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Comparison of digital and traditional thoracic drainage
systems for postoperative chest tube management after
pulmonary resection: A prospective randomized trial
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ABSTRACT

Objective: The objective of this study was to evaluate whether a digital thoracic
drainage system (group D) is clinically useful compared with a traditional
thoracic drainage system (group T) in chest tube management following anatomic
lung resection.

Methods: Patients scheduled to undergo segmentectomy or lobectomy were pro-
spectively randomized before surgery to group D or T. A stratification randomi-
zation was performed according to the following air leak risk factors: age, sex,
smoking status, and presence of emphysema and/or chronic obstructive pulmo-
nary disease. The primary end point was the duration of chest tube placement.

Results: No statistically significant differences were found between groups D
(n ¼ 135) and T (n ¼ 164) with regard to the duration of chest tube placement
(median, 2.0 vs 3.0 days; P ¼ .149), duration of hospitalization (median, 6.0 vs
7.0 days; P ¼ .548), or frequency of postoperative adverse events (25.1% vs
20.7%; P ¼ .361). In subgroup analyses of the 64 patients with postoperative
air leak (20 in group D and 44 in group T), the duration of chest tube placement
(median, 4.5 vs 4.0 days; P¼ .225) and duration of postoperative air leak (median,
3.0 vs 3.0 days; P ¼ .226) were not significantly different between subgroups.

Conclusions: The use of a digital thoracic drainage system did not shorten the
duration of chest tube placement in comparison to a traditional thoracic drainage
system after anatomic lung resection. (J Thorac Cardiovasc Surg
2018;155:1834-40)
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Central Message

The use of a digital thoracic drainage system

did not shorten the duration of chest tube place-

ment in comparison to a traditional thoracic

drainage system after anatomic lung resection.
Perspective

We did not observe superiority of a digital

thoracic drainage system for chest tube man-

agement after pulmonary resection compared

with a traditional system. Awell-planned, pro-

spective randomized study limited to patients

who develop a postoperative air leak is war-

ranted to elucidate the effect of earlier air

leak resolution using a digital monitoring

system.
See Editorial Commentary page 1841.
Chest tube management remains a critical aspect of the
postoperative course for patients who undergo lung resec-
tion. The old dictum of no space, no problem is a guiding
principle for chest drainage.1 Therefore, proper chest tube
drainage of pleural effusion, bleeding, and air leakage is
important to achieving adequate expansion of the remaining
lung. However, solid evidence is lacking in all aspects of
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FIGURE 1. Protocol schema. FEV, Forced expiratory volume; COPD,

chronic obstructive pulmonary disease.

Abbreviations and Acronyms
COPD ¼ chronic obstructive pulmonary disease
FEV1 ¼ forced expiratory volume in 1 second
PAL ¼ prolonged air leak
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chest tubemanagement using a traditional thoracic drainage
system, including whether external suction or water seal is
effective to resolve postoperative air leaks.2 In clinical prac-
tice, decision making for chest tube management is conven-
tionally performed based on the experiences of individual
surgeons. The biggest weakness of traditional thoracic
drainage systems is that they measure and grade air leaks
in a subjective manner; therefore, interobserver disagree-
ment on the presence of an air leak is frequent,3 even among
experienced surgeons. Consequently, especially in patients
with small air leaks, it is occasionally difficult to diagnose
the presence or absence of air leak. In such cases, the chest
tube must undergo a clamping trial before removal to rule
out the existence of small occult air leaks.

In response to these concerns, the Thopaz (Medela
Healthcare, Baar, Switzerland) pleural drainage system
was developed, which incorporates digital sensors to accu-
rately measure air flow (ie, amount of air leakage) and
pleural pressure through the chest tube in mL/min and
cm H2O, respectively.

