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Background: Uniportal thoracoscopic sleeve lobectomy is rarely reported owing to its high degree of
difficulty. We conducted a comparative study on the safety and efficacy of uniportal versus multiportal
thoracoscopic sleeve lobectomy for the treatment of centrally located lung cancer.

Methods: From January 2016 to December 2018, 30 thoracoscopic sleeve lobectomies (12 by the uniportal
approach and 20 by the multiportal approach) for centrally located lung cancer at our institution were
retrospectively analyzed.

Results: The uniportal approach resulted in a significantly shorter chest drainage duration (5.3+1.9 vs.
7.122.8 days, P=0.028) and a smaller chest drainage volume (796.7+582.9 vs. 1,667.8+1,154.9 mL, P=0.004)
than the multiportal approach. The two groups showed no significant differences in the dissection of lymph
nodes, operation time, estimated blood loss, conversion rate, length of postoperative hospital stay and the
proportion of patients with postoperative complications. The short-term overall survival (OS) and disease-
free survival (DFS) between uniportal and multiportal groups were similar (3-year OS, 100.0% wvs. 82.5%,
P=0.222; 3-year DFS, 75.8% vs. 84.4%, P=0.641). For the eight cases of the uniportal approach conducted
by the same surgeon, the cumulative sum (CUSUM) curve showed its inflection at patient number 4 and
divided the series into phase I (learning phase) and phase II (experienced phase). A significant reduction
in estimated blood loss (42.5+8.7 vs. 177.5+121.2 mL, P=0.037), chest drainage volume (280.0+155.8 vs.
972.5+464.5 mL, P=0.043) and chest drainage duration (3.8+1.0 vs. 6.8+2.2 days, P=0.027) was also noted in
the phase II patients compared with the phase I patients.

Conclusions: Uniportal thoracoscopic sleeve lobectomy is technically feasible and safe for the treatment
of centrally located lung cancer and may achieve superior surgical outcomes compared with the multiportal

approach.
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Introduction

Bronchial sleeve lobectomy is an optional and effective
procedure for resectable centrally located lung cancer. A
previous study showed that sleeve lobectomy avoids the
residual risk of tumors caused by anatomical lobectomy
and offers a better prognosis with similar morbidity and
mortality in selected patients (1). Owing to its complexity
and high risk of complications, thoracotomy has always
been the standard approach for sleeve lobectomy. In recent
decades, with the development of thoracoscopic technology
and the accumulation of surgical techniques, some surgeons
have begun to apply thoracoscopic technology for sleeve
lobectomy. Since Santambrogio et 4/. (2) reported the first
case of thoracoscopic sleeve lobectomy in 2002, several
studies have verified the safety and efficacy of thoracoscopic
sleeve lobectomy (3,4); however, all these cases have been
conventionally performed with three or four incisions
(1 observation port plus 2-3 operation ports).

The first uniportal thoracoscopic lung lobectomy
was performed by Gonzalez er /. (5) in 2011, and since
then, the uniportal video-assisted thoracoscopic surgery
(VATS) has been gradually applied to almost all lung
cancer resections and has shown advantages in minimizing
injury and postoperative pain. In 2013, Gonzalez-Rivas
et al. (6) reported the first uniportal thoracoscopic sleeve
lobectomy. Subsequently, several studies have described
uniportal thoracoscopic sleeve lobectomy (7-10) and the
even more complex double sleeve lobectomy (11). With
the accumulation of VATS techniques in our institute, we
have gradually applied the advantages of VATS to patients
who required sleeve lobectomies and performed the first
uniportal thoracoscopic sleeve lobectomy in January
2016. However, uniportal thoracoscopic sleeve lobectomy
remains a technically demanding operation, and most sleeve
lobectomy still needs to be performed by conventional
thoracoscopic or thoracotomy procedures, even for the
most experienced thoracic surgeons. To date, all published
data has been limited in the form of case reports, case series
or uncontrolled observational studies (11,12). Therefore, we
conducted this comparative study to explore the safety and
efficacy of uniportal thoracoscopic sleeve lobectomy for the
treatment of centrally located lung cancer and present our
current experiences, which might provide more guidance
for surgeons dealing with related issues. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/jtd-20-
2695).
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Methods
Patient enrvollment

