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Introduction

Postoperative air leak is a frequent complication after 
pulmonary resections. It is an important morbidity and it 
results in prolonged hospital stay and greater hospital cost (1).  

Development of modern surgical methods requires the 
effective control of air leak following pulmonary resection. 
The preferred method to reduce air leaks is to prevent 
them from occurring; therefore, every measures should be 
taken to perform an appropriate dissection of the structures 
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Background: Postoperative air leak is a common complication seen after pulmonary resection. It is a 
significant reason of morbidity and also leads to greater hospital cost owing to prolonged length of stay. The 
purpose of this study is to compare homologous sealant with autologous one to prevent air leak following 
pulmonary resection.
Methods: A total of 57 patients aged between 20 and 79 (mean age: 54.36) who underwent pulmonary 
resection other than pneumonectomy (lobar or sublobar resections) were analyzed. There were 47 males 
(83%) and 10 females (17%). Patients who intraoperatively had air leaks were randomized to receive 
homologous (Tisseel; n=28) or autologous (Vivostat; n=29) fibrin sealant. Differences among groups in terms 
of air leak, prolonged air leak, hospital stay, amount of air leak were analyzed. 
Results: Indications for surgery were primary lung cancer in 42 patients (71.9%), secondary malignancy 
in 5 patients (8.8%), and benign disease in 10 patients (17.5%). Lobectomy was performed in 40 patients 
(70.2%), whereas 17 patients (29.8%) had wedge resection. Thirteen (46.4%) patients developed 
complications in patients receiving homologous sealant while 11 (38.0%) patients had complication 
in autologous sealant group (P=0.711). Median duration of air leak was 3 days in two groups. Time to 
intercostal drain removal was 3.39 and 3.38 days in homologous and autologous sealant group respectively 
(P=0.978). Mean hospital stay was 5.5 days in patients receiving homologous sealant whereas it was 5.0 days 
in patients who had autologous agent (P=0.140). There were no significant differences between groups 
in terms of measured maximum air leak (P=0.823) and mean air leak (P=0.186). There was no significant 
difference in the incidence of complications between two groups (P=0.711).
Conclusions: Autologous and heterologous fibrin sealants are safe and acts similarly in terms of air leak 
and hospital stay in patients who had resectional surgery.
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along correctly-defined anatomical planes between lobes 
and segments. In addition to suture or stapler applications, 
a number of various types of sealant have been developed 
to reduce or stop postoperative air leak, including collagen 
fleeces, fibrin sealants (2). Homologous fibrin glue received 
approval from Food and Drug Administration (FDA) for 
bleeding control, creating barrier and tissue adhesion and 
it is the only material used in the United States. It is a two 
component material that involves fibrin glue, concentrated 
fibrinogen and thrombin. This material is clinically useful 
for all fields of surgery departments and its efficacy and 
unwanted side effects has been researched in many studies (3).

It was reported that application of a new protocol 
about the chest tube removal by using digital air leak 
monitorization enabled receiving objective, reliable and 
appropriate information about air leak, and reduced the 
length and cost of hospital stay comparing to conventional 
chest tube removal method depending on instant subjective 
evaluation of air leaks (4,5).

Our aim was to perform a randomized and prospective 
study which compares the effectiveness of autologous 
sealant with FDA-approved homologous fibrin tissue 
adhesives applied following pulmonary resection in terms of 
tube removal times (TRT), air leak, hospital stay.