4 The rate of air leakage can be
observed on a display in real time. Digital surveillance
for air leaks has been reported to reduce interobserver
disagreement in decision making regarding the manage-
ment of patients with chest tubes.3 Recently, we reported
the clinical utility of objective chest tube management af-
ter pulmonary resection using a digital drainage system.5

Digital monitoring of peak air leakage and patterns of air
leakage enable the prediction of prolonged air leak
(PAL) after pulmonary resection.5 Information on the
disappearance of air leaks could be derived from both
the change in the rate of air leakage and the increase in
fluctuation of pleural pressure.5

Several prospective, randomized studies have shown
significantly earlier chest tube removal associated with
the use of a digital thoracic drainage system compared
with a traditional thoracic drainage system after lung resec-
tion.6-9 However, these studies employed different digital
drainage devices, and their chest tube management
protocols demonstrated considerable heterogeneity in
terms of the use of suction, number of chest tubes, and
assessment of chest tubes. Therefore, whether digital
thoracic drainage can shorten the duration of air leakage
or the duration of chest tube placement remains a matter
of debate.

The objective of this study was to evaluate whether a dig-
ital thoracic drainage system (the Thopaz) is clinically use-
ful compared with a traditional thoracic drainage system for
The Journal of Thoracic and Car
chest tube management following anatomic lung resection
in a prospective, randomized controlled trial.

MATERIALS AND METHODS
Study Design

This open-label, single-center, prospective, randomized, stratified,

controlled trial was conducted to evaluate the superiority of treatment using

a digital thoracic drainage system (group D) in comparison to a traditional

thoracic drainage system (group T) in chest tube management after lung

resection (Figure 1). This study was performed at Juntendo University Hos-

pital between February 2015 and January 2016 after obtaining approval

from the institutional review board of Juntendo University School of Med-

icine. Clinical trial registry No. UMIN: 000016715.

The primary end point was the duration of drain placement. The second-

ary end points were duration of postoperative air leak, frequency of PAL

(�5 days), frequency of postoperative pleurodesis, days of hospitalization,

and occurrence of postoperative adverse events.

Patient Selection
Patients who were scheduled to undergo anatomic lung resection (seg-

mentectomy or lobectomy, excluding pneumonectomy) were eligible for

inclusion in the study. Other eligibility criteria were>800 mL predicted

postoperative forced expiratory volume in 1 second (FEV1), where pre-

dicted postoperative FEV1 ¼ preoperative FEV1 3 (number of segments �
number of segments to be resected)/number of segments), performance sta-

tus 0 or 1 (Eastern Cooperative Oncology Group classification), and

adequate organ function. Written informed consent was obtained from

all patients before surgery. The exclusion criteria were history of thoracot-

omy, active bacterial or fungal infection, ongoing systemic steroid admin-

istration (intravenous or oral), presence of uncontrolled diabetes mellitus,

need for perioperative continuous intravenous heparin infusion, presence

of a psychiatric disorder or psychological symptoms, and judged unsuitable

for study participation by the investigator for any other reason.

Randomization
Eligible patients were randomized before surgery to receive chest tube

management with a digital thoracic drainage system (group D) or a tradi-

tional thoracic drainage system (group T). The stratification randomization

was performed using the stratification schedule created by the SAS statis-

tical software package (version 9.4, SAS Institute Inc, Cary, NC) according

to the following air leak risk factors: age (<70 years vs � 70 years), sex

(male vs female), smoking status (smoking<5 pack-years vs � 5 pack-

years), and emphysema and/or chronic obstructive pulmonary disease

(COPD) (presence vs absence). Emphysemawas defined as>25% emphy-

sematous change in the entire lung field on computed tomography
diovascular Surgery c Volume 155, Number 4 1835



FIGURE 2. Flowchart of patient enrollment in the study.

VIDEO 1. Intraoperative surgical procedures for air leak. Video available

at: http://www.jtcvsonline.org/article/S0022-5223(17)32487-X/fulltext.T
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scanning. COPD was defined as FEV1% (FEV1/forced vital capacity

3100)<70% on a pulmonary function test.

Treatment
Each surgical procedure was performed by attending thoracic surgeons

or resident physicians under the supervision of an attending thoracic sur-

geon. The operative technique was standardized for all surgeons.

