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INTRODUCTION

Following thoracic surgery, the application of chest drain
tubes is critical for removing air leaks and/or pleural
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Abstract

Purpose: This study aimed to compare the value of a modified chest tube drainage strategy
to a traditional drainage strategy in single-port thoracoscopic pulmonary wedge resection.
Methods: From January 2019 to July 2021, we collected clinical data on 405 patients who
underwent single-port thoracoscopic pulmonary wedge resection in the No.1 Department
of Thoracic Surgery at Fujian Medical University Union Hospital, with 121 (29.9%) cases
in the modified drainage strategy group and 284 (70.1%) cases in the traditional drainage
strategy group. The propensity score matching method (Match Ratio = 1:1) was used to
reduce differences in clinical characteristics between the two groups.

Results: Following 1:1 propensity score matching, 120 matched pairs (240 patients) were
included in the study. There was no significant difference in general clinical characteristics
between the two groups. There was no statistical difference in intraoperative factors except
for operative times (71.42 £ 22.98 min vs. 86.80 & 36.75 min, p < 0.001). In terms
of postoperative factors, there were significant differences in postoperative chest tube
duration (0.00 £ 0.00h wvs. 32.68 +1851h, p<0.001), total drainage volume
(143.03 + 118.33 ml vs. 187.73 £ 140.82 ml, p = 0.008), postoperative hospital stay
(2.61 £ 0.70 days vs. 3.27 &= 1.88 days, p < 0.001), number of additional pain relief
(0.14 £ 040 vs. 042 £ 0.74, p <0.001), facial pain score (2.7 £ 1.8 vs. 3.6 £2.7,
p = 0.005) and adverse events (p = 0.046). Furthermore, there was a statistical difference
between the two groups regarding CTCAE grade-1 complication, but no statistical differ-
ence in CTCAE grade-2 complication.

Conclusions: A modified drainage strategy in single-port thoracoscopic pulmonary
wedge resection is safe and feasible, allowing for less postoperative rehabilitation time,
pain relief, reduced postoperative pleural effusion, and reduced clinical workload.

KEYWORDS
closed thoracic drainage, pulmonary wedge resection, rapid recovery, uni-portal, video-assisted thoracic
surgery

effusions. All surgeons want to remove a chest tube as soon
as possible because it can aggravate pain, delay recovery of
lung function and the 6-min walking distance, and lengthen
hospitalization." Chest tube management is still an impor-
tant aspect following lung resection because it affects the
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recovery phase and the length of hospital stay. A strategy
without using a chest tube has previously been reported in
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All patients with uni-port VATs wedge resection,
from Jan 2019 to Jul 2021,
at No.1 Thoracic Surgery Department
(n=400)

FIGURE 1 The flow diagram
of the study. VATS, video-assisted
thoracic surgery

Inclusion criteria:

(1) nodules in the peripheral 1/3 of the pulmonary field;
(2) only performed a single-port VATs wedge resection;
(3) placing a 12F ABLE tube on the posterior axillary line;
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the literature.>™* In preliminary research, the tubeless strat-
egy reduced pain and shortened hospital stays compared to
standard VATs.”"'* This method, however, is not frequently
encouraged due to security concerns.

In this study, the drainage strategy was modified by
omitting the traditional silica gel drainage tube (modified
drainage strategy, MDS) and compared to the traditional
drainage strategy (TDS) to investigate the safety and reliabil-
ity of the MDS wused in single-port video-assisted
thoracoscopic (VATs) pulmonary wedge resection (PWR)
for the treatment of peripheral pulmonary nodules. Finally,
a resource for clinical decision-making is offered.

