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Abstract

and promotion of early mobilization, proficiency, and efficiency.

Objective: To compare the clinical efficacy of a digital drainage device versus a new drainage bag for pleural drainage after
thoracoscopic lung surgery. Methods: This quasiexperimental two-group study involved one hundred patients assigned to the digital
drainage device or the new drainage bag. After thoracoscopic lung resection, air leakage and drainage were evaluated until the
chest tube was removed. The outcome criteria included chest tube indwelling and hospitalization days, as well as patient and nurse
satisfaction. The data were statistically analyzed using chi-square and Mann-Whitney U tests. Results: There were no significant
differences in the duration of chest tube indwelling (2.36 + 1.53 days vs 1.96 + 1.22 days, p=.153) or postoperative hospital stay (3.72
+1.65 days vs 3.18 + 1.54 days, p=.095) between the two groups. However, the scores of the patients (4.86 + 0.34 vs. 3.82 +0.98,
p<.001) and their levels of nurse satisfaction (4.38+ 0.717 vs. 3.07 £ 0.979 p<.001) were significantly greater in the new drainage bag
group than in the digital device group. Conclusion: The effect of the new drainage bag system is equivalent to that of the digital drain
system in terms of days of chest tube dwelling and hospital stay, and the new drainage bag system is more cost effective. Patient and
nurse satisfaction with the new draining bag system is superior to that with the digital system in terms of convenience, ease of care,

Keywords: Thoracoscopic surgery; Digital drain system; New
drain bag; satisfaction

Background

Thoracoscopic surgery is a common thoracic surgical technique
[1], and patients typically require pleural air and fluid drainage for
lung re-expansion following thoracic lung surgery [2]. Underwater
seal bottles are commonly used for collecting fluid and pleural air
drainage [2], but their use might interfere with mobilization and
is associated with pneumonia, constipation, and urinary retention.
Improper management of chest bottles induces fluid backflow

and is likely to cause secondary infection [3]. The drainage
volume of underwater seal bottles can be reduced when fluid
accumulates, and incorrect placement of underwater seal bottles,
such as tube misconnections, can result in life-threatening events
[4]. Recently, many chest drainage devices have been developed
[1,2,4] to accelerate lung expansion and reduce the length of chest
tube indwelling and hospitalization. A new digital chest drainage
system with real-time pressure monitoring and a continuous
suction device [5,6] provides constant suction and digital
recording of the speed of air leakage and fluid amount. However,
an intermittent electric charge is needed to maintain the suction
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power. Many clinicians favor digital chest drainage devices over
traditional chest drainage following pulmonary resection [6-8],
with digital devices considered superior to underwater seal bottles.
Researchers have also attempted to simplify pleural drainage [9-
15] and develop a new drainage bag to improve the quality of
care [16]. Its thin and flexible anterior wall prevents the air reflex,
and its light weight could promote early ambulation [8]. It has
been reported that there are no significant differences in the total
drainage amount or duration of drainage between new bags and
conventional chest bottles, and no device-related complications
are observed [3,15,17]. Moreover, drainage bags are superior
to chest bottles for postoperative drainage in inpatient care [7].
Therefore, this study was designed to compare the clinical effects
of digital drainage devices and new drainage bags in thoracoscopic
lung surgery and to investigate patient and nurse satisfaction with
the use of different drainage devices after lung resection.

Materials and methods

Study design

This study had a quasiexperimental design.
Materials

Two devices were compared: a digital drainage device and a new
drainage bag (Figure 1). The digital drainage device used was a
Thopaz manufactured by Medela, which monitors air leaks and
applies suction only to maintain negative pressure close to the
chest. The digital display provides real-time objective data and a
24-hour historical graph of air leaks, but the drainage data may be
inaccurate if the drainage bottle is unsteady. Once the collection
bottle was full, it was replaced with an extra charge. The new
chest drainage bag, designed in May 2016 [18], uses a Heimlich
one-way valve and exhaust tube to discharge fluid and gas in the
chest cavity; this bag has been tested for its antireflux effect and
breathability. The pleural fluid can easily flow through by gravity
or by coughing, and the amount of drainage is accurately recorded.

| A 16 Fr. Chest tube was inserted following thoracoscopic lung surgery ‘

| Digital drainage device (50 patients) ‘ New drainage bag (50 patients) |

v v

Negative suction was initiated to The residval pleural air was

drain the residual pleural air after expelled into the drainage bag

wound closure after wound closure

X ¥

The drainage device was kept below
the level of the patient’s chest

Figure 1: Flow chart of postthoracoscopic pleural drainage.

Study sample

This study was approved by the Institutional Review Board of
Show Chwan Memorial Hospital, and the need to obtain informed
consent was waived. The same thoracic surgeon operated on all
patients aged 18 to 80 years who underwent thoracoscopic lung
surgeries for benign or malignant disease. Patients who underwent
thoracoscopic pneumonectomy, open lung surgery, robotic-
assisted lung surgery, postoperative respiratory failure, ventilator
use, or postoperative complications requiring reoperation were
excluded. A total of 100 patients were enrolled from April 2022 to
September 2023. The data from the digital drainage device group
(Group 1) were collected first, followed by the new drainage bag
group (Group 2).