Segmentectomy or lobectomy was performed via posterolateral, antero-

lateral, or axillary open thoracotomy in all patients.We typically performed

lobectomy and systematic mediastinal lymph node dissection for patients

with radiologically invasive (ie, solid dominant) lung cancers. Mediastinal

lymph node dissection was omitted for patients with ground-glass

opacity-dominant nodules on thin-slice computed tomography scan that

were highly suspected to be less invasive lung adenocarcinoma without

lymph node involvement10,11 and for high-risk patients with any severe co-

morbidities. In those patients, segmentectomy was commonly performed

to preserve pulmonary function when a sufficient surgical margin was

obtained.

We used conventional automatic surgical staplers for developing the

intersegmental plane at segmentectomy, dividing incomplete fissures at lo-

bectomy, and closing the bronchus. The size of cartridges was selected ac-

cording to the thickness and firmness of the lung parenchyma. A buttressed

stapler (Endo GIATri-Staple Reinforce, Covidien Inc, Tokyo, Japan) was

used to divide severely emphysematous lung parenchyma.

After the complete expansion of the remaining lung by an anesthesiol-

ogist, an intraoperative air leak test (20 cm H2O applied pressure) was per-

formed using a sterile saline solution. The amount of intraoperative air

leakage was evaluated according to the following scoring system: grade

0¼ no detectable air bubbles, 1¼ countable air bubbles, 2¼ stream of bub-

bles, and 3 ¼ coalesced bubbles (ie, air bubbles joining to form a contin-

uous stream of air).12 Additional suture repair was applied when an air

leak was detected. Sealant materials such as fibrin glues, synthetic sealants,

and collagen patches coated with fibrinogen and thrombin were used if an

air leak persisted (Video 1). Further air leak testing was not performed after

sealant materials were used.

The patients in both groups were checked for the presence of an air leak

twice daily by residents and attending thoracic surgeons, during the morn-

ing and evening rounds. In group D, the digital thoracic drainage system

was set at a regulated pressure level of�10 cmH2O from immediately after

the operation until chest tube removal. The chest tubes were removed when

the air leakage ratewas<20mL/minute for>12 hours and the pleural effu-

sion drainage volume was � 300 mL/day. In group T, the chest drain was

attached to aMera SucuumMS-008EX chest drainage system (SenkoMed-

ical, Tokyo, Japan) immediately after surgery. The chest tubewas suctioned

(�10 cmH2O) continuously until the morning of the first postoperative day

and thereafter managed on a water seal. The chest tube was resuctioned at a

level of �10 cm H2O only when checking for the presence of an air leak.

The chest tubes were removed when no air leak was evident (ie, no

bubbling observed in the water seal chamber at �10 cm H2O external suc-

tion), and when the pleural effusion drainage volume was<300 mL/day. If

an air leak was suspected, the chest tube was removed after a 24-hour chest

tube clamping trial.

Among patients with air leaks continuing for � 5 days, pleurodesis via

intrathoracic administration of the sclerosing agent OK432 with or without

50 mL autologous blood through the chest tubewas performed according to

the clinical judgment of the attending physician for each patient.13

Sample Size Calculation
The duration of chest tube placement in group T was defined as

4.5 � 2.52 days.12 A reduction of the duration of chest tube placement

by 1 day was considered to be clinically relevant. Using a statistical soft-

ware program, a power-based analysis was conducted at a 2-sided signifi-

cance level (a) of 0.05 and a power (1-b) of 0.9, which resulted in a value of
1836 The Journal of Thoracic and Cardiovascular Sur
133. Therefore, the adequate number of subjects to be enrolled in the study

was determined to be 150 per group, based on the assumption that the rate

of withdrawal from the study would be approximately 10% of the enrolled

subjects.
Data Management and Statistical Analysis
All data from enrolled patients were registered to the Research Elec-

tronic Data Capture system (https://projectredcap.org/software/), which

is a secure Web application for building and managing online surveys

and databases. Patient characteristics, intraoperative findings, and surgical

outcomes including the primary and secondary endpoints were compared

between group D and T using the c2 test, Fisher exact test, Wilcoxon

test, or t test for statistical analysis. A multivariate analysis was performed

using the Cox proportional hazards model to identify risk factors for the

prolongation of chest tube placement. All statistical analyses were per-

formed using the SAS statistical software package.
RESULTS
Of 320 eligible patients, 20 (17 undergoing wedge resec-

tion and 3 undergoing exploratory thoracotomy) were
excluded due to protocol deviation after allocation (11 in
group D and 9 in group T), and 1 patient in group T was
excluded from statistical analyses because reoperation
gery c April 2018
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TABLE 1. Patient characteristics

