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Background. The omission of postoperative chest tube
drainage may contribute to early recovery after thoraco-
scopic major lung resection; however, a validation study
is necessary before the dissemination of a selective drain
policy.

Methods. A total of 162 patients who underwent thor-
acoscopic anatomical lung resection for lung tumors were
enrolled in this study. Alveolar air leaks were sealed with
a combination of bioabsorbable mesh and fibrin glue.
The chest tube was removed just after the removal of the
tracheal tube in selected patients in whom complete
pneumostasis was obtained.

Results. Alveolar air leakswere identified in 112 (69%) of
the 162 patients in an intraoperative water-seal test per-
formed just after anatomical lung resection. The chest tube
could be removed in the operating room in 102 (63%) of the
162 patients. There were no cases of 30-day postoperative
Accepted for publication March 14, 2017.

Address correspondence to Dr Ueda, Department of Surgery and Clinical
Science, Division of Chest Surgery, Yamaguchi University Graduate
School of Medicine, 1-1-1 Minami-Kogushi, Ube, Yamaguchi 755-8505,
Japan; email: kaueda@c-able.ne.jp.

� 2017 by The Society of Thoracic Surgeons
Published by Elsevier Inc.
mortality or in-hospital death. None of the 102 patients who
did not undergo postoperative chest tube placement
required redrainage for a subsequent air leak or subcu-
taneous emphysema. The mean length of postoperative
hospitalization was shorter in patients who had not under-
gone postoperative chest tube placement than in those who
had. The omission of chest tube placement was associated
with a reduction in the visual analog scale for pain from
postoperative day 0 until postoperative day 3, in comparison
with patients who underwent chest tube placement.
Conclusions. The outcome of our validation cohort

revealed that a no-drain policy is safe in selected patients
undergoing thoracoscopic major lung resection and that it
may contribute to an early recovery.

(Ann Thorac Surg 2017;104:1005–11)
� 2017 by The Society of Thoracic Surgeons
hest tube placement after major lung resection has
Cbeen shown to enhance postoperative pain [1–3],
thereby leading to the deterioration of the pulmonary
function [2] and exercise capacity [4]. In contrast, the early
removal of a chest tube may contribute to a reduction in
the length of stay, as well as health care costs [5, 6]. To
promote fast-track rehabilitation, we attempted to omit
postoperative chest tube placement in selected patients
undergoing major lung resection. According to our initial
experience, chest tube placement could be omitted in 29
(58%) of the 50 eligible patients without notable adverse
events, such as chest tube reinsertion [7]. Nevertheless,
thoracic surgeons routinely place chest tubes, probably
because they are concerned about the recurrence of air
leaks in patients who do not have air leaks immediately
after the operation. Additional concern remains because
the visual water leak test may not always be accurate,
depending on the reexpansibility of the lung and the
ability to submerge all possible sources of air leaks in
saline. Thus, more experience will be needed to establish
the validity of our original strategy for omitting chest tube
drainage after major lung resection.
Patients and Methods

