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Abstract

OBJECTIVES: Absorbable mesh and fibrin glue applied to prevent alveolar air leakage contribute to reducing the length of chest tube
drainage, length of hospitalization and the rate of pulmonary complications. This study investigated the feasibility of omitting chest
tube drainage in selected patients undergoing thoracoscopic major lung resection.

METHODS: Intraoperative air leakages were sealed with fibrin glue and absorbable mesh in patients undergoing thoracoscopic major
lung resection. The chest tube was removed just after tracheal extubation if no air leakages were detected in a suction-induced air
leakage test, which is an original technique to confirm pneumostasis. Patients with bleeding tendency or extensive thoracic adhesions
were excluded.

RESULTS: Chest tube drainage was omitted in 29 (58%) of 50 eligible patients and was used in 21 (42%) on the basis of suction-induced
air leakage test results. Male gender and compromised pulmonary function were significantly associated with the failure to omit chest
tube drainage (both, P <0.05). Regardless of omitting the chest tube drainage, there were no adverse events during hospitalization,
such as subcutaneous emphysema, pneumothorax, pleural effusion or haemothorax, requiring subsequent drainage. Furthermore, there
was no prolonged air leakage in any patients: The mean length of chest tube drainage was only 0.9 days. Omitting the chest tube drain-
age was associated with reduced pain on the day of the operation (P = 0.046).

CONCLUSIONS: The refined strategy for pneumostasis allowed the omission of chest tube drainage in the majority of patients undergo-
ing thoracoscopic major lung resection without increasing the risk of adverse events, which may contribute to a fast-track surgery.
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INTRODUCTION

rate of postoperative pulmonary complications and the length of
the postoperative hospital stay [7], which in turn accelerated the
postoperative physiological rehabilitation [4]. Considering these fa-
vourable results, our next goal was to omit postoperative chest
tube placement in selected patients undergoing thoracoscopic

Chest tubes have been routinely placed in patients undergoing
pulmonary resection surgery in order to monitor or drain air lea-
kages. However, chest tube placement itself enhances post-

operative pain [1, 2], deteriorates the ventilation capacity [2] and
prevents ambulation [3, 4]. Therefore, surgeons have attempted to
control air leakages detected intraoperatively in order to allow
chest tubes to be removed early in the postoperative course.
Although a number of clinical trials have been conducted to
achieve favourable effects of surgical sealants for controlling air lea-
kages, the outcomes were not satisfactory when the sealants were
used alone [5]. In contrast, we previously reported the excellent
effect of fibrin glue when it was used in combination with a bioab-
sorbable mesh: the chest tube could be removed the day after the
operation in 90% of patients undergoing lung lobectomy for
cancer [6, 7]. In addition, compared with the conventional proced-
ure using fibrin glue alone, our technique led to a reduction in the

'Presented at the 26th Annual Meeting of the European Association for
Cardio-Thoracic Surgery, Barcelona, Spain, 27-31 October 2012.

major lung resection. To identify the patients who did not need
postoperative chest tube drainage, we defined original criteria to
confirm pneumostasis during the intraoperative air leakage test, on
the basis of our previous observational study. By referring to the
intraoperative air leakage test results, we were able to remove the
chest tube in the operating room in eligible patients. This study
was conducted to clarify the feasibility of omitting chest tube
placement after thoracoscopic major lung resection.

PATIENTS AND METHODS
Patients

This study was a retrospective review of a prospective database
of 53 patients who underwent thoracoscopic major lung resection

© The Author 2013. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.

THORACIC

920z aunr g0 uo 3sanb Aq 1/28¢1/522/2/vv/e1one/s)ole/wod dno-olwepe



226 K. Ueda et al. / European Journal of Cardio-Thoracic Surgery

for a lung tumour between July 2011 and May 2012. This study
was approved by our Institutional Review Board. Three patients
met the exclusion criteria for omitting chest tube placement
because there were extensive intrathoracic adhesions in 2 patients
and a bleeding tendency in 1. The remaining 50 patients were uni-
formly managed to prevent air leakages on the basis of the intrao-
perative air leakage test, as described later. The final diagnosis of
the lung tumour was primary lung cancer in 42 patients, metastatic
lung tumour in 5 and a benign lung tumour in 3. Mediastinal lym-
phadenectomy was routinely performed in patients with primary
lung cancer. We performed a lobectomy in 41 patients and an ana-
tomical segmentectomy in the remaining 9 patients.

