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Background: In some institutions, a recently introduced uniportal approach has replaced the multiportal
approach for thoracoscopic major pulmonary resection. This study investigated the effect of this change on
the surgical learning curve by examining the perioperative results of a single surgeon.

Methods: Between April 2012 and August 2020, 376 patients with primary lung cancer underwent
thoracoscopic lobectomy with ND2a-1/2 lymphadenectomy in the authors’ hospital. Surgery was performed
by one of the authors in 189 of these patients, who were thus enrolled in this retrospective study. The
surgeries were classified chronologically into five phases and the operative time, rate of intraoperative massive
bleeding, and rate of postoperative prolonged air leak (PAL) were then compared. The learning curve (i.e.,
operative time) was assessed by Spearman’s rank correlation test. The perioperative results achieved with the
uniportal and multiportal approaches were also compared before and after the patients were matched for
their characteristics based on the propensity score.

Results: The five phases differed significantly with respect to the operative time and rate of postoperative
PAL (P<0.0001, P=0.0061). The correlation between operative time and number of consecutive cases was
also significant (r=-0.579, P<0.0001). Superior results in terms of operative time (P<0.0001), duration of
postoperative drainage (P<0.0001), and rate of postoperative PAL (P=0.0034) were obtained using a uniportal
rather than multiportal approach.

Conclusions: The transition from a multiportal to a uniportal approach did not cause a decline in the

learning curve of thoracoscopic lobectomy with ND2a-1/2 lymphadenectomy.
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Introduction the wedge resection via uniportal approach in 2004, and has

A uniportal thoracoscopic approach for major pulmonary since been gaining worldwide acceptance (1,2). A uniportal

resection was first reported in 2013 by Gonzalez and thoracoscopic approach is less invasive than a multiportal

colleagues after Rocco and colleagues had firstly reported approach, as it requires fewer skin incisions. The efficacy
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376 patients with primary lung cancer underwent

thoracoscopic lobectomy with ND2a-1/2
lymphadenectomy in our department.

assigned to other surgeons
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Exclusion criteria of thoracoscopic surgery;
1. cases requiring brochoplasty or
angioplasty

2. larger than 7-cm tumor

assigned to the author (HI)

Y
189 patients were enrolled
in this study.

Figure 1 The patient enrolment process.

of a uniportal thoracoscopic approach for major pulmonary
resection has been demonstrated in several reports
(3-5). Al-Ameri er al. found that uniportal and multiportal
approaches for thoracoscopic lobectomy were equivalent
in terms of feasibility and safety, but the former has an
additional advantage of faster postoperative recovery (3).
Bourdages-Pageau et al. reported a significantly shorter
operative time, shorter-duration postoperative chest
tube drainage and hospitalization periods, and decreased
intraoperative bleeding using a uniportal rather than
multiportal approach. However, they noted that the
former was performed likely to be performed by a highly
experienced surgeon (4).

However, a uniportal thoracoscopic approach, while
less invasive, is technically more difficult because, unlike
with a multiportal approach, the surgical instruments are
simultaneously inserted via a single skin incision, and may
interfere with each other during surgery. This has raised
doubts among thoracic surgeons regarding the safety and
quality of surgery performed with a uniportal thoracoscopic
approach, and thus to hesitancy in its adoption.

One of the authors (HI) began performing thoracoscopic
major pulmonary resections via three or four ports in April
2012, but switched to the uniportal approach in February 2019.
Initially, the author was concerned about the learning curve of
thoracoscopic surgery, but later considered that this could be
reduced by adopting surgical techniques suitable to a uniportal
approach. Thus, this study investigated the learning curve of
thoracoscopic major pulmonary resection during the transition
from a multiportal to a uniportal approach, based on the
perioperative results of surgeries performed by a single surgeon.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-500).
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‘l 187 patients were
| excluded from this study.

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by institutional ethics board of Japanese Red
Cross Maebashi Hospital (NO.: 2021-13) and individual
consent for this retrospective analysis was waived.

Between April 2012 and August 2020, 376 patients with
primary lung cancer underwent thoracoscopic lobectomy
with ND2a-1/2 lymphadenectomy in the author’s hospital.
Surgery was performed by one of the authors (HI) in 189
patients, who were enrolled retrospectively in this study.
Patient data was pulled from individual charts by the author
(HI). Before the study period, the author (HI) adopted
mini-thoracotomy approach as minimally invasive thoracic
surgery. The skin incision was 5 to 8 cm via the approach.
The author (HI) has the experience of performing about
150 pulmonary lobectomies via mini-thoracotomy approach.
Figure 1 shows the patient enrollment process. Patients
requiring bronchoplasty or angioplasty, or with a tumor
>7 cm in diameter, were not eligible for thoracoscopic
surgery.