Patients
This studywas approved by our institutional reviewboard.
We retrospectively reviewed our institution’s prospective
database of 228 patients who underwent pulmonary
resection between June 2012 and December 2014. Patients
who underwent open thoracotomy, bilobectomy, pneu-
monectomy, and wedge resection were excluded from the
study (Fig 1). We routinely place chest tubes in patients
undergoing wedge resection because of the risk of post-
operative tearing or bursting of the staple line, particularly
after wide-wedge resection. Patients with extensive intra-
thoracic adhesion, a history of induction therapy (chemo-
therapy or radiation), previous ipsilateral thoracic surgery,
or a bleeding tendency were also excluded due to the
considerable risk of postoperative air leak or bleeding.
Finally, a total of 162 patients who underwent thoraco-
scopic anatomical lung resection for primary lung cancer
(n ¼ 143), metastatic lung tumors (n ¼ 13), or benign
tumors (n ¼ 6) were enrolled in this study. We obtained
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Fig 1. The diagram outlining the study population.
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the following preoperative patient data: age, gender,
height, smoking habit, spirometric variables, presence or
absence of chronic obstructive pulmonary disease
(COPD), COPD grade (mild: percent forced expiratory
volume in 1 second [%FEV1]�80%; moderate: %FEV1 50%
to 79%; severe: %FEV1<50%), surgical procedure, number
of resected subsegments, resected site, and the occurrence
of postoperative complications (Clavien-Dindo grade �2)
[8, 9]. The smoking data included the pack-years smoked
(smoking index: the average number of packages of ciga-
rettes smoked per day multiplied by the number of years
the individual smoked). There were 88men and 74 women
(mean age 70.2 � 10.4 years). A total of 135 patients un-
derwent lobectomy and 27 patients underwent segmen-
tectomy (mean number of resected subsegments 7.9).

Pulmonary Function Tests
The patients’ preoperative spirometric variables were ob-
tained within 1 month before surgery. These included the
forced vital capacity (FVC) and FEV1. The % predicted FVC
and % predicted FEV1 are expressed as the percentage of
the predicted value for age, gender, and height. COPDwas
defined by an FEV1/FVC value of <70% [10]; the degree of
COPD was categorized as mild (predicted FEV1 �80%)
versus moderate to severe (predicted FEV1 <80%).

Computed Tomography Scanning and Image
Interpretation
Helical computed tomography (CT) scans were obtained
using 64-detector (Somatom Definition or Sensation 64;
Siemens, Erlangen, Germany) row CT scanners. High-
resolution CT images of the entire lungs were obtained
with a 512 � 512 matrix at 120 to 130 kVp and 220 to 230
mA. Histogram analysis for the entire lung was made
with a commercially available software (AZE, Virtual
Place Raijin, Tokyo, Japan). The volume of the entire lung
(–600 to –1,024 Hounsfield units) was defined as the total
lung volume (TLV), and the volume of the emphysema-
tous lung area (<–910 Hounsfield units) was defined as
the low-attenuation area (LAA) [11]. Our previous study
showed that the LAA/TLV is an accurate predictor for the
length of postoperative chest tube drainage [12].

Operation
The operation was performed via 3 port sites (1 to 3 cm)
without rib spreading. We used an endoscopic stapler
(Ethicon, Cincinnati, OH; or Covidien, Minneapolis, MN)
without reinforcement to divide the fused fissures aswell as
thepulmonary artery, vein, or bronchus.During anatomical
segmentectomy, we used an electrocautery or an endo-
scopic stapler to dissect the intersegmental plane. We per-
formed mediastinal lymph node dissection in patients with
primary lung cancer in a lobe-dependent manner (upper
mediastinal dissection for upper lobe disease, and lower
mediastinal dissection for lower lobe disease).

Procedure for Pneumostasis
After anatomical lung resection, a water-seal test was
performed with warm sterile saline under thoracoscopy
after irrigation of the pleural space with 2 L of warm
saline. During the water seal test, the air leak sites were
localized carefully via a visual assessment. If air leaks
from the alveolar fistula were detected, we used poly-
glycolic acid (PGA) mesh (Neoveil, Gunze, Osaka, Japan)
and fibrin glue (Beriplast, CSL Behring, King of Prussia,
PA) to achieve pneumostasis, as described previously
[7, 13]. The fibrin glue used in this study was composed of
solutions A and B. Solution A contained 80 mg/mL of
human fibrinogen, 60 IU/mL of human plasma coagula-
tion factor XIII, and 1,000 Kallikrein-Inhibitor-Einheit/mL
bovine aprotinin. Solution B contained 300 IU/mL of
human thrombin and 5.88 mg/mL of calcium chloride.
Solution A was sprayed over the dissected lung paren-
chyma or the stapled line, and then it was rubbed on the
surface so that the fibrinogens could effectively penetrate
the lung parenchyma. Solution B was then sprayed over
the surface to create primary sealing. A piece of PGA
mesh, 2.5 cm � 2.5 cm in size, soaked in solution A, was
placed over the primary sealing site, then adhesion was
achieved by spraying solution B onto the mesh. Because
most air leaks are found at the bare area, caused by
dissection of the incomplete fissure or intersegmental
plane, the bare area was completely covered with mesh. It
took roughly 10 minutes to perform the previous pneu-
mostasis procedures. The cost of the PGA mesh (10 cm �
5 cm) and fibrin glue are $63 and $296, respectively.

