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Abstract

Background In the present study we present a unique

maneuver, using both fibrin glue and polyglycolic acid

(PGA) sheets, for repairing intraoperative pulmonary air

leakage, and report our clinical results.

Methods Based on the results from in vitro experiments,

we retrospectively investigated the clinical effects of our

method for repairing intraoperative pulmonary air leakage

in 377 consecutive patients, who underwent a pulmonary

resection for primary lung cancer or metastatic lung tumors

from 2004 to 2009. From April 2004 through September

2007, repair of intraoperative pulmonary air leakage was

performed in 204 patients using only fibrin glue. From

October 2007 through December 2009, the repair was

performed in 173 patients with a unique application of both

fibrin glue and PGA sheets, i.e., (1) rubbing fibrin glue A

solution, (2) applying a PGA sheet cut to an appropriate

size, (3) rubbing fibrin glue B solution on the PGA sheet,

and (4) reapplying fibrin glue A solution and rubbing.

Results The mean duration of postoperative pleural

drainage was significantly shorter in the latter time period

when both fibrin glue and PGA sheets were used than in the

former period when fibrin glue was used alone. The inci-

dence of prolonged air leakage longer than 1 week was also

significantly lower in the latter era than in the former era.

Conclusion Our unique application of both fibrin glue

and PGA sheets for the intraoperative repair of pulmonary

air leakage effectively resulted in a shortening of the

duration of postoperative pleural drainage.

Introduction

Postoperative air leakage from the residual lung is a

potential complication after pulmonary resection, resulting

in prolonged hospitalization [1, 2]. Although various

postoperative management strategies for pulmonary air

leakage have been applied, including a water-sealing

technique of pleural drainage [3–5], intraoperative repair of

pulmonary fistulas from dissected lung parenchyma or

suture lines on the lung is considered essential for pre-

vention of postoperative persistent air leakage [6–10]. To

protect against prolonged air leakage after a pulmonary

resection, an intrapleural injection of OK-432, a lyophi-

lized preparation of the heat- and penicillin-treated Su

strain of the Streptococcus pyogenes group A3 bacterium,

is often performed for pleurodesis in Japan; however, this

has several disadvantages due to the inflammatory reaction

[11]. Recently, the advent of both fibrin glue and poly-

glycolic acid (PGA) sheets has improved the repair of

pulmonary air leakage [9, 10, 12]. However, the most

effective method for applying both the fibrin glue and the

PGA sheets has not yet been established.

In the present study we present a unique maneuver using

both fibrin glue and PGA sheets for intraoperative pneu-

mostasis, and report our clinical experiences using this new

application method.

Patients and methods

The sealing effect of combined fibrin glue and PGA

sheets

The sealing ability of the combined fibrin glue and PGA

sheets was evaluated by the pressure test model, as reported
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by Terasaka et al. [13]. As shown in Fig. 1, a 3-cm-

diameter orifice in a 240-ml plastic bottle was covered with

skin from an 11–20-week-old female Japanese white rab-

bit; the skin had a 1.5-cm-diameter hole in the center (A in

Fig. 1). The hole was repaired with both fibrin glue (1 ml)

and a PGA sheet (2.5 cm 9 2.5 cm) using either the sim-

ple over-spraying method of fibrin glue to the PGA sheet or

the present unique maneuver described below. Then, the

inside of the bottle was pressurized through a connected

pressure syringe (B in Fig. 1). Seal-breaking pressures were

measured with an interconnected manometer (C in Fig. 1;

POP760, Okano, Osaka, Japan). All animals received

humane care in accordance with the Japanese Government

Animal Protection and Management Law.

Patients

We retrospectively investigated 377 consecutive patients

who underwent a pulmonary resection (lobectomy,

segmentectomy, or wedge resection) for primary lung

cancer or metastatic lung tumors from April 2004 to

December 2009 at our hospital. In the 204 patients who

underwent surgery from April 2004 through September

2007, pulmonary air leaks during surgery were treated

using only fibrin glue. In the more recent 173 patients who

underwent surgery from October 2007 through December

2009, pulmonary air leaks during surgery were treated with

the combined use of both fibrin glue and PGA sheets.

Informed consent for the use of fibrin glue with or without

PGA sheets was preoperatively obtained from all the

patients. This study was approved by the Kyushu Univer-

sity Institutional Review Board for Clinical Research.

Management of chest tubes

The detailed perioperative care for patients who underwent

pulmonary resection was described elsewhere [14]. Before

the closure of the wounds, a 24-Fr chest tube was placed in

the pleural cavity of the surgical site. Postoperatively, the

chest tube was continuously suctioned at -5 cm H2O. If air

leakage was absent and the volume of pleural effusion was

less than 200 ml/day, the chest tube was removed the next

day. Persistent air leakage of longer than 1 week was

defined as ‘‘prolonged air leakage.’’