Totally thoracoscopic major pulmonary resection was
introduced in the authors’ hospital in April 2012. The
procedure was performed via three or four ports until
February 2019, when the surgeon-author switched to
uniportal thoracoscopic major pulmonary resection.
Initially, to ensure the safety of the operation, the uniportal
approach was limited to ¢TINO cases, a strategy that also
allowed the surgical team to become familiar with this
less invasive procedure. In all other major pulmonary
resections, the use of a multiportal approach continued,
until December 2019, when all patients with primary lung
cancer were treated using the uniportal approach.
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April 2012

136 patients with primary lung
= | cancer underwent thoracoscopic
lobectomy via multiport.

Phase 1: 1st to 45th case of lobectomy with ND2a-
1/2 lymphadenectomy via a multiportal
approach (n=45)

Phase 2 : 46th to 91st case of lobectomy with ND2a-1/2
lymphadenectomy via a multiportal approach (n=46)

Phase 3: 92nd to 136th case of lobectomy with ND2a-
1/2 lymphadenectomy via a multiportal approach (n=45)

Phase 4: cT1NO patients treated using a uniportal
approach while all other patients underwent a
multiportal approach. 137th to 162nd case (n=26)

Phase 5: Thoracoscopic lobectomy with ND2a-1/2
lymphadenectomy performed exclusively using a
uniportal approach. 163rd to 189th case (n=27)
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August 2020

Figure 2 Patient classification.
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Figure 3 Correlation between the operative time and number of

consecutive cases (n=189).

Evaluation of the learning curve

"To evaluate the learning curve of thoracoscopic lobectomy,
the surgical period was first divided into three phases:
multiportal (n=136), mixed (n=26), and uniportal (n=27).
Subsequently, patients who underwent surgery during the
multiportal period were divided into three groups: first
(n=45), second (n=46), and third (n=45). Therefore, five
surgical phases were ultimately examined in this study:

% Phase 1: 1st to 45th case of thoracoscopic
lobectomy with ND2a-1/2 lymphadenectomy via a
multiportal approach (n=45);

% Phase 2: 46th to 91st case of thoracoscopic
lobectomy with ND2a-1/2 lymphadenectomy via a
multiportal approach (n=46);
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%  Phase 3: 92nd to 136th case of thoracoscopic
lobectomy with ND2a-1/2 lymphadenectomy via a
multiportal approach (n=45);

% Phase 4 (mixed period, from January to November
2019): ¢cT1INO patients treated using a uniportal
approach while all other patients underwent a
multiportal approach (n=26);

%  Phase 5: (uniportal period, from December
2019 to August 2020): thoracoscopic lobectomy
with ND2a-1/2 lymphadenectomy performed
exclusively using a uniportal approach (n=27).

Figure 2 summarizes the patients included in each
phase. Operative time, the rate of intraoperative massive
bleeding, and the rate of postoperative prolonged air leak
(PAL) were compared among the five phases. Figure 3
shows the operative time in all patients, and Figure 4 shows
the operative time in patients undergoing the uniportal
approach.

The 189 patients were also classified into two groups
depending on the surgical approach, i.e., into a uniportal
group (n=42) and a multiportal group (group-1: n=147).
The two groups were compared in terms of age, sex,
tumor localization, histology and pathological stage,
and perioperative results, including operative time,
intraoperative blood loss, duration of postoperative drainage,
rate of postoperative PAL (continuous air leak for >5 days
postoperatively), length of postoperative hospital stay,
rate of conversion to thoracotomy, rate of intraoperative
massive bleeding (bleeding requiring >30 s of compression
for hemostasis), rate of readmission within 30 days
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Table 1 Operative time, rate of postoperative PAL, and rate of intraoperative massive bleeding: comparison among the five phases of the study

Variables Phase 1 (n=45) Phase 2 (n=46) Phase 3 (n=45) Phase 4 (n=26) Phase 5 (n=27) P value
Operative time (min) 234+46 222+58 198+36 166+57 148+34 <0.0001*
PAL, n (%) 13 (28.9) 10 (21.7) 6 (13.3) 2(7.7) 0(0) 0.0061*
Intraoperative massive bleeding, n (%) 4 (8.9) 2 (4.3) 1(2.2) 0 (0) 1(3.7) 0.5
*, significant values. PAL, prolonged air leak.

after discharge, morbidity (Clavien-Dindo grade > III), Statistical analysis

and 30- and 90-day postoperative mortality. To address the
imbalance in sample size and potential intrinsic differences
between the two groups, the patients’ characteristics
were matched based on the propensity score, resulting in
a uniportal group and a multiportal group-2, each with
42 patients. The same perioperative results described above
were compared between these two groups.