Confirmation of Pneumostasis
An original test was performed after the previously
mentioned procedure to confirm pneumostasis, as
described previously [7, 13]. Briefly, a 20F chest tube was
inserted into the pleural cavity via 1 of the ports. The
wounds were temporarily closed with adhesive film
sheets to obtain an airtight condition. The chest tube was
connected to a continuous suction device (MERA
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Sucuum, Mera Co Ltd, Tokyo, Japan) and suctioned at –5
cm H2O. Simultaneously, the lungs were inflated by
continuous positive pressure at 10 cm H2O. Under these
conditions, the presence or absence of air leaks was
recorded based on a visual assessment. Because suc-
tioned air is visualized as air bubbles in the suction de-
vice, the amount of air leak can be readily diagnosed
through the visual assessment of the air bubbles. If
massive air leaks were detected in this test, the procedure
for pneumostasis was repeated.

Criteria for Chest Tube Removal
After the confirmation of pneumostasis, the port sites
were closed with the chest tubes inserted. The presence
or absence of air leaks was carefully assessed until the
removal of the tracheal tube. If no air leaks were detected
between the confirmation test and the removal of the
tracheal tube, then the chest tube was removed in the
operating room followed by simple closure of the port site
with an adhesive film sheet. Otherwise, the chest tube
was placed postoperatively under continuous suction at
–5 cm H2O. Postoperatively, the chest tubes were
removed the day after air leaks disappeared, regardless of
the amount of pleural drainage. Chest x-ray was routinely
taken on postoperative days (PODs) 1, 3, and 7 to identify
the presence or absence of lung collapse. Diuretics were
not administered to prevent collection of pleural effusion.

Postoperative Pain Management
The patients received intraoperative intercostal nerve
block (ropivacaine), after which they received celecoxib
(400 mg/day, oral). This analgesic strategy against post-
operative pain is standard at our institute, as the analgesic
effect has not been shown to be inferior to epidural
anesthesia. Postoperative pain was assessed when the
patients were at rest, 6 hours after the operation and on
every POD (1 to 7) using the visual analogue scale
described by Hazelrigg and colleagues [14]. The pain
scale ranged from 0 (no pain) to 10 (excruciating pain).

Statistical Analysis
The values were expressed as the mean � SD. The un-
paired Student’s t test was used to test continuous vari-
ables. The Mann-Whitney test was used to compare
categorical variables. A linear regression analysis was
performed to determine the variables associated with the
visual analog scale (VAS) score at rest at 6 hours after the
operation; the variables included age, gender, smoking
history, surgical procedure, resected side, resected site,
and success or failure in omitting chest tube placement.
Ninety-five percent confidence intervals were determined
and p values of less than 0.05 were considered to indicate
statistical significance. The statistical analyses were per-
formed using the STATA 12 software program (Stata
Corp, College Station, TX).
Fig 2. Our strategy and the results of chest tube management.
Results

