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Background: Few studies have compared robotic-arm-assisted unisurgeon uniportal surgeries with
conventional human-assisted uniportal video-assisted thoracoscopic surgeries (VATSs) in terms of surgical
efficacy and patient safety. In the present study, we compared the aforementioned surgeries.

Methods: We explored two robotic endoscope holders—a passive robotic platform (ENDOFIX®’, EA
group) and a pedal-controlled active robotic platform (MTG-100, MA group)—for unisurgeon uniportal
surgeries and compared the surgical outcomes with those of human-assisted uniportal surgeries (HA group)
in 228 patients with a lung lesion (size, <5 ¢cm). The primary parameters for this comparison were surgical
efficacy, patient safety, and short-term patient outcomes.

Results: No significant differences were observed among the EA, MA, and HA groups. The success rate
of robotic-arm-assisted unisurgeon uniportal wedge resection was 100%, regardless of the group. No major
differences were noted in preparation time between the EA and MA groups. Segmentectomy was more
favorable in the EA group than in the MA group. The rates of surgical conversion were 5% and 60% in the
EA and MA groups, respectively. The EA and MA groups did not differ considerably from the HA group in
terms of postoperative complications.

Conclusions: Unisurgeon uniportal wedge resection may be effectively performed using a robotic
endoscope holder, without the need for any human assistants with an expert hand. However, the rate of
surgical conversion increases with the complexity of uniportal anatomic resections. The passive platform
appears to be more suitable for unisurgeon uniportal surgery than the active pedal-controlled platform given

the equipment in contemporary operating rooms.
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Introduction

Technological advancements and innovation in surgical
methods have substantially enhanced the convenience
and outcomes of thoracic surgeries (1-3). Some of these
advancements include three-dimensional field views, quad-
high-definition monitor resolutions, thin staplers, and
robotic arms (4-7). The concept of unisurgeon surgery
performed using a robotic camera holder has emerged
recently (8,9). For this purpose, various robotic arms
have been used, such as in passive and active platforms.
Passive platforms are usually a type of frame attached to
an operating table and can be adjusted manually. These
platforms have evolved from primitive pneumatic endoscope
holders to modern computer-controlled electric motors,
improving ease of operation (5,6). By contrast, active
platforms (e.g., AESOP and ViKY) allow for voice control
of the movement of the robotic camera holder (10). These
efficient platforms have also promoted the development of
other active robotic arms, such as the MTG-H110. The
MTG-H110 is new pedal-controlled robotic endoscope
holder that offers stable endoscopic vision and 6 directions
of control for the camera movement. By using both hands
and feet during the operation, the surgeon could perform
the operation with full use of his two hands without
interruption (11). It is expected to not only reduce the need
for human assistance but also conduct minimally invasive
surgeries. In the present study, we compared active and
passive robotic-endoscope-holder-assisted unisurgeon
uniportal surgeries with human-assisted uniportal video-

Highlight box

Key findings
* Robotic-arm-assisted unisurgeon uniportal wedge resection have
been shown to be safe and feasible with an expert hand.

What is known and what is new?

e Compared with conventional human-assisted uniportal video-
assisted thoracoscopic surgeries, the use of robotic-arm-assisted
unisurgeon uniportal surgeries does not result in a longer operation
time or worse short-term outcomes.

® At present, passive robotic arm has a higher application value than

active robotic arms in terms of their use.

What is the implication, and what should change now?

e With further improvements, robotic-assisted endoscope
holders may be able to replace some human assistants in certain
procedures, especially in environments where human resources are

scarce.
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assisted thoracoscopic surgeries (VATSs). We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-19/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Institutional Review Board of Chang Gung
Memorial Hospital, Taoyuan (No. 202002019B0) and
individual consent for this retrospective analysis was waived.

Active robotic endoscope holder

MTG-100 (HIWIN, Taichung) is a new-generation active
robotic camera holder that is constructed using the design
concept of the remote center of motion to minimize wound
size and friction around the wound. Surgeons may adjust
the direction of the endoscope in six directions—zoom in/
out, upward/downward, and right/left—using a foot pedal
or on-board buttons (Figure 1, Video I). The robotic arm
can be mounted on the side bar of an operation table on the
side opposite to that of the operator.