Sealants for alveolar air leakage

PGA sheets (Neoveil�, Gunze, Kyoto, Japan) are made

from a homopolymer nonwoven fabric with a thickness of

0.15 mm. The fibrin glue (Bolheal�, Chemo-Sero Thera-

peutic Research Institute, Kumamoto, Japan; Beriplast P�,

CSL-Behring KK, Tokyo, Japan) is composed of solution

A containing human fibrinogen and solution B containing

human thrombin.

Intraoperative maneuver to repair pulmonary air

leakage

After pulmonary resection, the saline submersion test with

an inspiratory hold pressure of ?20 cm H2O was routinely

performed. In the presence of alveolar air leakage, fibrin

glue was applied in patients from April 2004 through

September 2007. Fibrin glue A solution was first rubbed

into the dissected pulmonary parenchyma or stapled lines,

and then the B solution was applied. Those maneuvers

were repeated until pneumostasis was achieved. From

October 2007 through December 2009, both fibrin glue and

PGA sheets were used for pneumostasis. The procedure is

shown in Fig. 2 and consisted of (1) rubbing the paren-

chyma or staple lines with fibrin glue A solution, (2)

applying a PGA sheet cut to an appropriate size, (3) rub-

bing fibrin glue B solution on the PGA sheet with the

Fig. 1 a, b Experimental equipment used for the sealing test. The

equipment included (A) a 3-cm-diameter orifice cut out of a 240-ml

plastic bottle and covered with rabbit skin, which had a 1.5-cm-

diameter hole in the center; (B) the pressure syringe; and (C) an

interconnected manometer measuring seal-breaking pressures
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handle of a pair of tweezers, and (4) reapplying fibrin glue

A solution and rubbing with the handle of the tweezers.

Ninety-eight patients were treated with this pneumostasis

method. Figure 3 is an intraoperative photo of the final

application of the treatment procedures.

Statistical analysis

Comparisons of clinical variables between the two groups

were performed using Fisher’s exact test for nominal

variables and Student’s t-test for continuous variables. A

two-sided P value \0.05 was considered to be statistically

significant.

Results

Experimental sealing using fibrin glue and PGA sheets

The in vitro sealing experiment was performed ten times

for each method. With the simple over-spraying method,

the measured seal-breaking pressure ranged from 31 to

150 mmHg, with a mean of 107.5 mmHg. On the other

hand, the pressure in the experiment of our unique method,

which ranged from 83 to 320 mmHg with a mean of

206 mmHg, was about twofold higher than that for the

simple over-spraying method (P = 0.003) (Fig. 4).

Patients’ backgrounds

A comparison of the profiles of the patients from the two

time periods, i.e., April 2004 through September 2007

(fibrin glue alone) and October 2007 through December

2009 (fibrin glue plus PGA sheets), is given in Table 1.

There were no significant differences between the two

Fig. 2 The intraoperative maneuver for repairing pulmonary air

leakage with combined use of fibrin glue and PGA sheets

Fig. 3 An intraoperative photo of the final application of the

maneuvers with the combined use of fibrin glue and PGA sheets

Fig. 4 The sealing effect of the combined fibrin glue and PGA sheets

according to the method used

Table 1 Patients’ backgrounds

Factors Fibrin glue

alone

Fibrin glue

and PGA

P

(n = 204) (n = 173)

Mean age 67.6 64.8 0.02

Gender (male:female) 130:74 103:70 0.40

FEV1.0% 76.1 74.0 0.09

% of COPD (FEV1.0% \ 70%) 23.7 25.8 0.67

Primary:metastatic 166:38 137:36 0.60

Preoperative therapy (yes:no) 200:4 163:10 0.06

Extent of resection 0.36

Lobectomy 158 120

Segmentectomy 9 10

Wedge resection 37 43
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groups of patients in gender, pulmonary function (presence

of chronic obstructive diseases), disease type, the admin-

istration of preoperative chemotherapy (with or without

radiotherapy), or extent of pulmonary resection. The group

that was treated with a combination of both fibrin glue and

PGA sheets was slightly younger than the group treated

with only fibrin glue.

Postoperative air leakage

As shown in Table 2, the mean duration of postoperative

plural drainage was significantly shorter in the latter era

with the use of both fibrin glue and PGA sheets than in the

former era treated with fibrin glue alone (2.7 ± 1.55 vs.

4.2 ± 2.10 days, P \ 0.01). The incidence of prolonged

air leakage longer than 1 week was also significantly lower

in the latter era than in the former era (Table 2). All of the

patients with prolonged air leakage required pleurodesis

with OK-432, a lyophilized preparation of the heat- and

penicillin-treated Su strain of the S. pyogenes group A3

bacterium.