Alveolar air leaks were identified in 112 (69%) of the 162
patients in the water-seal test performed just after
anatomical lung resection. Among the 112 patients with
air leaks, the air leaks disappeared after the procedure to
achieve pneumostasis in 71 patients, whereas air leaks
subsequently recurred in the operating room in 12 of the
71 patients. Thus, the chest tube could be removed in the
operating room in 59 cases. An air leak was newly iden-
tified during the confirmation test in 5 of the 50 patients
without air leaks on the water-seal test. In addition, air
leaks appeared after skin closure in the operating room in
2 patients. Thus, the chest tube could be removed in the
operating room in 43 cases. Overall, the chest tube could
be removed in the operating room in 102 (63%) of the 162
cases (Fig 2). The mean length of chest tube drainage was
1.1 � 2.6 days: the chest tube was removed on POD 1 in 34
patients, on POD 2 in 7 patients, on POD 3 in 4 patients,
on POD 4 in 4 patients, on POD 5 in 3 patients, on POD 6
in 1 patients, and on POD 7 or after in 7 patients (Fig 3).
The characteristics of the patients whowere treated with

and without chest tubes are summarized in Table 1. The
median value of FEV1/FVCwas 66.5% in patientswithmild
COPD (n ¼ 31), 58.4% in patients with moderate COPD
(n ¼ 27), and 47% in the patient with severe COPD (n ¼ 1).
The chest tubes were predominantly removed from
women, patients without a smoking history, patients
without COPD, and patients with low LAA/TLV values.
The length of chest tube drainage did not differ according
to the mode of resection (1.2 � 2.8 days after lobectomy
versus 1.0 � 1.5 days after segmentectomy; p ¼ 0.77).
Figure 4 shows the distribution of the LAA/TLV values
according to whether a chest tube was placed (n ¼ 53) or
not placed (n ¼ 59), among selected patients in whom air
leaks were detected during a water-seal test (n ¼ 112). The
mean LAA/TLV value, representing the severity of
emphysema, was significantly lower in patients without
chest tube placement than it was in those with a chest tube
(18.9%� 14.3% versus 26.2%� 17.4%; p¼ 0.017). Note that
pneumostasis was predominantly successful in patients
with low LAA/TLV values.



Fig 3. The proportion of patients with a chest tube on each
postoperative day (n ¼ 162).
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There were no cases of 30-day postoperative mortality
or in-hospital death. All of the patients went back to their
daily life after discharge from hospital, with the exception
of 1 patient who was referred to another hospital to
Table 1. Characteristics of the Patients According to the Placemen

Variables All Patients (N ¼ 162) N

Age, years 70.2 � 10.4
Male, % 88 (54)
Height, m 1.53 � 0.09
Yes smoker, % 97 (60)
Pack-years smoked 45.0 � 31.5
FVC, % predicted 108.1 � 18.7
FEV1, % predicted 86.5 � 17.8
ppoFEV1, % 70.2 � 15.6
FEV1/FVC, % 72.0 � 11.4
COPD, % 59 (36)

Mild 31 (19)
Moderate 27 (16)
Severe 1 (1)

LAA/TLV, % 21.0 � 16.0
Resected subsegments 7.9 � 3.1
Surgical procedure; %

Lob 135 (83)
Seg 27 (17)

Resected side, %
Right 98 (60)
Left 64 (40)

Resected site, %
Upper 99 (60)
Lower 63 (40)

a Compared by the unpaired Student’s t test. b Compared by the chi-squar

Values are n (%) or mean � SD.