Methods

This study was done between August 2010 and November 2015.  
A total of 368 consecutive patients who underwent lung 
resections were included in the study. Inclusion criteria 
included; being older than 17 years of age, undergoing lung 
resection (segmentectomy, wedge resection, lobectomy 
or bilobectomy), air leak observed following resection. 
Exclusion criteria were: prior thoracic surgery, prior 
pleurodesis. Air leakage was observed following resection 
in 80 of 360 (22.2%) patients. Type-I (α) error and type-
II (β) error were set to 10%. The study has been designed 
as a non-inferiority study to compare the effectiveness of 
autologous sealant with FDA-approved homologous sealant. 
Our non-inferiority margin was 40% difference of rate of 
prolonged air leak as a primary outcome with a δ value of 
10%. With a one-sided alternative, we needed to include 40 
patients in each arm. Therefore, 80 patients were included 
in the study. In patients who underwent autologous fibrin 
sealant, eleven patients were excluded from the study 
because of postoperative pleurodesis implementation (n=7) 
and technical failure of digital drainage system (n=4). In 
autologous sealant group, 8 and 4 patients were excluded 

from the study because of the technical problems and 
pleurodesis respectively (CONSORT diagram) (Figure 1). A 
total of 57 patients were left randomized whom autologous 
(n=29) and homologous (n=28) fibrin glues were used 
following pulmonary resection (Figure 2). Randomization 
was performed according to an internet based-random 
number generator. Forty-seven patients (82.5%) were 
male and ten patients (17.5%) were female. Air leak that 
continued at least on the postoperative 7th day have been 
described as ‘prolonged air leak’. TRT was determined 
as the last day when tube or tubes were removed 
postoperatively. The treatment groups were compared 
in terms of PAL (primary outcome) and TRT (secondary 
outcome). All pulmonary resections were performed at 
a single institution by one of five attending surgeons 
through an anterior muscle sparing thoracotomy or a video-
assisted thoracoscopy. Stapler devices were utilized for 
division of incomplete fissures and closing the bronchus. 
A mediastinal systematic sampling or complete dissection 
was performed in patients with lung cancer. Air leak was 
tested at 20–30 cmH2O pressure by pouring isotonic to 
pleural space after resection in patients who underwent 
pulmonary resection through video-thoracoscopic vision 
or anterior or posterolateral thoracotomy. During re-
inflation of the remaining lung, air leak was assessed. If 
no air leak was observed, the patient was not included. 
After water submersion test for air leaks, the surface of 
the cut parenchyma was dried. Patients with air leak were 
randomized to one of two groups: Homologous-fibrin 
sealant group in which 8 mL of homologous fibrin (Tiessel®) 
was implemented, or autologous group in which 7 mL 
autologous fibrin sealant (Vivostat®) prepared from the 
patient’s blood (approx. 300 mL) in accordance with the 
standard application guide. 

Autologous sealant Vivostat was prepared using the 
‘Vivostat system’ which is an automated device for the 
perioperative preparation of a patient-derived fibrin 
material. An amount of 150 mL of the patient’s blood 
was retrieved via a previously applied arterial access line 
after the resectability was confirmed in patients whom 
pneumonectomy was not required and whom there was 
air leak after the planned resection. Blood was collected 
into the citrate-containing cylinder. The preparation 
cylinder was then placed within the processor unit. 
System processed the blood for 20 minutes to produce 
autologous fibrin solution. The solution was placed in the 
application unit to be applied with a hand-held spray-pen 
device. The insufflation was performed after 2 minutes for 
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allowing polymerization. Two minutes were allowed before 
insufflation of the lung to allow polymerization. Tisseel was 
prepared by reconstitution of sealer protein concentrate 
and thrombin in fibrinolysis inhibitor solution and calcium 
chloride solution. The sealer protein solution and thrombin 
solution are then merged using an Application system called 
‘Duploject’. Tisseel was then applied using a spray device.

In both groups, the sealant was administered on the 
suture lines by spraying. Patients were implemented early 

removal of chest tube protocol with the digital system 
(Thopaz®) that continuously controls the air leak. All 
patients sustained digital device for air leak monitoring 
during whole postoperative period until the drain was 
removed. The system has measured the air outputs from 
thorax tubes to drain and the pressure inside the thorax 
and recorded them to its memory unit available in its own 
system. After the drains were removed, the data in the 
digital measurement devices were transferred to computer 
and the mean values were calculated. The primary outcome 
measure was rate of prolonged air leak and TRT was 
secondary outcome parameter. We also analyze the hospital 
stay of the patients as an important clinical parameter. 
The final pathological diagnoses of patients included 
lung carcinoma in 42 patients (73.6%), lung metastasis 
in 5 patients (8.7%) and benign disease in 10 patients 
(17.7%). Patients excluded from the study were those who 
underwent pneumonectomy, the ones who did not want 
to take part in the study and the patients who did not have 
any leak in the leak control during surgery. The air leak 

Figure 1 Consort diagram of the study.