Group T

(n ¼ 164)

Group D

(n ¼ 135) P value

Age (y) 67.9 � 10.9 66.6 � 12.6 .322*

Sex

Male 80 (48.7) 70 (51.8) .597y
Female 84 (51.3) 65 (48.2)

Smoking status (pack-years)

� 5 74 (45.2) 55 (40.8) .447y
>5 90 (54.8) 80 (59.2)

FEV1 (%)

� 70% 116 (70.8) 91 (67.5) .535y
<70% 48 (29.2) 44 (32.5)

VC (%)

� 80% 156 (95.2) 126 (93.4) .497y
<80% 8 (4.8) 9 (6.6)

DLCO (%)

� 40% 155 (94.6) 129 (95.6) .681y
<40% 9 (5.4) 6 (4.4)

Blood gas

Arterial oxygen

tension (mm Hg)

85.6 � 11.6 86.1 � 11.9 .697*

Arterial carbon dioxide

tension (mm Hg)

38.9 � 6.3 39.6 � 5.1 .314*

Primary disease

Lung cancer 148 (90.2) 113 (83.2) .091y
Metastatic lung tumor 8 (4.8) 13 (9.6) .110y
Benign lung tumor 5 (3.0) 6 (4.4) .552z
Others 4 (2.4) 3 (2.2) 1.000z

Comorbidities

Emphysema and/or COPD 45 (27.4) 37 (27.4) .995y
Interstitial pneumonia 15 (9.1) 13 (9.6) .887y
Diabetes mellitus 22 (13.4) 14 (10.3) .421y
Cerebrovascular disease 5 (3.0) 2 (1.4) .463z
Cardiovascular disease 9 (5.49) 5 (3.7) .587z

Induction therapy

Yes 4 (2.4) 2 (1.5) .557z
Values are presented as mean� standard deviation or n (%). FEV1, Forced expiratory

volume in 1 second; VC, vital capacity; DLCO, diffusing capacity of the lung for car-

bon monoxide; COPD, chronic obstructive pulmonary disease. *t test. yc2 test.

zFisher exact test.

TABLE 2. Comparisons of intraoperative findings between groups

Group T

(n ¼ 164)

Group D

(n ¼ 135) P value

Grade of adhesions

None 113 (68.9) 99 (73.3) .580*

Mild 36 (21.9) 25 (18.5)

Moderate 11 (6.7) 10 (7.4)

Severe 4 (2.4) 1 (0.7)

Length of skin incision (cm) 14.2 � 0.3 13.8 � 0.4 .431y
Extent of pulmonary resection

Segmentectomy 31 (18.9) 31 (22.9) .389*

Lobectomy 133 (81.1) 104 (77.0)

Mediastinal lymph node

dissection

Performed 99 (61.3) 70 (51.8) .139*

Number of chest tubes

1 163 (99.4) 135 (100) .364*

2 1 (0.6) 0

Grade of air leak

0 82 (50) 74 (54.8) .514*

1 50 (30.4) 33 (24.4)

2 29 (17.6) 23 (17.0)

3 3 (1.8) 5 (3.7)

Sealant use

Yes 137 (83.5) 104 (77.0) .157*

Fibrin glue 20 (12.2) 22 (16.3) .310*

Fibrinogen- and thrombin-

coated collagen patches

11 (6.7) 3 (2.2) .097z

Combined use of fibrin glues

and synthetic sealant

106 (64.6) 78 (57.8) .225*

Values are presented as n (%) or mean� standard deviation. *c2 test. yt Test. zFisher
exact test.
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was performed due to massive anastomotic air leakage after
bronchoplasty on postoperative day 1. Therefore, the final
patient numbers for analyses were 135 in group D and
164 in group T (Figure 2). There was no crossover between
the groups due to patient request or problems with either of
the systems.