PATIENTS AND METHODS

This is a retrospective case—control study. From January 2019
to July 2021, 405 patients underwent single-port thoracoscopic
PWR at Fujian Medical University Union Hospital’s No.1 Tho-
racic Department. Patients were divided into two groups based
on whether or not a traditional silica gel drainage tube was

used: the modified drainage strategy group (MDS group) and
the traditional drainage strategy group (TDS group). PSM was
carried out using a 1:1 matching algorithm to reduce the influ-
ence of confounders in the MDS and TDS groups (Figure 1).
Finally, 240 patients were enrolled in the current study, with
120 patients (50%) in the MDS group and 120 patients (50%)
in the TDS group. This study was reviewed and approved by
the institutional review board of Fujian Medical University
Union Hospital (No. 2021KY113), which waived the need for
informed consent of the patients.

The following were the inclusion criteria: (1) a CT scan
reveals one or more nodules in the peripheral third of the
pulmonary field; (2) a single-port thoracoscopic PWR was
performed, with or without mediastinal lymph node sampling;
(3) the linear cutting lines were well-formed during the opera-
tion, or the wound was sutured continuously with 3-0/4-0
Prolen sutures when the cutting lines deformed; (4) a 12F
drainage tube (ABLE, disposable abdomen drainage catheter
set) was placed through the seventh or eighth intercostal space
on the posterior axillary line; and (5) cardiopulmonary function
allowed single-port thoracoscopic PWR.
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ABLE tube

Incision of single-port VATs

22# or 24#
silicone tube

Normal saline

FIGURE 2  The air leakage test was performed in the MDS group. A 22# or
24# silicone tube was placed along the surgical incision, and the ABLE drainage
tube was closed. The muscle layer suture was tightened to keep the pleural cavity
closed. A silicone tube was temporarily inserted into the pleural cavity through the
incision, and the tube’s outer end was immersed in normal saline

The following were the exclusion criteria: (1) severe emphy-
sema; (2) severe pleural adhesions discovered during surgery;
(3) ipsilateral thoracic operation, radiotherapy, or chemotherapy
within the previous 3 months; and (4) undergoing other surgery
during the same period, such as segmentectomy or lobectomy.

Surgical procedures

All of the patients had single-port thoracoscopic surgery.
The patients were positioned lateral decubitus. An incision
was made on the midaxillary line at the fourth intercostal
space for pulmonary wedge resection. The incision was
approximately 3-4 cm long.

Under general anesthesia, single-port VATs procedures
were performed with double-cavity endotracheal intubation
and single-lung ventilation. The nodule was located using
the finger-touch method based on the CT scan image. An
endoscopic linear cutting stapler (Ethicon Endo-Surgery,
Inc. or REACH SURGICAL, Inc. or Medtronic, Inc.) was
used to resect the pulmonary nodules.

Following PWR, we carefully examined the wound of the
stapler line. When the cutting lines deformed, the wound was
sutured continuously with 3-0/4-0 Prolen sutures. Generally,
air leakage tests were not performed inside the thorax. After
the procedure, we used 20 ml of 1% ropivacaine to perform a
multilevel intercostal nerve block on the intercostal level of the
incision and one level above and below. A 12F drainage tube
(ABLE drainage catheter) was inserted into the posterior axil-
lary line through the seventh or eighth intercostal space. The
incision was closed with discontinuous suturing, and the knots
were not tied immediately. Following surgery, two different
chest tube drainage strategies were used.

MDS group

A 22# or 24# drainage tube for the MDS group was placed
along the surgical incision, and the ABLE drainage tube was

Incision of single-port VATs

ABLE tube
Drainage pack

FIGURE 3 The MDS group’s drainage. The ABLE catheter was
inserted into the posterior axillary line through the seventh or eighth
intercostal space

ABLE tube 224 or 24# silicone tube

Water-sealed bottle

FIGURE 4 The drainage of the TDS group. A 22# or 24# silicone tube
was inserted into the pleural cavity through the incision. The ABLE catheter
was inserted into the posterior axillary line through the seventh or eighth
intercostal space

closed. The muscle layer suture was tightened to keep the
pleural cavity closed. A silicone tube was temporarily inserted
through the incision into the pleural cavity, while the tube’s
outer end was immersed in normal saline, as shown in
Figure 2. Anesthesiologists performed lung inflation manu-
ally to achieve an airway pressure of 20 cmH,O. The lungs
were inflated until all the air had been expelled with no air
leakage. Finally, the silicone tube was removed and the inci-
sion was closed. Layer by layer, the incision was closed. The
ABLE catheter was inserted into the posterior axillary line
through the seventh or eighth intercostal space (Figure 3).