Passive robotic endoscope holder

ENDOFIX" (AKTORmed, Barbing, Germany) is a
passive robotic endoscope holder with computer-controlled
electric motors. It is a newly verified model used in
neurosurgery, otorhinolaryngical surgery, and thoracic
surgery. ENDOFIX™ has a total of six computer-controlled
joints that can be adjusted manually through an ergonomic
control button on the upper side of the endoscope fixation
site. This holder can be easily attached to the rail of an
operation table.

Robotic arm setting and surgical method

Figure 1A4,1B depicts the configurations of the robotic arm
during operation. Active and passive robotic endoscope
holders shared the same configuration. The robotic-
arm-fixing site could be adjusted slightly depending on
lesion site. Its position could be fixed above or below the
anterior superior iliac spine (ASIS; anatomic landmark;
Figure 14,1B). For example, the robotic arm could be fixed
below the ASIS line to resect an upper-lobe lung tumor. By
contrast, it could be placed above the ASIS line to resect a
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3 cm wound at the pivot of anterior

axillary line and 4-5" intercostal space

Mounting around anterior superior
iliac spine (ASIS)

Figure 1 Active and passive control of robotic endoscope holder. (A) The configurations of the robotic arm during operation. (B) Robotic

arm was mounted around the imaginary line of ASIS. (C) Operator used the active robotic endoscope manipulator in uniportal VATS. (D)

Using pedal to control the direction of endoscope. ASIS, anterior superior iliac spine; VATS, video-assisted thoracoscopic surgery.

Video 1 The way to control active form robotic endoscope holder.

lower-lobe lung tumor. But this is a general rule for setting
up this type of robotic arm. In actual surgery, moderate
adjustments may still be made according to the height and
size of the patient. A 3-cm wound was created at the pivot

© Journal of Thoracic Disease. All rights reserved.

of the anterior axillary line and the fourth or fifth intercostal
space. A plastic wound protector was used to ensure clear
visibility of the surgical field when the endoscope entered
the thoracic cavity. To perform the surgery smoothly and
safely, the number of the surgical staff in the operating
room was the same as that of human-assisted uniport
VAT for pulmonary resection: 1 surgeon, 1 assistant, 1
scrub nurse, and 1 circulating nurse. The assistant could
participate in the surgery if the surgeon required any help
to tract the lung parenchyma away from the vital structure,
such as pulmonary vein, artery, or aorta, or if the robotic
endoscope holder failed to ensure adequate surgical vision.
The assistant recorded the frequency of help needed
and the reason why the surgery could not be performed
by a single surgeon. Any help received from a human
assistant indicated the failure of the unisurgeon uniportal
VATS. We enrolled patients with lung lesion <5 cm, age
>18 years old, and without coagulopathy in our analysis
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Figure 2 Surgical quality image quality evaluation: images were
divided into three zones by two ellipses corresponding to 50% and
80% of the surgical field in length and width, which were defined
as central, intermediate, and marginal zones when the target lesion
and endostaple were located inside the 50% ellipse, between the
50% and 80% ellipses, and outside the 80% ellipse.

and those enrolled patients were all followed up at least for
6 months after surgery. This was a retrospective cohort
study, mainly through the sequential use of human
assistants, passive robotic arms, and active pedal-control
robotic endoscope holder in different periods to evaluate
the feasibility and limitations of uniport unisurgeon surgery.

To objectively assess the effects of switching to robotic-
endoscope-holder-assisted uniportal VATS, the period
between the entry of a patient in the operating room and
wound closure was divided into four stages: anesthesia
induction, preparation, operation, and sign out; the
durations of all the aforementioned stages were recorded.
In addition, various surgical and safety parameters,
such as drainage tube duration, postoperative hospital
stay, rehabilitation performance, possible postoperative
complications, were assessed. The number of staplers used
during the surgery and images of the surgery were recorded
simultaneously to compare surgical field quality among
three groups: MA group, MTH-100-assisted uniportal
VATS; EA group, ENDOFIX"’-assisted uniportal VATS;
and HA group, human-assisted uniportal VATS. Surgical
images were captured when the stapler passed through
the target lesion and began to cut it. As per our surgical
protocol, the images of a surgery and the number of staplers
used during the surgery are recorded for insurance claim.
These data were used to compare the groups in terms of
the quality of surgical images. Surgical images were divided
into three zones by two ellipses corresponding to 50% and
80% of the surgical field in length and width, respectively
(Figure 2). The zones were defined as central, intermediate,
and marginal zones when the target lesion and endostaple
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were located inside the 50% ellipse, between the 50% and
80% ellipses, and outside the 80% ellipse, respectively.

