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Background: The purpose of this study was to evaluate the surgical outcome of uniportal video-assisted
thoracoscopic surgery (VATS) for the treatment of non-small cell lung cancer performed by a surgeon who
did not have previous experience performing open thoracotomy and multiportal VATS.

Methods: From January 2017 to December 2018, 85 patients underwent uniportal VATS anatomical
pulmonary resection performed by one surgeon. The remaining 269 patients underwent multiportal VATS
performed by other experienced surgeons. Clinicopathological characteristics and surgical outcomes of the
uniportal VATS and multiportal VATS groups were compared.

Results: The uniportal VATS procedures included 7 segmentectomies, 66 lobectomies, 1 bilobectomy,
and 1 pneumonectomy. There was no conversion to multiportal VATS or open thoracotomy. Patients who
underwent multiportal VAT'S surgery were older, more often men, and more often smokers than those who
underwent uniportal VATS. Other clinicopathological characteristics were not statistically different between
the two groups. The number of dissected lymph nodes was higher in uniportal VATS than in multiportal
VATS (16.8 vs. 14.6, P=0.030). Anesthetic time and operative time were shorter in uniportal VATS than in
multiportal VATS (both P<0.001). Intraoperative blood loss was also less in the uniportal VATS group than
in the multiportal VAT group (P<0.001). There were no statistical between-group differences in chest tube
drainage period, hospital stay, postoperative complication rate, and operative mortality rate.

Conclusions: Uniportal VATS for pulmonary anatomical resection of non-small cell lung cancer

performed by a surgeon without previous multiportal VAT experience yielded acceptable surgical outcomes.
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Introduction

Video-assisted thoracoscopic surgery (VATS) is an
established surgical procedure for the treatment of early-
stage lung cancer (1,2). More than 20 years ago, when
open thoracotomy was the standard procedure, VATS had
limited application due to immaturity of the instruments

and techniques in Korea. Over time, however, surgeons
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gained familiarity with VATS, developed more convenient
instruments, and improved their surgical techniques;
currently, at our hospital, approximately 80% of early stage
lung cancer operations are VATS procedures (3,4). VATS
results in less postoperative pain and faster recovery than
open thoracotomy (5). Also, VATS improves the survival of
patients with early lung cancer (6,7).

Initially, multiportal (three- or four-port) VATS was the
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usual approach for lobectomy or segmentectomy. However,
the development of new instruments and surgical techniques
reduced the number of ports, enabling two-port VATS and
eventually uniportal VATS, which is considered a form of
evolution of multi-portal VATS (8). Some studies reported
that uniportal VATS has advantages of less postoperative
pain, faster recovery, decreased length of hospital stay, and
potential earlier administration of adjuvant therapy than
multiportal VATS (9,10). The advantages result from the
use of only one intercostal space and the usual placement of
the incision more anteriorly than in multiportal VAT'S.

Previously, most surgeons who performed multiportal
VATS had experience with open thoracotomy. However,
more recently, as VATS rapidly became the dominant lung
cancer operation, many young surgeons had no opportunity
to independently perform open thoracotomy (2). Residents
and junior surgeons who received training in VATS
lobectomy for 80% to 90% of all lung cancer procedures
naturally became VATS-friendly surgeons. As a result, VATS
may be the first procedure that young surgeons perform
independently. Uniportal VATS may also be performed
by surgeons who have fully integrated multiportal VATS.
However, since the development of uniportal VATS
lobectomy, a standardized surgical procedure has been
proposed and recently, a uniportal VATS training program
has been established, exposing many young surgeons to
uniportal VATS. Therefore, many surgeons may perform
uniportal VATS immediately after training, without previous
experience with multiportal VATS.

The purpose of this study was to evaluate the surgical
outcomes of uniportal VATS for the treatment of lung
cancer performed by a surgeon without previous experience
in open thoracotomy and multiportal VATS. We sought to
determine if a new surgeon can perform uniportal VATS
without first developing expertise in open thoracotomy
or multiportal VATS. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/jtd-20-242).