Figure 2 Daily fluid drainage of drain (mL).
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follow-up was carried out through the constant −20 cmH2O 
pressure implemented by Thopaz® device. The chest tube 
was removed if the volume of drained fluid was <300 mL 
in 24 h; provided there was no frank blood, transpleural air 
flow recorded by the digital system was <20 mL/min. The 
indications of drain removal were the same in two groups.

Institutional review board and Ethics Committee 
approved the study protocol (2011/B-16). All participants 
gave informed consent.

The recorded parameters were stay in the intensive care 
unit, days of air leak, duration of chest tube, total drainage, 
maximum air leak, mean air leak, duration of hospital stay, 
complications (subcutaneous emphysema, atelectasis, etc.)  
and the occurrence of chest tube re-insertion and 
postoperative complications developed in patients.

Results

The demographic data of the patients before surgery is 
shown in Table 1. There was no difference between the 
groups in terms of age, gender, FEV1, FVC and surgical 
procedures (P>0.05). There was no 90-day mortality. There 
was no significant difference between the groups in terms 
of the maximum amount of leak, the mean air leak and the 
rate of prolonged air leak (>7 days) (Table 2). The mean 
total amount of drainage in the homologous sealant group 
(Tisseel) was 643.21±586.63 mL while it was 780.3±512.33 mL 
(P=0.355) in the autologous (Vivostat) group. The drain 
removal time was not statistically significantly different 
between groups (Table 2) (P=0.978). Similarly, mean hospital 
stays were similar between groups (P=0.140). Median 
duration of hospital stay was 5 days in two groups. There 
was no significant difference between the groups in terms of 
complication rates (P=0.711) (Table 2).

There were five patients (8.7%) who had prolonged air 
leak in both groups (P=0,669). A significant relationship 
was not found between prolonged air leak and clinical 
parameters (P>0.05).

When patients who underwent lobectomy were analyzed, 
mean air leak was 85.6 mL/min in the homologous group, 
whereas it was 31.5 mL/min in the autologous group 
(P=0.069). In patients who had undergone wedge resection, 
mean air leaks were 890 and 697 mL/min in homologous 
and autologous sealant groups respectively (P=0.752).  
A statistically significant difference was also not determined 
between the groups in terms of maximum amount of leak 
(P=0.950). In patients who underwent lobectomy, the total 
amount of drainage was 841.6 mL in homologous sealant 

arm, and 737.5 mL in autologous sealant arm (P=0.783). 
In this lobectomy subgroup, the mean of maximum air 
leak was 795.89 mL/min heterologous group and it was  
717.44 mL/min in the homologous group (P=0.833). The 
mean air leak were 91.22 and 52.8 mL/min in heterologous 
and homologous groups respectively (P=0.324). When the 
patients who underwent upper lobectomy were analyzed, 
mean air leak were 62.3 and 26.9 mL/min in homologous 
and autologous sealant groups respectively (P=0.224). 
Complications developed in 13 patients in the homologous 
group, whereas 11 patients had at least one postoperative 
complication in autologous group (Table 2). There was no 
statistically significant difference in terms of developed 
complications (P=0.711).

Discussion

In this study, there was no difference in the efficacy of 
homologous and autologous sealants in the control of 
postoperative air leak in patients who underwent pulmonary 
resection.

As the most frequent morbidity in thoracic surgery, air 
leak is dealt with different strategies. Belda-Sanchís (6) 
indicated that with a Cochrane library systematic review, 
surgical sealants has been found be effective to reduce 
postoperative air leaks and time to chest tube drainage time 
however, they are not associated with a less hospital stay. It 
has been also demonstrated that, a sealant patch can reduce 
the duration of air leak (2).

