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utureless Pneumostasis Using Polyglycolic Acid
esh as Artificial Pleura During Video-Assisted
ajor Pulmonary Resection
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Background. Postoperative air leaks impede rehabilita-
ion and prolong hospitalization after pulmonary resec-
ion. To promote rehabilitation after video-assisted major
ulmonary resection, we attempted to control alveolar air

eaks without suturing, using polyglycolic acid mesh as
rtificial pleura.
Methods. Forty-five patients undergoing video-assisted
ajor pulmonary resection in our institute were enrolled

n this study. Pneumostasis was done for intraoperative
ir leaks, by combining polyglycolic acid mesh with
brin glue. We removed the chest tube the day after the
ir leaks stopped.
Results. Pneumostasis was done for intraoperative air

eaks in 28 patients. The air leaks stopped immediately,

llowing chest tube removal on postoperative day 1 in all
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ut one patient whose air leak took 1 day longer to
isappear. The time of chest tube drainage and the
ostoperative stay were similar in the patients with and

hose without intraoperative air leaks (mean 1.0 days vs
.2 days and 6.8 days vs 7.1 days, respectively). The
ercentage of predicted forced expiratory volume in one
econd was significantly lower in patients with, than in
hose without, intraoperative air leaks (p < 0.05).

Conclusions. We achieved sutureless pneumostasis us-
ng bioabsorbable artificial pleura during video-assisted

ajor pulmonary resection. This method may contribute
o reducing hospitalization, especially in patients with
oor pulmonary function.

(Ann Thorac Surg 2007;84:1858–61)

© 2007 by The Society of Thoracic Surgeons
ideo-assisted thoracic surgery (VATS) is reported to
be associated with faster rehabilitation and reduced

ospitalization, after major pulmonary resection, than
tandard thoracotomy [1, 2]. However, although it is less
nvasive, VATS may be inferior to standard thoracotomy
n enabling the surgeon to search for and close alveolar
ir leaks. According to one retrospective study, the inci-
ence of air leaks, which obviously prolong hospitaliza-

ion, was higher after lobectomy by VATS than after
obectomy by standard thoracotomy [3]. To control post-
perative alveolar air leaks without suturing, we used
olyglycolic acid mesh as artificial pleura in patients
ndergoing major pulmonary resection by VATS.

atients and Methods

atients
etween April 2006 and March 2007, 45 patients sched-
led to undergo major pulmonary resection by VATS at
ur institute were enrolled in this study. Patients who
ad undergone prior thoracotomy and those who under-

ccepted for publication June 27, 2007.

ddress correspondence to Dr Ueda, Department of Surgery and Clinical
cience, Division of Chest Surgery, Yamaguchi University Graduate
ent bronchoplasty were not entered in the study. This
tudy was approved by the Institutional Review Board of
he Yamaguchi University School of Medicine. Consent
or the study was waived. Operability was determined
ccording to the existing guidelines for pulmonary resec-
ion [4]. The criteria for resection included a partial
ressure of arterial carbon dioxide 50 mm Hg or less, a
ean pulmonary arterial pressure less than 30 mm Hg,

nd a calculated predicted postoperative forced expira-
ory volume in 1 second (FEV1) greater than 500 mL.
atient data obtained preoperatively included age, sex,
moking habits, site of resection, and spirometric vari-
bles; namely, vital capacity (VC), and % predicted FEV1.
moking data included pack-years smoked (smoking

ndex: average number of packages of cigarettes smoked
er day multiplied by the number of years smoked). The
atients’ characteristics are summarized in Table 1.
Two materials were used for the pneumostasis: polyg-

ycolic acid mesh (Neoveil; Gunze, Osaka, Japan), a
omopolymer nonwoven fabric with a molecular mass of
00,000; and fibrin glue (Bolheal; Chemo-Sero Therapeu-
ic Institute, Kumamoto, Japan). The fibrin glue we used
s composed of solutions A and B. Solution A contains 80

g/mL human fibrinogen, 75 U/mL human plasma-
erived coagulation factor XIII, and 1,000 kinetic isotope
ffects bovine aprotinin. Solution B contains 250 IU/mL

uman thrombin and 5.9 mg/mL calcium chloride. Mix-

0003-4975/07/$32.00
doi:10.1016/j.athoracsur.2007.06.080
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ng these two solutions forms a fibrin clot within 5
econds.