Methods
Patients

From January 2017 to December 2018, 657 patients were
diagnosed with non-small cell lung cancer (NSCLC) and
underwent curative surgery at a tertiary hospital in Korea.
Of those patients, 581 underwent anatomical pulmonary
resection (segmentectomy, lobectomy, bilobectomy, and
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pneumonectomy). Among the 581 patients, 85 underwent
uniportal VATS performed by one surgeon. Multiportal
VATS was performed in the remaining 269 patients by 3
senior surgeons, using 3 or 4 ports. To reduce the selection
bias, all data were obtained from consecutive patient data.
The three senior surgeons had never performed uniportal
VATS. However, each had more than 10 years of surgical
experience with multiportal VATS. Clinicopathological
characteristics and surgical outcomes in all cases of uniportal
or multiportal VATS were analyzed and compared.

Surgical experience of the uniportal VATS surgeon

The junior surgeon began performing uniportal VATS
in 2017. Previously, he was a clinical fellow at a tertiary
hospital from 2013 to 2016. During his fellowship, he
served as 1™ assistant for lung cancer surgery; his experience
consisted of more than 400 lung cancer cases with open
thoracotomy or multiportal VATS. He did not perform
any independent lung cancer surgery during that time and
had no experience with uniportal VATS. In January 2017,
he attended a uniportal VATS training program at Tongji
University Shanghai Pulmonary Hospital in Shanghai,
China (11). The hospital is an ultra-high-volume center
in thoracic surgery where more than 10,000 lung cancer
resections are performed annually. There, the surgeon
learned the techniques of uniportal VATS lobectomy
and segmentectomy by observing the operations of Dr.
Diego Gonzalez-Rivas and also learned Dr. Diego’s
surgical techniques from articles and videos (10,12-14).
Subsequently, the surgeon performed his first operation for
the treatment of lung cancer in May 2017. Uniportal VATS
had never before been performed at our hospital.

Surgical procedures

Working incision and instruments

A skin incision was usually made in the 5™ intercostal space
between the mid- and anterior axillary lines. For right
upper lobectomy, however, the 4" intercostal space was
chosen. The incision length was usually 3 to 3.5 cm (Figure
1A,B). For masses larger than 3 cm, to allow removal of
the resected lobe of the lung through the incision site,
the working incision was extended to 4 to 5 cm. In most
cases, however, the working incisions were no larger than
4 cm. The 30° high definition thoracoscope was always
located at the top of the working wound. An energy
device (HARMONIC ACE®) and curved long suction
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Figure 1 Working incision for right upper lobectomy (A) and
right upper lobe apical segmentectomy (B). Working incision with
thoracoscope and instruments (C) and closed incision with chest

tube after right upper lobectomy (D).

device (SCANLAN® Wolf Suction Instrument 9009-912)
were located in the middle of the wound. The lung was
retracted with a lung grasping clamp or suction device that
was located in the lowest portion of the working wound
(Figure 1C). After surgery, the chest tube was inserted into
the thoracic cavity through the working incision, and the
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incision was closed layer-by-layer (Figure 1D).

Surgical techniques for pulmonary resection

The curved suction device plays the most important role
in dissection of the tissue. Using the curved suction device
and the straight energy device, the surgeon achieves an
unobscured field of view. The suction device both aspirates
the surrounding blood and pushes or pulls the surrounding
tissues, facilitating tissue dissection (Figure 2A). Large
vessels were divided with staplers. Small vessels were ligated
with silk string or clips and divided with the energy device.