COPD ¼ chronic obstructive pulmonary disease; FEV1 ¼ forced expira
low-attenuation area; Lob ¼ lobectomy; ppoFEV1 ¼ predicted
segmentectomy; TLV ¼ total lung volume.
undergo treatment for an acute exacerbation of idiopathic
pneumonitis. Twenty-four patients (14.8%) experienced
postoperative complications corresponding to Clavien-
Dindo grade �2 (Table 2). Among the 102 patients who
did not undergo postoperative chest tube placement,
none required redrainage for a subsequent air leak or
subcutaneous emphysema. One patient underwent
needle puncture for the drainage of persistent pleural
effusion on POD 10. Among the 60 patients who had
undergone postoperative chest tube placement, 2 patients
required redrainage with chest tubes for air leaks or
recurrent subcutaneous emphysema after chest tube
removal; no patients required redrainage for persistent
pleural effusion. Prolonged air leak (>7 days) occurred in
7 patients who had undergone chest tube placement.
Cardiopulmonary complications developed in 8 patients
without chest tube placement (arrhythmia, n ¼ 5; pneu-
monia/pleuritic, n ¼ 3), and in 11 patients with a chest
tube (arrhythmia, n ¼ 4; empyema, n ¼ 2; pneumonia/
pleuritic, n ¼ 5) (p ¼ 0.14). Overall, complications
occurred in 8 of the 102 patients without a chest tube and
in 16 of the 60 patients with a chest tube (p ¼ 0.001). The
mean length of postoperative hospitalization was shorter
in patients who had not undergone postoperative chest
t or Nonplacement of a Chest Tube

Chest Tube

pot Placed (n ¼ 102) Placed (n ¼ 60)

69.4 � 10.6 71.3 � 9.9 0.28a

49 (48) 39 (65) 0.036b

1.52 � 0.10 1.55 � 0.08 0.06a

54 (53) 43 (72) 0.019b

45.8 � 33.9 44.1 � 28.5 0.79a

107.6 � 20.5 108.9 � 15.4 0.68a

88.0 � 18.8 84.0 � 15.6 0.16a

71.4 � 16.1 68.2 � 14.6 0.21a

73.4 � 10.4 69.7 � 12.6 0.040a

31 (30) 28 (47) 0.038b

16 (15) 15 (25)
14 (14) 13 (22)
1 (1) 0 (0)

18.1 � 14.3 26.1 � 17.5 <0.001a

7.9 � 3.2 7.9 � 3.1 0.99a

87 (85) 48 (80) 0.38b

15 (15) 12 (20)

64 (63) 34 (57) 0.45b

38 (37) 26 (43)

61 (60) 38 (63) 0.66b

41 (40) 22 (37)

e test.

tory volume in 1 second; FVC ¼ forced vital capacity; LAA ¼
postoperative forced expiratory volume in 1 second; Seg ¼



Fig 4. The distribution of the low-attenuation area to total lung
volume (LAA/TLV) according to whether a chest tube was placed
(n ¼ 53) or not placed (n ¼ 59), among selected patients in whom air
leaks were detected during a water-seal test (n ¼ 112).
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tube placement than in those who had (9.7 � 3.8 days
versus 12.9 � 7.8 days; p < 0.001).

Figure 5 demonstrates the change in postoperative
pain, as evaluated by the VAS, according to whether the
patient had undergone chest tube placement. The VAS
values decreased in a time-dependent manner after sur-
gery in both groups. The omission of chest tube place-
ment was associated with a reduction in VAS values from
POD 0 (p < 0.001) until POD 3 (all p < 0.05), in comparison
with the patients who underwent chest tube placement.
The VAS values were not significantly different between
the groups from POD 4 until POD 7. A linear regression
analysis revealed that the omission or placement of a
chest tube was the only significant predictor of the VAS
value on POD 0 (Table 3).
Comment

According to our previous report, the combined use of
PGA mesh and fibrin glue in the treatment of
Table 2. Early Postoperative Outcomes According to Placement or

Variables Not Plac

Any complication 8
Pleural puncturing 1a

Chest tube reinsertion 0
Prolonged air leaks (>7 days) 0
Arrhythmia 5
Empyema 0
Pneumonia/pleuritis 3

Length of postoperative hospitalization, days 9.7

a Pleural puncturing due to collection of pleural effusion. b Compared by
subcutaneous emphysema. d Compared by the unpaired Student’s t test.