urgical Procedures and Chest Tube Management
lateral minithoracotomy, 6- to 8-cm long, was made in

he fourth or fifth intercostal space, without dissecting
he latissimus dorsi muscle. Two or three additional 5- to
0-mm incisions were made in the anterior to posterior
xillary line to allow the insertion of a thoracoscope and
ther instruments. During major pulmonary resection,
n endoscopic stapler (Ethicon, Tokyo, Japan) was used
o dissect the lung parenchyma, including incomplete
ssures, and to excise the bronchus. After major pulmo-
ary resection, a water-seal test was done to ensure
neumostasis. Pneumostasis was carried out without
uturing, using fibrin glue and polyglycolic acid mesh, for
ny air leaks found during the water-seal test, in the
ollowing way.

able 2. Clinical Characteristics According to the Presence
r Absence of Intraoperative Air Leak

Intraoperative Air
Leaks

ariables
Yes

(n � 28)
No

(n � 17) p

ge (years) 62 � 15 67 � 9 .234
ex (male/female) 18/10 9/8 .451
moking history (yes/no) 19/9 11/6 .828
ack-years smoked 28 � 29 32 � 30 .639
C (%) 104 � 25 100 � 18 .254
EV1 (%) 69 � 13 76 � 7 .039
peration time (min) 192 � 61 182 � 48 .548
emorrhage (g) 218 � 431 153 � 149 .553
esected segments 3.4 � 1.2 3.4 � 1.3 .961
hest tube time (days) 1.0 � 0.2 1.2 � 0.5 .205
ostoperative hospital
stay (days)

6.8 � 2.5 7.1 � 2.3 .694

umber of patients or mean � SD.

able 1. Clinical Characteristics (n � 45)

Variables No.

Age (years) 64 � 13
Sex (male/female) 27/18
Smoking history (yes/no) 30/15
Pack-year smoked 29 � 29
VC (%) 103 � 21
FEV1 (%) 72 � 11
Operation time (minute) 188 � 56
Hemorrhage (g) 193 � 350
Resected segments 3.4 � 1.2
Intraoperative air leaks (yes/no) 28/17

umber of patients or mean � SD.

EV1 � forced expiratory volume in 1 second; VC � vital capacity.
oEV1 � forced expiratory volume in 1 second; VC � vital capacity.
Solution A was spread over the dissected lung paren-
hyma or stapling line by rubbing it on the surface so that
he fibrinogens could penetrate the lung parenchyma.
hen, solution B was spread onto the surface to create
rimary sealing. A piece of polyglycolic acid mesh, about
� 3 cm, soaked in solution A, was placed over the

ealed lung parenchyma and adhered by dropping solu-
ion B onto it. This sealing technique was repeated until
ll of the dissected area was adhered by the mesh.
A 20F chest tube was placed within the hemithorax,

nd the wounds were closed. Postoperatively, chest tubes
ere placed on continuous suction at �10 cm H2O and
e checked for any sign of air leak by observing the

uction device. If an air leak was detected, the pressure
as turned down in increments toward zero (water-seal).
hest tubes were removed the day after the air leak
isappeared, regardless of pleural drainage. This man-
gement plan was verified in a previous study [5].

tatistical Analysis
he unpaired Student t test was used to test relationships
etween categoric variables and numeric variables, and

he �2 test was used to compare categoric variables. A p
alue of less than 0.05 was considered significant.

esults

ll patients underwent major pulmonary resection by
ATS. The operations performed were as follows: right
pper lobectomy in 13 patients, right middle lobectomy

n four, right lower lobectomy in nine, left upper lobec-
omy in five, left upper division segmentectomy in seven,
eft lingula segmentectomy in two, and left lower lobec-
omy in four. The water-seal test detected an air leak
ntraoperatively in 28 of the 45 patients. We performed
neumostasis using polyglycolic acid mesh and fibrin
lue in all of these 28 patients. We applied 3 mL of fibrin
lue, as solution A, and 20 to 100 cm3 polyglycolic acid
esh per patient. Air leaks disappeared immediately

fter pneumostasis, allowing chest tube removal on post-

ig 1. The number of days of chest tube drainage in patients with
n � 28) and those without intraoperative air leak (n � 17). The
hest tube was removed on postoperative day 1 in 96% of the pa-
ients with an intraoperative air leak, and in 88% of the patients
ithout an intraoperative air leak. This difference was not signifi-

ant (p � 0.397).
perative day (POD) 1, in all except one patient whose air
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eak eventually disappeared later on POD 1. A postoper-
tive air leak was found in two of the 17 patients without
ny air leak detected intraoperatively. These air leaks
isappeared on POD 1 in one patient and on POD 2 in

he other patient. The days of chest tube drainage
nd the length of stay in hospital were similar in the
atients with and those without intraoperative air leak

