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ABSTRACT

Objective: Pleurodesis is among several treatment strategies for postoperative
alveolo-pleural fistula (APF) after lung resection. Accordingly, the present study
aimed to determine the influence of pleurodesis on postoperative pulmonary
function.

Methods: Patients who underwent anatomical segmentectomy between January
2009 and March 2020 and pulmonary function tests 6 and 12 months after initial
surgery were included in this study. Differences in pulmonary function decline be-
tween patients who did and did not undergo pleurodesis were compared.

Results: Among the 319 patients included, 39 (12.2%) underwent pleurodesis.
Among patients who did not receive pleurodesis, there were no difference in
decline of vital capacity at 6 months (�13.7% � 1.1% vs �11.2% � 0.7%;
P ¼ .063) and 12 months (�10.7% � 1.3% vs �9.5% � 0.7%; P ¼ .391) after sur-
gery between patients who had APF on postoperative day 2 and those who did not.
Patients who received pleurodesis had a significantly larger decline in vital capacity
at 6 months (�19.4% � 2.4% vs �13.7% � 1.1%; P ¼ .015) and 12 months
(�16.2% � 1.6% vs �10.7% � 1.3%; P ¼ .010) after surgery compared with
those who had APF on postoperative day 2 and did not receive pleurodesis.
There were no significant differences in decline of forced expiratory volume in
1 second.

Conclusions: Pleurodesis negatively influenced postoperative vital capacity after
lung segmentectomy. Although the clinical influence of this is unknown, careful
consideration is needed before performing pleurodesis given its potential influence
on postoperative pulmonary function. (JTCVS Open 2021;5:110-8)
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Patients with pleurodesis exhibiting a significantly
greater decline in vital capacity.
CENTRAL MESSAGE

Patients receiving pleurodesis
after lung segmentectomy had
significantly larger decline in vital
capacity than those who did not.
Postoperative pleurodesis
reduced postoperative pulmo-
nary function.
PERSPECTIVE
Patients who underwent postoperative pleurode-
sis had a significantly greater decline in vital ca-
pacity at 6 and 12 months after lung
segmentectomy than in those who did not. Care-
ful consideration is necessary before performing
pleurodesis given its potential influence on post-
operative pulmonary function.

See Commentary on page 119.
Video clip is available online.

Given the recent improvements in imaging modalities,
such as high-resolution computed tomography (CT) or
18-fluorodeoxyglucose positron emission tomography
(18-FDG-PET)/CT, early-stage lung cancer has been more
frequently detected.1 Although the standard procedure for
treating non–small–cell lung cancer is lobectomy according
to the results of a randomized trial,2 many studies since the
2000s have reported that segmentectomy can be safe and
provide oncologically acceptable results for small-size
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VIDEO 1. Digest of our study. Patients who underwent postoperative

pleurodesis had a significantly greater decline in vital capacity at 6 and

12 months after lung segmentectomy than those who did not undergo pleu-

rodesis. Although there were no significant differences, it appears that the

decline in the vital capacity was slightly greater in patients who underwent

pleurodesis and used talc. Careful consideration is necessary before

pleurodesis is performed, considering its influence on the postoperative

pulmonary function. Video available at: https://www.jtcvs.org/article/

S2666-2736(20)30199-6/fulltext.

Abbreviations and Acronyms
APF ¼ alveolo-pleural fistula
CT ¼ computed tomography
FEV1 ¼ forced expiratory volume in 1 second
IP ¼ interstitial pneumonia
POD ¼ postoperative day
VC ¼ vital capacity
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non–small–cell lung cancer.3-5 Therefore, segmentectomy
will be performed more frequently in the future.

Although a large randomized controlled trial showed no
difference in mortality and incidence of severe complica-
tion between lobectomy and segmentectomy, patients un-
dergoing segmentectomy more frequently experienced
postoperative alveolo-pleural fistula (APF) and chest tube
reinsertions than those undergoing lobectomy,6 suggesting
that opportunity for addressing APF may increase after pul-
monary surgery.

