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Background: The pursuit of less surgical incisions brings better postoperative experience of patients and
earns extensive popularity recently. As the update to the da Vinci robotic surgical system has reduced the
size of the robotic arm, a new surgical method with fewer ports has become feasible. We performed 20 cases
of robotic surgery with only 2 ports and compared the efficacy and safety between bi-port robotic-assisted
lobectomy and multi-port robotic-assisted lobectomy.

Methods: To compare the efficacy and safety of the different surgery strategies, we retrospectively
reviewed 20 cases of bi-port robotic-assisted thoracic surgery (RATS) and 40 cases of multi-port RATS
which were performed at the Shanghai Chest Hospital Between February 2021 and May 2021. The baseline
characteristics and their perioperative data were collected and analyzed. Chest tube drainage, chest tube
removal time, lymphadenectomy outcomes, operation duration were collected to compare the efficacy of the
two groups and blood loss, perioperative complications were recorded to value the safety.

Results: A total of 60 surgeries in the 2 groups were successfully completed. The baseline characteristics
in terms of sex, age, health statues were comparable (P>0.05). The maximum diameter of the tumor in
the bi-port surgery group was 0.5-3.6 cm (2.0£1.0) vs. 0.5-4.0 cm (1.9£0.9) cm in the control group. No
significant difference was discovered in terms of tumor location, tumor maximum diameter, tumor histology.
The intraoperative blood loss was 60.0+20.5 mL and the average operation time was 95.6+21.4 min in the
bi-port surgery group compared to 65.0+30.4 mL and 101.4+25.0 min in the control group. An average of
6.0=+1.4 lymph nodes were collected in the bi-port surgery group with a mean diameter of 1.2+0.4 cm, and in
the control group, an average of 6.1=1.6 lymph nodes were collected with a mean diameter was 1.2+0.5 cm.
The average time of chest drainage was 4.3+1 vs. 5.1x1.3 days in the bi-port surgery group and control
group. No statistical significance was found between the two groups (P>0.05).

Conclusions: Compared to multi-port RATS, Bi-port robotic-assisted lobectomy was safe and showed

promising efficacy in patients with early staged operable lung cancer.
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Introduction

Surgical resection is still the optimal treatment for patients
with early-stage lung cancer (1,2). In the past 20 years,
the advent of the da Vinci robotic surgical system has
ushered in a new era of minimally invasive surgery. The
high-definition imaging technology and the 3-dimensional
(3D) surgical field with scaled movement and tremor
reduction ensure the accuracy of the operation and provide
convenience and safety (3). Many studies have confirmed
that robotic-assisted thoracic surgery (RATS) is an effective
alternative to video-assisted thoracic surgery (VATS), and
it has the advantages of less intraoperative blood loss, a
faster postoperative recovery time, fewer complications, and
a less steep learning curve (4-6). Robotic-assisted surgery
is becoming increasingly popular; however, the surgical
method is relatively fixed to the multi-port pattern.

The pursuit of less surgical incisions has led to a
multitude of clinical innovations and research. Studies
from home and abroad have compared the advantages
and disadvantages of multi- and single-port VATS. In
addition to reducing the number of incisions, single-port
surgery has also been shown to reduce the hospitalization
time of patients, relieve postoperative pain, and greatly
improve the postoperative experience of patients (7,8).
The reduction of the size of the robotic arm in the new
generation da Vinci robotic XI surgical system enabled us
to apply our surgical experiences of uniport VATS to RATS.
A case report had demonstrated the feasibility of uniportal
RATS (9). However, only 1 patient was involved in the
report and the complex surgical techniques of uniportal
surgery narrowed its application. Thus, between February
2021 and May 2021, we preliminarily explored the feasibility
and the surgical approach of robotic-assisted lobectomy
with a bi-port and completed 20 cases. This study collected
and analyzed the perioperative data of these 20 cases
and compared it to 40 cases of simultaneous multi-port
RATS. The advantages and disadvantages of this surgical
method are discussed. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
1003/rc).

