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Background:  Numerous reports have been published on the application of fibrin glues, biological 
adhesives used as sealants for air leaks after pulmonary resection; however, the use of blood 
products has been questioned from both safety and economic perspectives. Therefore we 
were prompted to attempt the use of Integran® (method C), a sheet-type absorbable topical 
collagen hemostat that is neither expensive nor derived from blood.
Objective:  To compare the efficacy of method C with that of method G, a combined 
approach in which TachoComb® or a polyglycolic acid (PGA) sheet was fixed with a fibrin glue 
in a randomized controlled trial to prevent pulmonary fistula formation after lung surgery.
Materials and Methods:  Of the patients who were scheduled to undergo pulmonary resection 
in 2006 at the Department of General Thoracic Surgery, Juntendo University, and who provided 
informed consent for the study before surgery, those who developed visible air leaks during 
lobectomy, segmentectomy, partial resection for lung tumor or pulmonary cyst, or intractable 
pneumothorax were included as the subjects of this study. The subjects were randomized for 
treatment with either of 2 procedures, namely, method C or method G. Pulmonary fistula 
was defined as an obvious air leak persisting until day 3 after surgery.
Results:  A total of 38 patients were assigned to method C and 34 to method G. Three 
patients (7.9%) assigned to method C (including 1 who underwent lobectomy and 2 who 
underwent partial resection), and 6 (17.6%) patients assigned to method G, including 3 who 
each underwent a lobectomy and partial resection, developed postoperative pulmonary 
fistula. The incidence of pulmonary fistula was significantly lower in the group assigned to 
method C, with a statistically significant difference of p = 0.044.
Conclusions:  In a Randomized Controlled Trial of Sealing with a Sheet-type Collagen vs. a 
Combined Approach of Fixing a Collagen Sponge, Using Fibrin Glue for Closure of Air 
Leaks, the use of Integran®, a sheet-type absorbable topical collagen hemostat, is feasible to 
prevent pulmonary fistula after lung surgery. It is also affordable and safe because it is not a 
blood product. (Ann Thorac Cardiovasc Surg 2010; 16: 16–20)
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Introduction

The use of various sealants for air leaks after pulmonary 
resection has been reported in the field of pulmonary 
surgery, and recently there have been many reports on 
the use of fibrin glue, a biological adhesive.1–4) In particular, 
the efficacy of a combined approach using TachoComb®, 
a spongelike collagen fibrin agent (a spongelike collagen 
sheet with a layer of dry fibrinogen, thrombin, and aprotinin 
firmly fixed to one side),5,6) or a bioabsorbable polyglycolic 
acid (PGA) mesh sheet, and fibrin glue has been widely 
reported.7–10) However, the use of blood products has been 
questioned from the perspectives of both safety and eco-
nomics. Therefore we attempted the use of a new product, 
Integran® (Integran/Emistat; Nippon Zoki Pharmaceutical 
Co., Ltd.; and KOKEN CO., LTD., Tokyo, Japan), a sheet-
type absorbable topical collagen hemostat, which is less 
expensive and not derived from blood. We conducted this 
randomized controlled trial with the objective of comparing 
the effect of Integran® (method C) and that of a method 
using fibrin glue (method G) to prevent pulmonary fistula 
formation after lung surgery.

Materials and Methods

Of 300 patients who underwent pulmonary surgery in 
2006 at the Department of General Thoracic Surgery, 
Juntendo University, we selected 72 who were scheduled 
to undergo pulmonary resection and who agreed to provide 
informed consent for this study before surgery. Subjects 
who showed evident air leaks that remained even after 
surgical treatment (e.g., suture during surgery) following 
pulmonary resection (lobectomy, segmentectomy, or partial 
resection) for lung cancer, metastatic lung tumors, 
pulmonary cysts (excluding spontaneous pneumothorax), 
or intractable pneumothorax were enrolled in this study. 
The pulmobronchial stump was sutured with a stapler, 
and patients with severe pleural adhesions were excluded 
from the study. The subjects were randomized to 1 of 2 
methods for sealing air leaks: method C, using a pressed 
sheet type of Integran® (100 × 50 mm and 0.2 mm thick), 
which was cut to an appropriate size and applied to the 
site of the air leak in the lung (Figs. 1, 2, and 3); Method 
G, using TachoComb® (95 × 48 mm), which was applied 
directly to the site, or Neoveil®, an absorbable PGA mesh 
sheet, (100 × 50 mm), which was cut to an appropriate 
size, and either TachoComb® or Neoveil® was fixed to 
the site with a fibrin glue (Beriplast® or Bolheal®). As a 
rule, TachoComb® was selected for a small air leak and 