Statistical analyses

This was a retrospective study. Descriptive statistics were
used to summarize cohort characteristics with median
and range (min, max) values for continuous variables and
frequencies and percentages for categorical variables. For
multiple comparisons of continuous variables, statistical
evaluation of three groups was performed by Kruskal-
Wallis test, whereas categorical data were compared using
the Pearson chi-squared test or the Fisher’s exact test, as
appropriate. A Bonferroni adjustment was used to adjust for
multiple group comparisons. All analyses were performed
with SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA).
Statistical significance was determined by a two-tailed
P value <0.05.

Results

Those patients who were eligible and underwent uniportal
VATS for lung lesion between January 2018 and November
2020 were enrolled for analysis. A total of 228 patients meet
the inclusion criteria. Of them, 15, 57, and 156 patients
underwent active robotic arm-assisted, passive robotic-
assisted, and human-assisted uniport VAT, respectively.
All enrolled patients were followed up for 6 months after
surgery at least. Table 1 summarizes the demographics of
the patients. The EA, MA, and HA groups did not vary in
terms of age, sex, body mass index (BMI), smoking status,
lesion location, or lesion diameter. Furthermore, the groups
did not differ in terms of preoperative preparation time.
When the operation time for each surgical approach was
considered, the MA group was found to have the shortest
operation time in wedge resection.

With regard to the feasibility of unisurgeon uniportal
surgery, all unisurgeon uniportal wedge resections in
the EA and MA groups could be performed successfully
without any help from a human assistant. With regard to
anatomic resection, the success rate of unisurgeon uniportal
segmentectomy was higher in the EA group than in the MA
group (95% vs. 40%, respectively). Because the success rate
in the MA group was <50% of that in the EA group, active
robotic endoscope holder was not used in lobectomy. The
reasons for the high rate of failure in the MA group are
presented in the discussion section.

Intraoperative images were also captured for comparison
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Table 1 Patient demographics of human-assisted (HA group), Endofix