Air leak in especially patients with emphysematous lungs 
may continue longer than 7 days (7). All efforts should be 
exerted to prevent, reduce and avoid from postoperative air 
leak. In our study, although, homologous sealant provided 
less air leak, slightly shorter drainage time, the differences 
were not statistically significant.

In their study, Brunelli et al. found that, the rate of air 
leak and intrapleural pressure difference as surrogate for 
the air leak that will continue for 72 h independently of the 
other variables (8). In this study, we did not find intrapleural 
pressure difference as a predictor of prolonged air leak. 
Cerfolio et al. (9) especially emphasized that the best and 
easiest way to treat air leak was to prevent air leak during 
operation. It was shown that the use of fibrin glue reduced 
the complications such as pneumothorax and secondary 
infections and prolonged air leak (10,11). In our study, 
the total rate of complications determined in both groups 
was acceptably low and there was no significant difference 
between the groups. Belcher and colleagues (12) reported 
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Table 1 Characteristics of the patients

Variables Homologous sealant group Autologous sealant group P

Gender, n (%) 0.504

Female 6 (21.4) 4 (13.8)

Male 22 (78,6) 25 (86,2)

Age (years) 53.7 56.5 0.876

Type of lesion, n (%) 0.123

Malignancy

Primer lung cancer 21 (75.0) 21 (72.4)

Secondary malignancy 1 (3.6) 4 (13.8)

Benign diseases 6 (21.4) 4 (13.8)

Lesion localization, n (%) 0.793

Upper lobe 12 (42.9) 13 (44.8)

Lower lobe 8 (28.6) 12 (41.4)

Extensive (more than one lobe) 8 (28.6) 4 (13.8)

COPD, n (%) 0.648

Present 4 (14.3) 3 (10.3)

Absent 24 (85.7) 26 (89.7)

FEV1 (%) 73.5 81.9 0.121

FEV1/FVC (%) 80.5 82.4 0.810

DLCO (%) 70.3 76.0 0.738

Stapler use, n (%) 0.504

Yes 22 (78.6) 25 (86.2)

No 6 (21.4) 4 (13.8)

Type of resection, n (%) 0.839

Lobectomy 20 (71.4) 20 (69.0)

Wedge 8 (28.6) 9 (31.0)

Surgical approach 0.337

Thoracotomy 18 (64.3) 15 (51.7)

VATS 10 (35.7) 14 (48.3)

VATS, video assisted thoracoscopic surgery.

that, clinical pleural space infection were 2% and 8% in 
their patients who had Vivostat and Bioglue. We did not 
observe any pleural infection in our series.

Fabian et al. concluded that the use of fibrin glue in 
pulmonary resections significantly reduced prolonged air 
leak (13). In our study, a low rate of prolonged air leak 
was seen in both groups, while the amount of leak seen on 

the 7th day was higher in the homologous sealant group. 
However, the difference was not statistically different. We 
also did not notice any different effect of autologous sealant 
in terms of chest tube drainage, air leak time, hospital stay 
when we compare the parameters of those in homologous 
sealant group. We also did not find a statistically significant 
difference in maximal or mean air leak between groups.
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Table 2 Comparison between the study groups in terms of postoperative measurements

Variables Homologous (Tisseel) group Autologous (Vivostat) group P

Air leak on the 7th day, mean ± SD (mL/min) 390±395.9 70±66.8 0.002

Maximum air leak 712.7±1,429.5 642.7±866.2 0.823

Mean air leak, mean ± SD (mL/min) 91.32±151.36 46.83±93.79 0.186

Drainage time (days) 3.39±1.7 3.38±1.8 0.978

Hospital stay (days) 5.5±3.4 5.0±2.6 0.140

Prolonged air leak, n (%) 2 (7.1) 3 (10.3) 0.669

Complications [%] 0.711

Re-insertion of chest tube 13 [46.4] 11 [37.9]

Re-expansion failure 2 [7] 2 [7]

Pneumonia 1 [3] –

Pseudo-obstructive atelectasis 5 [17] 5 [17]

Other 3 [9] 2 [7]

SD, standard deviation.