TDS group

A 22# or 24# silicone tube was inserted through the incision
at the top of the pleural cavity. Layers of sutures were used
to close the incision. The drainage tube was reserved and
connected with a water-sealed bottle (Figure 4). Bilateral
lung ventilation was then re-established, and the lungs were
re-expanded by a 20 cm H,O airway pressure. The incision
was finally closed layer by layer.
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TABLE 1 Clinicopathological characteristics of the MDS and TDS groups (before and after propensity score matching)
Before propensity score matching After propensity score matching
MDS group TDS group MDS group TDS group

Characteristics (n=121) (n=279) T/? P (n = 120) (n =120) T/y? ?
Age (years) 50.86 £+ 11.46 53.76 £+ 10.95 —2.400 0.017 51.15 £ 11.05 51.03 £ 11.60 0.08 0.936
Sex (%) 4.804 0.028 0.019 0.891

Male 40 (33.1) 125 (44.8) 40 (33.3) 41 (34.2)

Female 81 (66.9) 154 (55.2) 80 (66.7) 79 (65.8)
BMI* 23.04 + 3.16 23.12 £ 3.31 —0.175 0.861 45.60 + 247.53 23.02 + 341 0.999 0.319
Smoking (%) 15 (12.4) 63 (22.6) 5.576 0.018 15 (12.5) 16 (13.3) 0.037 0.847
Emphysema (%) 1(0.8) 12 (4.3) 3.241 0.072 1(0.8) 2(1.7) 0.338 0.561
Pulmonary function

FEV1 (L) 2.65 £ 0.64 2.64 £ 0.67 0.177 0.859 2.64 + 0.64 2.68 £ 0.70 —0.453 0.651

Actual FEV1/pre-FEV1 (%) 100.23 + 16.54 99.33 £ 20.09 0.432 0.666 100.10 + 16.55 101.34 + 24.51 —0.461 0.645
MVV (L) 90.83 £ 19.25 90.44 £ 20.32 0.177 0.859 90.71 + 19.29 91.89 + 20.99 —0.453 0.651
Actual MVV/pre-MVV (%) 89.17 £ 15.67 86.95 & 12.30 1.523 0.128 88.44 £+ 13.49 88.51 £+ 11.64 —0.04 0.968

Lesion location (%)" 10.028 0.348 0.338 0.845

Single lobe 112 (92.6) 256 (91.8) 111 (92.5) 110 (91.7)

Two lobes 1(0.8) 3(1.1) 1(0.8) 2(1.7)

Three lobes 8 (6.6) 20 (7.1) 8 (6.7) 8 (6.6)
Maximum lesion diameter (cm) 1.06 + 0.63 1.10 + 0.60 —0.436 0.663 1.02 £+ 0.56 1.02 &+ 0.54 —0.024 0.981
Pathological types (%) 6.8 0.147 7.012 0.135

Primary cancer 57 (47.1) 102 (36.6) 55 (45.8) 50 (41.7)

Metastatic tumor 3(2.5) 12 (4.3) 45 (37.5) 58 (48.3)

Benign disease 51 (42.2) 138 (49.5) 13 (10.8) 7 (5.8)

Mixture® 6 (4.9) 23(8.2) 2 (1.7) 4(3.3)
Others 4(3.3) 4(14) 5(4.2) 1(0.9)

“BMI refers to body mass index, which is the weight (kg) divided by height (m)"2.

®Lesion location refers to a single lobe, or two or three lobes where the lesions are removed.
“Mixture refers to patients who have multiple nodules at the same time. The pathological result is a mixture of lesions, for example primary lung cancer and benign lesions.