Patient characteristics are shown in Table 1. The groups
did not significantly differ in terms of age, sex, smoking
status, FEV1, vital capacity, diffusing capacity of the lung
for carbon monoxide, arterial oxygen tension, arterial car-
bon dioxide tension, primary disease, or comorbidities.
Induction therapy was performed for a total of 6 patients
(1 patient undergoing chemotherapy and 1 patient
The Journal of Thoracic and Car
undergoing chemoradiation in group D and 1 patient under-
going chemotherapy and 3 patients undergoing chemora-
diation in group T). The proportion of patients who
underwent induction therapy was not significantly different
between the groups (1.5% in group D and 2.4% in group T;
P ¼ .557).
Intraoperative findings, including grade of adhesion, sur-

gical procedures (eg, length of skin incision, extent of pul-
monary resection, and mediastinal lymph node dissection),
number of chest tubes, grade of air leak, and sealant use also
did not significantly differ between the groups (Table 2).
Surgical outcomes of all patients are shown in Table 3.

No statistically significant differences were found between
groups D and T in terms of the duration of chest tube place-
ment (median, 2.0 days vs 3.0 days; P¼ .149), incidence of
PAL � 5 days (7.4% vs 7.9%; P ¼ .867), duration of post-
operative hospital stay (median, 6.0 days vs 7.0 days;
P ¼ .548), and frequency of postoperative adverse events
(25.1% vs 20.7%; P¼ .361). The frequency of performing
a chest tube clamping trial before its removal was signifi-
cantly lower in group D than in group T (0.7% vs 35.3%;
diovascular Surgery c Volume 155, Number 4 1837



TABLE 3. Comparisons of surgical outcomes between groups

Group T

(n ¼ 164)

Group D

(n ¼ 135)

P

value

Postoperative air leak 44 (26.8) 20 (14.8) .012*

Duration of chest tube

placement (d)

3.0 (2.0-4.0) 2.0 (2.0-3.0) .149y

Prolonged air leak (�5 d) 13 (7.9) 11 (8.1) .944*

Clamping test of a chest tube 58 (35.3) 1 (0.7) <.001z
Determining factor for

maintaining chest tube

placement

Presence of an air leak 31 (18.9) 15 (11.1) .063y
Amount of pleural effusion 133 (81.1) 120 (88.9)

Duration of postoperative

hospital stay (d)

7.0 (6.0-8.0) 6.0 (6.0-8.0) .548y

Postoperative adverse events

Total 34 (20.7) 34 (25.1) .361*

Pneumonia 1 (0.6) 1 (0.7)

Atelectasis 1 (0.6) 5 (14.7)

Bleeding 1 (0.6) 1 (0.7)

Arrhythmia 12 (7.3) 10 (7.4)

Chylothorax 2 (1.2) 1 (0.7)

Others 17 (10.3) 135 (11.8)

Values are presented as n (%) or median (interquartile range). *c2 test. yWilcoxon

test. zFisher exact test.

TABLE 4. Comparisons of surgical outcomes between the subgroups

of patients with postoperative air leak

Subgroup T

(n ¼ 44)

Subgroup D

(n ¼ 20) P value

Duration of air leak (d) 3.0 (1.5-4.0) 3.0 (2.0-6.5) .226*

Duration of chest tube

placement (d)

4.0 (3.0-5.0) 4.5 (3.0-8.0) .225*

Prolonged air leak (�5 d) 7 (15.9) 6 (30.0) .194y
Clamping test of a chest tube 23 (52.2) 0 (0) <.001y
Pleurodesis 3 (6.8) 7 (35.0) .008z
Duration of postoperative

hospital stay (d)

8.0 (6.0-10.0) 9.5 (6.0-13.0) .208*

Postoperative adverse events 15 (34.1) 9 (20.0) .403y
Values are presented as n (%) or median (interquartile range). *Wilcoxon test. yc2
test. zFisher exact test.
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P<.001). The incidence of postoperative air leak immedi-
ately after surgery was significantly higher in group T than
in group D (26.8% vs 14.8%; P¼ .012). Although the pres-
ence of an air leak was a more frequent determining factor
for the decision to maintain chest tube placement than the
amount of pleural effusion in group T than in group D,
the difference was not statistically significant (18.9% vs
11.1%; P ¼ .063). No patients required chest tube reinser-
tion due to recurrent pneumothorax in either group.