Methods
Patients

Between February 2021 and May 2021, there were a total
of 73 cases of RATS. we performed 20 cases of bi-port
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RATS and the rest 53 cases were multi-port RATS. To
be eligible for inclusion in this study, patients had to meet
the following inclusion criteria: (I) have a tumor with a
maximum diameter <5 cm as shown on the chest CT scan;
(II) no mediastinal lymph node with a maximum diameter
>1 c¢m or no Standardized uptake value (SUV) uptake as
shown in the positron emission tomography-computed
tomography (PET-CT) scan; and (III) have no abnormality
detected in the preoperative examinations.

Patients who underwent wedge resection or
segmentectomy or who lacked complete clinical data were
excluded; Patients were also excluded from the study if the
surgery was stopped because the patient appeared to have
a clinical tumor, node, metastasis (I'NM) stage IIIB tumor.
Eventually 20 cases of bi-port RAT'S and 40 cases of multi-
port RATS were enrolled. These cases were selected and
examined to compare the safety and efficacy of the new
surgery strategy. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by ethics board of Shanghai Chest
Hospital (No. KS1735) and informed consent was taken
from all the patients.

The patients were strictly required to quit smoking for
2 weeks, and the preoperative examinations were finished
and evaluated before surgery, including pulmonary function
testing, coronary computed tomography (CT) angiography,
ultrasound cardiogram, brain magnetic resonance imaging,
and abdominal ultrasound. Bone scintigraphy or PET-CT
was performed to rule out metastasis. Surgery was arranged
after the strict evaluation of the results of the above-
mentioned tests.

Surgical procedure

The da Vinci Surgical System (Xi) was used in all the
surgeries. All the patients underwent general anesthesia
with double-lumen endotracheal intubation. The bi-port
RATS requires 2 ports; that is, an operation port and an
assistant port. The operation port is set in the 4th or 5th
intercostal space along the anterior axillary line and the
incision is about 2.5-3 cm. A protective sleeve covers the
incision and groups all the surgical instruments, including
the camera and 2 arms. The camera is inserted vertically
into the sleeve, and 2 interchangeable arms carrying surgical
instruments are crossed at the plane of the incision. The
assistant port is set in the 4th intercostal space between the
mid-axillary line and the anterior axillary line, 1.5 cm from
the edge of the incision. During the surgery, the stapler,
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Figure 2 Muld-port robotic-assisted lobectomy.

suction, and clamps are held carried by the bedside assistant
through the assistant port (see Figure I).

The multi-port RAT'S requires 4 ports. The camera port
is placed in the 7th intercostal space at the mid-axillary line.
The other 2 arm ports are placed in the same intercostal
space as the camera port and are placed 8 cm away from
each other to avoid collision. The assistant port is placed in
the 4th intercostal space. The surgical steps are similar to
those of the bi-port RATS (see Figure 2).

An intraoperative frozen section diagnosis was made for
each patient during the surgery, and the detailed pathology
analysis results were available within 3 weeks. The surgery
duration and blood loss were immediately documented.
The volume and duration of the postoperative chest tube
drainage and complications were recorded during the
patients’ stay in the hospital.

Statistical analysis

All the statistical analyses were carried out with SPSS
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26.0. The normally distributed quantitative variables are
expressed as the mean = standard deviation (xxs), and the
Student’s 7-test was used to compare the groups. In cases of
non-compliance, the continuous variables are expressed as
the median [interquartile range IQR)], and the Wilcoxon
rank-sum test was used to compare the groups. The
categorical variables were compared using the chi-square
test or Fisher’s exact test. The test level between the 2
groups was set at 0=0.05 (bilateral), and differences with a
P value <0.05 were considered statistically significant. The
baseline characteristics of the two group in relation to age,
gender, preoperative statues (whether developed diabetes
or hypertension), tumor location, and tumor size were

comparable (P>0.05).