We retrospectively reviewed all patients who underwent
thoracoscopic sleeve lobectomy for centrally located
lung tumors from January 2016 to December 2018. The
patients were categorized into uniportal and multiportal
groups. For centrally located lung cancer, the indication
for a thoracoscopic sleeve lobectomy includes restricted
bronchus invasion, no signs of vessel or surrounding
organ invasion, no mediastinal lymph node or distant
metastasis and pulmonary function being able to tolerate
the planned lobectomy or potential pneumonectomy. For
a better comparison between the uniportal and multiportal
approaches, we excluded patients who received preoperative
treatment (including chemotherapy and/or radiotherapy)
to reduce the potential bias. This study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Study had been approved by the Research Ethics
Committee of Cancer Institute and Hospital of the Chinese
Academy of Medical Sciences (No. 19-085-1870) and
informed consent was taken from all the patients.

Operative procedure

All operations were performed by a total of six surgeons
whose annual operating volume surpassed 200 cases in our
department. Nearly all of the surgeries were performed
via uniportal approach throughout the study period. For
sleeve lobectomy, the decision to perform a uniportal or
multiportal approach depended on the discussion of the
multiple disciplinary team (MDT). The incisions for a
conventional multiportal approach have been described in
previous literature (13). For the uniportal approach, a single
3—-4 cm incision was made in the 4th or 5th intercostal
space at the anterior axillary line according to the patient’s
body conformation and resection of the lobe. The surgeon
stood on the ventral side of the patient, and the camera
man stood on the contralateral or ipsilateral side according
to upper lobectomy or lower lobectomy. The camera was
placed at the dorsal side of the incision, and the remaining
instruments entered the incision from the ventral side of the
lens.

No extensive pleural adhesion and metastasis were
found in any patient through thoracoscopic exploration.
The bronchus was identified and dissected sharply from
the initial part of the bronchus by a scalpel with a long
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handle, and then the scissor was used to transect the
remaining circumference of the bronchus. Electrocautery
and an ultrasonic knife were not recommended for the
possibility of causing stump necrosis. Both the proximal
and distal bronchial margins were then sent as frozen
sections to confirm negative margins, after which systematic
mediastinal lymph node dissection was performed before
anastomosis to provide greater maneuvering space and save
time. The details of the lymphadenectomy were outlined
in a prior publication (14). For sleeve resection of the
upper or middle lobe, the inferior pulmonary ligament was
first loosened before anastomosis for further mobilization
of the lower or middle-lower lobe and a reduction in the
anastomotic tension. For sleeve resection of the right lobes,
the azygos vein arch could be resected according to the
actual need of the operation. All the patients underwent an
end-to-end bronchial anastomosis with continuous suturing
using a single 3-0 Prolene suture (Ethicon Inc., Somerville,
NJ, USA). The anastomosis technique used in the uniportal
approach was similar to that in the multiportal approach,
which was reported in a recent publication (15).

Postoperative management

Patients were regularly managed in the dedicated thoracic
surgical ward or transferred into the intensive care unit
(ICU) postoperatively for the management of severe
complications. Standard postoperative care also included
atomization inhalation, patients’ early mobilization,
assistance of sputum clearance and pulmonary re-expansion.
A daily chest drainage volume less than 200 mL without
obvious air leakage indicated that the chest tube could be
removed.

Data collection

Patient demographic and clinical features were collected
and analyzed. The pathologic stages were based on
the 8th TINM classification system (16). Perioperative
mortality was defined as any patient who died within the
first 30 days postoperatively. The follow-up information
was obtained by contacting patients or requesting the
information from our follow-up center. Overall survival
(OS) was calculated from the date of surgery to the date
of death by any cause or last follow-up. Disease-free
survival (DFS) was calculated from the date of surgery to
the date of the first identified recurrence, death by any
cause, or last follow-up.
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Statistical analysis

Statistical analyses were performed using SPSS (IBM,
Version 23.0, Armonk, NY, USA). Figures were generated
using GraphPad Prism (GraphPad Software Inc., version
8.0, La Jolla, CA, USA). Continuous variables are
presented as the mean + standard deviation (SD) and were
compared using the Wilcoxon rank-sum test. Categorical
variables are presented as frequencies and percentages and
compared using the chi-square test or Fisher’s exact test.
Survival outcomes were calculated using the Kaplan-Meier
estimators and compared using the log-rank test. The
Pearson correlation coefficient was applied to analyze the
correlation between the consecutive number of cases and
operation time. The cumulative sum (CUSUM) method
was used to assess the learning curve using the cumulative
sum value of operation time (CUSUMgy), which was
described previously by Zhang er a/. (17). A P value less than
0.05 was considered to be statistically significant.