Pleurodesis is among several treatment strategies for pa-
tients with prolonged APF. Several reports have demon-
strated the usefulness of pleurodesis, generally performed
in clinical practice, in resolving prolonged APF.7,8 Howev-
er, no studies have investigated the influence of pleurodesis
on postoperative pulmonary function. Considering that the
advantage of segmentectomy over lobectomy is the preser-
vation of pulmonary function after surgery,9 understanding
the influence of pleurodesis after segmentectomy on post-
operative pulmonary function is important. Therefore, the
Inclusion:
January 2009- March 2020
Segmentectomy
� 498 patients

319 patients were analyzed

Pleurodesis (–), APF on POD 2 (–)
201 patients

Pleurodesis (–
79

Pulmonary fu
� 145 patien

Exclusion:
History of lun
Surgery for c
-pleurodesis 
                     
-pleurodesis 

FIGURE 1. Flow chart of patient inclusion. This study included patients who un

history of lung resection or thosewho underwent surgery for complications were

following 3 groups: those without alveolo-pleural fistula (APF), those with APF

changes in the pulmonary function were compared among the groups. BPF, Br
present study aimed to investigate whether there were dif-
ferences in pulmonary function 6 and 12 months after
lung segmentectomy and compared them between patients
who did and did not receive pleurodesis (Video 1).

METHODS
Patients

The Institutional Review Board of Hiroshima University Hospital

approved this retrospective study and waived the requirement for informed

consent from individual patients. Patients who underwent anatomical seg-

mentectomy at our institute between January 2009 and March 2020 and
), APF on POD 2 (+)
 patients

nction test after resection (–)
ts

g resection; 25 patients
omplication; 9 patients
(+); 5 patients; pulmonary fistula closure
      2 patients; open window thoracostomy for BPF
(–); 2 patients, pulmonary fistula closure

Pleurodesis (+)
39 patients

derwent segmentectomy from January 2009 toMarch 2020. Patients with a

excluded. In total, 319 patients were enrolled. Patients were divided into the

who did not undergo pleurodesis, and thosewho underwent pleurodesis; the

oncho-pleural fistula; POD, postoperative day.
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pulmonary function testing 6 and 12 months after the initial surgery were

included in this study. Patients who underwent reoperation for postopera-

tive complication, had a history of previous lung resection, and did not un-

dergo pulmonary function testing after surgery were excluded. A patient

selection flow chart is presented in Figure 1.

Preoperative and Postoperative Examination
Preoperative evaluations, including chest CT and pulmonary function

tests, were performed to determine treatment strategies. In cases of primary

lung cancer, whole-body FDG-PET/CT and brain magnetic resonance im-

aging were performed to determine the clinical stage and indications for

surgery. Preoperative pulmonary function tests measured vital capacity

(VC), forced expiratory volume in 1 second (FEV1), and diffusing capacity

for carbon monoxide. Postoperative follow-up procedures, including phys-

ical examination, chest CT scans, and pulmonary function test, were per-

formed every 6 months for 1 year. Patients with primary lung cancer

underwent physical examination and chest CT scans for 5 years. Patient

characteristics, presence or absence of pleurodesis, and postoperative pul-

monary function were retrospectively reviewed from patient records.

Surgical Procedures and Postoperative Management
Almost all included patients (298 out of 319 [93.4%]) underwent hybrid

video-assisted thoracic surgery,10 with 21 (6.6%) undergoing robot-

assisted thoracic surgery.11 The pulmonary artery and vein for the target

segment were identified and cut using autosutures or energy devices. The

central intersegmental plane was marked along the intersegmental vein.

The remaining intersegmental plane was identified from the inflate–
TABLE 1. Patient characteristics

Variable No pleurodesis, no APF (n ¼ 201) No ple

Age (y) (IQR) 68 (61-75)

Male sex 98 (48.8)

Disease

Primary lung cancer 179 (89.1)

Metastatic lung cancer 11 (5.5)

Others 11 (5.5)

Pulmonary function

VC (L) (IQR) 2.97 (2.42-3.67)

FEV1 (L) (IQR) 2.16 (1.78-2.57)

DLCO (%) (IQR) 80.8 (67.9-89.8)

Pulmonary comorbidities

Interstitial pneumonia 15 (7.5)

Emphysema 36 (17.9)

Approach

hVATS 190 (94.5)

RATS 11 (5.5)

Resected segments

1 136 (67.7)

1.5 5 (2.5)

2 48 (23.9)

3 11 (5.5)

4 1 (0.5)

Average 1.38

Procedure

Simple segmentectomy 81 (40.3)

Complex segmentectomy 120 (59.7)