Results

A total of 60 surgeries in the 2 groups were enrolled.
Among the 20 patients who underwent bi-port RATS, 7
were male and 13 were female. Before surgery, 2 patients
had hypertension, and 1 patient had diabetes. None of the
surgeries were converted to thoracotomy, and no severe
complications occurred during the patients’ stay in the
hospital. The baseline characteristics of the 2 groups were
listed in Table 1, including their age, gender, and tumor
location. The diagnoses of all the lesions, including the
dissected lymph nodes, were confirmed by pathology. The
maximum diameter of the tumors, pathological TNM
staging, and histology were also set out in Table 1. In terms
of demographic and clinical characteristics, there was no
significant difference between the two groups (P>0.05).
Tuable 2 sets out the perioperative outcomes. The
mean blood loss volumes were 60 and 65 mL for patients
who underwent bi-port RATS and multi-port RATS,
respectively. The mean operation durations were 95.6 and
101.4 min for patients who underwent bi-port RATS and
multi-port RATS, respectively. No significant difference was
found between the 2 groups in relation to either of these
measurements. The postoperative evaluation also revealed
no significant differences between the 2 groups in relation
to chest drainage tube removal and Numerical Rating Scales
(NRS) pain score. No severe complications were observed
in either group. However, 6 and 5 patients suffered from
fever in the bi-port RATS group and the multi-port RATS
group, respectively. Subcutaneous emphysemas were
observed in 2 patients in the bi-port RATS group and
4 patients in the multi-port RATS group. Atelectasis was
observed in the postoperative X-ray scan in 4 patients in
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Table 1 Baseline characteristics of patients who underwent bi-port RATS and multi-port RATS

Baseline characteristics Bi-port RATS (n=20) Multi-port RATS (n=40) il P
Age (years) 58.5+11.1 60.4+8.6 t=—0.399 0.480
Gender ¥°=0.848 0.357
Male 7 (35.0) 19 (47.5)
Female 13 (65.0) 21 (52.5)
Hypertension 0.238
Positive 2 (10.0) 9 (22.5)
Negative 18 (90.0) 31 (77.5)
Diabetes
Positive 1(5.0 4(10.0) 0.656
Negative 19 (95.0) 36 (90.0)
Tumor location 0.056
RUL 5(25.0) 22 (55.0)
RML 2(10.0) 5(12.5)
RLL 6 (30.0) 3(7.5)
LUL 3(15.0) 1(@2.5)
LLL 3(15.0) 8 (20.0)
RUL and RML 1(5.0 1(2.5)
Max tumor diameter (cm) 2.0£1.0 1.9+£0.9 t=0.464 0.711
pTNM stage 0.808
IA 14 (70.0) 31(77.5)
B 3(15.0) 3(7.5)
lIA 0(0) 000
B 0(0) 1(2.9)
A 0(0) 1(2.5)
Other 3(15.0) 4(10.0)
Histology 0.282
Atypic Hyperplasia 1(5.0) 0(0)
AIS 0(0) 1(2.5)
MIA 3(15.0) 4(10.0)
IAC 14 (70.0) 28 (70.0)
Other 2(10.0) 2(5.0)
Squamous cell carcinoma 0 (0) 3(7.5)
Granuloma 0(0) 2 (5.0)

Age and maximum tumor diameter are presented as mean + standard deviation; Gender, hypertension, diabetes, tumor location, pTNM
stage, histology are presented as number (percentage). RATS, robotic-assisted thoracic surgery; RUL, right upper lobe; RML, right middle
lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; AlS, adenocarcinoma in situs; MIA, micro invasive adenocarcinoma;
IAC, invasive adenocarcinoma.
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Table 2 Perioperative outcome of patients who underwent bi-port RAT'S and multi-port RAT'S

Perioperative data Bi-port RATS Multi-port RATS ty¢ P
Chest tube drainage (mL) 459.5+262.8 673.4+508.0 t=-1.943 0.084
NRS pain score 2.9+1.0 2.6x£1.0 t=1.030 0.525
Chest drain removal (d) 4.3+1.0 5.05+1.3 t=—2.126 0.071
Complication
Fever 6 (30.0) 5(12.5) ¥’=1.055 0.304
Subcutaneous emphysema 2 (10.0) 4(10.0) 1.000
Recurrent laryngeal nerve injury 0 0
Atelectasis 0 4 (10.0)
Chylothorax 0 0
Operation duration (min) 95.6+21.4 101.4+25.0 t=—0.881 0.328
Blood loss (mL) 60.0+20.5 65.0+30.4 t=—0.340 0.442

Chest tube drainage, NRS pain score, chest drain removal are presented as mean + standard deviation; complications are presented as
numbers (percentages). RATS, robotic-assisted thoracic surgery; NRS, numerical rating scale.