Results
Demographic features

A total of 40 patients who underwent thoracoscopic sleeve
lobectomy were identified, and eight cases were excluded
from the study for receiving preoperative treatment
(Figure 1). In this analysis cohort, 12 patients received the
uniportal approach, and 20 patients received the multiportal
approach. The patient characteristics of the uniportal and
multiportal groups are described in 7able 1. Male patients
were predominant in both groups, and the median age
of all patients was 60.5 years. The two groups showed no
significant differences in demographic variables, which
indicated that the baseline data between the two groups
were comparable.

Perioperative results

Table 2 shows the perioperative results for the two groups.
In terms of tumor characteristics, there was a similar tumor
size, histology and pathologic stage between the two groups.
The most common procedure in all patients was right upper
lobe (RUL) sleeve resection, followed by left upper lobe
(LUL) sleeve resection. The mean number of stations and
number of lymph node dissections were similar between
the two groups. All the patients had achieved a complete
RO resection, and no transfusion was required throughout
the hospital stay. One patient (8.3%) in the uniportal
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Patients underwent VATS for primary lung cancer Jan 2016-
Dec 2018 (N=9,815)

Bronchial sleeve lobectomy Jan
2016-Dec 2018 (N=40)

Uniportal Multiportal approach
approach (N=13) (N=27)

Exclusion (N=8) Preoperative chemotherapy
and/or radiotherapy

Uniportal cohort Multiportal cohort
(N=12) (N=20)

Figure 1 Flowchart for patient inclusion and exclusion. VATS, video-assisted thoracoscopic surgery.

Table 1 Baseline characteristics between the uniportal and multiportal groups

Characteristics Uniportal (n=12) Multiportal (n=20) P value®
Sex, F/M 2/10 4/16 1.000
Age, y 56.2+14.2 61.0+8.0 0.471
BMI, kg/m? 26.2+4.6 24.0+3.0 0.227
Smoking history 6 (50.0) 16 (80.0) 0.119

Pulmonary function test, %

FVC/predicted 79.1£17.6 78.5+£14.5 0.586

FEV,/predicted 77.2+17.8 77.2+16.4 0.938
Comorbidities” 0.840

Coronary artery disease 1(8.3) 3(15.0)

COPD 1(8.3) 2 (10.0)

Diabetes mellitus 1(8.3 2(10.0)

Hypertension 2 (24.1) 4 (20.0)

Variables are presented as the mean + SD or n (%). % based on Wilcoxon rank-sum or Fisher exact tests; °, one patient may have one
or more comorbidities. SD, standard deviation; BMI, body mass index; FVC, forced vital capacity; FEV,, forced expiratory volume in 1
second; COPD, chronic obstructive pulmonary disease.
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Table 2 Tumor characteristics and operative details

Characteristics Uniportal (n=12) Multiportal (n=20) P value®
Tumor size, cm 2.8+1.2 3.0+1.4 1.000
Histology type 0.071
Adenocarcinoma 2(16.7) 1(5.0
Squamous 8 (66.7) 19 (95.0)
Other 2 (16.7) 0
Pathological TNM stage 0.805
| 5(41.7) 6 (30.0)
I 5(41.7) 9 (45.0)
1] 2 (16.6) 5(25.0)
T category 0.624
T 6 (50.0) 11 (65.0)
T2 6 (50.0) 7 (35.0)
T3 0 2(10.0)
N category 0.973
NO 5(41.7) 8 (40.0)
N1 5(41.7) 8 (40.0)
N2 2 (16.6) 4 (20.0)
Type of lung resection 0.610
LUL 1(8.3) 3(15.0)
LLL 1(8.3) 0
RUL 9 (75.0) 16 (80.0)
RMLL 1(8.3) 1(5.0)
Number of dissection stations 4.0+1.4 5.7+1.5 0.904
Number of dissection nodes 24.1+£8.5 28.0+£8.4 0.154
Operation time, minutes 212.8+74.9 244.6+67.1 0.213
Estimated blood loss, mL 102.9+98.6 102.5+100.8 0.708
Conversion to thoracotomy 1(8.3) 5(25.0) 0.370