Operability was based on the existing guidelines for pulmon-
ary resection [8]. The criteria for resection included a partial
pressure of arterial carbon dioxide (PaCO,) of <50 mmHg, a
mean pulmonary arterial pressure of <30 mmHg and a calcu-
lated predicted postoperative forced expiratory volume in 1s
(FEV1) of >500 ml. The patient data obtained preoperatively
included age, sex, smoking habits, site of resection and spiro-
metric variables, namely, the functional vital capacity and FEV1.
Although we generally selected lung lobectomy for patients with
tumours >2 cm in diameter, we optionally selected lung seg-
mentectomy in patients with tumours <2 cm in diameter, after
they gave informed consent, if the tumours were at least 2 cm
from the intersegmental plane.

Two materials were used for pneumostasis: a polyglycolic acid
(PGA) mesh (Neoveil®; Gunze, Osaka, Japan), a homopolymer
non-woven fabric with a molecular mass of 100 000, and fibrin
glue. The fibrin glue we used is composed of ‘Solution A" and
‘Solution B'. Solution A contains 80 mg/ml of human fibrinogen,
75 U/ml of human plasma-derived coagulation factor XIIl and
1000 Kallikrein Inactivator Units bovine aprotinin. Solution B con-
tains 250 IU/ml of human thrombin and 5.9 mg/ml of calcium
chloride. Mixing these two solutions forms a fibrin clot within 5s.

Pneumostasis

The operation was performed via three ports without rib spread-
ing. During lobectomy, we used an endoscopic stapler (Ethicon,
Cincinnati, OH, USA) to divide fused fissures and to excise the
bronchus. Staple lines were never reinforced. During the ana-
tomical segmentectomy, we used electrocautery to dissect the
intersegmental plane. After resection, a water-seal test was per-
formed to identify an alveolar fistula if it was present. We did
not perform pleural tenting to obliterate the residual pleural
space after an upper lobectomy.

We sealed alveolar air leakages with fibrin glue in combination
with PGA mesh, without suturing, in the following way: Solution
A was sprayed over the dissected lung parenchyma or the staple
line, and then it was rubbed on the surface so that the fibrino-
gens could effectively penetrate the lung parenchyma. Solution
B was then sprayed over the surface to create primary sealing. A
piece of PGA mesh, 2.5x2.5cm in size, soaked in Solution A,
was placed over the sealed lung parenchyma and adhered to it
by spraying Solution B onto it. This process was repeated until
the entire air leakage area was adhered to the mesh. All of these
procedures were performed with the residual lungs deflated.

Intraoperative air leakage test

After sealing any air leakages, a 20-F chest tube was introduced
via one of the ports. Then, all the three port sites were sealed

with adhesive film sheets to simulate chest wall closure. The
chest tube was connected to a suction device (MERA Sucuum,
Mera Co. Ltd., Tokyo, Japan; this unit can perform at any pres-
sure between 0 and -50 cmH,0) set to provide a continuous
suction pressure of -5cmH,0. Simultaneously, the ipsilateral
remaining lung was inflated with a continuous airway pressure of
10 cmH,O (Fig. 1). These pressures were determined on the
basis of our previous observational study (not published). The
presence or absence of air leakages was then visually assessed
via the suction device. We call this assessment the
‘suction-induced air leakage test. If a massive air leakage was
detected, it was again sealed using fibrin glue and PGA mesh. If
no air leakage was detected, then a chest tube was not placed
postoperatively and was instead removed just after tracheal
extubation.

Chest tube management

In patients with any air leakage during the suction-induced air
leakage test, a 20-F chest tube was placed in the hemithorax
postoperatively. The chest tubes were placed on a continuous
suction unit at -5 cmH,0. We checked for any signs of air
leakage by observing the suction device. If an air leakage was
detected postoperatively, the chest tube suction was turned
down in increments approaching zero (water seal). Chest tubes
were removed the day after the air leakage disappeared, regard-
less of the amount of pleural drainage.

Figure 1: The suction-induced air leakage test performed during thoraco-
scopic surgery.
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Assessment of postoperative pain

Postoperative pain was evaluated by a visual analogue scale [9];
every patient subjectively scored postoperative pain on a scale
of 0 (no pain) to 10 (severe pain) at 6 h after the operation and
on every postoperative day (POD; days 1-7).