Neoveil® for large ones, both being used in combination 
with a fibrin glue. Of a total of 72 patients enrolled in the 
study, 38 were assigned to method C and 34 to method G. 
Of the patients randomized to method G, TachoComb® 
was used in 4. In all 4, there were 1 or 2 sites of small (≤ 3 
cm) air leakages after lobectomy. Pulmonary fistula was 
defined as an obvious air leak from the drain persisting 
until day 3 (72 hours) after surgery, at which time treatment 
was begun. The incidence of pulmonary fistula formation 
in patients assigned to the 2 methods above was statisti-
cally analyzed. The data were considered to be significant 
when the p value was 0.05 or less, and adverse events 
(possible adverse reactions) were monitored.

Results

A total of 38 patients was assigned to method C: 22 patients 
were scheduled for lobectomy, 5 for segmentectomy, and 
11 for partial resection. A total of 34 patients was as-
signed to method G: 23 were scheduled for lobectomy 
and 11 for partial resection. The distribution of patients is 
shown in Table 1. There was no statistically significant 
difference in any of the background characteristics be-
tween the two groups, and the results are presented in 
Table 2 by surgical procedure. Three patients (7.9%) as-
signed to method C, 1 who underwent lobectomy and 2 
who underwent partial resection, were diagnosed to have 
postoperative pulmonary fistula; none of the patients un-
dergoing segmentectomy developed a pulmonary fistula. 
Six patients (17.6%) assigned to method G, 3 who underwent 
lobectomy and 2 who underwent partial resection, were 
diagnosed to have postoperative pulmonary fistula. None 
of the 4 patients treated with the TachoComb® developed 
a pulmonary fistula. Among the 3 assigned to method C 
who developed a pulmonary fistula, the fistula closed 
spontaneously in 1 patient, and pleurodesis by intrathoracic 
injection of drugs was required in the remaining 2. 
Among the 6 patients assigned to method G who developed 
a pulmonary fistula, the fistula resolved spontaneously in 
1, and pleurodesis by intrathoracic injection of drugs was 
required in the remaining 5. All of these patients showed 
closure of the pulmonary fistula with conservative treat-
ment and were discharged from the hospital. However, 
lung collapse occurred in 2 patients assigned to method 
G on day 5 after the surgery, and a drain needed to be re-
inserted. None of the patients developed adverse reactions. 
Statistically, the incidence of pulmonary fistula was sig-
nificantly lower in the patient group assigned to method 
C than in the group assigned to method G (p = 0.044). 
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Fig. 3.  Air leak from inter-lobe with post-VATS left upper lobectomy.

Fig. 1.  Sealing by sheet-type collagen (Intergran®).

Fig. 2.  Post-right lower lobectomy.
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No adverse events suspected as adverse reactions oc-
curred in either group.

Discussion

Control of air leaks after pulmonary resection is of clinical 
importance because it greatly influences the risk of post-
operative complications, length of hospitalization, and 
patients’ quality of life.11,12)

