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Introduction

One of the most common causes of complications and 
protracted hospital stay after pulmonary resection is 
prolonged air leakage (1,2), thus management of a pulmonary 

air leak is an important clinical issue for thoracic surgeons (3).  

Air leak incidence is dependent on several factors, such as 

the surgical procedures employed and patient physiological 

characteristics, with such leakage considered to be prolonged 
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when persisting for more than 5 days (4). A prolonged air 
leak often leads to increased complications, including longer 
drainage time, infection, and empyema, resulting in an 
increased period of hospitalization (5). 

Digital pleural drainage systems utilize electronic sensors 
to measure and record air leakage from chest tubes, by 
which they can provide a graphical display of air leak trend 
over time (6). The ThopazTM chest drainage system (Medela, 
Switzerland) is a portable suction unit that features scientific 
digital flow recordings (7). The machine is equipped with 
digital display to provide objective data in real time as 
well as a 24-hour graph of air flow, which provides data 
for timely and objective decisions, including chest tube 
removal. In addition, clinicians can review air leak data 
transferred to a personal computer (PC) by a universal serial 
bus (USB) connection. 

In the present study, we reviewed air leak data provided 
by a Thopaz device from patients who underwent 
pulmonary resection for lung malignancy and used that 
digital chest drainage system. From our findings, we divided 
the various postoperative air leak patterns into 4 groups; 
none, intermittent, decrease, and variable, and evaluated 
the correlation of those patterns with prolonged air leakage 
after surgery. The purpose of this study was to evaluate if 
the postoperative air leak patterns could predict prolonged 
air leakage after surgery.

Methods

Patients

Five hundred twenty-two patients underwent a pulmonary 
resection procedure for lung cancer between 2011 and 2015 
at Osaka University Hospital. The Thopaz system was used 
after surgery in patients with pulmonary resection. Patients 
who underwent a pneumonectomy or wedge resection 
were excluded from the analysis. Patients who had severe 
adhesion or pulmonary emphysema were also excluded 
from the analysis because those patients basically required 
2 chest drainage tubes for postoperative massive air leak or 
pleural effusion, thus the accurate analysis of air leak flow 
and trend was impossible. For the present study, data from 
Thopaz use in 299 patients who underwent a lobectomy 
or segmentectomy was saved and analyzed retrospectively. 
This study was approved by the Institutional Review Board 
of Osaka University Hospital (ID10026-3) and written 
informed consent was obtained from all patients.

Operation procedure

The surgical procedures were performed using a muscle 
sparing anterolateral thoracotomy (Open) or 3 port 
thoracoscopic surgery (TS) method. Mechanical staplers 
were used to develop incomplete fissures and to close 
the bronchus. Before chest closure, an air leak test was 
performed under a pressure loading of 25 cmH2O. As 
no leakage was detected, no coverage of the margin of 
the dissected or stapled lung tissue was performed, while 
small air leaks in other patients were managed by suturing. 
When alveolar air leakage occurred from the superficial 
pulmonary parenchyma, it was managed with fibrin glue 
in combination with an absorbable mesh sheet [Neoveil 
absorbable polyglycolic acid (PGA) felt, Gunze, Osaka, 
Japan]. In cases with alveolar air leakage occurring from a 
location deep in the pulmonary parenchyma, subcutaneous 
fat pads about 2×2 cm in size were harvested from the 
thoracotomy and placed on the damaged lung tissue with 
fibrin glue in combination with 2 or 3 mattress sutures (8). 
At the end of the operation, 1 chest tube, size 24 F (BLAKE® 
Silicone Drains, Ethicon, Inc., Somerville, NJ, USA), was 
placed, then suction of 10 cmH2O was applied by use of the 
Thopaz device. In each case, the drain was inserted through 
an insertion point on the 7th intercostal middle axillary 
line. For patients with lower lobectomy, the drain was 
basically inserted into the dorsal region and ascended to the 
apical portion of the lung and descended into the ventral 
region. For patients with upper or lobectomy, the drain was 
inserted into the ventral region and ascended to the apical 
portion of the lung and descended into the dorsal region. In 
this period, we performed reoperation to control an air leak 
when the amount of leakage was more than 1,000 mL/min 
immediately after surgery.