Surgical procedures

In the uniportal approach to thoracoscopic lobectomy, a
single 35-40-mm skin incision was made at the anterior
axial line of the 4th or 5th intercostal space, and initially
covered using an extra-small wound retractor (Alexis Wound
Retractor; Applied Medical, Rancho Santa Margarita, CA,
USA). The multiportal approach involved the use of three
or four ports: a rigid port for the thoracoscope and two or
three other ports for forceps or staples, which were covered
using an extra-extra-small wound retractor.

Both types of surgery were performed with the patient
under general anesthesia and receiving single-lung
ventilation while in the lateral decubitus position. The
surgical maneuvers were the same in both approaches.
Dominant vessels, including the pulmonary artery and vein,
were exposed sufficiently and then divided, mainly using
endovascular staplers. Small branches of these vessels were
divided using an energy device after proximal ligation with
silk suture. The dominant bronchus was also divided using
a stapler. Interlobar fissures were divided using an energy
device and ligation with silk suture or staplers. After these
procedures, the specimen was placed into a plastic bag and
removed from the thorax. ND2a-1/2 lymphadenectomy
was then performed. ND2a-1 lymphadenectomy means
selective mediastinal dissection while ND2a-2 does radical
mediastinal dissection (6). At the end of surgery, a chest
tube for thoracic drainage was placed in the thorax.

© Journal of Thoracic Disease. All rights reserved.

The operative time, rate of intraoperative massive bleeding,
and rate of postoperative PAL were compared among the
surgical periods using the Welch test or Fisher’s exact test.
The relationship between operative time and the number
of surgical experiences was assessed using Spearman’s
rank correlation test. The patient characteristics and
perioperative results of the uniportal group were compared
either with those of multiportal group-1 or multiportal
group-2 using an independent 7-test or Fisher’s exact test.
Differences were considered significant at P<0.05. All
calculations and statistical tests were performed using the
EZR graphical user interface (Saitama Medical Centre, Jichi
Medical University, Saitama, Japan).

Results

The operative time, rate of intraoperative massive bleeding,
and rate of postoperative PAL across were compared among
the five phases in Tuble 1. The operative time (phase 1:
234+46 min, phase 2: 222+58 min, phase 3: 198+36 min,
phase 4: 166+57 min, phase 5: 148+34 min, P<0.0001) and
rate of postoperative PAL (phase 1: 28.9%, phase 2: 21.7%,
phase 3: 13.3%, phase 4: 7.7%, phase 5: 0%, P=0.0061)
were significantly reduced from phase 1 to 5. The rate of
intraoperative massive bleeding did not change significantly
(phase 1: 8.9%, phase 2: 4.3%, phase 3: 2.2%, phase 4: 0%,
phase 5: 3.7%, P=0.5). The learning curve for the operative
time in all consecutive cases (n=189) was shown in Figure 3.
The significant correlation between operative time and the
number of consecutive thoracoscopic major pulmonary
resections with ND2a-1/2 lymphadenectomy (r=-0.579,
P<0.0001) indicated an improvement in operative time
with increasing experience, despite the transition from a
uniportal to a multiportal approach. Figure 4 showed the
learning curve of the operative time for the 42 cases in
which the uniportal approach was employed. The lack of
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Figure 4 Assessment of the correlation between the operative
time and number for consecutive cases (n=42) in which a uniportal

approach was used.

a significant correlation between operative time and the
number of consecutive surgeries (r=0.06, P=0.71) indicated
the stability of the operative time.