resection

exo

Lin et al. Active versus passive robotic holder in uniportal surgery

-assisted (EA group), MTG-100-assisted (MA group) uniportal lung

Entire cohort

Post-hoc P value

Variables P value
HA group (n=156) [1] EA group (n=57) [2] = MA group (n=15) [3] [Mlvs. [2] [1]vs. [8] [2]vs. [3]
Age (years) 62 [18, 92] 63 [19, 93] 65 [44, 83] 0.570
Gender 0.591
Male 84 (53.8) 30 (52.6) 6 (40.0)
Female 72 (46.2) 27 (47.4) 9 (60.0)
Smoking history 0.135
Yes 58 (37.2) 17 (29.8) 2(13.3)
No 98 (62.8) 40 (70.2) 13 (86.7)
ACS history 0.339
Yes 8 (5.1) 4 (7.0) 2(13.3)
No 148 (94.9) 53 (93.0) 13 (86.7)
COPD 0.661
Yes 7 (4.5) 3 (5.3 1(6.7)
No 149 (95.5) 54 (94.7) 14 (93.3)
Renal disease 0.502
Yes 5(3.2) 1(1.8) 1(6.7)
No 151 (96.8) 56 (98.2) 14 (93.3)
Body mass index (kg/m?) 24.5[15.1, 39.0] 24.2[16.0, 36.3] 23.9[19.0, 31.7] 0.935
FEV1 (L) 2.3[1.1,4.2] 2.3[1.0, 4.3] 2.2[1.5,3.8] 0.484
Preparation time (min) 15 1[5, 23] 15[6, 21] 16 [7, 21] 0.470
Operative time (min) 135 [38, 310] 122 [60, 463] 83 [44, 218] 0.002 1.000 0.001 0.015
Wedge 106 [38, 174] 105 [60, 171] 81.5 [44, 120] 0.099
Anatomic resection 156 [59, 310] 145 [82, 463] 88 [60, 218] 0.120
Blood loss (mL) 30 [10, 50] 30 [10, 50] 20 [10, 30] 0.534
Chest tube duration (h) 49 [8, 242] 48 [283, 195] 43 [11, 146] 0.392
Post-OP stay (h) 70 [20, 258] 72 [24, 203] 7111, 169] 0.397
Operation type 0.030 1.000 0.026 0.155
Wedge 51 (32.7) 22 (38.6) 10 (66.7)
Anatomic resection 105 (67.3) 35 (61.4) 5(33.3)
Diagnosis 0.220
Malignancy 114 (73.1) 43 (75.4) 8 (53.3)
Benign 42 (26.9) 14 (24.6) 7 (46.7)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 1 (continued)
Entire cohort Post-hoc P value
Variables
HA group (n=156) [1] EA group (n=57) [2] = MA group (n=15) [3] [Mvs.[2] [1]vs. [3] [2]vs. [3]
Lesion location 0.940
RUL 37 (23.7) 14 (24.6) 5(33.3)
RML 19 (12.2) 5(8.8) 2(13.3)
RLL 36 (23.1) 10 (17.5) 2(13.3)
LUL 38 (24.4) 16 (28.1) 3(20.0)
LLL 26 (16.7) 12 (21.1) 3(20.0)
Post-OP complication 0.775
Yes 4 (2.6) 2 (3.5) 0 (0.0
No 152 (97.4) 55 (96.5) 15 (100.0)
Triflow number
Pre-OP 310, 3] 310, 3] 310, 3] 0.929
Post-OP day 1 210, 3] 210, 3] 1[0, 3] 0.120
Post-OP day 3 310, 3] 31, 3] 3[1,3] 0.061
Surgeon demand
Wedge <0.001  <0.001 <0.001 -
1 0(0.0) 22 (100.0) 10 (100.0)
2 51 (100.0) 0(0.0) 0 (0.0
Segmentectomy <0.001 <0.001 <0.001 0.006
1 0(0.0) 20 (95.2) 2 (40.0)
2 44 (100.0) 1(4.8) 3 (60.0)
Lobectomy <0.001
1 0(0.0) 9 (64.3) -
2 61 (100.0) 5 (35.7) -

The data are shown as median [min, max] or n (%). ACS, acute coronary syndrome; COPD, chronic obstructive pulmonary disease; FEV1,
forced expiratory volume in 1 s; OP, operation; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe;

LLL, left lower lobe.

(1able 2). Endoscopic image quality could be considered
good if the target lesion is at the center of an intraoperative
image. Therefore, the images were evaluated with a focus
on whether the stapler was at the central area of the
image when the stapler passed through a blood vessel, the
bronchus, and the lung parenchyma. In wedge resection,
the EA, MA, and HA groups had intraoperative images of
similar quality. However, in anatomic resection, the image
quality was considerably higher in the HA group than in the
other groups; in particular, the number of times the stapler

© Journal of Thoracic Disease. All rights reserved.

was in the marginal zone during the surgery was the lowest
in the HA group.

Concerning short-term intraoperative complications,
no severe bleeding occurred in any the three groups.
Regarding the rate of 30-day postoperative complications
in the EA group, 1 patient (1.75%) exhibited prolonged air
leak and 1 (1.75%) had pneumonia; the rate of complication
was 3.5%. By contrast, no postoperative complications
were noted in the MA group. However, in the HA group, 2
patients (1.28%) exhibited prolonged air leak and 2 others
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Table 2 Image quality analysis of human-assisted (HA group), Endofix
resection surgery