Various sealants have been reported for closure of air 
leaks after pulmonary resection in the field of pulmo-
nary surgery. In Japan, fibrin glues, which are biological 
adhesives and plasma derivatives, are most often used 
for this purpose. In particular, there have been many 
reports recently of the efficacy of a combined approach 
in which TachoComb®,13,14) a spongelike collagen fibrin 
agent (a spongelike collagen sheet with a layer of dry 
fibrinogen, thrombin, and aprotinin firmly fixed to one 
side) or a bioabsorbable PGA mesh is fixed with a fibrin 
glue.7–10) However, the use of blood products has been 
questioned from the standpoints of safety (a risk of 
blood-borne infections, such as AIDS and hepatitis,15) 
and anaphylaxis16,17)) and of economics (the high cost 
poses a medicoeconomic problem). In Japan, the price 
of TachoComb® (95 × 48 mm) is at least 25 times that of 
the press sheet-type Integran® (100 × 50 mm, 0.2 mm 
thick) used in this study. And Neoveil®, an absorbable 
PGA mesh sheet, (100 × 50 mm) is 3.4 times as expensive 
as Integran®. Moreover, the use of fibrin glue (Beriplast® 
or Bolheal®) to fix these products increases the cost 
even further.

Consequently, we considered attempting a new approach 
to the use of Integran®, a sheet-type absorbable topical 
collagen hemostat, which is more affordable and is not a 
blood product. Today, collagen has multiple uses in the 
development of drugs, quasi-drugs, cosmetics, and medical 
devices. It is especially effective for hemostasis and is 
therefore commonly used as a hemostat in the medical 
field.18) Integran® was launched in the market as an 
absorbable topical hemostat. Furthermore, collagen has 
been known to be a good tissue scaffold in the field of 
regenerative medicine and tissue engineering, and it is 
also known to promote the formation of granulation tissue 
in defects.19–21) The raw material used to produce Integran® 
is atelocollagen derived from the dermis of Australian 
calves by enzyme solubilization and purification. The 
product contains no protein other than atelocollagen and 
therefore has low antigenicity.20,22) No safety concern has 
been raised for Integran® until now, based on currently 

available reports. The purified atelocollagen is subjected 
to spinning and chemical cross-linking using a polyepoxy 
compound to convert it into an insoluble and physically 
stable fiber.23) Lastly, Integran® is a highly biocompatible 
product that is absorbed by the body. It has a Japanese 
paperlike thin form and a strong cotton-fiber structure as 
compared to other collagen products, and it is easily 
usable with good adhesiveness.

This randomized controlled clinical trial was conducted 
with the intention of determining the efficacy of Integran® 
in preventing pulmonary fistula formation after pulmonary 
resection in comparison with that of the conventionally 
employed fibrin glues. The results showed that Integran® 
was significantly superior to the fibrin glues. TachoComb®, 
the group assigned to which showed no pulmonary fistula 
formation, was included in this study’s method G, along 
with the fibrin glues; however, it might be inappropriate 
to use it for comparison with Integran®, since TachoComb® 
also contains collagen. Although any material will not 
stick again to tissue after removal or coming off for some 
reason, collagen will easily readhere. It is also assumed 
to promote tissue regeneration. Moreover, once the fibrin 
glue dissolves in a few days, the material that was fixed 
with it becomes easily detached. The reason why 2 
patients in this study assigned to method G developed 
lung collapse on day 5 after surgery may be because the 
fibrin glue dissolved around that time. In regard to these 
findings, the results of this study would not negate the 

Table 1.  Patients’ background

 Method C Method G

No. 38 34
Male/female 22/16 25/9
Average age 61.7 59.9
  
Lung cancer 27 (1) 23 (3)
Lung metastasis 5 2
Pulmonary bulla 5 (2) 8 (2)
Intractable air leak 1 1 (1)

( ), number of air leaks.

Table 2.  Results

 Method C Method G

Lobectomy 22 (1) 23 (3)
Segmentectomy 5 0
Partial resection 11 (2) 11 (3)
No. 38 (3) 34 (6)

( ), number of air leaks.
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efficacy of fibrin glues, but they would focus on the efficacy 
of collagen.

A comparison of collagen products of the same type 
has revealed that the sheet form is more easily applicable 
than the powder or cotton form, and that Integran®, an 
extremely thin and strong press sheet, is excellent in 
terms of both operability and applicability.

Conclusions

The use of a sheet-type absorbable topical collagen 
hemostat to prevent pulmonary fistula formation after 
lung surgery is highly feasible because it is affordable, 
safe, and effective.
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