Values are presented as median (interquartile range) or n (%). APF, Alveolo-pleural fistula

second; DLCO, diffusing capacity for carbon monoxide; hVATS, hybrid video assisted tho

ferences between no pleurodesis APF on POD 2 (n ¼ 79) and pleurodesis (n ¼ 39).
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deflate line created by the jet ventilation from the target bronchus. The

intersegmental plane was cut through electrocautery and enforced using fi-

bulin glue (Beriplast P Combi-Set Tissue adhesion, CSL Behring, Tokyo,

Japan) and polyglycolic acid sheets (Neoveil sheet, Gunze Medical Japan,

Osaka, Japan). A chest tube (19 Fr Blake Drain, Johnson & Johnson, New

Brunswick, NJ) was placed in the apex of the thoracic cavity before the

chest was closed. Segmentectomy was further categorized into simple or

complex according to the number of intersegmental planes.12 When no

APF was observed after surgery, chest tubes were removed on postopera-

tive day (POD) 1 or 2, regardless of the fluid volume. Pleurodesis was

considered a treatment option when APF persisted. Sterilized controlled

talc (Unitalc; Nobelpharma, Tokyo, Japan), a killed streptococcal prepara-

tion of OK-432 (Picibanil; Chugai Pharmaceutical, Tokyo, Japan), and

minocycline were mainly used for pleurodesis in our cohort. At our insti-

tution, we could not reach a consensus regarding the protocol for pleurod-

esis because the surgeons’ preferences were different. Some surgeons

performed pleurodesis early in anticipation of early alveolar pleural fistula

closure, whereas others were reluctant to perform pleurodesis owing to the

associated complications and the influence on pulmonary function. There-

fore, pleurodesis administration, timing, or materials used were left to the

discretion of the attending surgeon of each patient without strict rules.

Statistical Analysis
Patient characteristics anddecline inpulmonary functionwere analyzed in

all includedpatients. Tominimize the influenceof existingpostoperativeAPF

on pulmonary function, the included patients were divided into the following

3 groups: patients without APF, those with APF on POD 2 who did not
urodesis, APF on POD 2 (n ¼ 79) Pleurodesis (n ¼ 39) P value*

71 (64-75) 75 (69-79) .713

58 (67.1) 23 (59.0) .389

.202

73 (92.4) 33 (84.6)

3 (3.8) 5 (12.8)

3 (3.8) 1 (2.6)

3.08 (2.57-3.65) 2.92 (2.73-3.83) .843

2.30 (1.73-2.70) 2.22 (1.88-2.76) .598

75.8 (62.1-89.3) 79.5 (67.0-95.6) .340

11 (13.9) 3 (7.7) .309

30 (38.0) 7 (18.0) .023

.084

77 (97.5) 35 (89.7)

2 (2.5) 4 (10.3)

.867

36 (45.6) 17 (43.6)

7 (8.9) 2 (5.1)

31 (39.2) 17 (43.6)

3 (3.8) 1 (2.6)

2 (2.5) 2 (5.1)

1.59 1.67 .572

.851

33 (41.8) 17 (43.6)

46 (58.2) 22 (56.4)

; POD, postoperative day; VC, vital capacity; FEV1, forced expiratory volume in one

racic surgery; RATS, robot assisted thoracic surgery; IQR, interquartile range. *Dif-
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undergo pleurodesis, and thosewho underwent pleurodesis. POD2was set as

a cutoff linebecauseweusually remove the chest tube if therewasnoAPFand

there were patients who underwent pleurodesis on POD 2. Among patients

who underwent pleurodesis, pulmonary function was compared between pa-

tients who did and did not use talc. Continuous variables are presented asme-

dian and interquartile range, categorical variables are presented as n (%), and

postoperative changes in pulmonary function are presented as

mean � standard error. Categorical variables were compared using thec2

test, whereas continuous variables were analyzed using Student t tests. Re-

sected segments were calculated as the total number of resected segments,

with subsegments being considered half a segment. All statistical analyses

were conducted using JMP software version 14. (SAS Institute, Cary, NC).
TABLE 2. Surgical procedures of all included patients

Procedure No pleurodesis, no APF (n ¼ 201) No p

Procedure

Left

S1 þ 2 21 (10.4)

S1 þ 2ab 0 (0)

S1 þ 2 þ 3 21 (10.4)