Table 2 summarized the patient characteristics and
perioperative results of the uniportal group, multiportal
group-1 (before matching), and multiportal group-2 (after
matching). Superior results were obtained in the uniportal
versus multiportal group-1 with respect to the operative
time (14743 vs. 217+49 min, respectively; P<0.0001),
duration of postoperative drainage (1.5+1.2 vs. 3.1+2.1 min,
respectively; P<0.0001), and rate of postoperative PAL (2.4%
vs. 20.4%, respectively; P=0.0038). The two groups did not
significantly differ for any other perioperative parameter,
including the rate of intraoperative massive bleeding (2.4%
vs. 4.8%, respectively; P=0.69). There was no 30- or 90-
day mortality in either the uniportal or multiportal-1
group. The comparison between the uniportal group and
multiportal group-2 also showed superior results in terms
of the operative time (14743 vs. 207+50 min, respectively;
P<0.0001), duration of postoperative drainage (1.5+1.2 vs.
3.2+2 min, respectively; P<0.0001), and rate of postoperative
PAL (2.4% wvs. 26.2%, respectively; P=0.0034), but there
was no significant difference in any other perioperative
parameter, including the rate of intraoperative massive

bleeding.

Discussion

This report described one surgeon’s (the author: HI)
experience of thoracoscopic lobectomy with ND2a-1/2
lymphadenectomy, performed in patients with lung cancer

© Journal of Thoracic Disease. All rights reserved.
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using a multiportal or uniportal approach. The operative
time, rate of postoperative PAL, and rate of intraoperative
massive bleeding were assessed. While several reports have
examined the learning curve in multiportal or uniportal
thoracoscopic major pulmonary resection (7-14), this is
the first report in which the transition period from the
traditional to less invasive procedure was considered.

Many studies have used the operative time to represent
the surgical learning curve (7-15). Most of these studies
revealed the improvement of operative time in line with
gaining the surgical experiences although the surgical
approach was different in each study. In this study, the
operative time in all cases showed an improvement with
increasing experience, and no decline after the introduction
of the uniportal approach. This result indicated that
operative time was not negatively affected by the
introduction of a uniportal approach by using appropriate
surgical techniques. On the contrary, the operative time
in the cases receiving uniportal approach did not show an
improvement with increasing experience during the study
period. This might have been due to the small number
of cases. In the study of Vieira ez a/., cubic spline analysis
indicated proficiency after an initial phase of 60 cases and
transition phase of 80 cases (8). Therefore, over time,
increasing experience with the uniportal approach may
result in an improved operative time.

In this study, the rate of postoperative PAL was taken to
represent the learning curve for thoracoscopic lobectomy
with ND2a-1/2 lymphadenectomy, because PAL can cause
further pulmonary complications or negatively affect the
postoperative recovery (16,17). In the series of Attaar
et al., pulmonary complications, 30-day readmission, and
postoperative hospitalization were attributed to PAL (16).
A reduction in the rate of postoperative PAL will not
only avoid these complications, but will also contribute
to a reduction in medical costs. However, other reports
describing the learning curve of thoracoscopic surgery
found no improvement in postoperative PAL (7-15). The
difference may be due to the more sophisticated surgical
techniques used during thoracoscopic surgery to dissect the
fissure and thus expose the pulmonary artery or suture an
air leak site. Alternatively, it may reflect the decision to use a
fissureless technique in patients with a dense fissure. Several
procedures have been introduced to reduce the rate of
postoperative PAL, and at our hospital use of the fissureless
technique during thoracoscopic lobectomy achieved this
(18,19). However, a highly experienced surgeon is required
because the surgical steps are different from those of the
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Table 2 Comparison of patient characteristics and perioperative results between the uniportal and multiportal approach groups

Before matching

After matching

Variables Unipo::llzgroup, Multipc:\r:il4g7roup-1, P value Multiporr]tillgroup-Z, P value
Age (years) 72+10.1 71.1+6.5 0.51 71.8+6.1 0.93
Sex, n (%) 1 1

Female 17 (40.5) 58 (39.5) 17 (40.5)

Male 25 (59.5) 89 (60.5) 25 (59.5)
Tumor localization, n (%) 0.22 0.54

LUL 4(9.5) 30 (20.4) 2 (4.8)

LLL 7 (16.5) 32 (21.8) 5(11.9)

RUL 12 (28.6) 44 (29.9) 18 (42.9)

RML 3(7.1) 7 (4.8) 5(11.9)

RLL 16 (38.1) 34 (23.1) 12 (28.6)
Histology, n (%) 1 0.93

Adenocarcinoma 30 (71.4) 103 (70.1) 32 (76.2)

Squamous cell carcinoma 8(19.0) 29 (19.7) 6 (14.3)

Others 4(9.5) 15 (10.2) 4(9.5)
Pathological stage, n (%) - 1

0 1@2.4) 4(2.7) 1(2.4)

IA1 3(7.1) 27 (18.4) 5(11.9)

1A2 13(31.0) 29 (19.7) 14 (33.3)