For upper lobectomy, the operation usually began with
a hilar dissection, which easily exposes anterior and apical
branches of the pulmonary artery. Then, by changing the
angle of the stapler to orient the anvil into the proximal
portion of the vessel, the vessels can be easily divided
(Figure 2B). After dividing the anterior and apical branches
of the pulmonary artery, the superior pulmonary vein can
be divided by a stapler at the same angle. Finally, after
dissection of the lymph nodes around the lobar bronchus,
the bronchus was divided. For lower lobectomy, fissure
dissection occurred first to expose the interlobar pulmonary
artery. After division of the pulmonary artery, the lower
lobe bronchus was easily divided with a stapler. The inferior
pulmonary vein was the last structure to be divided during
lower lobectomy.

Lymph node dissection was performed in every patient
by en bloc resection of the lymph nodes and adjacent fat
tissues. The lymph nodes were dissected using a non-
grasping technique, which involved dissection of the
surrounding tissue with an energy device, using a suction
device for pushing or pulling without grasping the lymph
nodes (Figure 3). Uniportal VATS segmentectomy was
performed in the same way as in multiportal VATS. The
segmental branch of the pulmonary artery was found and
divided first. Next, the segmental bronchus was found
by the same route and divided with a stapler. Lastly, the
segmental vein was divided. The segmental planes were

then all divided by staplers.

Statistical analysis

The clinicopathological characteristics and surgical outcomes
of uniportal VATS were defined and compared with those
of multiportal VATS. The Student #-test or Wilcoxon rank-
sum test was used for continuous variables, and the y’ test or
Fisher exact test was applied for categorical variables. A P
value <0.05 was considered statistically significant.
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Figure 2 Surgical techniques using energy and curved suction devices for lobectomy (A) and using a stapler to divide the right anterior trunk

of the pulmonary artery (B).

Figure 3 Subcarinal lymph node dissection after right lower lobectomy. (A) Lymph nodes were dissected with an energy device, using a

suction device for pushing or pulling. (B) Subcarinal area after removal of subcarinal lymph nodes.

Results
Surgical outcomes of uniportal VATS

Table 1 shows the clinicopathological characteristics of
the patients with NSCLC who underwent uniportal
VATS anatomical pulmonary resection. Segmentectomy
was performed in 17 patients (left upper lobe upper
division segmentectomy, 7 patients; right upper lobe
posterior segmentectomy, 4 patients; right lower lobe
basal segmentectomy, 2 patients; and right upper lobe
apicoposterior segmentectomy, right upper lobe apical
segmentectomy, left lower lobe superior segmentectomy,
and left lower lobe basal segmentectomy in 1 patient
each). Lobectomy was performed in 66 patients, and
bilobectomy and pneumonectomy were performed in
1 patient each. Systematic nodal dissection was performed
in 71 patients (83.5%). The others (16.5%) underwent
lobe-specific nodal dissection (15). Five patients had whole
lung adhesions between the visceral and parietal pleurae. All
uniportal VATS cases were completed without conversion
to multiportal VAT'S or open thoracotomy.

Table 2 shows the perioperative and postoperative
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outcomes of uniportal VATS. Postoperative complications
occurred in 18 patients (21.2%). All complications were
completely resolved before discharge from the hospital
except for 2 cases of acute respiratory distress syndrome
(ARDS). Of the 2 patients with ARDS, 1 had interstitial
lung disease and the other had hypothyroidism. Both
patients underwent lobectomy and the procedures were
uneventful. However, 3 days postoperatively, both patients
developed progressive, fatal pulmonary edema. Table 3
shows the comparison of surgical outcomes of lobectomy
according to which of the 5 lobes were resected; no
significant difference among the 5 lobes was identified.
The operative time (Figure 44) and intraoperative blood
loss (Figure 4B) of uniportal VATS lobectomy tended to be
similar from the first operation to the last operation even
though the number of operations increased over time.