S1 þ 2 þ 6 0 (0)

S3 8 (4.0)

S3 þ 4 þ 5 1 (0.5)

S4 þ 5 6 (3.0)

S6 26 (12.9)

S6 þ 8 0 (0)

S6 þ 10 0 (0)

S8 2 (1.0)

S8 þ 9 3 (1.5)

S8 þ 9 þ 10 6 (3.0)

S9 þ 10 2 (1.0)

S10 3 (1.5)

Right

S1 11 (5.5)

S1a þ 2 1 (0.5)

S1 þ 2 5 (2.5)

S1 þ 2 þ 6 0 (0)

S1 þ 3 0 (0)

S1bþ3 2 (1.0)

S2 13 (6.5)

S2 þ 3a 1 (0.5)

S2b þ 3a 0 (0)

S2 þ S6 0 (0)

S3 10 (5.0)

S6 27 (13.4)

S6 þ 7 1 (0.5)

S6 þ 8a 1 (0.5)

S6 þ 9 þ 10 2 (1.0)

S6 þ 10a 0 (0)

S7 3 (1.5)

S7 þ 8 þ 9 1 (0.5)

S7 þ 8 þ 9 þ 10 1 (0.5)

S8 5 (2.5)

S8 þ 9 4 (2.0)

S8 þ 9 þ 10 1 (0.5)

S9 3 (1.5)

S9 þ 10 6 (3.0)

S10 4 (2.0)

Values are presented as n (%). APF, Alveolo-pleural fistula. *Differences between no ple
RESULTS
A total of 319 patients were included in this study.

Among these, 201 (63.0%) had no APF, 79 (24.8%) had
APF on POD 2 and did not undergo pleurodesis, and 39
(12.2%) underwent pleurodesis (Figure 1). The characteris-
tics of the included patients are summarized in Table 1. The
causes of pleurodesis were APF (38 patients [97.4%]) and
chylothorax (1 patient [2.6%]). No significant differences
were observed in VC (P ¼ .843), FEV1 (P ¼ .598), and
diffusing capacity for carbon monoxide (P¼ .340) between
leurodesis, APF (n ¼ 79) Pleurodesis (n ¼ 39) P value*

.046

7 (8.9) 6 (15.4)

1 (1.2) 0 (0)

20 (25.3) 11 (28.2)

1 (1.2) 0 (0)

4 (5.1) 1 (2.6)

1 (1.2) 0 (0)

0 (0) 2 (5.1)

6 (7.6) 0 (0)

1 (1.2) 0 (0)

1 (1.2) 0 (0)

0 (0) 1 (2.6)

0 (0) 2 (5.1)

2 (2.5) 0 (0)

1 (1.2) 0 (0)

0 (0) 0 (0)

7 (8.9) 1 (2.6)

5 (6.3) 1 (2.6)

0 (0) 0 (0)

0 (0) 1 (2.6)

1 (1.2) 1 (2.6)

0 (0) 0 (0)

4 (5.1) 2 (5.1)

2 (2.5) 0 (0)

0 (0) 1 (2.6)

1 (1.2) 0 (0)

1 (1.2) 3 (7.7)

4 (5.1) 2 (5.1)

0 (0) 0 (0)

0 (0) 1 (2.6)

0 (0) 0 (0)

1 (1.2) 0 (0)

0 (0) 0 (0)

0 (0) 0 (0)

2 (2.5) 2 (5.1)

2 (2.5) 0 (0)

1 (1.2) 1 (2.6)

0 (0) 0 (0)

0 (0) 0 (0)

3 (3.8) 0 (0)

0 (0) 0 (0)

urodesis APF on postoperative day 2 (n ¼ 79) and pleurodesis (n ¼ 39).
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FIGURE 2. A, Changes in vital capacity (VC) from preoperative examination. Among patients who did not undergo pleurodesis, there were no differences

in the decline of VC at 6 months (�13.7%� 1.1% vs �11.2% � 0.7%; P ¼ .063) and 12 months (�10.7%� 1.3% vs �9.5%� 0.7%; P ¼ .391) post-

operatively between patients who did and did not have alveolo-pleural fistula (APF) on postoperative (POD) 2. Patients who underwent pleurodesis had a

significantly greater decline in VC at 6 months (�19.4% � 2.4% vs �13.7% � 1.1%; P ¼ .015) and 12 months postoperatively (�16.2% � 1.6% vs