exo

Lin et al. Active versus passive robotic holder in uniportal surgery

-assisted (EA group), MTG-100-assisted (MA group) in uniportal lung

Entire cohort

Post-hoc P value

Variables P value
No staple 71[3,19] 71[3,17] 6[3,17] 0.562
Wedge 513, 9] 451[3,7] 51[3,17] 0.245
Anatomic resection 83, 19] 915, 17] 10[7,12] 0.709
Central 6 [3, 16] 513, 15] 513, 14] 0.010 0.034 0.117 1.000
Wedge 513, 9] 413, 6] 453, 14] 0.078
Anatomic resection 713, 16] 7 [4,15] 6[4,7] 0.112
Intermediate 110, 4] 1[0, 4] 1[0, 2] 0.228
Wedge 010, 2] 010, 1] 010, 2] 0.489
Anatomic resection 110, 4] 2 [0, 4] 21[2,2] 0.014 0.051 0.156 1.000
Marginal 010, 1] 010, 3] 010, 3] <0.001 <0.001 0.011 1.000
Wedge 010, 1] 010, 1] 010, 1] 0.073
Anatomic resection 0[0,1] 1[0, 3] 210, 3] <0.001 <0.001 0.001 0.268

Continuous variables are presented in median [min, max].

(1.28%) had atelectasis. Thus, the three groups did not vary
markedly in terms postoperative complications.

Discussion

The use of a robotic arm to assist in surgery has emerged as
a recent trend, and preliminary results have been obtained
from its implementation in orthopedic and laparoscopic
and otolaryngol surgeries (11-14). Accuracy, precision, and
low fatigue levels in surgeons and surgical teams, health
care manpower reducing are some of the advantages of
robotic-arm-assisted surgery. Public health crisis and work
hour regulation highlight the importance of the resilience
of health care resources (15-17). For more flexible use
of health care manpower, in the field of thoracic surgery,
Okada er al. first used a robotic arm in lung resection (6).
After 13 years, the first unisurgeon uniportal VATS was
performed (8). However, related reports are rare and have
lacked comprehensive analyses. Our preliminary results
suggest that wedge resection is the most suitable approach
for unisurgeon uniportal VATS with the help of passive
robotic endoscope holder (9). Although the passive robotic
endoscope manipulator may offer stable surgical images
even at a tricky angle, the surgeon still need to temporarily
adjust the position of the scope. Thus, the use of a pedal-

© Journal of Thoracic Disease. All rights reserved.

controlled robotic endoscope holder was initially regarded
as a solution to the aforementioned problem (11,18).

After performing consecutive surgeries for a total of 57
patients, we started using pedal-control endoscope holder
in unisurgeon uniportal VATS. Wedge resection required
no conversion to human-assisted surgery. Unexpectedly,
anatomic resection was more preferable in the EA group
than in the MA group. The rate of conversion was 60%
(3/5) in the MA group. Because of the inconvenience
associated with the use of a pedal-controlled robotic arm in
segmentectomy, we stopped using it in uniportal unisurgeon
lobectomy. The following are a few problems associated the
use of this endoscope holder in unisurgeon uniportal VATS.
First, the distance between the buckle and the robotic arm
is too large to allow the 30° Hopkins-style endoscope to be
smoothly mounted on the robotic arm, which requires more
work space than that required for the passive platform; this
further increases the frequency of collision between surgical
instruments and the endoscope holder (Figure 34). On the
basis of our externally recorded video and the surgeon’s
estimation, the passive robotic holder appeared to occupy
only 45° to 90° of the total work space for operation,
whereas active robotic holder might have occupied 100°
to 135° of the work space, which might have increased the
frequency of the aforementioned collision and reduced
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Passive robotic arm

Active robotic arm

Figure 3 Illustration of surgical instrument and robotic arm collision during surgery. (A) Instruments collisions occurred in passive and

active robotic endoscope holder platform. (B) Work space limitation in passive and active robotic endoscope holder platform. ASIS, anterior

superior iliac spine.

the suitable angle for the endostapler to pass through the
relevant blood vessel (Figure 3B). Performing anatomic
resection is possible unless the surgical wound is enlarged
or the number of wounds is increased. Second, the terminal
robotic arm joint can be moved only in the same plane,
thus adding to the difficulty of obtaining a panoramic view
during surgery. This substantially increases the failure rate
of unisurgeon uniportal VATS in anatomic resection. By
contrast, wedge resection can be successfully performed
unidirectionally; the directions of the instrument and the
endoscope are almost parallel. This reduces the collision
between surgical instruments and the endoscope. Thus,
at present, wedge resection is a promising approach for
replacing manpower with a robotic endoscope holder. Staff
requirements may be more flexible for a simple procedure
than for a relatively complex procedure. In Taiwan and
some other area, increasing concerns have been reported
regarding the regulation of residents’ work hours (19); the
decline in the number of residency applications to surgical
departments has resulted in a shortage of efficient staff
(20-22). Hence, the introduction of robotic arms to replace

© Journal of Thoracic Disease. All rights reserved.

manpower is a direction worth considering.