Values are n (%) or mean � SD. All postoperative complications correspond t
intraoperative alveolar air leaks contributed to shortening
the length of postoperative chest tube drainage, reducing
the length of stay and the rate of postoperative pulmo-
nary complications in comparison to the use of fibrin glue
alone [13]. In particular, the combined use of PGA mesh
and fibrin glue enabled the removal of chest tubes on
POD 1 in 90% of the patients who had undergone thor-
acoscopic major lung resection. Based on these results, we
attempted to omit chest tube placement in selected pa-
tients after thoracoscopic major lung resection: a suc-
cessful outcome was achieved in an initial series of 29
patients without any notable adverse events [7]. Never-
theless, thoracic surgeons still hesitate to omit chest tube
placement, likely because they fear a recurrence of air
leaks in patients without air leaks immediately after
surgery. Thus, we have herein reported our subsequent
experiences. As a result, we could remove chest tubes in
the operating room in 102 (62%) of the 162 eligible pa-
tients who were undergoing thoracoscopic major lung
resection, without any notable adverse events. In addi-
tion, the omission of chest tube placement was associated
with a reduction in the pain during early PODs (0 to 3),
which led to a reduction in the duration of postoperative
hospitalization. Thus, the omission of postoperative chest
tube placement was proven to be safe and beneficial in
patients with resectable lung cancer who were undergo-
ing minimally invasive surgery.
We would like to emphasize the importance of accu-

rately identifying patients who are eligible for the omis-
sion of chest tube placement: chest tube placement may
be unnecessary in patients without air leaks during both
the time of the intraoperative confirmation test and the
removal of the intratracheal tube. Indeed, we have never
seen patients treated without postoperative chest tube
placement who required chest tube reinsertion due to the
recurrence of an air leak. However, we believe that minor,
subclinical air leaks, which did not require chest tube
drainage, occasionally recurred or developed after pa-
tients who did not undergo postoperative chest tube
placement left the operating room. In contrast, 2 of the
patients who underwent chest tube placement required
chest tube reinsertion due to air leaks that recurred after
the removal of their chest tubes, and 7 patients had
Nonplacement of a Chest Tube

ed (n ¼ 102) Placed (n ¼ 60) p

(7.8) 16 (26.7) 0.001
(1.0) 0 (0) 0.44b

(0) 2c (3.3) 0.064b

(0) 7 (11.7) <0.001b

(4.9) 4 (6.7) 0.64b

(0) 2 (3.3) 0.064b

(2.9) 5 (8.3) 0.13b

� 3.8 12.9 � 7.8 <0.001d

the chi-square test. c Chest tube reinsertion due to pneumothorax or

o Clavien-Dindo grade �2.



Fig 5. The postoperative changes in the visual analog scale (VAS)
score for postoperative pain according to whether a chest tube was
placed (closed circle) or not placed (open triangle). The error bars
represent the SEM. The VAS scores were significantly higher in
patients with a chest tube than in those without a chest tube on
postoperative days 0, 1, 2, and 3. *p < 0.05, **p < 0.001.
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prolonged air leaks (>7 days). Thus, we must further
attempt to control these intractable air leaks when they
are identified during the intraoperative confirmation test.

With respect to pleural effusion, 1 patient who did not
undergo chest tube placement required needle puncture
for the drainage of persistent pleural effusion on POD 10.
This patient had underlying chronic heart failure, which
contributed to the postoperative collection of pleural
effusion. Thus, we do not believe that the omission of
postoperative chest tube placement resulted in the need
for the patient’s pleural effusion to be redrained. No pa-
tients required intervention to treat postoperative intra-
thoracic bleeding or chylothorax.