Statistical analysis

The values are expressed as the means + standard deviation (SD),
unless otherwise specified. The unpaired Student’s t-test was
used to test the relationships between discrete variables and
continuous variables. The 2 test was used to compare discrete
variables. A value of P < 0.05 was considered to be significant. All
statistical analyses were performed using the STATA 11 software
program (Stata Corp., College Station, TX, USA).

RESULTS

After major lung resection, the water-seal test detected alveolar
air leakages in 33 patients, in whom fibrin glue and PGA mesh
were applied. According to the suction-induced air leakage test
performed before chest wall closure, air leakages were detected
in 21 patients, but not detected in the remaining 29 patients.
Among the 21 patients with air leakages detected by the
suction-induced air leakage test, there was 1 patient who had
not been detected to have air leakages during the water-seal
test. A chest tube was not placed postoperatively in the 29
patients  without air leakages detected during the
suction-induced air leakage test, while they were placed post-
operatively in the remaining 21 patients. The chest tube was
removed on POD1 in 13 patients, POD2 in 3, POD3 in 1, POD5
in 2 and POD6 in 2. The mean length of chest tube drainage in
the overall patients was only 0.9 days. Male gender and airflow
limitation were significantly associated with the failure to omit
chest tube drainage (Table 1). Omitting the chest tube drainage
was associated with reduced pain on the day of the operation
(P=0.046; Fig. 2). When the analysis was restricted to the 9
patients who underwent anatomical segmentectomy, chest tube
drainage was omitted in 5 patients. The intersegmental plane
was mainly dissected by electrocautery in all the 5 of these
patients. The mean overall length of postoperative chest tube
drainage was not significantly different between patients under-
going lobectomy and those undergoing anatomical segmentect-
omy (0.8+1.5vs 1.1+ 1.7 days, P=0.6).

There were no in-hospital deaths. However, a postoperative car-
diopulmonary complication occurred in 2 patients. One patient,
who had undergone chest tube placement, developed atelectasis
on PODOQ, and the other patient, who had not undergone chest
tube placement, developed adult respiratory distress syndrome on
POD7 (Table 2). Both complications resolved conservatively. There
was 1 patient who developed subcutaneous emphysema on
POD?7 following removal of the chest tube on POD6, requiring
chest tube reinsertion (Table 2). There were no other patients who
required subsequent chest tube drainage due to subcutaneous
emphysema, pneumothorax, pleural effusion or haemothorax,
during hospitalization. There was 1 patient who underwent a
blood transfusion due to a mild haemothorax on POD4, which
resolved spontaneously without any intervention, including

Table 1:
tube status

Characteristic variables according to the chest

Variables Omission of chest tube P-value
placement
Yes (n=29) No (n=21)
Age (years) 71.7+9.6 724+11.2 0.8
Gender (male/female) 13/16 16/5 0.027
Smoking history (yes/no) 15/14 16/5 0.08
FVC (1) 3.00£0.79 335+0.78 0.1
FVC (%) 1125+151 1132172 09
FEVT (1) 209+£045 218+0.70 0.6
FEV1/FVC (%) 705+7.1 65.1+11.1 0.041
Operating time (min) 152+53 198+78 0.016
Bleeding (ml) 63+62 189 +230 0.007
Resected side (right/left) 18/11 14/7 0.7
Resected site (upper/ 16/13 13/8 0.6
non-upper)
Resection mode (lob/seg) 24/5 17/4 0.9
Visual analogue scale (day 0) 344+19 475+23 0.046

Values are expressed as number or mean * SD.
FVC: forced vital capacity; FEV1: forced expiratory volume in 1's; Lob:
lobectomy; Seg: segmentectomy.

Figure 2: Postoperative changes in the visual analogue scale (VAS) in patients
who underwent postoperative chest tube drainage (solid circles) and in those
who did not (open circles). The VAS score on the day of the operation was
significantly higher in patients who underwent postoperative chest tube
drainage than in those who did not (*P = 0.046). Error bars represent standard
errors of the mean.

drainage (Table 2). The mean overall length of postoperative hos-
pitalization was not significantly different between patients who
had undergone chest tube placement and those who had not
(125+6.6 vs 13.3 £+ 15.5 days, P=0.8).