Comparison of surgical outcomes between uniportal VATS
and multiportal VATS

Table 4 shows the comparison of clinicopathological
characteristics in patients undergoing uniportal VATS or
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Table 1 Clinicopathological characteristics of patients with non-
small cell lung cancer who underwent anatomical resection with
uniportal VATS

Moon. Surgical outcomes of uniportal VATS for lung cancer

Table 1 (continued)

Variables Mean (£SD) or N (%)

Age (+SD), years 63.66 (+11.0)

Sex
Male 32 (37.6%)
Female 53 (62.4%)

Current or former smoker 29 (34.1%)

Involved lobe
Right upper 29 (34.1%)
Right middle 6 (7.1%)
Right lower 18 (21.2%)
Left upper 19 (22.4%)
Left lower 13 (15.3%)
Surgical procedures
Segmentectomy 17 (20.0%)
Lobectomy 66 (77.6%)
Bilobectomy 1(1.2%)
Pneumonectomy 1(1.2%)
Mediastinal nodal evaluation
No nodal dissection 0

Systematic nodal dissection 71 (83.5%)

Selective nodal dissection 14 (16.5%)
Pleural adhesion

Whole lung adhesion 5(5.9%)

Partial adhesion 25 (29.4%)

No adhesion 55 (64.7%)
Histology
Adenocarcinoma 68 (80.0%)
Squamous cell carcinoma 8 (9.4%)
Others 9 (10.6%)
Stage
0 1(1.2%)
IA 54 (63.5%)
B 15 (17.6%)
1A 1(1.2%)
B 7 (8.2%)
A 6 (7.1%)
1B 1(1.2%)

Variables Mean (SD) or N (%)
Number of dissected lymph nodes (+SD) 16.8 (x9.3)
Tumor location

Central 9 (10.6%)

Peripheral 76 (89.4%)
Histological tumor grade

Well differentiated carcinoma 23 (27.1%)
44 (51.8%)

18 (21.2%)

Moderately differentiated carcinoma

Poorly differentiated carcinoma

VATS, video-assisted thoracoscopic surgery; SD, standard
deviation.

Table 2 Perioperative and postoperative outcomes of uniportal
VATS for lung cancer

Variables Uniportal VATS (n=85)

Anesthetic duration (min) (+SD) 192.9 (+48.6)

Operative time (min) (xSD) 153.9 (x46.0)

Intraoperative blood loss (mL) (+SD) 84.4 (+93.6)
Conversion to multiportal VATS 0
Conversion to open thoracotomy 0
Postoperative chest drainage (day) (+SD) 4.1 (£3.9)
Postoperative hospital stay (day) (+SD) 6.5 (x5.4)
Postoperative complications, n (%) 18 (21.2)
Pneumonia 4(4.7)
Prolonged air leak (>5 days) 3 (3.5)
Acute respiratory distress syndrome 2 (2.4)
Postoperative bleeding, n (%) 2 (2.4)
Vocal cord palsy, n (%) 2 (2.4)
Chylothorax, n (%) 2(2.4)
Delayed pneumothorax 1(1.2)
Subcutaneous emphysema, n (%) 1(1.2)
Atrial fibrillation, n (%) 1(1.2)
Operative mortality, n (%) 2(2.4)

Table 1 (continued)
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SD, standard deviation.
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Table 3 Comparison of surgical outcomes according to involved lobes
Variables RUL RML RLL LUL LLL P
Operative time (min) (+SD) 169.8 (£52.0) 132.3 (+13.6)  138.8 (x43.2) 169.7 (¢51.3) 141.0 (+28.5) 0.087
Intraoperative blood loss (mL) (+SD) 111.3 (x144.6) 70.0 (+46.9) 59.4 (+43.7) 133.3 (+100.8) 60.9 (x47.0) 0.218
Postoperative chest drainage (day) (+SD) 4.4 (+5.6) 3.2 (x1.2) 5.4 (+4.7) 3.3 (x2.1) 3.2 (x1.1)  0.559
Postoperative hospital stay (day) (+SD) 8.4 (x8.2) 4.8 (£1.7) 7.7 (£6.1) 6.1 (x2.6) 4.7 (£1.7) 0.385

RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; SD, standard deviation.
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Figure 4 Scatter plot showing operative time (A) and intraoperative blood loss (B) of the uniportal VATS lobectomies performed by one

surgeon from first to last cases.

multiportal VATS for the treatment of NSCLC. Patients
who underwent multiportal VATS were older, more often
male, and more often smokers than those who underwent
uniportal VATS. There were no differences between the
two groups in terms of tumor location, surgical procedures,
pleural adhesion, tumor histology, stage, tumor histologic
grade, and neoadjuvant chemotherapy. The number of
dissected lymph nodes was higher in uniportal VATS than
in multiportal VATS (16.8 vs. 14.6, P=0.030).