Postoperative course

Drainage duration, days 5.3+1.9 7.1+2.8 0.028
Drainage volume, mL 796.7+582.9 1,667.8+1,154.9 0.004
Postoperative hospital stay, days 7.3+2.8 9.4+6.5 0.333

Variables are presented as the mean + SD or n (%). %, based on Wilcoxon rank-sum or Fisher exact tests. SD, standard deviation; LUL, left
upper lobe; LLL, left lower lobe; RUL, right upper lobe; RMLL, right middle and lower lobe.
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Table 3 Hospital course, morbidity and postoperative treatment
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Characteristics Uniportal (n=12) Multiportal (n=20) P value®
Complication profile® 0.891
Bronchial anastomotic complications 0 0
Fever 1(8.3) 1(5.0)
Cardiac arrhythmia 2 (16.6) 1(5.0)
Pneumonia 0 2(10.0
Chylothorax 0 1(5.0)
Prolonged air leak >7 days 1(8.3) 2 (10.0)
Mortality (30-day) 0 0 1.000
Adjuvant therapy 0.568
Chemotherapy 4 (33.3) 6 (30.0)
Chemoradiotherapy 2 (16.6) 1(5.0)
None 6 (50.0) 13 (65.0)

Variables are presented as n (%). %, based on the Fisher exact test; °, one patient may experience several complications.

group and 5 (25%) in the multiportal group experienced
intraoperative conversion to thoracotomy; however, this
difference did not reach the significance level (P=0.370). In
addition, the two groups showed no significant differences
in terms of the operation time, estimated blood loss, and
the length of postoperative hospital stay. It is notable
that the uniportal approach, compared to the multiportal
approach, resulted in a significantly smaller mean volume
of chest drainage (796.7+£582.9 vs. 1,667.8+1,154.9 mL,
respectively; P=0.004) and a shorter mean chest drainage
duration (5.3+1.9 vs. 7.1£2.8 days, respectively; P=0.028).
As shown in Table 3, 4 patients (33.3%) in the uniportal
group and 7 (35.0%) in the multiportal group experienced
postoperative complications. The proportion of patients
with complications in the two groups showed no significant
difference (P=0.891). There was no perioperative death in
either group. Six patients (50.0%) in the uniportal group
and 7 (35.0%) in the multiportal group received adjuvant
chemotherapy or chemoradiotherapy, but no significant
difference was observed (P=0.568).

Follow-up information

All patients (n=32) completed follow-up, and the median
follow-up time was 29.0 (range, 7-45) months. No death
event was observed and two patients experienced relapse in
the uniportal group. In the multiportal group, three patients
deceased during the follow-up. The 3-year OS and DFS

© Journal of Thoracic Disease. All rights reserved.

rates were 100.0% and 75.8% for uniportal group, 82.5%
and 84.4% for multiportal approach. Figure 2 shows the
survival curves for OS and DFS between the two groups.
No significant differences were observed between the two
groups either in OS (P=0.222) or in DFS (P=0.641).

Learning curve analysis

Of the 12 uniportal cases, eight operations were conducted
by the same surgeon (Dr. JZ). To demonstrate a specific
learning curve for the uniportal approach in the treatment of
centrally located lung cancer, we chose these eight uniportal
cases to construct the curve. In our experience, there was a
significant inverse linear correlation between the surgical
cases and operation time (Pearson’s r=—0.907, P=0.002),
which also indicated that after four cases, the operative
time was shorter than the mean operative time (223 min)
of all uniportal series (Figure 3). The CUSUM,,; curve was
plotted in chronological case order, and a four-case cut-off
point was established based on the consistent inflection in
the curve (Figure 4). The series was then divided into phase
I (the first our cases) and phase II (the last four cases), which
separately represented the learning phase (ascending slope)
and the experienced phase (descending slope). As shown
in Figure 5, the perioperative parameters were compared
between the two phases, and a significant reduction
in estimated blood loss (42.5+8.7 vs. 177.5+121.2 mlL,,
P=0.037), chest drainage volume (280.0+155.8 wvs.