In addition to comparing various perioperative
parameters, we compared the quality surgical images among
the three groups (7able 2). By calculating the number of
times the stapler was in the central, intermediate, and
marginal zones in the images, we concluded that the
qualities of the intercepted surgical images of the three
groups were similar in wedge resection. However, in
segmentectomy, the quality of the surgical images of the
HA was better than that of the other groups. Because no
patient underwent active-arm-assisted lobectomy, we only
compared the EA group with the HA group. The image
quality of the HA group was better than that of the EA
group. This indicates that the flexibility of the two robotic
arms is not as good as that of humans in uniportal surgery.
The two platforms explored in our study still have room for
improvement.

With the use of a control bottom in the passive robotic
platform, the position and the angle of the endoscope can
be adjusted intuitively until the operator is satisfied. The
intuitive and easy-to-use features allow surgeon to hardly
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change the original single-port surgical technique. The only
fly in the ointment was that the surgery was occasionally
interrupted temporarily when the surgeon wanted to change
the surgical field. By contrast, the surgeon was impressed
by the experience of being able to actively control the
endoscope without any interruption during the surgery.
Nonetheless, this requires high coordination among the
surgeon’s hands, feet, and eyes. On balance, the active
platform is less efficient than the passive platform.

Before using the robotic arm, we also anticipated what
preparations should be made in the event of a major accident,
such as a major vessel injury. Both robotic endoscope
holder platforms are equipped with a simple dismantling
mechanism. Even in the event of major bleeding, surgeon
could compress gauze over the bleeding point first. After
circulating nurse dismantled the robotic arms and called
assistants for help, the following treatment principles
were the same as we described in our previous report (23).
Fortunately, no intraoperative massive bleeding occurred
during the surgeries reviewed in the present study.

Regarding the training for unisurgeon uniportal surgery,
the trainer surgeon may experience a low level of fatigue
if using a robotic endoscope holder, which would increase
their focus on imparting the required skills to the trainees.
In the future, we would like to explore the learning curve
further by including high numbers of surgery cases and
trainee surgeons.

Our study has some limitations. First, it was a single-
center retrospective study. The follow up of such application
depends on more surgical teams to verify it. Second, in spite
of that the robotic endoscope holder-assisted and human-
assisted surgeries were performed by the same surgical team.
The nature of retrospective data makes it difficult to really
provide a high-quality and robust evidence to distinguish
the advantages and disadvantages of robotic arm assistance
and human assistance uniportal surgery. Nevertheless,
this compromise must be made to ensure patient safety
and adopt new surgical methods. Subsequent follow-up
for surgical outcomes and the training of new surgeons
are warranted. Third, the small number of active robotic
endoscope holders might have affected the robustness of
our findings. However, this resulted from the inherent
design-related limitations of active robotic arms. The use of
these holders in anatomic resection was difficult. Notably,
robotic arms that occupy large portions of the work space
in front of surgeons are difficult to use in uniportal VATS.
"This finding might provide some design hint to the robotic

© Journal of Thoracic Disease. All rights reserved.
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endoscopic holder, especially for those which designed for
uniportal VATS. Finally, although the performance of the
active robotic endoscope holder in unisurgeon uniportal
surgery was not as good as expected, in-depth discussion on
unisurgeon multiport VATS is necessary. The performance
of these two platforms may vary across different surgical
methods, which necessitates further studies.

Conclusions

In simple wedge resection, either active or passive platforms
may replace human assistants with an expert hand.
However, for more complex uniportal VATS procedures,
although the passive robotic arm has a disadvantage related
to the temporary interruption of the surgery for adjusting
the endoscope angle, it reduces the frequency of collision
between the endoscope and VATS instruments and increases
the dexterity of the surgeon in operating the instrument.
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