Postoperative management

The tube was removed when air flow was less than a 
continuous 20 mL/minute within the past 24 hours after 
confirming complete re-expansion of the residual lung (9).  
If the air leak persisted until postoperative day 7 and the 
residual lung was fully expanded, chemical pleurodesis 
with 5 KE of OK-432 (Pecibanil®: Chugai Pharmaceutical 
Co. Ltd., Tokyo, Japan) or supplementation with factor 
XIII (Fibrogammin®: CSL Behring, Tokyo, Japan) 
were considered. If a significant air leak at more than  
500 mL/minute with increased subcutaneous emphysema or 
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residual air spaces persists in a patient despite conservative 
measures, surgical revision was considered. For patients 
with prolonged air leak, these postoperative chest tube 
management procedures were agreed upon and used by all 
5 members of our department.

Data collection

Air flow data were transferred to a PC by USB and analyzed. 
As shown in Figure 1, we divided the postoperative air 

leak patterns into 4 groups, as follows: none, air leakage  
≤20 mL/minute; intermittent, air leakage varied between 0 
and >20 mL/minute; decreased, air leakage at >20 mL/minute  
then gradually decreased; and variable, air leakage 
showed variable decrease and increase >20 mL/minute  
and not ≤20 mL/minute within 4 days after surgery. In this 
study, prolonged air leak was defined as an air leak lasting 
for more than 5 days (4). Variables were compared among 
the groups using a Chi-square test and Krusukal-Wallis test 
with JMP Pro (version 12.2.0).

Results

In the present patients who underwent a pulmonary 
resection, the incidence of prolonged air leak was 10% 
(30/299). The postoperative air leak pattern was none 
in 217 (73%), intermittent in 21 (7%), decrease in  
40 (13%), and variable in 21 (7%). Patient characteristics 
after dividing into those groups are shown in Table 1. Age, 
preoperative respiratory function, and operation procedures 
were similar among them. Male patients showed to be 
classified more often into the decrease or variable group. 
Furthermore, operation time was significantly longer in 
patients of variable group. There was no correlation of air 
leak pattern with histology type or staging of lung cancer. 
The incidence of prolonged air leak in each group was 0.5% 
(1/217) in the none group, 24% (5/21) in the intermittent 
group, 20% (8/40) in the decrease group, and 76% (16/21) 
in the variable group.

Figure 2 shows the differences in terms of air leakage 
immediately after surgery in the operating room, air 
leak duration, and chest tube duration among the  
4 groups. The amount of leakage immediately after surgery 
was highest in the variable group, while those classified as 
intermittent or variable group showed longer durations of 
prolonged air leakage and chest tube placement. 

A summary of methods for treatment of postoperative 
air leakage in the present patients is shown in Table 2. 
Those with a prolonged leak were treated by reoperation, 
chemical pleurodesis, and factor XIII supplementation. The 
frequency of postoperative treatment was greater in the 
variable group as compared to the others. In addition, we 
found that procedures for reinsertion of the chest tube for 
pneumothorax or increased subcutaneous emphysema after 
chest tube removal were confined to the intermittent group. 
No other major pulmonary complications were noted and 
no postoperative mortalities occurred in the present cohort. 
Late onset (>30 days) alveolopleural fistula was seen in  

Figure 1 Representative air leak data obtained with use of digital 
pleural drainage system after transfer via USB. (A) None pattern: 
postoperative air leakage <20 mL/minute; (B) intermittent pattern: 
air leakage a mixture of 0 and >30 mL/minute; (C) decrease 
pattern: air leakage gradually decreased from >30 mL/minute; 
(D) variable pattern: air leakage increased and decreased with 
difference of >30 mL/minute and not <20 mL/minute within 4 
days after surgery. USB, universal serial bus.
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Table 1 Patient characteristics