7 Thorac Dis 2020;12(12):7145-7155 | http://dx.doi.org/10.21037/jtd-20-2695
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972.5+464.5 mL, P=0.043) and chest drainage duration
(3.8£1.0 vs. 6.8£2.2 days, P=0.027) was noted in phase
II patients compared with phase I patients, respectively.
However, no significant difference was observed in the
postoperative hospital stay between phase I and phase 11
(6.8+2.9 vs. 7.0+2.2 days, respectively; P=0.882).

Discussion

This current study suggests that uniportal thoracoscopic
surgery is a safe and feasible approach for pulmonary sleeve
lobectomy and provides a superior perioperative result
compared with a multiportal approach. In addition, the

© Journal of Thoracic Disease. All rights reserved.

early learning curve of this complex procedure shows that a
relatively short period was required to reach a performance
plateau for surgeons with extensive uniportal VATS
experience.

In terms of surgical outcomes, the uniportal approach
showed no inferiority to the multiportal approach in terms
of operation time, R0O-resection, lymph node dissection,
and conversion rate. Several publications have reported
similar conclusions (14,18). Notably, the uniportal approach
provided obvious advantages in aspects of chest drainage
duration and volume compared to the multiportal approach.
The decreased surgical incisions may be one of the reasons
contributed to this phenomenon, however, this assumption
still need verification in large prospective studies.

Although the difference did not reach the significance
level, the uniportal group showed a trend toward a shorter
postoperative hospital stay. This altogether contributes to
patients’ relief of postoperative pain and financial burden.

Bronchial anastomotic complications such as
bronchopleural fistula or anastomotic stricture are surgeons’
major concerns for sleeve lobectomy. In our study, no
such complication was observed in either group. In the
previously published literature, including a retrospective
cohort of eight uniportal sleeve lobectomies conducted by
Chen (14) and an observational prospective cohort of 38
uniportal sleeve lobectomies conducted by Koryllos (18),
no anastomotic complications were observed. These
findings suggest that uniportal thoracoscopic sleeve
lobectomy, although more surgically complicated, could
also be performed with no increased risk of postoperative
complications. However, patient selection bias and limited
case series may also lead to this result.

7 Thorac Dis 2020;12(12):7145-7155 | http://dx.doi.org/10.21037/jtd-20-2695
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To date, no study has reported survival outcomes after
uniportal sleeve lobectomy. In our study, although the 5-year
survival rate could not be compared since most uniportal
cases were performed in recent years, the short-term OS or
DFS between the two groups was similar, which suggests
that the uniportal procedure causes no impairment to the
prognosis for sleeve lobectomy patients.

Previous concerns about uniportal sleeve lobectomy
have focused on a complete oncologic resection and a
safe anastomosis. Through this study, we are confident
in achieving comparable or even better outcomes with
a uniportal approach. However, these results are mostly
attributable to experience accumulation from conventional
multiportal lobectomies. Preoperative patient selection
is also a crucial aspect for uniportal thoracoscopic sleeve
lobectomy, and rigorous screening and preoperative
evaluation based on enhanced computed tomography (CT)
scans or bronchoscopy are needed. For patients with a large
tumor, the close relationship between the tumor and hilar
vessels and multiple enlarged lymph nodes in the hilum
and mediastinum suggests that the choice of a uniportal
approach should be carefully assessed or submitted to an
MDT for discussion. Moreover, in our study, most of the
uniportal cases (nine patients) underwent sleeve resection
of the RUL. The reason lies in the high incidence of
malignancies in the RUL of the lung; on the other hand,
sleeve resection of the RUL is technically easier than that
of the other lobes. Sleeve resection of the LUL shows
additional complexity from interference of the aortic arch

© Journal of Thoracic Disease. All rights reserved.

and the frequent variation in the pulmonary artery. These
findings indicate that cautious and strict selection of cases
for a uniportal sleeve lobotomy is equally important.

