
with prolonged air leak (Table 5). The length of the
postoperative stay was longer in patients with prolonged
air leak (24.1 � 9.3 days) than in patients without it
(9.3 � 3.7 days; p < 0.001). There were no inhospital
deaths.
Comment

With improvements in technology, we are now able to seal
air leaks intraoperatively in a majority of patients under-
going lobectomy for cancer, helping to reduce the mean
length of postoperative chest tube drainage to 1.5 days.
Chest tubes were not placed postoperatively in 36% of
patients without notable adverse events. However, we still
encountered prolonged air leak in 5.3% of current patients,
comparable to the rate established in our previous series of
patients who had not been treated with bioabsorbable
mesh (6.4%; 4 of 62 patients). As expected, the current



Fig 3. Cumulative percentage of patients who were free from chest tubes, (A) according to patients with emphysema index of 35% or greater (solid
line) or less than 35% (dotted line); and (B) according to patients with forced expiratory volume in 1 second/forced vital capacity (FEV1/FVC) of
greater than 75% (dotted line) or less than 75% (solid line).
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patients with prolonged air leak had a higher emphysema
index and lower FEV1/FVC than patients without air leak.
Fortunately, we were able to define the cutoff value
(emphysema index 35% or greater) for identifying patients
at high risk of prolonged air leak (sensitivity 86.7%, spec-
ificity 79.9%) by ROC analysis, as the present study
involved a larger number of patients than previous studies.
Considering that prolonged air leak likely accompanies
major postoperative complications, such as empyema and
pneumonia, establishing new measures for combating
intraoperative air leak in patients with an emphysema
index of 35% or greater is clinically invaluable.

Based on the current results, we are now performing a
new preventive measure for sealing intraoperative air leak
for patients with an emphysema index of 35% or more: the
site of air leakwas stitched using small pieces of PGAmesh
(0.3 mm thickness) as pledget, followed by placement of
thin-type PGAmesh over the stitched site. This combined
method was shown to be more reliable than covering with
PGA mesh without stitching in an ex vivo experimental
Table 4. Results of Univariate and Multivariate Analyses of Clini

Variables Reference

Univari

HR 95% CI

Age �80 years 0.93 0.69–1.26
Sex Male 0.72 0.56–0.91
Smoker Yes 0.86 0.72–1.03
Resected side Right 1.07 0.83–1.37
Resected site Upper 1.01 0.79–1.29
FEV1/FVC �75% 0.87 0.68–1.11
Emphysema index �35% 0.56 0.41–0.74

CI ¼ confidence interval; FEV1 ¼ forced expiratory volume in 1 second;
study with porcine lung (data not published). Suturing the
air leak site with other reinforcement material such as
TachoSil (Takeda, Osaka, Japan), a collagen sponge coated
with the human coagulation factors fibrinogen and
thrombin, may be also helpful for patients with fragile
tissue like emphysematous lung [11]. Furthermore, su-
turing with a subcutaneous fat pad may be also useful
because the fat tissue can contribute to promoting wound
healing in the air leak site [12].
Of 284 total patients, we had 15 patients (5.3%) with

prolonged air leak. Although the rate of events is com-
parable to that in other studies [13, 14], the relatively
small number of events may have reduced the statistical
power. To resolve this issue, we also analyzed the pre-
dictors of the length of drainage. As a result, the
emphysema index was identified as a significant predic-
tor of the length of drainage according to a univariate
analysis and remained significant in a multivariate anal-
ysis. Therefore, we believe that the emphysema index is a
reliable predictor for prolonged air leak.
cal Factors for Predicting Length of Chest Tube Drainage

ate Multivariate

p Value HR 95% CI p Value

0.63
0.006 0.76 0.56–1.02 0.07
0.10 1.02 0.82–1.26 0.87
0.62
0.95
0.27

<0.001 0.58 0.43–0.78 <0.001

FVC ¼ forced vital capacity; HR ¼ hazard ratio.