Discussion

The present study clearly showed that the use of a combi-

nation of fibrin glue and PGA sheets for the intraoperative

repair of pulmonary air leakage could shorten the duration

of postoperative pleural drainage and also decrease the

incidence of prolonged postoperative air leakage in com-

parison with the use of fibrin glue alone. In the present study

we included all of the patients operated on in the study time

period, not just the patients who experienced intraoperative

air leakage, and compared the postoperative results between

the two eras. We did this for two reasons: first, the present

study was a retrospective observational study. We usually

applied each repair method and confirmed the repair by

examining the patients for the presence of intraoperative air

leakage under ?20 cm H2O pressure in the respective era.

However, in practice, even in the absence of air leakage

under ?20 cm H2O pressure during the operation, some

patients still suffered from postoperative air leakage,

especially emphysematous patients. Therefore, we occa-

sionally applied repair methods in such patients who were

considered to be likely to develop air leakage postopera-

tively. Accordingly, especially in consideration of the ret-

rospective nature of the present study, it is better to include

all the patients regardless of the presence of intraoperative

air leakage or the application of this repair method. Second,

in order to assess the effects of the repair methods, we also

compared the incidence of prolonged air leakage. Except

for the use of PGA sheets, we did not change the periop-

erative management between the two eras, including the

type or model of staplers used. Of interest, we noted even

during surgery that the combined application of PGA sheets

with the fibrin glue could ease and reinforce pneumostasis

in comparison with the use of the fibrin glue alone. Based on

the present results, we recommend that the PGA sheets

should be used in combination with fibrin glue as follows:

(1) rub the fibrin glue A solution over the lung parenchyma

or staple line, (2) apply a PGA sheet cut to an appropriate

size, (3) rub the fibrin glue B solution over the PGA sheet

with the handle of a pair of tweezers, and (4) reapply the

fibrin glue A solution and rub with the handle of the

tweezers.

Usually, the PGA sheet is applied to the air leakage

surface first and then over-sprayed with both fibrin glue A

solution and B solution. Using this maneuver, the pul-

monary fistula is covered with only the PGA sheet and is

thus more likely to burst as a result of incidentally high

alveolar air pressure. Using our method, the pulmonary

fistula is first sealed with fibrin glue before the PGA sheet is

overlaid and fixed. The fibrin glue A solution first penetrates

into the dissected pulmonary parenchyma and then forms

fibrin with solution B through the PGA sheet (�–´ in

Fig. 2). Furthermore, reapplication of the A solution rigidly

fixes the PGA sheet both inside and out (ˆ in Fig. 2).

Methods that suggest first rubbing the fibrin glue solu-

tion A over the dissected pulmonary parenchyma have

been reported by other investigators [9, 15]. However, they

sprayed both fibrin glue B solution and A solution after

they rubbed A solution and applied the PGA sheet. In our

method fibrin glue B solution is not sprayed but dropped

and rubbed over the PGA sheet with the handle of a pair of

tweezers. Thereafter, fibrin glue A solution is also reap-

plied in the same manner. The use of the handle of a pair of

tweezers gently fixes the PGA sheet over the ruptured lung

surface through a minithoracotomy window. In comparison

to the spraying method, the dropping-and-rubbing method

enables better penetration of the fibrin glue B solution into

the PGA sheet and saves both fibrin glue B solution and A

solution.

PGA sheets are now widely used for repairing air leaks

in general thoracic surgery without any significant adverse

Table 2 Postoperative air leakage with or without the use of PGA

sheets

Factors Fibrin glue

alone

Fibrin glue

and PGA

P

(n = 204) (n = 173)

Duration of pleural drainage

(mean days ± SD)

4.2 ± 2.10 2.7 ± 1.55 \0.01

No. of patients with prolonged

air leakage (%)

14 (6.6%) 0 \0.01
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effects. However, Nakamura et al. [16] reported the

induction of a fibrotic reaction and pleural adhesion around

the applied PGA material. Therefore, limited usage of PGA

should be taken into consideration. In our method, the PGA

sheet is cut to an appropriate size for the dissected lung

parenchyma or suture lines of the lung prior to its appli-

cation. This minimal usage of PGA sheets is thought to

contribute to the procedure being safe and cost-effective.

Since the present study was retrospective, there is a flaw

in the study design in that it lacks data about the duration of

pleural drainage of a control group without any treatment

to prevent or repair intraoperative air leakage. However,

the absence of prolonged air leakage in the second period

of the study in which a combination of fibrin glue and PGA

sheets was used is considered to be noteworthy. In con-

clusion, our new method for repairing pulmonary air leaks

using both fibrin glue and PGA sheets might therefore be

useful for chest surgeons as a better procedure for pre-

venting air leaks due to pulmonary resection.
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