DISCUSSION

Port-access thoracoscopic surgery contributes to reducing the
postoperative pain and preserving the early postoperative pul-
monary function, compared with open thoracotomy [10].
However, thoracoscopic surgery is still a painful treatment
because of the routine placement of a chest tube, which
enhances postoperative pain and prevents ambulation [2-4].
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Table 2: Postoperative adverse events according to chest
tube status

Events Omission of chest tube placement
Yes (n=29) No (n=21)
Complications
Atelectasis 0 1
ARDS 19 0
Bleeding 1? 0
Chest tube reinsertion 0 1P

ARDS: adult respiratory distress syndrome.
“Resolved conservatively.
"Due to subcutaneous emphysema.

Although surgeons have attempted to shorten the length of
postoperative chest tube drainage by thoroughly controlling air
leakages, none has completely omitted postoperative chest tube
placement, probably because of the lack of criteria for identify-
ing patients who do not need postoperative chest tube drainage
during surgery. In this report, we introduced the suction-induced
air leakage test to confirm consistent pneumostasis. The efficacy
of this air leakage test had been previously verified by our
former observational study of over 100 cases: we never found
any air leakages during the period of postoperative chest tube
placement if the suction-induced air leakage test, performed
intraoperatively, was negative (not published). In the current
study, the suction-induced air leakage test was indeed revealed
to be a reliable way to identify patients who do not need a chest
tube for draining postoperative air leakages. We believe that
both our refined procedure for pneumostasis and the original air
leakage test contributed to our being able to omit postoperative
chest tube placement in the majority of patients undergoing
major lung resection. Our strategy against postoperative air lea-
kages may contribute to the promotion of fast-track surgery or
even day surgery for major lung resection.

In the current series, 1 patient had air leakages detected by the
suction-induced air leakage test, despite the fact that no air lea-
kages were detected during the water-seal test. The postoperative
air leakage of this patient disappeared spontaneously on POD2,
allowing chest tube removal on POD3. In our previous series,
postoperative air leakages were also found in 12% of patients
who had not been detected to have leaks during the water-seal
test [6]. Therefore, the intraoperative water-seal test is not a reli-
able way to identify patients who do not need postoperative
chest tube placement. This discrepancy between the water-seal
test and the suction-induced air leakage test may be due to the
fact that the ipsilateral remaining lung is not fully inflated during
the water-seal test. Thus, we recommend performing the
suction-induced air leakage test, particularly in patients undergoing
thoracoscopic lung resection, because this air leakage test is both
feasible in patients undergoing port-access thoracoscopic surgery,
and because procedures to seal air leakages can again be
attempted if an unexpected, aggressive air leakage is detected
during the suction-induced air leakage test.

Anatomical segmentectomy is expected to become an option-
al surgical resection mode for patients with early lung cancer
[17]. However, securing a sufficient surgical margin is mandatory
because of the possibility of local recurrence [12]. In addition,

segmentectomy is not helpful if the preserved lung parenchyma
of the affected lobe does not work efficiently after the procedure
[13]. Therefore, we should attempt to dissect the lung paren-
chyma accurately along with the anatomical intersegmental
plane with electrocautery, although the usage of electrocautery
may cause alveolar air leakages, which may in turn require post-
operative chest tube placement.

In our current series, postoperative chest tube placement
could be omitted in 5 of the 9 patients who underwent anatom-
ical lung segmentectomy, and the mean length of chest tube
placement in patients undergoing segmentectomy was not sig-
nificantly different from that in patients undergoing lobectomy
(1.1£0.6 vs 0.8+£0.2 days, P=0.6). Thoracoscopic lung segmen-
tectomy can be a valuable, minimally invasive surgical modality
if air leakages can be completely controlled.

Hospitalization in our patients was relatively long because
patients do not have to pay high medical costs for prolonged
hospitalization in Japan under the current medical insurance
programme. Therefore, the length of hospitalization was not sig-
nificantly different between patients who received chest tube
placement and those who did not. Nevertheless, omission of
postoperative chest tube placement may be beneficial, because
the postoperative pain on the day of the operation, as measured
by a visual analogue scale, was significantly lower in patients
without postoperative chest tube placement; in addition, patients
can ambulate even on the day of the operation; and finally, the
omission of the chest tube means that there is no risk of drain-
related, iatrogenic accidents.