Subgroup analyses of the 64 patients who had a postop-
erative air leak (20 in group D and 44 in group T, defined
as subgroups D and T, respectively) were then performed
(Table 4). The duration of chest tube placement (median,
4.5 days vs 4.0 days; P ¼ .225), duration of postoperative
air leak (median, 3.0 days vs 3.0 days; P ¼ .226), duration
of postoperative hospital stay (median, 9.5 days vs 8.0 days;
P ¼ .208), and frequency of postoperative adverse events
(20.0% vs 34.1%; P ¼ .403) were not significantly
different between subgroups D and T. The frequency of
pleurodesis was significantly higher in subgroup D than in
subgroup T (35.0% vs 6.8%; P ¼ .008). The frequency
of performing a chest tube clamping trial was significantly
lower in subgroup D than in subgroup T (0% vs 52.2%;
P<.001).

A multivariate analysis was performed to identify risk
factors for the prolongation of chest tube placement using
a Cox proportional hazards model that included age, sex,
smoking status, emphysema and/or COPD (presence vs
1838 The Journal of Thoracic and Cardiovascular Sur
absence), type of primary disease (lung cancer vs other),
mediastinal lymph node dissection (performed vs not per-
formed), extent of pulmonary resection (lobectomy vs seg-
mentectomy), sealant use (yes vs no), determining factor for
maintaining chest tube placement (presence of an air leak vs
amount of pleural effusion), and type of thoracic drainage
system (traditional vs digital). Only the determining factor
for maintaining chest tube placement was significantly
associated with duration of chest tube placement. In com-
parison to the amount of pleural effusion, the hazard ratio
for the presence of an air leak was 1.89 for the prolongation
of chest tube placement (P<.001) (Table 5).

DISCUSSION
It has been hypothesized that the duration of chest tube

placement may be shortened with the use of a digital
thoracic drainage system via the following mechanisms.
First, the duration of air leak may be shortened by stable
pleural pressure control with a digital thoracic drainage sys-
tem.5 Second, the objective evaluation of air leak resolution
by a digital thoracic drainage system may reduce the likeli-
hood of interobserver disagreement and obviates the empir-
ical need for clamping trial of a chest tube before removal.3

As a result, earlier judgment for the timing of chest tube
removal may be possible. However, the present study did
not demonstrate that the use of a digital thoracic drainage
system shortened the duration of chest tube placement in
comparison to a traditional thoracic drainage system.

There are several possible explanations for the negative
results of the present study. First, the number of patients
who developed postoperative air leak was too small to eval-
uate the positive effect of air leak resolution by a digital
thoracic drainage system. Furthermore, there was a statisti-
cally significant bias in the number of patients with postop-
erative air leak (20 in group D and 44 in group T; P¼ .012).
Therefore, the results may be substantially skewed because
the presence or absence of a postoperative air leak is consid-
ered to have a significant influence on the duration of chest
gery c April 2018



TABLE 5. Multivariate analysis of risk factors for the prolongation of chest tube placement

Hazard

ratio

95% Confidence

interval P value*

Age � 70 (y) (ref,<70 y) 1.14 0.90-1.44 .294

Male sex (ref, female) 0.85 0.65-1.13 .269

Smoking status � 5 pack-years (ref,<5 pack-years) 1.04 0.76-1.41 .822

Presence of emphysema/chronic obstructive pulmonary disease, presence (ref, absence) 0.91 0.68-1.22 .517

Lung cancer (ref, other disease) 0.83 0.58-1.21 .334

Presence of mediastinal lymph node dissection (ref, absence) 1.02 0.77-1.34 .913

Extent of pulmonary resection is lobectomy (ref, segmentectomy) 0.79 0.58-1.09 .146