Buchta et al. concluded that there was a significant 
difference between the fibrin concentrations created by 
autologous and homologous fibrin glues and clotting 
times (14). For homologous sealants, there is a risk of 
antigenic reactions since used sealant proteins are slightly 
different (15). However, in this study, we did not see a 
complication related to allergic reaction or infection in 
any of the patients in the homologous sealant (i.e., Tisseel) 
group. The autologous properties of Vivostat reduce the 
theoretical potential for foreign tissue reaction and does 
not possess the possible concerns regarding viral infection. 
Nevertheless Tisseel has been produced excluding the 
any viral contamination. Vivostat was reported to have 
extensive elastic properties and 5 days of absorption time 
shown in animal models (16). The disadvantages of the 
Vivostat include time necessary for the preparation of study 
and necessity of withdrawing approximately 300 mL of 
blood. Nevertheless we did not observe any hemodynamic 
instability after blood removal since the amount is well 
below the tolerable blood loss.

In their retrospective study that involves 360 patients, 
among whom 102 patients were implemented fibrin glue 
during surgery, Gagarine et al. (17) reported a reduction of  
1.4 days in the chest tube time in the fibrin glue group 
comparing to the control group, but they did not find 
a significant difference in terms of prolonged air leak 
and duration of hospital stay (6.3–7.7 days). Petrella and 

colleagues also reported that, another agent Innoseal might 
shorten the air leak time in patients undergoing resections 
for metastasis (18). In our series, five patients had metastasis. 
However, we have number of patients with primary tumor or 
benign lung disease. Using a different air leak sealant, Marta 
et al. observed that, TachoSil provided a statistically significant 
reduction in intra-operative air leak (19). However, median 
time until chest drain removal was 4 days with TachoSil and  
5 days in the standard group. There was no difference 
between groups in hospital length of stay (19).

In our study, we used a digital chest drainage device 
which is capable of continuously recording and monitoring 
the amount of air leak. The device provides objective 
information about air leak, and helps to create reproducible 
chest tube protocols while minimizing the inter-observer 
variability in decision making process of removing chest 
tubes (2). Brunelli and colleagues indicated that (4), the 
application of a chest removal protocol using the device 
was safe and cost-effective. For this reason, we used the 
digital system in our study. We also compared the maximum 
and mean amount of air leak in order to find a possible 
surrogate of shorter chest tube drainage time. However, 
we did not find a statistically significant difference in 
chest tube removal and hospital stay between two groups. 
Nevertheless, usage of system may theoretically reduce the 
random effects which might have played a role in our study 
in terms of chest tube management.
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Belcher and colleagues reported that, the incidence of 
clinical pleural infection was 8% in the patients receiving 
BioGlue, 2% in the Vivostat arm (12). We observed  
24 complications in 57 patients (42.1%). However, none 
of them was infectious complication. For this reason, it 
is plausible to comment that, homologous or autologous 
sealants did not increase the incidence of pleural infection 
following resection.

Since FDA approved homologous fibrin sealant for 
air leak prevention, we aimed to compare the autologous 
agent in order to find if it is equally effective in patients 
undergoing pulmonary resections. The homologous 
system has advantages of quick preparation, price and no 
requirement of special device of fibrin separation from 
whole blood.

Limitations of the study should be addressed. We studied 
in a relatively small number group of patients. However, 
the sample size was calculated to be adequate for showing 
a possible difference at a power of 0.9. We also did not 
proceed a long term follow-up in the study since no long 
term side-effects or complication can be expected.

Conclusions

In this study, the air leak and the rate of prolonged air leak 
occurrences could be reduced to quite lower levels with the 
use of fibrin products. Homologous and autologous fibrin 
sealants seem to be equally effective in terms of duration 
of hospital stay, prevention of prolonged air leak. Further 
studies are warranted in order to test or confirm our 
findings.
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