We previously reported that severe pulmonary emphysema
or airflow limitation was associated with prolonged post-
operative air leakages [14]. In the present study, airflow limita-
tion was also found to be associated with intractable air
leakages, which persisted irrespective of attempted pneumosta-
sis. Pulmonary emphysema and airflow limitation are also
known risk factors for postoperative hypoxaemia [15, 16], which
requires prolonged supplementation of oxygen. These two
factors are also known risk factors for postoperative cardiopul-
monary complications, especially in patients with an impaired
gas exchange capacity [17]. Considering that chest tube place-
ment itself may adversely impact on the respiratory system, since
it contributes to increasing postoperative pain, deteriorating ven-
tilation capacity and preventing patient ambulation, it is neces-
sary to further attempt to control intraoperative air leakages,
especially for patients with compromised pulmonary function, in
order to improve the early postoperative outcome in patients
undergoing major lung resection.

In summary, the refined strategy for pneumostasis allowed the
omission of chest tube drainage in the majority of patients
undergoing thoracoscopic major lung resection without increas-
ing the risk of adverse events, which may contribute to a fast-
track surgery.

Conflict of interest: none declared.
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APPENDIX. CONFERENCE DISCUSSION

Dr P. Sardari Nia (Breda, Netherlands): The subject of this study is very inter-
esting and also very controversial. | think we can fill days with discussion

about drain or no drain, number of drains, size of drains, suction or no
suction, but, in the end, | think it is very difficult to have general conclusions
because drainage management is mostly influenced by how we are trained
but also clinical judgment and patient characteristics. For example, for some
people it would be inconceivable to not insert a drain after major lung resec-
tion, but | do not want to concentrate on that.

| have some issues with the methodology. In your study, which is a retro-
spective study, you intraoperatively seal all the air leakage with fibrin glue
and absorbable mesh and then you use a system of suction-induced air
leakage to test whether you place a drain or not. So in this retrospective
study, it seems that the decision-making intraoperatively is the most import-
ant variable. How could you, on a retrospective basis, go back and provide
valid details about this decision-making?

The second point is, your suction-induced air leakage test is based on a
previous observational study which is mentioned in the manuscript which is
not published or even detailed in the manuscript. Could you also provide
details about that? Lastly, your exclusion criteria: you exclude patients who
have a bleeding tendency, but those are not very well-defined or absolutely
not defined.

Dr Ueda: Regarding your first question, this is certainly a retrospective
study, but we managed the chest tube prospectively according to the flow
chart. If intraoperative air leakage was found, then the drain was placed. If the
air leakage was not consistently observed, then the drain was removed. Sorry,
the second question?

Dr Sardari Nia: The second question is about the suction-induced air
leakage test that you mentioned in the manuscript, and you also mentioned
the pressure measurements that had been done in observational studies.

Dr Ueda: The suction-induced air leakage test is a thorough way of asses-
sing intraoperative air leakage. We believe that the water-seal test is not an
excellent method, because, according to our previous experience, about 10%
of patients without air leakage during the water-seal test had air leakage
appear postoperatively. With the suction-induced method, the residual lung
was inflated to 10 cm H,O and suction was performed simultaneously. This
means the postoperative physiological state. In this state, if the air leakage
was not found, we judged that the chest tube could be removed. The final
question?

Dr Sardari Nia: Could you clarify the exclusion criteria of patients not
included in the study?

Dr Ueda: | believe that chest drainage for air leakage is mandatory but
drainage for pleural effusion is not, but we must avoid postoperative haemor-
rhage. As you can see, extensive adhesions and combined resection are evident
risk factors for postoperative bleeding, so we determined the exclusion criteria as
this.

Dr Sardari Nia: How do you do that in a retrospective study?

Dr Wihlm (Strasbourg, France): He probably means the bleeding tendency as
the criterion: for example, if it was 200 ml during the operation, 400, 600, 800.

Dr Ueda: We don't have criteria. The chest tube is removed regardless of
the amount of pleural effusion.

Dr M. Dusmet (London, UK): What was your average length of stay?

Dr Ueda: Postoperative stay, as presented in my slide, was about 10 days.

Dr Dusmet: Most surgeons want to get the drain out to get the patient
home and you have a length of stay of 9 to 11 days, so what advantage is
there in not putting a drain in?

Dr Ueda: Medically, most of the patients can be discharged from the hos-
pital after 2 or 3 days postoperatively, but this longer hospital stay may be
due to the Japanese medical insurance system. Our ultimate objective is to
perform a thoracoscopic operation by day surgery.
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