Intervention procedures

The patients who met the inclusion criteria were evaluated based
on chest Computed Tomography (CT) findings, health status,
biochemical test results, and cardiopulmonary function. Before
surgery, routine care, including deep breathing and effective
coughing, was provided. And early ambulation, was applied.

Thoracoscopic lung resection was performed using a 4~6 cm
incision at the anterior axillary line of the 4™ intercostal space
and a thoracoscopic port at the posterior axillary line of the 7th
intercostal space. The bronchial stumps were closed using a
stapler, incomplete interlobar fissures were divided using a stapler,
and tissue glue was not used to control air leakage or bleeding.
Before inserting the chest tube and performing wound closure,
the airtightness of the bronchial stump and lung parenchyma was
confirmed by the anesthetist’s manual bagging using 30 cm of
water pressure.

Thoracoscopic surgery was performed according to the nature
and location of the lesions. A chest tube (16 French) was inserted
through the thoracoscopic port for pleural drainage. Scissors were
used to add additional side holes to the chest tube, and the tip of the
chest tube was placed at the top of the pleural space. Most of the
pleural air was expelled when patients were switched to the supine
position to remove the endotracheal tube. Typically, patients will
be kept in the anesthesia recovery room for approximately 40
minutes, and chest radiography will be performed on admission to
the general wards.

In group 1, digital drainage devices continuously detected
pleural air leakage. In group 2, the drainage bag was kept below
the patient’s chest wall or 20 cm below the bed. Air leaks were
classified into three levels: the first level was the visible expansion
of the bag during cough and forceful exertion, the second level
was the visible expansion of the bag during talking, and the third
level was the visible expansion of the bag during expiration. No air
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leakage was defined as no visible bag expansion during coughing
or forceful exertion. For both groups, the chest tube was removed
if there was no air leakage and if the 24-hour drainage volume was
less than 100 mL.

Data collection

After the operation, the nurses installed the drainage equipment
and transferred the patient to the recovery room. The patient was
then assessed twice, once in the recovery room and once after
admission to the ward, using the thoracic surgery information
sheet. The patients were assessed twice daily, at 8:30 a.m. and
4:00 p.m., until the chest tube was removed to evaluate air leakage,
drainage, and complications such as subcutaneous emphysema
or pneumothorax. The duration of chest tube indwelling,
hospitalization duration, and patient and nurse satisfaction were
recorded after tube removal.

Statistical analysis

The data were tested for normality and are presented as the mean
and standard error. Categorical data are presented as frequencies
and percentages and were compared using the chi-square test.
Student’s t test and the Mann-Whitney U test were used to compare
the group differences. A P value less than 0.05 was considered to
indicate statistical significance, and the statistical analysis was
performed using the Statistical Package for Social Sciences (IBM
SPSS Statistics 22).

Results
Sample characteristics

The participants’ characteristics in Table 1 show that most
participants were male, with a mean age of 61.7 (34 to 80) years.

There was no significant difference in the nature of the disease, site
of lobectomy, drainage amount, or duration between the groups.
Additionally, there were no significant differences between the
groups in terms of the number of days of chest tube indwelling
(2.36 + 1.53 days vs 1.96 = 1.22 days, p=.153) or postoperative
hospital stay (3.72 +1.65 days vs 3.18 + 1.54 days, p=.095).
However, the patients’ (4.86 + 0.34 vs. 3.82 +0.98, p<.001) and
nurses’ satisfaction (4.38+ 0.717 vs. 3.07 = 0.979 p<.001) were
significantly greater in the new drainage bag group than in the
digital device group Figure 2. Patients were most satisfied with
“no interference with sleep” and “ease of care”, whereas nurses
were most satisfied with “no extra training time” and “confidence
to use.” The detailed item scores are shown in Tables 2 and 3.

Figure 2: Patients using a digital device (left) or drainage bag
(right).

Digital device Drainage bag p
Age, years, mean £+ SD 61.4+11.3 61.9+9.7 0.799
Sex 0.841
Male 25 (50%) 26 (52%)
Female 25 (50%) 24 (48%)
Disease 0.683
Malignancy 29 31
Benign 21 19
Smoking 0.685
yes 22 20
no 28 30
COPD 0.595
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yes 7 10
no 43 40
Previous lung surgery 0.318
yes 7 3
no 43 47
BMI 24.5+0.6 24.940.6 0.57
FEV1 1.11+0.03 1.11+0.04 0.916
Resection
Lobar resection 18 21 0.407
RUL 5 7
RML 6 6
RLL 6 3
LUL 1 2
LLL 0 3
Sublobar resection 32 29 0.278
RUL 12 10
RML 3 0
RLL 8 5
LUL 6 12
LLL 3 2
Duration of drainage, mean + SD 2.36+1.53 1.96+1.22 0.153
Postoperative stay, mean + SD 3.72+1.65 3.18+1.54 0.095

Table 1: Patient characteristics.