�10.7% � 1.3%; P ¼ .010) than those who had APF and did not undergo pleurodesis. B, Changes in forced expiratory volume in 1 second (FEV1.0)

from preoperative examination. Among patients who did not undergo pleurodesis, there was no difference in the decline of FEV1.0 at 6 months

(�10.0% � 0.8% vs �10.6% � 1.2%; P ¼ .717) and 12 months (�9.1% � 0.8% vs �8.9% � 1.3%; P ¼ .890) postoperatively between patients

who did and did not have had APF on POD 2. Further, there were no significant differences in decline of FEV1.0 at 6 months (�14.2% � 2.3% vs

�10.6% � 1.2%; P ¼ .124) and 12 months (�12.2% � 1.5% vs �8.9% � 1.3%; P ¼ .123) postoperatively between patients who had APF and did

not undergo pleurodesis and those who underwent pleurodesis. SE, Standard error.
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TABLE 3. Detailed characteristics of patients with pleurodesis

(n ¼ 39)

Variable Result

Frequency of pleurodesis performed

1 31

2 4

3 2

4 2

Days from drainage to pleurodesis 4 (2-8)

Material used for pleurodesis

Talc 33

OK-432 16

50% Glucose solution 2

Minocycline 1

Autologous blood patch 1

Days from pleurodesis to chest tube removal 3 (1-12)

Values are presented as n or n (range).

Kagimoto et al Thoracic: Lung Cancer
the patients who had APF on POD 2 and did not undergo
pleurodesis and those who underwent pleurodesis. There
was no difference in the prevalence of interstitial pneu-
monia (IP) (P ¼ .309). Emphysema was frequently
observed in patients who had APF on POD 2 but did not un-
dergo pleurodesis (P ¼ .023). The procedures were
different for the groups (Table 2) (P¼ .046); however, there
was no difference in the number of resected segments be-
tween patients who had APF on POD 2 and did not undergo
pleurodesis (average, 1.59) and those who underwent pleu-
rodesis (average, 1.67; P ¼ .572) (Table 1). The detailed
surgical method is described in Table 2.

Changes in the pulmonary function at 6 months and
12 months postoperatively are presented in Figure 2.
Among patients who did not undergo pleurodesis, there
was no difference in the decline in VC at 6 months
(�13.7% � 1.1% vs �11.2% � 0.7%; P ¼ .063) and
12 months (�10.7% � 1.3% vs �9.5% � 0.7%;
P ¼ .391) postoperatively between patients who had APF
on POD 2 and those who did not have APF on POD 2. Pa-
tients who underwent pleurodesis had a significantly greater
decline in VC at 6 months (�19.4% � 2.4% vs
�13.7% � 1.1%; P ¼ .015) and 12 months
(�16.2% � 1.6% vs �10.7% � 1.3%; P ¼ .010) postop-
eratively than those who had APF on POD 2 and did not un-
dergo pleurodesis (Figure 2, A). Among patients who did
not undergo pleurodesis, there were no differences in the
decline of FEV1 at 6 months (�10.0% � 0.8% vs
�10.6% � 1.2%; P ¼ .717) and 12 months
(�9.1% � 0.8% vs �8.9% � 1.3%; P ¼ .890) postoper-
atively between patients who had APF and those who did
not have APF. Further, there was no significant difference
in the decline in FEV1 at 6 months (�14.2% � 2.3% vs
�10.6% � 1.2%; P ¼ .124) and at 12 months
(�12.2% � 1.5% vs �8.9% � 1.3%; P ¼ .123) postoper-
atively between patients who had APF on POD 2 but did not
undergo pleurodesis and those who underwent pleurodesis
(Figure 2, B). A comparison of patients who only had 1
segment removed and those who underwent pleurodesis
showed a significantly greater decline in VC at 6 months
(�22.3% vs �10.9%; P ¼ .003) postoperatively than
those who had APF on POD 2 and did not undergo pleurod-
esis. The difference in VC at 12 months postoperatively sur-
gery was not significant (�14.9% vs �8.6%; P ¼ .062).
Patients who underwent pleurodesis had a significantly
greater decline in FEV1 at 6 months (�16.3% vs �7.6%;
P ¼ .045) postoperatively than those who had APF on
POD 2 and did not undergo pleurodesis. There was no dif-
ference in the decline in FEV1 at 12 months (�9.4% vs
�6.3%; P ¼ .395) postoperatively compared with those
who had APF on POD 2 and did not undergo pleurodesis.