Table 2). Figure 1 shows the number of days of chest
ube drainage required in the patients with and those
ithout an intraoperative air leak (Fig 1). The FEV1 was

ignificantly lower in the patients with an intraoperative
ir leak than in those without an intraoperative air leak
p � 0.039; Table 2). During postoperative stay, one of the
atients who had undergone pneumostasis was found to
ave subcutaneous emphysema on POD 3, although the
hest X-ray showed only minimal pneumothorax. Al-
hough a small air leak was found after redrainage, the
ubcutaneous emphysema resolved and the patient was
ischarged from hospital on POD 10. Postoperative car-
iopulmonary complications developed in two patients;
s atrial fibrillation after right upper lobectomy in one
nd pulmonary embolism after left lower lobectomy in
ne. After discharge, late air leak occurred in one of the
atients who had undergone pneumostasis; the air leak
topped the day after redrainage on POD 12. No other
omplications associated with sealants were found dur-
ng the 30-day postoperative period.

omment

e report on the utility of polyglycolic acid nonwoven
abric in combination with fibrin glue to achieve suture-
ess pneumostasis after pulmonary resection. However,
his combination has been applied in other organ surgery
ith excellent results, and without any notable adverse

eactions; for example, to prevent bile leak after hepatic
esection [6], and to prevent cerebrospinal fluid leak after
pinal surgery [7].

Although the current series included 19 (42%) patients
ith an FEV1 less than 70% and 30 (67%) patients with a

moking history, we still successfully controlled air leaks
fter major pulmonary resection. The method we de-
cribed may be especially beneficial for patients under-
oing VATS because it does not require identifying or
uturing of the air leak points: the polyglycolic acid mesh,

stretchable, soft, thin (0.15 mm), and biocompatible
aterial, can be firmly and widely adhered to the dis-

ected lung parenchyma or the stapling line with fibrin
lue.
Previously we reported that compromised pulmonary

unction is associated with prolonged air leak [8], reha-
ilitation, and hospitalization [9, 10] after major pulmo-
ary resection. Accordingly, in the present study, limited
ulmonary function was associated with intraoperative
ir leaks but it was not associated with prolonged air leak
r prolonged hospitalization. This suggests that limited
ulmonary function does not prolong hospitalization but
ostoperative air leaks do; thus, the prevention of post-
perative air leaks may shorten hospitalization, espe-

ially in patients with limited pulmonary function. l
Postoperative cardiopulmonary complications devel-
ped in two patients; as atrial fibrillation and pulmonary
mbolism in one each, respectively, which responded
ell to medical treatment. There were no major cardio-
ulmonary complications such as pneumonia or atelec-

asis, which may prolong hospitalization, in any of the
atients in this series. Therefore, further investigation to
larify if the prevention of air leaks after VATS helps to
revent major cardiopulmonary complications is
arranted.
We reported closing intraoperative alveolar air leaks

sing fibrin glue alone in a former prospective series of
2 patients who underwent major pulmonary resection
8]. The duration of chest tube drainage was significantly
onger in that series than in the current series (median, 2
ays vs 1 day; p � 0.01; Fig 2), although the FEV1 value in

he former series was similar to that in the current series
mean, 74 � 13% vs 72 � 11%; p � 0.54). Thus, we believe
hat the addition of polyglycolic acid mesh to fibrin glue
ontributed greatly to the successful control of alveolar
ir leaks.
The optimal way to dissect pulmonary parenchyma

nd prevent postoperative air leak in every patient re-
ains unclear. According to our experience, simple dis-

ection using an electric scalpel followed by sealing with
brin glue may be sufficient in patients with normal lung
tructure, whereas dissection using an endoscopic stapler
ollowed by sealing with fibrin glue in combination with
mesh sheet may be advisable for patients with moder-

te to severe pulmonary emphysema. The strategy
hould be determined in accordance with the lung struc-
ural abnormality as evaluated by computed tomogra-
hy. We reported previously that alveolar air leaks per-
ist postoperatively in accordance with the extent of the

ig 2. Comparison of the number of days until chest tube removal
n patients who underwent pneumostasis with fibrin glue alone
solid line, n � 62) and those who underwent pneumostasis with
brin glue plus polyglycolic acid mesh (dotted line, n � 45). Two
atients required postoperative intervention for pulmonary complica-
ions before chest tube removal (open circles). The median time until
hest tube removal was two days in the fibrin glue alone group ver-
us one day in the fibrin glue plus polyglycolic acid mesh group.
here was a significant difference between the time until chest tube
emoval curves (log-rank test, p � 0.01).
ow-attenuation area, determined by quantitative com-
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uted tomography, especially in patients with a smoking
istory [8].
In conclusion, we achieved sutureless pneumostasis

uccessfully using bioabsorbable mesh in combination
ith fibrin glue during major pulmonary resection by
ATS. This technique may contribute to shorter hospi-

alization, especially in patients with poor pulmonary
unction.
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