Postoperative management

All patients’ endotracheal tubes were removed in the anesthe-
sia recovery room. Sufentanil (1 pg, gh) and flobiprofen axetil
(50 mg, bid) were administered intravenously for postopera-
tive analgesia. When patients could not tolerate the pain,
bucinnazine hydrochloride injection (1 mg/kg) or morphine
hydrochloride injection (10 mg) was used. A chest X-ray was
scheduled for the MDS group on the first or second postoper-
ative day. If the postoperative day 1 X-ray showed 30% lung
compression, the X-ray was repeated after 24 h. If the pneu-
mothorax did not worsen, no treatment was given.

On the contrary, catheterization was performed in the sec-
ond intercostal space. The standards for chest tube removal in
the TDS group were no air leakage and satisfactory lung infla-
tion. When fluid leakage was less than 100 ml per day, both
groups’ tubes (ABLE drainage catheter) were removed.

Statistical analysis

SPSS v22.0 software was used for statistical analysis (IBM
Corp). Propensity score matching (PSM) was used to reduce
the potential influence of confounding factors. Some con-
founding factors, such as age, gender, and smoking status,
may skew results.

PSM was performed with a caliper width equal to 0.2 of
the standard deviation of the logit of the propensity score
and a 1:1 matching protocol without replacement (greedy-
matching algorithm). Continuous data were presented as
mean =+ standard deviation (SD), and categorical variables
were presented as absolute frequencies and proportions (%).
P < 0.05 was regarded as significant.

RESULTS

Clinicopathologic characteristics of all
405 patients prior to PSM and 240 patients
following PSM

A total of 405 patients underwent uni-portal VATs PWR in
Nol. Department of Thoracic Surgery in Fujian Medical Uni-
versity Union Hospital, including 121 in the MDS group and
284 in the TDS group. All patients’ clinicopathological parame-
ters are displayed in Table 1. Neither group showed significant
differences regarding body mass index, emphysema, pulmonary
function, lesion location, maximum lesion diameter, and patho-
logical type (p > 0.05). On the contrary, for the aspect age, sex,
and smoking, there was a significant difference (p < 0.05). To
reduce the potential influence of confounding factors, we con-
ducted PSM analysis, which resulted in 120 matched pairs,
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TABLE 2 Intraoperative characteristics of the MDS and TDS groups after PSM
Characteristics MDS group (n = 120) TDS group (n = 120) T/y> P
Pleural adhesion® (%) 6 (5.0) 10 (8.3) 1.071 0.301
Number of linear staples 3.58 +1.48 3.85+ 1.85 —1.234 0.218
Intraoperative bleeding volume (ml) 17.52 £ 13.11 20.88 + 18.08 —1.643 0.102
Operation time® (min) 71.42 + 22.98 86.80 + 36.75 —3.888 0.000
?Only a few pleural adhesions were found in the included cases.
Operation time refers to the time between the incision of the skin and the end of the suture.
TABLE 3 Postoperative rehabilitation of the MDS and TDS groups after PSM
Characteristics MDS group (n = 120) TDS group (n = 120) T/ p
Chest tube duration® (h) 0.00 % 0.00 32.68 + 18.51 —19.337 0.000
Total drainage volume (ml) 143.03 + 118.33 187.73 £ 140.82 —2.663 0.008
Number of additional pain relief® 0.14 £ 0.40 0.42 £+ 0.74 —3.591 0.000
Facial pain score (postoperative day 1) 27+1.8 3627 2.829 0.005
CTCAE 1 complications 94 70 11.091 0.001
Subcutaneous emphysema* 61 (50.8) 49 (40.8) 2417 0.120
Pneumothorax 33 (27.5) 21 (17.5) 3.441 0.064
CTCAE 2 complications
Pulmonary infection? 3(2.5) 4(3.3) 0.000 1.000
Postoperative hospital stay (days) 2.61 £0.70 327 £1.88 —3.598 0.000
Incision adverse events® 3(2.5%) 10 (8.3%) 3.985 0.046

Total in-hospital costs 30 197.94 + 24 019.53

32 619.73 & 5809.62 —-1.074 0.284

Chest tube duration refers to the duration of the thoracic closed drainage tube through the fourth intercostal incision.
The number of additional pain relief according to the times of using additional painkillers in the doctor’s advice.