Following surgery, the physiological state of the patient
may be significantly influenced by the presence or absence
of a chest tube. Peng and colleagues [15] reported that the
early postoperative quality of life as well as exercise ca-
pacity deteriorated in patients who underwent chest tube
placement. Regarding the size of the chest tube, some re-
ported that a thin tube contributed to a reduction in the
chest pain in comparison with a thick tube [16]. In the
current series, the omission of chest tube placement led to
a reduction in postoperative chest pain from POD 0 to
POD 3. Our results, together with those of the previous
Table 3. Linear Regression Analysis to Determine the Predictors o

Variables Reference Linear Regressio

Age 10 years 0.0
Gender Male –0.1
Smoker Yes –0.0
Surgical procedure Lobectomy –0.6
Resected side Right –0.6
Resected site Upper 0.0
Chest tube placement Yes –2.0

Postoperative pain was quantified at 6 hours after surgery using a visual anal
study, suggest that the omission of chest tube placement
may contribute to the early rehabilitation of patients un-
dergoing thoracoscopic major lung resection, leading to a
reduction in the length of postoperative stay.
Despite not having any chest tube placement, some

patients stayed in the hospital up to 10 days. This longer
stay might be due at least in part to the Japanese medical
expense insurance system: Under this insurance system,
a longer stay does not impose additional expenses on the
patients. We believe that the length of stay can be
shortened dramatically, at least in patients with a pref-
erence for an early discharge.
In the present study, we did not exclude patients with

severe emphysema or a poor pulmonary function. As a
result, pneumostasis was predominantly unsuccessful in
patients with high LAA/TLV values, representing severe
pulmonary emphysema (Fig 4). In contrast, the success of
pneumostasis did not differ markedly by %FEV1 (success:
92.6% � 21.0% versus failure: 89.1% � 16.8%; p ¼ 0.34) in
the same patient population. A further analysis was per-
formed to clarify the impact of compromising lung dis-
eases on the length of chest tube placement by dividing
the total patients into 2 groups according to the %FEV1 or
LAA/TLV. The length of drainage was not found to differ
significantly between patients with %FEV1 less than or
equal to the lower quartile (mean %FEV1: 63.8% � 9.0%,
n ¼ 40) and those with %FEV1 greater than the lower
quartile (mean %FEV1: 98.9% � 13.6%, n ¼ 122; 1.0 � 2.6
days vs. 1.2 � 2.7 days, respectively, p ¼ 0.76). However,
the length of drainage was significantly longer in patients
with LAA/TLV greater than or equal to the higher quar-
tile (mean LAA/TLV: 44.4% � 6.4%, n ¼ 41) than in those
with LAA/TLV less than the higher quartile (mean LAA/
TLV: 13.1% � 8.9%, n ¼ 121; 2.4 � 4.1 days vs. 0.7 � 1.8
days, respectively, p < 0.001). Therefore, careful decision
making regarding chest tube placement is necessary in
patients with a high LAA/TLV.
Disappointingly, the rate of postoperative cardiopul-

monary complications was not significantly lower in pa-
tients without chest tube placement than in those with
placement (7.8% vs. 18.3%; p ¼ 0.14). This may be due to
the relatively small number of high-risk patients with
moderate-to-severe COPD, consequently resulting in a
small number of events (11.7%). In addition, because the
chest tube was removed on POD 1 in a majority of pa-
tients who received placement (34 of 60 patients),
f Postoperative Pain

n Coefficient 95% Confidence Interval p

01 –0.44 to 0.45 0.99
6 –1.07 to 0.74 0.72
8 –1.00 to 0.84 0.86
6 –1.83 to 0.52 0.27
9 –1.60 to 0.22 0.13
5 –0.88 to 0.97 0.92
8 –2.93 to –1.23 <0.001

og scale.
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placement of a chest tube may not have markedly affected
the postoperative physiological recovery.

One limitation associated with the present study is that
there was no control arm. Therefore, although our strat-
egy for postoperative chest tube management has been
validated, the impact of the selective drain policy on the
postoperative pain, complication incidence, and length of
stay remains inconclusive.

In conclusion, the outcome of our validation cohort
indicated that a selective drain policy is safe in selected
patients undergoing thoracoscopic major lung resection
and that it may contribute to early recovery.
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