Sealant use (ref, no sealant use) 0.90 0.69-1.22 .495

Determining factor for maintaining chest tube placement was presence of an air leak (ref, amount of

pleural effusion)

1.89 1.36-2.62 <.001

Digital thoracic drainage system (ref, traditional system) 1.03 0.82-1.30 .774

ref, Reference category (hazard ratio, 1). *Cox proportional hazards model.
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tube placement. Second, clinical judgment for chest tube
removal was performed once per day at morning rounds,
because chest tubes were removed in the daytime. Objective
real-time data for air leakage cannot be assessed using a
traditional thoracic drainage system. For the above reasons,
any differences in hours of duration between the groups, if
present, could not be evaluated, which may result in the un-
derestimation of the effectiveness of a digital thoracic
drainage system. Third, the criteria for chest tube removal
used in this study were based not only on the absence of
air leakage but also on the amount of pleural effusion
drainage (�300 mL/day). Because the number of patients
who developed a postoperative air leak was small, the judg-
ment of chest tube removal was based on the amount of
pleural effusion drainage for a substantial proportion of pa-
tients. However, in the present study, the presence of an air
leak was significantly associated with the prolongation of
chest tube placement in comparison to the amount of pleural
effusion (hazard ratio, 1.89; P<.001) on multivariate anal-
ysis. Recently, the total amount of pleural effusion was re-
ported not to significantly differ between traditional and
digital drainage system groups (n ¼ 50 and n ¼ 53, respec-
tively) following oncologic pulmonary resection in a pro-
spective randomized trial.14 These findings support our
finding that the amount of pleural effusion is not critical
to evaluating the duration of chest tube placement. Finally,
although stratification randomization was used to avoid
imbalance between the treatment groups in prognostic vari-
ables, there was a relatively small imbalance in the total
number of patients in each group. However, we believe
that the effect of this imbalance on the variance of effect
measures is not critical.15

In a multicenter prospective randomized trial comparing
digital monitoring using the Thopaz system to a traditional
thoracic drainage system in 381 patients who underwent
segmentectomy or lobectomy, Pompili and colleagues9 re-
ported that patients managed with the Thopaz system
The Journal of Thoracic and Car
experienced a shorter duration of chest tube placement
and shorter hospital stay compared with those managed
with traditional devices. By contrast, Gilbert and col-
leagues16 reported no statistically significant differences
in the duration of chest tube drainage or hospital stay in
both a group of 87 patients without air leak and a group
of 85 patients with air leak in their single-center prospective
randomized trial. Lijkendijk and colleagues17 also reported
that the Thopaz system did not significantly reduce the
duration of chest tube drainage or hospitalization compared
with traditional water seal drainage. The outcomes of the
present study are consistent with those of the latter 2 ran-
domized studies. Therefore, the superiority of a digital
thoracic drainage system in terms of the shorter duration
of chest tube drainage and hospital stay remains unclear.
A large-scale randomized study limited to patients who
develop a postoperative air leak is warranted to elucidate
the effect of earlier air leak resolution by a digital moni-
toring system compared with a traditional thoracic drainage
system in this population.
The cost difference between the Thopaz system and the

traditional thoracic drainage system was not assessed in
the present clinical trial because a preplanned cost analysis
was not performed. Cost-efficiency is an important
requirement for an ideal chest drainage system. Therefore,
a well-planned cost analysis considering many factors,
such as the cost of disposable devices, cost of treatment
for postoperative complications, cost of hospitalization,
and the health care system of the country, is necessary to
provide clear evidence related to cost differences in future
studies.

CONCLUSIONS
The use of a digital thoracic drainage system did not

shorten the duration of chest tube placement in comparison
to a traditional thoracic drainage system. However, tradi-
tional thoracic drainage systems are likely to be replaced
diovascular Surgery c Volume 155, Number 4 1839
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by digital thoracic drainage in the near future due to various
clinical advantages.9,18 Further prospective studies are
needed to establish reliable chest tube management
protocols using a digital thoracic drainage system.
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