Digital device Drainage bag
Items V4 P
M SD M SD

Light weighted 3.72 0.85 4.88 0.32 -7.07 <.001
Easy to handle troubleshooting in tubing 3.78 0.88 4.66 0.55 -5.206 <.001
Easy to use 3.74 1.13 492 0.27 -6.402 <.001
Convenient to move out of the bed 3.5 0.93 4.84 0.42 -7.347 <.001
Convenient to move around the bed 3.98 0.93 4.84 0.42 -5.606 <.001
Easy to observe the drainage amount 4.4 0.75 4.84 0.42 -5.117 <.001
Not interfere with my sleep 4.22 0.97 4.98 0.14 -5.536 <.001
Not worry about others’ opinion 3.66 1.18 4.82 0.48 -5.551 <.001
Ease of care 3.46 1.21 4.96 0.19 -7.51 <.001
I am satisfied with the device 3.82 0.98 4.92 0.27 -6.843 <.001
Item mean 3.82 0.98 4.86 0.34 -6.218 <.001

Table 2: Patient satisfaction with the drainage system (n=50 per group).
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Items Digital device Drainage bag z b
M SD M SD
Easy to setup 3.34 0.883 4.5 0.631 -5.717 <.001
Correct drainage data 3.67 0.928 4.34 0.74 -3.788 <.001
Easy to handle troubleshooting 341 0.985 431 0.753 -5.051 <.001
Easy to replace 3.03 0.978 4.46 0.695 -5.927 <.001
Convenience for patient ambulation 3.09 0.959 4.43 0.714 -5.815 <.001
Easy to observe 3.24 1.042 4.07 0.857 -4.202 <.001
Detect the device failure 2.99 1 441 0.732 -5.868 <.001
Patient safety 3.34 0.883 431 0.692 -4.896 <.001
No extra time for training 2.8 1.044 4.64 0.638 -6.519 <.001
Confidence to use 2.84 0.958 4.66 0.657 -6.716 <.001
Highly recommend 3.01 0.97 4.54 0.698 -6.221 <.001
Proficiency in using 2.48 1.093 4.5 0.757 -6.622 <.001
Familiar to use 2.67 1.01 4.54 0.755 -6.643 <.001
Item mean 3.07 0.979 4.38 0.717 -5.691 <.001
Table 3: Nurses’ satisfaction (n=70) with the drainage devices.
Discussion the digital device produces low-frequency noise and, occasionally,

There was no significant difference in the number of days of chest
tube indwelling or hospitalization after lung resection using new
drainage bags or digital drainage devices. These findings might be
attributed to the same surgeon performing the surgeries, as there
was no difference in surgical technique or procedure between the
two groups. Furthermore, other risk factors affecting the healing of
the lung surface after surgery and prolonging the air leakage time,
such as sex, smoking status, BMI, COPD, severity of disease, and
lung function, were not significantly different between the two
groups [19-22].

Regarding patient satisfaction, previous studies have compared
patients’ positive perceptions of digital devices with those of
traditional bottle systems [5-7]. This is the first study exploring
patient satisfaction with digital and new drainage bag systems.
The patients were most concerned about the draining device’s
weight, ease of use, and interference with mobilization, and they
preferred the new bag system over the digital system. The new
drainage bag weighs only 45 grams, so it is lightweight and easy
to carry, thus promoting early mobilization. In contrast, digital
devices are much heavier and more expensive than digital devices
and require additional caution to avoid damage. In this study, two
participants accidentally damaged the drainage bottle in the digital
device, causing an extra charge. Furthermore, the electric motor in

a high-frequency alarm, which might interfere with the patient’s
sleep, even though this device provides the benefit of continuous
suction for the prevention of pneumothorax.

The nurses were more satisfied with the new drainage bag device
because it is much easier to use, replace, and assess, and they were
proficient and confident in its use. For digital devices, nurses need
extra time to learn about the arrangement and troubleshooting, as
well as to set up the system and respond to alarms. According to
previous studies, nursing staff’s satisfaction with care methods
is related to the complexity of care [23-25], as highly complex
clinical work and cumbersome care processes increase their care
burden and decrease their satisfaction.

Conclusion

The clinical effect of the new, less expensive drainage bag system
is equivalent to that of the digital drain system in terms of the
number of days of chest tube dwelling and hospital stay. Patient
and nurse satisfaction with the new drainage bag system is superior
to that with the digital system, so this new drainage bag system is
recommended for thoracoscopy surgery, except for emphysema
patients who have a greater risk of prolonged air leakage. Future
research could extend the application of this new drainage system
to patients undergoing open thoracotomy or robotic surgery.
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Limitations

This study was quasiexperimental and did not include random
selection or assignment. These results should be generalized with
caution.
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