Air leak pattern None Intermittent Decrease Variable P

Total No. 217 21 40 21 –

Mean age (years) 67±10 68±7 70±7 70±7 0.41

Gender 0.02

Male 117 11 31 15

Female 100 10 9 6

Respiratory function

%VC 102±15 101±18 97±20 101±13 0.68

FEV1% 75±9.8 73±8.3 76±10 76±9.5 0.58

DLCO% 91±23 85±19 96±28 89±16 0.56

Operation approach 0.36

Open 66 5 17 8

TS 151 16 23 13

Operation procedure 0.06

Lobectomy 171 12 33 19

Segmentectomy 46 9 7 2

Side of operation 0.98

Left 81 7 14 8

Right 136 14 26 13

Lobe of operation 0.28

Upper 114 15 23 12

Middle 15 0 2 0

Lower 88 6 15 9

Operation time (min) 218±55 239±72 223±56 252±56 0.04

Histology 0.87

Ad 176 17 30 18

Sq 32 4 8 2

Others* 9 0 2 1

p-Stage 0.20

IA 140 16 24 15

IB 56 3 12 3

IIA 1 0 0 2

IIB 11 0 2 0

IIIA 9 2 2 1

Prolonged air leak** 1 5 8 16 <0.0001

*, Patients with primary lung cancer; **, prolonged air leak was defined as an air leak lasting for more than 5 days. %VC, percent vital 
capacity; FEV1%, forced expiratory volume 1.0 (sec) percent; DLCO%, diffusing capacity of carbon monoxide percent; Open, open 
thoracotomy; TS, thoracoscopic surgery; Ad, adenocarcinoma; Sq, squamous cell carcinoma. 
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1 patient in the none and 2 in the intermittent group, each 
of whom underwent reinsertion of the chest tube or a 
reoperation to provide drainage. 

Discussion

The duration of chest drainage following a pulmonary 
resection procedure is mainly dependent on the presence 
of air leakage and/or pleural effusion (1). Several risk factor 
of prolonged air leak have been identified, including age, 
gender, body mass index, presence of pleural adhesions, 
lobectomy or segmentectomy, and surgical sites (4,10,11). 
Patients with prolonged air leak have higher incidence of 
postoperative complications, stayed longer in the hospital 
after surgery, and pay higher medical costs (3,4). Thus, an air 

leak that continues for more than 5 days should be treated. To 
develop a treatment strategy for patients with postoperative 
air leakage, we reviewed various air leak patterns in patients 
who underwent a pulmonary resection procedure for lung 
cancer with use of a digital pleural drainage system. Patients 
in the variable group had a greater amount of air leakage 
immediately after surgery, and the durations of air leak and 
chest drainage tube placement were longer as compared to 
the none and decrease group. Those patients often required 
invasive treatment, such as surgery or pleurodesis, for 
prolonged air leakage. If a significant air leak with increased 
subcutaneous emphysema or residual air spaces, reoperation 
should be considered. In order to minimize the risk of pleural 
space infection or partial obstruction, this decision should 
be made as early as possible within a few days (12). In the 

Figure 2 Air leak pattern and clinical factors. (A) Amount of air leakage immediately after surgery in the operating room (P<0.0001); (B) air 
leak duration (P<0.0001); (C) chest tube duration (P<0.0001). 
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Table 2 Summary of treatments used for prolonged air leak

Air leak pattern None Intermittent Decrease Variable

Total No. 217 21 40 21

Re-operation 0 0 1 3

Pleurodesis 0 0 0 6

Factor XIII 0 0 1 5

Reinsertion of chest tube* 0 2 0 0

*, Chest tube reinsertion for pneumothorax or increased subcutaneous emphysema after initial removal.
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variable air leak pattern group, interventional treatment 
was typically performed approximately 5 days after the 
initial operation. Thus, when a variable air leak pattern 
continues, chemical pleurodesis or surgical repair should 
be considered, and performed within 5 days after surgery 
when considered necessary. Our findings also revealed 
that patients with air leakage greater than 500 mL/minute 
immediately after surgery developed a prolonged air leak 
and were classified as part of the variable group. Thus, those 
patients may require treatment for air leakage during the 
early postoperative period. 