Table 3 Lymphadenectomy outcomes of patients underwent bi-port RATS and multi-port RATS

Variables Bi-port RATS Multi-port RATS t P
Lymph node dissected (station) 6.0+1.4 6.1+1.6 0.049 0.981
Max lymph node diameter (cm) 1.2+0.4 1.2+0.5 0.155 0.977

Dissected lymph node stations and max lymph node diameter are presented as mean + standard. RATS, robotic-assisted thoracic surgery.

the multi-port RATS group, but was not observed in any
patients in the bi-port RATS group.

A thorough lymph node dissection was performed in
the patients diagnosed with invasive adenocarcinoma (IAC)
via an intraoperative frozen section. On average, 6 stations
of lymph nodes were dissected in the bi-port RATS group
and 6.1 were dissected in the multi-port RATS group. The
average diameter of the maximum lymph node dissected
was 1.2 cm, and the difference between the 2 groups was
not statistically significant (see Table 3).

Discussion

The da Vinci robotic surgical system is a developmental
milestone that has propelled the advancement of minimally
invasive surgery. With the advantages of its 3D view and
flexible mechanic arms, robotic-assisted surgery is safe,
thorough, and accurate (10,11). A number of studies have
validated and proven the advantages of robotic-assisted
surgery. Huang ez al. discovered that for patients with ¢cN2
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non-small cell lung cancer (NSCLC) RATS has similar
long time survival to thoracotomy (12). Compared to VAT,
RATS is able to dissect lymph nodes more finely and has a
relatively shorter operation time (13).

Due to the ever-growing aesthetic demands (14), the
single-port technique is becoming highly popular. In recent
decades, a tremendous series of changes have occurred in
terms of both the technology and the preferred surgical
approach. The interchangeable arms in the da Vinci
robotic surgical system (XI) have improved the flexibility
of the surgery, and the reduction in the size of the robotic
arms have made it possible to perform lobectomy and
lymphadenectomy with only 1 operation port.

This study compared 20 cases of bi-port RATS and
40 cases of multi-port RATS. No statistically significant
differences were found in terms of the intraoperative blood
loss, operation duration, and pathology outcomes, including
the maximum tumor diameter, pathological TNM staging,
and histology, between the 2 groups. The bi-port robotic-
assisted lobectomy took 95 min on average, while the multi-
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port robotic-assisted lobectomy took 101 min. The fastest
bi-port lobectomy took only 46 min.

As the fluency of surgery is not compromised by our
new surgical strategy, the indication is also broad. The
20 lobectomies performed using the bi-port technique
were all successfully completed, the maximum diameter
of the tumors was 3.6 cm and the maximum diameter of
the dissected lymph nodes was 1.7 cm. Thus, it is feasible
to perform lobectomy via a bi-port and an assistant port
if the maximum diameter of the tumor is <3.6 cm and the
maximum diameter of the largest lymph node is <1.7 cm.
In relation to short-term recovery, the chest drain removal
time and chest tube drainage is comparable between the
bi-and multi-port RATS groups, and the reduction in
operation ports did not prolong patients recovery and did
not increase patients suffering.

Lymphadenectomy, as an indispensable part of
pulmonary lobectomy, plays a vital role in surgical
treatment and has received great attention in all kinds of
research (15,16). Wilson et 4l. drew the conclusion that the
rate of nodal upstaging for robotic resection appears to be
superior to that of VATS (17). Jin et 4l. found that robot-
assisted lobectomy RAL is associated with a higher number
of lymph nodes being dissected (18). The advancement of
RATS in lymph node dissection has been confirmed. In
this study, the number of lymph node stations dissected
and the maximum diameter of the lymph nodes retrieved
were documented and compared. No significant differences
were found between the 2 groups. However, in complicated
situations, such as calcified lymph nodes close to blood
vessels or trachea and lymph nodes >2 c¢m in maximum
diameter, multi-port RATS has an advantage over bi-port
RATS.

This study had several limitations. First, as a
retrospective study, selective bias could not be avoided;
second, the size of the sample was relatively small can only
reflect the experience of a single center; third, data on long-
term survival were not collected in this study. A multicenter
randomized clinical trial is warranted to further determine
the clinical benefits of bi-port RATS.

Conclusions

Compared to multi-port RATS, Bi-port robotic-assisted
lobectomy was safe and showed promising efficacy in
patients with early staged operable lung cancer. With
continuous endeavor, this technique will be more widely
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performed in the years to come and bring benefits our
patients.
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