Table 5 shows the comparison of perioperative and
postoperative outcomes in patients undergoing uniportal
VATS or multiportal VATS. Anesthetic time and operative
time were shorter in uniportal VATS than in multiportal
VATS (P<0.001 and P<0.001, respectively). Less
intraoperative blood loss occurred in uniportal VATS than
in multiportal VATS (P<0.001). There was no conversion
to multiportal VAT'S or open thoracotomy in the uniportal
VATS group, but conversion to open thoracotomy
occurred in 24 patients (8.9%) in the multiportal VATS
group (P=0.005). There were no significant differences
between the two groups in chest tube drainage period,
hospital stay, postoperative complication rate, and
operative mortality rate.
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Discussion

Uniportal VATS lobectomy was first performed in 2011 by
Gonzalez et al. (16). Since his initial report, uniportal surgery
has been actively performed for anatomical pulmonary
resection in the treatment of lung cancer. Uniportal VATS
has been considered more difficult than multiportal VATS
because the operation is performed by inserting 2 or 3 surgical
instruments and the thoracoscope into only one incision.
Therefore, it has been thought that a surgeon can perform
uniportal VATS only after fully learning the multiportal VATS
technique. However, the uniportal technique has evolved
considerably (10). The 30° thoracoscope placed at the top of
the wound provides an optimal field of view similar to that
of actual open thoracotomy (10). Moreover, if the surgery
is done in the order determined for each lobe using a long-
curved suction device and energy device, the operation can
be performed relatively easily and quickly. Also, if the suction
device is used for aspiration as well as multiple other functions
(e.g., to hold, dissect, expose, and compress), there is no need
for an additional port.

In this study, one junior surgeon performed uniportal

VATS using the technique developed by Gonzalez et al.
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Table 4 Comparison of clinicopathological characteristics in patients undergoing uniportal VATS or multiportal VATS

Variables Uniportal VATS (n=85) Multi-portal VATS (n=269) P
Age (+SD), years 63.66 (+11.0) 66.7 (+10.0) 0.018
Sex, n (%) 0.004
Male 32 (37.6) 151 (56.1)
Female 53 (62.4) 118 (43.9)
Current or former smoker, n (%) 29 (34.1) 132 (49.1) 0.018
Involved lobe, n (%) 0.946
Right upper 29 (34.1) 89 (33.1)
Right middle 6 (7.1) 13 (4.8)
Right lower 18 (21.2) 63 (23.4)
Left upper 19 (22.4) 62 (23.0)
Left lower 13 (15.3) 42 (15.6))
Surgical procedures, n (%) 0.816
Segmentectomy 17 (20.0) 55 (20.4)
Lobectomy 66 (77.6) 202 (75.1)
Bilobectomy 1(1.2) 9 (3.3)
Pneumonectomy 1(1.2) 3(1.1)
Mediastinal nodal evaluation, n (%) 0.354
No nodal dissection 0 5(1.9)
Systematic nodal dissection 71 (83.5) 208 (77.3)
Selective nodal dissection 14 (16.5) 56 (20.8)
Pleural adhesion, n (%) 0.341
Whole lung adhesion 5(5.9) 26 (9.7)
Partial adhesion 25 (29.4) 92 (34.2)
No adhesion 55 (64.7) 151 (56.1)
Histology, n (%) 0.214
Adenocarcinoma 68 (80.0) 196 (72.9)
Squamous cell carcinoma 8 (9.4) 47 (17.5)
Others 9 (10.6) 26 (9.7)
Stage, n (%) 0.116
0 1(1.2) 5(1.9)
IA 54 (63.5) 130 (48.3)
B 15 (17.6) 38 (14.1)
1A 1(1.2) 10 3.7)
B 7(8.2) 44 (16.4)
A 6(7.1) 33 (12.3)
B 1(1.2) 9 (3.3
Number of dissected lymph nodes (+SD) 16.8 (+9.3) 14.6 (£7.9) 0.030
Tumor location, n (%) 0.172
Central 9(10.6) 46 (17.1)
Peripheral 76 (89.4) 223 (82.9)