For the convenience of statistics, subcutaneous emphysema was confirmed by postoperative chest X-ray.

4Pulmonary infection refers to postoperative fever >38°C, leukocytosis, and lung inflammation revealed in chest X-ray.

“Incision adverse events refer to poor incision healing.

namely the MDS group (120/121, 99.17%) and the TDS group
(120/284, 42.26%). None of the clinicopathological parameters
were statistically different between the two groups following
PSM (p > 0.05; Table 1).

Intraoperative characteristics of 120 paired
samples after PSM

Table 2 shows the intraoperative characteristics after
matching, such as pleural adhesion, intraoperative bleeding
volume, number of resected lesions, number of linear sta-
ples, and operation time. Except for operation time, there
were no significant differences in pleural adhesion condi-
tion, intraoperative bleeding volume, the number of resected
lesions, or the number of staples between the two groups
(p > 0.05). The MDS group’s operation time was less than
that of the TDS group (p < 0.001).

Postoperative rehabilitation of 240 patients
after PSM

Table 3 shows the postoperative rehabilitation after PSM.
Chest tube duration, total drainage volume, number of

additional pain relievers, facial pain score, postoperative
hospital stay, and incision adverse events were significantly
lower in the MDS group than in the TDS group (p < 0.05).
CTCAE grade-1 complications (including mild subcutane-
ous emphysema and pneumothorax) were significantly
higher in the MDS group than in the TDS group (78.3%
vs. 58.3% p = 0.001). Furthermore, no statistically signifi-
cant differences in CTCAE grade-2 complications (only pul-
monary infection occurred in the study) were found
between the two groups (p > 0.05). Interestingly, the average
hospitalization cost in the MDS group (30197.94 yuan) was
lower than that in the TDS group (32619.73 yuan), but the
statistics do not support the difference (p > 0.05).

DISCUSSION

Adverse effects of placing a closed thoracic
drainage tube

Closed thoracic drainage (CTD) is a standard procedure in
traditional thoracic surgery that removes pleural effusion
and air leakage after the operation. The placement of a
closed chest drainage tube, on the other hand, has several
adverse consequences. First, the tube’s placement aggravates
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postoperative pain. Strong analgesic medications (such as
opioid analgesics) failed to provide pain relief for some
patients. Furthermore, the potential side effects of painkillers
should not be overlooked. Second, CTD slowed the recovery
of postoperative pulmonary function.”™'” Third, previous
studies reported that the tube was the primary cause of
intercostal nerve injury, which was thought to resolve
shortly after the chest tube was removed.'®'? Fourth, stimu-
lating the pleural causes an increase in the volume of pleural
fluid. Fifth, the incidence of secondary pain increased signif-
icantly during extubation. Extubation also increased the risk
of pneumothorax. Sixth, CID may reduce patient compli-
ance, resulting in delayed recovery and a longer postopera-
tive hospital stay. Finally, CTD increases the workload of
healthcare providers.

Clinicians have devised strategies to deal with the nega-
tive effects of thoracic tube placement, such as removing the
chest tube as soon as possible'® and improving pain-relief
regimens. The most effective of these is to avoid using closed
thoracic drainage tubes. Nonetheless, a completely tubeless
procedure is still not widely used due to safety concerns in
clinical practice.

The feasibility and safety of a modified chest
drainage strategy

Recently, some studies have reported the feasibility of
completely tubeless surgery in a small number of cases."*’”
2 However, due to different experiences in different medical
centers, omitting all drainage tubes was limited by the sur-
geons’ technical skills and management concepts. Further-
more, the strategy does not allow for the detection of air
leakage, pleural effusion, or bleeding, making it unsuitable
for widespread use.?

Air leakage, as we know, can be effectively controlled by
performing an air leakage test and repairing leaks during
surgery; however, pleural effusion is difficult to control. As a
result, the modified strategy for chest tube drainage has been
summarized. Unlike the TDS group, the MDS group only
received a small ABLE catheter. We believe that MDS could
be used to reduce postoperative discomfort and speed up
recovery in most patients following wedge resection.