Although the mean amount of air leakage in the 
intermittent group was not extremely elevated, the 
durations of air leak and chest drainage tube were longer as 
compared to the none and decreased groups, while some also 
underwent invasive treatment for prolonged air leakage. Two 
patients in the intermittent group underwent reinsertion of 
the chest tube for pneumothorax or increased subcutaneous 
emphysema after chest tube removal. Furthermore, another 
2 in that group suffered from late onset air leakage and were 
readmitted for drainage or a reoperation. Such patients 
should be carefully followed for several months after surgery. 
Notably, our findings showed that the intermittent air leak 
pattern was not easily detected with a conventional drainage 
system, but rather with use of the Thopaz digital drainage 
system which can provide objective data in real time as well 
as a 24-hour graph of air flow. 

On the other hand, air leakage showed a gradual 
decrease and was diminished within several days in 
the decrease group and the postoperative course of 
those patients was largely uneventful. Some underwent 
interventional  treatment such as pleurodesis  and 
factor  XIII  supplementat ion,  which immediately 
reduced the air leak. A lower postoperative level of 
factor XIII activity is one of the causes of an air leak, 
with exogenous factor XIII concentrate shown to 
be an effective and safe non-invasive treatment (13).  
In our experience, supplementation with factor XIII is 
effective for a minor air leak that appears after surgery, 
thus we consider it to be suitable for patients categorized 
as decrease in our classification. We also think that these 
patients do not always require surgical repair. Our present 
results indicate that air leakage rate measured after a lung 
resection can show the air leak pattern, which is useful 
for predicting the durations of air leakage and chest tube 
drainage, as well as the postoperative course. 

The mechanism of prolonged air leakage remains 
unclear. In the present classification, the decrease 

pattern likely indicates a normal healing process of lung 
parenchyma defects and residual lung expansion, while the 
variable pattern indicates active and massive air leakage 
due to the presence of several lung parenchyma defects. 
Furthermore, the intermittent pattern is likely associated 
with drainage failure due to the position of the drain tube. 
The location of the chest tube depends on what is being 
drained. We usually use the Blake drain for chest drainage 
of air as well as pleural fluid after pulmonary resection 
instead of using two drains. Although the postoperative 
course was uneventful for almost patients, drainage is not 
adequate for a few patients probably due to the position 
of the Blake drain tube. Such failure after a pulmonary 
resection procedure may result in inadequate air space and 
pleural effusion, thus preventing lung expansion and wound 
healing. Thus, these factors may be related to late onset air 
leakage in patients with the intermittent classification. 

Digital pleural drainage systems have been reported 
to help reduce the durations of chest tube drainage and 
hospitalization as compared with conventional systems (14),  
which is likely related to the more accurate pressure 
regulation in the pleural cavity provided by the technological 
advantages of these systems (6,15). Another reason is 
that the present patients who underwent digital drainage 
evaluation experienced chest drain removal 1 day earlier as 
compared to those treated with a traditional system, because 
a chest tube clamping test was not necessary. Such clamping 
is often needed for patients with a traditional system to 
rule out the presence of small air leaks that are difficult 
to detect (5,16). In our cohort, chest tubes were removed 
when the amount of continuous air leakage was less than 
20 mL/minute. None of our patients, excluding the 
intermittent group, suffered from pneumothorax after chest 
drain removal, indicating that the air leak quantification 
performed with a digital drainage system shows an accurate 
trend of air leakage based on recordings obtained over 
several hours, thus enabling effective decision making in 
regard to drain removal (7). Furthermore, use of a digital 
device makes possible earlier patient mobilization as well as 
improved postoperative physiotherapy results, reducing the 
risk of secretion retention and pneumonia (1). 

Our study has some limitations. The occurrence of 
air leakage is dependent on the operation procedures 
employed. Therefore, the ability to predict air leak duration 
is important for considering treatment for a prolonged air 
leak after operative findings are known, such as results of an 
intraoperative water seal test and the repair method used for 
lung parenchyma defect. 
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Conclusions

We found that air leak pattern following a pulmonary resection 
can predict the durations of air leakage and chest tube drainage, 
which is helpful for producing an air leak management 
algorithm (Figure 3). In addition, our results suggest potential 
advantages of a digital drainage system, including continuous 
monitoring and recording capabilities, which can provide 
information to determine the air leak pattern in patients 
undergoing a pulmonary resection procedure.
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