Table 4 (continued)
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Table 4 (continued)
Variables Uniportal VATS (n=85) Multi-portal VATS (n=269) P
Histological tumor grade, n (%) 0.475

Well differentiated carcinoma 23 (27.1) 63 (23.4)

Moderately differentiated carcinoma 44 (51.8) 131 (48.7)

Poorly differentiated carcinoma 18 (21.2) 75 (27.9)
Neoadjuvant chemotherapy, n (%) 4(4.7) 19 (7.1) 0.472
VATS, video-assisted thoracoscopic surgery; SD, standard deviation.
Table 5 Comparison of perioperative and postoperative results in patients undergoing uniportal VATS or multiportal VAT'S
Variables Uniportal VATS (n=85) Multiportal VATS (n=282) P
Anesthetic duration (min) (+SD) 192.9 (+48.6) 230.7 (+56.4) <0.001
Operative time (min) (+SD) 153.9 (+46.0) 183.9 (£54.7) <0.001
Intraoperative blood loss (mL) (+SD) 84.4 (+93.6) 147.6 (+220.4) <0.001
Conversion to open thoracotomy, n (%) 0 24 (8.9) 0.005
Postoperative chest drainage (day) (+SD) 4.1 (x3.9) 5.0 (£5.1) 0.117
Postoperative hospital stay (day) (+SD) 6.5 (£5.4) 8.0 (+11.9) 0.270
Postoperative complications, n (%) 18 (21.2) 55 (20.4) 1.000
Operative mortality, n (%) 2 (2.9 2(0.7) 0.244

VATS, video-assisted thoracoscopic surgery; SD, standard deviation.

(10,14,17). The operations were performed with uniportal
VATS for all lung cancer surgeries, without conversion
to multiportal VATS, even in 5 patients with whole lung
adhesion who underwent complete pleural adhesiolysis.
Systematic nodal dissection was done for all lobectomy
cases. When the lesion was a ground glass nodule, lobe-
specific nodal dissection was done because of the low
possibility of nodal upstaging (4,18). All patients underwent
mediastinal lymph node dissection. Six patients were
diagnosed with stage IITA and 1 patient was diagnosed with
stage IIIB cancer; those patients underwent complete ez bloc
resection of lymph nodes including adjacent fat tissues.
Mediastinal lymph node dissection was not more difficult in
uniportal VAT than in multiportal VATS. In this study, the
mean number of dissected lymph nodes in uniportal VATS
was 16.8, which was higher than in multiportal VATS.

In the comparison of the uniportal and multiportal VATS
groups, clinicopathological characteristics differed only for
age, sex, and smoking history. The older patients more often
were male and more often were smokers. Such older patients
tended to prefer senior surgeons who performed multiportal
VATS. Although this study was not a comparison between
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well-matched groups, there were no significant between-
group differences in lung cancer characteristics.