The detailed characteristics of patients who underwent
pleurodesis are presented in Table 3. Pleurodesis was per-
formed on a median of 4 days following surgery. The
majority of patients (31 [79.5%]) underwent pleurodesis
only once, but 8 (20.5%) underwent multiple pleurodesis
procedures. Sterilized controlled talc was most frequently
used for pleurodesis in our cohort, with OK-432 being the
second most used material. No severe complications of pleu-
rodesis were observed in the study cohort. Among patients
who underwent pleurodesis, the decline in VC at 6 months
in patients who used talc and those who did not use talc
were �12.9% � 4.2% and �22.2% � 2.8%, respectively
(P ¼ .076). The decline in VC at 12 months in patients
who used talc and those who did not use talc were
�13.9% � 2.6% and �17.6% � 2.0%, respectively
(P¼ .277) (Figure 3,A). The decline in the FEV1 at 6months
in patients who used talc and those who did not use talc were
�12.3% � 4.3% and �15.0% � 2.8%, respectively
(P ¼ .603). The decline of FEV1 at 12 months in patients
who did and did not use talc were �11.9% � 2.5% and
�12.4% � 1.9%, respectively (P ¼ .890) (Figure 3, B).
DISCUSSION
The present study found that patients who underwent pleu-

rodesis had significantly reduced postoperative VC compared
with those who did not undergo pleurodesis (Figure 4). In our
study, there were no differences in changes in the pulmonary
function between patients who had no APF and patients who
had APF on POD 2 but did not undergo pleurodesis. Howev-
er, the decline in VC was greater in patients who underwent
pleurodesis than in those who had APF on POD 2 but did not
undergo pleurodesis. These results indicate that even after
discounting the effects of APF, pleurodesis exerts a negative
impact on pulmonary function. The difference in the decline
in VC in the present study was about 5.5%, and it is unclear
whether this degree of decline in pulmonary function could
be noticed by patients or recovered via rehabilitation. This
decline in pulmonary function is equivalent to 1 segment of
JTCVS Open c Volume 5, Number C 115
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FIGURE 3. A, Difference in the decline in the vital capacity (VC) between patients who used talc and those who did not use talc. Among patients who

underwent pleurodesis, the decline in VC at 6 months postoperatively in patients who used talc and those who did not use talc were �12.9% � 4.2%

and �22.2% � 2.8%, respectively (P ¼ .076). The decline in VC at 12 months postoperatively in patients who used talc and those who did not use

talc were�13.9%� 2.6% and�17.6%� 2.0%, respectively (P¼ .277). B, Difference in the decline in expiratory volume in 1 second (FEV1.0) between

patients who used talc and those who did not use talc. The decline in the FEV1 at 6 months postoperatively in patients who used talc and those who did not

use talc were�12.3%� 4.3% and�15.0%� 2.8%, respectively (P¼ .603). The decline in the FEV1.0 at 12 months postoperatively in patients who used

talc and those who did not use talc were �11.9% � 2.5% and �12.4% � 1.9%, respectively (P ¼ .890). SE, Standard error.
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all 18 segmental bronchi (1 out of 18 [5.6%]) and may not be
meaningful in segmentectomy for patients with sufficient
pulmonary function but may be important in segmentectomy
for compromised patients.

Pleurodesis remains among the effective strategies for
prolonged air leak7,8 and chylothorax13; however, several
116 JTCVS Open c March 2021
complications and disadvantages for pleurodesis have
been reported.14-16 For instance, 1 study revealed severe
pain or fever after injection of chemical materials.16 There
are also reports on acute respiratory distress syndrome af-
ter talc or OK-432 administration.14,15 Moreover, another
study showed that pleurodesis could induce acute
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Impact of postoperative pleurodesis on pulmonary function after lung segmentectomy

Pleurodesis negatively affected postoperative VC after lung segmentectomy.
Pleurodesis should be carefully considered given its impact on postoperative pulmonary function.