This study investigated how MDS affected periprocedural
management in patients undergoing wedge resection via PSM.
The results showed that the MDS group had a significantly
shorter operation time than the TDS group (p < 0.001), indicat-
ing that MDS simplifies the procedure and reduces operation
time. In terms of postoperative pain, the number of additional
pain relief in the MDS group was significantly lower than in
the TDS group (p < 0.001), indicating that MDS aids in reduc-
ing postoperative pain, which is consistent with other stud-
ies.>” Furthermore, we discovered that the total drainage
volume (p = 0.008) and postoperative hospital stay (p = 0.001)
in the MDS group were significantly lower than in the TDS
group. The reasons could be that MDS reduces pleural stimulus
and pleural exudate.”* In terms of safety, while CTCAE grade-1

complications (such as small pneumothorax and subcutaneous
emphysema) were higher in the MDS group than in the TDS
group, the complications could resolve independently. Further-
more, no differences in the occurrence of CTCAE grade-2 com-
plications were found between the two groups. These results
demonstrate that MDS is as feasible and safe as TDS.

The advantages of the modified chest drainage
strategy

First, it was only necessary to perform an air leak test once
before closing the incision. The experimental results are
accurate and reliable, and the operation procedure is
straightforward, which simplifies drainage tube management
and reduces postoperative nursing workload.

Second, the ABLE catheter could drain pleural effusion
smoothly, allowing for real-time evaluation of common
complications without frequent X-rays.

Third, patients in the MDS group reported a significant
reduction in pain caused by a thoracic closed drainage tube and
improved satisfaction with wound healing following surgery.

Fourth, patients in the MDS group avoided the negative
effects of chest tube removal, such as fear psychology and
postextubation complications.

Fifth, MDS streamlined the postoperative management
workflow. Meanwhile, the postoperative complications were
not significantly different between the two groups, implying
that MDS is safe and feasible.

Sixth, MDS shortened the postoperative hospital stay
and accelerated postoperative recovery, allowing the rapid
rehabilitation concept to be implemented.

MDS complications and the corresponding
measures

In this study, all included cases did not reveal any serious
complications. Following the implementation of MDS, the
following precautions are advised in the event of a CTCAE
grade-2 or more serious complication. First, for patients who
are actively bleeding or have a chylothorax, an ABLE catheter
can drain pleural effusion or hemothorax smoothly, which
can help to evaluate the complication without taking X-rays
frequently, allowing treatment to be administered on time.
Second, the ABLE catheter can be used to treat a severe pneu-
mothorax (volume of compressed lung >30%) directly by
drawing out air leakage through the ABLE catheter. Third, if
a mild pneumothorax (volume of compressed lung 30%)
occurs, X-rays will be taken again in 24 h. If the pneumotho-
rax is not aggravating, no further treatment is required.

MDS is safe and acceptable for patients with single-port
thoracoscopic pulmonary wedge resection. MDS is rec-
ommended for patients who meet the following conditions:
(1) no emphysema; (2) no or mild pleural adhesion;
(3) number of linear staplers <5; (4) the cutting lines form
well; and (5) no air leakage.
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Limitations in the present study

The research is single-center, nonrandomized, and retro-
spective in nature. Although we used PSM to reduce
differences in clinical baseline characteristics, this study
is still susceptible to case selection bias. For example,
there were lower in-hospital costs in the MDS group
than in the TDS group. However, there was no signifi-
cant difference between the groups, which may be due
to case selection bias. As a result, we need to conduct
another prospective, randomized controlled study to
confirm our findings.

CONCLUSION

Applying a modified drainage strategy in single-port
thoracoscopic pulmonary wedge resection is safe and feasi-
ble, allowing for less postoperative rehabilitation time and
pain relief, reduced postoperative pleural effusion and clini-
cal workload. In addition, MDS has the potential to reduce
patients’ medical burden.
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