The uniportal thoracoscopic approach provides a direct
vision and a similar surgical approach as the thoracotomy
approach; however, it undoubtedly restricts the field of
vision and may cause mutual interference among surgical
instruments. In our experience, the location of the
incision needs comprehensive consideration according
to the patient’s body conformation, resection of the lobe
and operators’ habits. For the upper sleeve lobectomy,
the incision was mostly taken at the 5th intercostal space
of the axillary midline; for the lower or middle-lower
sleeve lobectomy, the 4th intercostal space of the axillary
midline would be more feasible. For patients with a wide
anteroposterior thoracic diameter, the incision should be
properly moved backward, and vice versa. For the upper
sleeve lobectomy, the camera assistant stands on the
contralateral side to avoid interference with the surgeon’s
manipulation. For the lower or middle-lower sleeve
lobectomy, the camera assistant stands on the ipsilateral and
cranial side of the surgeon, thus eliminating incongruous
reverse-operational vision. During the operation, the
thoracoscopic lens should be placed as flat as possible to
provide more space for the surgeon’s manipulation. In
terms of anastomosis, Mahtabifard et /. (4) recommend
interrupted sutures for reliable anastomosis, better size
matching and less loosening or entanglement of the sutures.
However, several knots would be placed in the bronchial

7 Thorac Dis 2020;12(12):7145-7155 | http://dx.doi.org/10.21037/jtd-20-2695
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lumen, which may cause postoperative sputum retention,
irritable cough and even anastomotic stricture (13). Some
authors combined continuous and interrupted suturing for
the membranous and cartilaginous portions, respectively,
to offset the limitations of simple interrupted sutures
(13,19). In our patients, we applied complete continuous
suture throughout the anastomosis and achieved satisfying
results. Similar conclusions were also obtained from Chen’s
study (14). Hence, we assumed that without a single knot
placed in the bronchial lumen, this kind of anastomosis
may be applied without causing additional postoperative
symptoms and anastomotic stricture. In addition to easier
manipulation, this technique could also largely reduce the
anastomosis time. Another crucial aspect of this technique
is the management of the sutures to prevent tangling. For
continuous anastomosis, one-site interruption of the suture
or twist of the thread would result in an anastomosis failure.
At this point, the importance of the second assistant appears
particularly prominent. The polypropylene suture is double-

© Journal of Thoracic Disease. All rights reserved.

ended with two needles. During anastomosis, the idle end
was fixed on one side of the incision, which was opposite
the anastomotic direction, or wrapped around a gauze roll
and placed in the thoracic cavity distant to the stump of
the trachea to be anastomosed. The other end used for
anastomosis was also fixed on the same side of the incision
by the assistant, thus making the intrathoracic sutures in
a straightening state, which can effectively avoid the twist
of the sutures, increase the success rate of anastomosis and
shorten the operation time.

The CUSUM method has been commonly used to
evaluate a surgeon’s initial and ongoing performance of
procedures. Although the operation time varied according
to the complexity of different individuals, our plots present
with a gradual decline in operation time. Unlike other
previous studies concerning CUSUM analysis, we failed to
reach a clear plateau phase of the learning curve due to the
limited number of cases; however, phase I (learning phase)
and phase II (experienced phase) were clearly differentiated.
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After crossing the learning phase, we also observed
significantly less estimated blood loss and chest drainage
volume and shorter chest drainage stay, which indicated
that careful maneuvering and less operative trauma were
particularly required in the learning phases. Undoubtedly,
the learning curve may vary in different centers, and the
relatively short period in our institution may be attributed
to the previous accumulation of experience.

To our knowledge, this is the first study to compare a
uniportal and multiportal approach for the thoracoscopic
sleeve lobectomy of centrally located lung cancer. However,
some limitations in this study still exist. First, this is a
nonrandomized and retrospective single-institution study
that might have resulted in a certain degree of bias. Second,
there were only 32 cases included in this study due to the
technical complexity of thoracoscopic sleeve lobectomy.
The small sample size may have reduced the power of
the statistical tests. Third, even though we excluded
patients who underwent preoperative chemotherapy or
chemoradiotherapy, unknown confounding variables and
inequalities between the two groups could have biased the
results. Moreover, the limited follow-up period may have
also led to premature conclusions.

Conclusions

Despite a small sample size, we can preliminarily conclude
that uniportal thoracoscopic sleeve lobectomy is a
technically feasible and safe operation and could achieve
superior clinical outcomes compared with the multiportal
approach for selected patients in specialized centers.
We recommend learning uniportal thoracoscopic sleeve
lobectomy in high-volume centers where surgeons can
reach expert level in less time. Furthermore, large-scale
multicenter randomized controlled studies are necessary to
validate these results.
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