*POD, postoperative day, APF, alveolo-pleural fistula; VC, vital capacity, SE, standard error; FEV1.0, forced expiratory volume in 1 s
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FIGURE 4. Among patients who did not undergo pleurodesis, there were no differences in the decline in vital capacity (VC) at 6 months (�13.7%� 1.1%

vs�11.2%� 0.7%; P¼ .063) and 12 months (�10.7%� 1.3% vs�9.5%� 0.7%; P¼ .391) postoperatively between patients who did and did not have

APF on postoperative day (POD) 2. Patients who underwent pleurodesis had a significantly greater decline in VC at 6 months (�19.4% � 2.4% vs

�13.7%� 1.1%; P¼ .015) and 12 months postoperatively (�16.2%� 1.6% vs�10.7%� 1.3%; P¼ .010) than those who had APF and did not undergo

pleurodesis. Although therewere no significant differences in the decline in expiratory volume in 1 second (FEV1.0), pleurodesis should be carefully consid-

ered because it may negatively affect the postoperative pulmonary function. SE, Standard error; APF, alveolo-pleural fistula.
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exacerbation of IP,17 which is why our institution avoids
performing pleurodesis as much as possible among those
with IP. Pleurodesis using an autologous blood patch had
been reported to be safer and result in fewer complications
than chemical pleurodesis.18,19 In cases of large fistulae,
the risk of chemical pneumonia due to aspiration of pleu-
rodesis material through the fistula also can be signifi-
cant.20 Although early treatment for APF is important,
the level of evidence supporting pleurodesis has been
limited.21 In the present study, patients who underwent
pleurodesis had been found to have significantly lower
pulmonary function than those who did not. The results
presented herein suggest that pleurodesis should be care-
fully performed, especially among patients who are ex-
pected to have insufficient postoperative pulmonary
function, such as those with severe pulmonary disease.
The mechanism of cessation of air leak by pleurodesis is
not well known and may vary depending on the materials
used. Adhesion between the visceral and parietal pleura re-
sulting from vigorous inflammatory response in the pleura
has been considered to be the main mechanism of air leak
cessation. One study reported that visceral pleura thick-
ening is the mechanism whereby pleurodesis by talc stops
air leaks.22 In any case, the aforementioned mechanisms
may inhibit lung expansion and explain why VC was
more severely decreased than FEV1. Moreover, although
there were no significant differences, it appears that the
decline in VC was slightly greater in patients after pleurod-
esis with talc. Moreover, there is a safety issue in the use
of talc for patients with potential long-term survival,
particularly with more recent evidence of asbestos
contamination.23,24
JTCVS Open c Volume 5, Number C 117
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Some limitations of the present study are worth noting.
First, this was a retrospective study from a single institution
with a limited number of included patients. Second, detailed
information regarding the amount of air leakage could not be
obtained because a 3-bottle drainage system had been used
during the early periods of this study, whereas quantitative
evaluationwas impossible. However, patient characteristics,
including preoperative pulmonary function and comorbid-
ities that could affect postoperative APF, had been well
balanced between patients who had APF on POD 2 but did
not undergo pleurodesis and those who underwent pleurod-
esis. Therefore, the possible influence of factors other than
pleurodesis can be considered minimal. Next, at our institu-
tion, there was no strict algorithm for undergoing pleurode-
sis, and the treatment strategywas left to the discretion of the
attending surgeon of each patient based on the quantity of air
leak or comorbidity of each patient, such as IP. The surgeons
had different preferences; that is, some surgeons performed
early pleurodesis expecting early chest tube removal and
others avoided pleurodesis as much as possible. Materials
used for pleurodesis were also heterogeneous. Accurate
comparison groups were difficult to establish. Thus, ran-
domized trials are necessary to accurately assess the
influence of pleurodesis. However, it may be challenging
because of the differences in indication, procedures, andma-
terials used for pleurodesis among institutions. Despite the
above-mentioned limitations of this study, we believe that
the present results can help physicians and surgeons decide
whether or not pleurodesis is appropriate.

CONCLUSIONS
The present study showed that among the patients who

underwent segmentectomy, those who underwent pleurode-
sis exhibited a significantly greater decline in VC than those
who did not. Pleurodesis negatively influenced the postop-
erative VC after lung segmentectomy. Although the clinical
influence remains unknown and randomized trials are
necessary to confirm the effect, careful consideration is
required before performing pleurodesis, given its potential
influence on postoperative pulmonary function.
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