Table 5. Postoperative Complications by Presence or Absence
of Prolonged Air Leak

Complications Total

Prolonged Air Leak

p ValueYes No

Empyema 8 6 2 <0.0001
Pneumonia 12 2 10 0.072
Atelectasis 2 0 2 0.74
IP acute exacerbation 3 0 3 0.68
ARDS 1 0 1 0.81
Heart failure 3 0 3 0.68
Atrial fibrillation 11 0 11 0.42
Patients with any

complications (%)
33 7 (46.7) 26 (9.7) <0.0001

ARDS ¼ acute respiratory distress syndrome; IP ¼ interstitial
pneumonia.
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The findings from the current study will have signifi-
cant clinical impact because the emphysema index was
apparently superior to the FEV1/FVC, FEV1, and pre-
dicted postoperative FEV1, which have been convention-
ally shown to be excellent predictors for prolonged air
leak in meta-analyses [14]. Although the FEV1/FVC was
significantly lower in our patients with prolonged air leak
than in patients without, the usefulness of FEV1/FVC for
diagnosing the risk of prolonged air leak is inconclusive
according to the ROC analysis. These results suggest that
the bioabsorbable mesh covering might help control air
leaks in a population of patients with impaired pulmo-
nary function but without severe emphysema. Regard-
less, we believe that the routine measurement of the
emphysema index will prove helpful in patients under-
going major lung resection.

Whole-lung CT is routinely performed before lung
cancer surgery at present. The emphysema index can be
calculated based on two measurements: the volume of the
Fig 4. Representative computed tomography images of (A) a patient affecte
difference in the lung structure between the 2 patients is unclear under visu
these patients. (FEV1/FVC ¼ forced expiratory volume in 1 second/forced v
total lung and the volume of the emphysematous lung;
these measurements can be almost automatically ob-
tained by a computer-based evaluation of whole-lung CT
scans in only a few minutes. Of note, the quantitative
assessment of the emphysema index is indispensable, as
it is often difficult to grade emphysema by a simple visual
assessment of CT findings, as shown in Figure 4. We
previously reported that utilizing whole-lung CT data is
helpful in the preoperative functional assessment and
also useful for diagnosing the treatment outcome in pa-
tients with lung cancer. For instance, a high emphysema
index was associated with postoperative hypoxemia [15].
In addition, the combined assessment of the emphysema
index and oxygen saturation contributed to the accurate
prediction of postoperative cardiopulmonary complica-
tions [16]. The measurement of the total lung volume on
whole-lung CT, in addition to a conventional routine
examination, was also helpful in identifying patients who
would have a functional benefit after lung lobectomy due
to the volume reduction effect [17]. Finally, the emphy-
sema index was useful for predicting the postoperative
long-term prognostic outcome of lung cancer [18, 19]; our
histopathologic evaluation suggested that pulmonary
emphysema modified the tumor microenvironment, so
lung cancers arising in emphysematous lungs possessed
more aggressive clinicopathologic features than those in
nonemphysematous environments [20].
The current study results were partially inconsistent

with those of our previous study, as upper lobectomy was
not a risk factor for prolonged air leak in the current study
[9]. We speculate that air leaks observed after upper
lobectomy are sometimes intractable because the lung
area, which causes air leaks, likely faces a dead space after
removal of the affected lobe. Covering the causal lung
area with bioabsorbable mesh may therefore help control
intractable air leaks after upper lobectomy.
We had postoperative empyema or pneumonia pre-

dominantly in patients with prolonged air leak. However,
d by prolonged air leak and (B) a patient not affected. Note that the
al assessment, although the emphysema index differs greatly between
ital capacity.)
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the current results may not suggest that usage of PGA
mesh and fibrin glue contribute to the development of
such complications, because patients with prolonged air
leak had significantly worse pulmonary function than
patients without prolonged air leak. In addition, accord-
ing to our previous comparative study on the surgical
outcome of patients who underwent pneumostasis with
or without PGA mesh, use of PGA mesh contributed to
the reduction in the rate of postoperative pulmonary
complications, as well as the length of postoperative air
leak. We did not have postoperative empyema in this
cohort (n ¼ 61) after pneumostasis with PGA mesh. We
believe that PGA mesh does not adversely influence
postoperative infectious complications due to the bio-
absorbable feature.

The length of hospital stay is generally longer in Japan
because the Japanese national health care system is quite
different from that in many other countries: patients do
not have an additional charge imposed for prolongation
of hospitalization; therefore, they prefer not to be dis-
charged from the hospital with a chest tube inserted.

There are some possible limitations in this study. First,
there may be concern for the reproducibility of the
outcome after pneumostasis with PGA mesh because this
was a retrospective study. Second, this study comprised a
limited number of patients, particularly patients with
poor pulmonary function, and that could compromise
accurate identification of the risk of prolonged air leak.
Finally, we measured the emphysema index for global
lungs: it may be ideal to measure emphysema index for
regional lung area, such as interlobar area between the
resected lobe and the remaining lobe, particularly in pa-
tients with heterogeneous pulmonary emphysema.

In conclusion, the emphysema index is the best pre-
dictor of prolonged air leak, which adversely affects early
postoperative outcomes after thoracoscopic lung lobec-
tomy. We must take measures against prolonged air leak
in such high-risk patients.
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