IA3 8(19.0) 12 (8.2) 7 (16.7)

1B 9 (21.4) 27 (18.4) 8(19.0)

1A 3(7.1) 9(6.1) 3(7.1)

1B 2 (4.8) 15 (10.2) 1(2.4)

A 3(7.1) 21 (14.3) 3(7.1)

A 0 (0) 2 (1.4) 0(0)

IVA 0 (0) 1(0.7) 0(0)
Operative time (min) 147143 217+49 <0.0001* 207+50 <0.0001*
Blood loss (g) 59+113 52+80 0.67 35154 0.23
Duration of postoperative drainage (days) 1.5+1.2 3.1x2.1 <0.0001* 3.2+2 <0.0001*
Postoperative PAL (=5 days), n (%) 1(2.4) 30 (20.4) 0.0038* 11 (26.2) 0.0034*
Length of postoperative hospitalization (days) 8.9+30 7.4+13 0.63 5.5+3.4 0.47
Conversion to thoracotomy, n (%) 3(7.1) 13 (8.8) 1 3(7.1) 1
Intraoperative massive bleeding, n (%) 1(2.4) 7 (4.8) 0.69 0 (0) 1
Readmission within 30 days after discharge, n (%) 0 (0) 12 (8.2) 0.072 3(7.1) 0.24

Table 2 (coninued)

© Journal of Thoracic Disease. All rights reserved.
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Table 2 (coninued)
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Before matching

After matching

Variables Unipo:jzg;roup, Multiponrzlélg;oup-t P value Multipo::éllgroup—z P value

Morbidity, n (%) 3(7.1) 30 (20.4) 0.063 8 (19) 0.19
30-day mortality 0(0) 0(0) - 0(0) -
90-day mortality 0(0) 0(0) - 0 (0) -

*, significant values. PAL, prolonged air leak; LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right middle lobe; RUL,

right upper lobe.

conventional technique, in which the pulmonary arteries are
dissected and exposed at the fissure. The improvement in
the rate of postoperative PAL suggests that, with increasing
experience, the fissureless technique was successfully
implemented even for patients with a dense fissure.

The rate of intraoperative massive bleeding remained
relatively stable over the five phases in this study, whereas
both the operative time and the rate of postoperative PAL
improved with increasing experience. A team from our
hospital previously reported no difference in the rate of
significant intraoperative bleeding during thoracoscopic
anatomic pulmonary resection between the early and late
phases (20). In their retrospective analysis, Yamashita
et al. similarly described that increased experience did not
reduce the risk of intraoperative massive bleeding during
thoracoscopic surgery (21). Those results highlighted
that the risk of intraoperative massive bleeding in patients
undergoing thoracoscopic major pulmonary resection
should be a concern even among highly experienced
surgeons.

A comparison of the perioperative results obtained with
the uniportal and multiportal approaches showed that those
of the former approach were superior, including in terms of
the operative time, duration of postoperative drainage, and
rate of PAL, consistent with previous reports comparing
uniportal and multiportal approaches (3-5). In addition
to the improved operative time and postoperative PAL
across the five consecutive phases in this study, the switch
to a uniportal approach, despite its technical difficulties,
did not affect the thoracoscopic surgery learning curve.
Previous studies from our hospital described several surgical
techniques suitable for uniportal thoracoscopic major
pulmonary resections (22). Their adoption will promote
continued improvement in the results achieved using the

© Journal of Thoracic Disease. All rights reserved.

uniportal approach.

Limitations

The limitations of this study included its retrospective,
single-center design and relatively small number of
patients. In addition, although the patients’ characteristics
were matched based on the propensity score to address
the imbalance in sample size and potential intrinsic
differences between the two groups, the data were lack of
other variables including body mass index or preoperative
comorbidities which might affect the perioperative results.
However, all surgeries were performed by a single surgeon
(HI), such that the results reflect a “real” surgical learning
curve. Moreover, we would like to insist that this manuscript
described the learning curve of a single thoracic surgeon
and successful implementation of uniportal approach, which
was different from the superiority of uniportal approach
compared to multiportal approach.

Conclusions

This study examined the learning curve of thoracoscopic
lobectomy with ND2a-1/2 lymphadenectomy, between
the first and fifth (final) phases and including the transition
from a uniportal to a multiportal approach. The results
indicated that the learning curve was not negatively affected
by the introduction of a uniportal approach. The technical
difficulties associated with this approach can be overcome
by adopting a suitable surgical procedure.
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