The frequency of pleural adhesion or chronic lung
disease, which can increase the difficulty of surgery, is
high in older patients, men, and patients with a current or
past history of smoking. Therefore, the surgical outcomes
between the two groups cannot be accurately compared.
Nevertheless, the comparison of surgical outcomes between
the uniportal and multiportal VATS groups yielded useful
information. Anesthesia duration and operative time were
shorter and intraoperative blood loss was reduced in the
uniportal VATS group. These findings do not indicate that
uniportal VATS is superior to multiportal VATS; rather,
they indicate that uniportal VATS is not a more difficult
or lengthy procedure than multiportal VATS. Therefore,
this study was not intended to compare the surgical results
between the two groups, and was intended to show the
surgical results of uniportal VATS. The surgical results
of multiportal VAT are only reference values. A review
of 22 articles on uniportal lung cancer surgery reported a
mean operative time of approximately 150 minutes (range,
95.3-198.8 minutes) (19). In our study, the mean operative
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time was 153.9 minutes, and other results (intraoperative
blood loss, postoperative chest drainage, and hospital stay)
were also comparable with those previously reported (19).
Therefore, we conclude that the uniportal VATS can be
performed without great difficulty by a surgeon who lacks
primary operative experience with multiportal VATS.

In this study, there was no conversion to open
thoracotomy in the uniportal VATS group. In contrast,
conversion was required in 8.9% of patients in the
multiportal VATS group. As previously discussed, this is
not a comparative study of surgical outcomes of uniportal
and multiportal VATS. Rather, we sought to evaluate the
surgical outcomes of uniportal VATS procedures performed
by a surgeon who did not have previous experience
performing multiportal VATS. Therefore, the comparison
between the two groups was for reference purposes only,
and the single meaningful observation is that the conversion
rate with uniportal VATS was not significantly high.

After 4 years of clinical fellowship at a tertiary hospital as
a first assistant for more than 400 cases of open thoracotomy
or multiportal VAT for lung cancer, the author was able
to independently perform uniportal VATS for pulmonary
anatomical resection. Previously regarded as uncomfortable,
difficult procedures affording a limited view of the surgical
field, uniportal VATS became more widely accepted after
development of the Gonzalez-Rivas approach. Young
surgeons participating in uniportal VATS training, such
as that provided at Shanghai Pulmonary Hospital (11)
may readily learn to perform these procedures. Further,
numerous surgery videos are available free of charge on
many websites, making it easier to learn how to perform
uniportal VATS. These resources enable young surgeons to
independently perform uniportal VATS.

This study has several limitations. First, the unmatched
comparison groups, in which one surgeon performed
uniportal VATS and multiple surgeons performed multiportal
VATS, limited the comparability and generalizability of
the outcomes. Also, the clinicopathological characteristics
slightly differed between the groups. However, the
objective was to demonstrate the outcomes when a young
surgeon initially performs uniportal VATS instead of open
thoracotomy or multiportal VATS. Therefore, rather than
comparing features of uniportal and multiportal VATS,
the intention was to show that even a novice surgeon can
independently perform uniportal VATS. Second, this study
was retrospective. However, the hospital has implemented a
longstanding electronic medical record system in which the
detailed medical records and surgical pictures were stored, so
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that all the data can be easily reviewed. Therefore, there was
no limit for analyzing the surgical results. Future prospective
and randomized trials are warranted to obtain more accurate
results. Third, only limited conclusions can be derived from
the results of this study of uniportal VATS performed by one
young surgeon. Therefore, it is difficult to generalize the
results of this study. In the future, as young surgeons actively
practice uniportal VATS, it will likely become clearer that
uniportal VATS is not a difficult surgical method to learn.

Conclusions

In conclusion, surgical outcomes of uniportal VATS for
pulmonary anatomic resection for the treatment of lung
cancer performed by a surgeon with limited previous
experience were not inferior to those of multiportal VAT'S
performed by experienced surgeons. Even a surgeon who
has never performed a uniportal VATS operation can do
so after extensive experience assisting with multiple other
types of lung surgery. The available training programs
and materials explaining the standardized uniportal VATS
techniques of Diego Gonzalez-Rivas can be easily followed,
even by less experienced surgeons, enabling the wider
implementation of uniportal VATS.
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