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Abstract

No data exists concerning the application of a new robotic system with 3-mm instruments (Senhance™, Transenterix, Milano,
Italy) in small cavities. Therefore, the aim of this study was to test the system for its performance of intracorporal suturing in
small boxes simulating small body cavities. Translucent plastic boxes of decreasing volumes (2519-90 ml) were used. The
procedures (two single stitches, each with two consecutive surgical square knots) were performed by a system-experienced
and three system-inexperienced surgeons in each box, starting within the largest box, consecutively exchanging the boxes
into smaller ones. With this approach, the total amount of procedures performed by each surgeon increased with decreasing
volume of boxes being operated in. Outcomes included port placement, time, task completion, internal and external instru-
ment/instrument collisions and instrument/box collisions. The procedures could be performed in all boxes. The operating
time decreased gradually in the first three boxes (2519-853 ml), demonstrating a learning curve. The increase of operating
time from boxes of 599 ml and lower may be attributed to the increased complexity of the procedure in small cavities as in
the smallest box with the dimensions of 2.9 X 6.3 X 4.9 cm. This is also reflected by the parallel increase of internal instru-
ment—instrument collisions. With the introduction of 3-mm instruments in a new robotic surgical system, we were able to
perform intracorporal suturing and knot tying in cavities as small as 90 ml. Whether this system is comparable to conventional
three-port 3-mm laparoscopic surgery in small cavities—such as in pediatric surgery—has to be evaluated in further studies.
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In pediatric surgery, many procedures are restricted by the
limited working space of the small abdominal and thoracic
cavity, encumbering even 3-mm instrument three-port mini-
mally invasive surgery [1]. Robotic surgery may, therefore,
be beneficial, especially for complex tasks such as intracor-
poral suturing. However, the size of the instruments (5 and
8 mm) of the only system currently approved for the use in
pediatric surgery (da Vinci™, Intuitive Surgical) limits its
application in small children [2—-8].

With a new robotic system (Senhance™, Transenterix)
including 3-mm instruments, procedures might probably be
executed in smaller children, such as neonates. But no data
exist concerning its technical feasibility in small cavities.
Therefore, the aim of this study was to test the Senhance™
system for its ability to perform intracorporal suturing in
boxes of small volume with the intention to simulate proce-
dures in small pediatric cavities.
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Materials and methods

The study was conducted in the operating suite of the Uni-
versity Medical Center Hamburg-Eppendorf (UKE) where
an installed system was readily available. The setup con-
sisted of the master console and three separate arms with a
10-mm 3D 0° videoscope and two 3-mm needle drivers. This
study was performed in plastic boxes without any patients
or animals, thus IRB approval was not needed; the oper-
ating surgeons (Bergholz, Boettcher, Gidaro and Verweij)
gave informed consent into the study, its evaluation and
publication.

Translucent plastic boxes were used as operative cavi-
ties. The boxes were measured and their volume recorded
(width X height X length or circular area (calculated from the

Fig. 1 Experimental setup. The 10 mm camera and two 3 mm needle
drivers are inserted via stab incisions through a leather covering of
the conical box (no. 5) to simulate the abdominal cavity

width) X height in conical boxes). The boxes were screwed
onto a wooden plate and the plate fastened on a standard
operating table (Maquet, Germany) to keep it in place while
tilting the table for better access and triangulation of the
instruments. A leather patch was fixed to the wooden plate
covering the open boxes to simulate the abdominal wall,
which is used by the system to calibrate the fulcrum point
for the instruments. The instruments were inserted without
ports via stab incisions through the leather covering (Fig. 1).

The procedures were started in the largest box. After com-
pletion, the box was exchanged into a smaller one to gradu-
ally decrease the volume of the simulated cavity (Table 1).
With decreasing size and, therefore, increasing amount of
boxes having operated in, the total amount of procedures
performed by each surgeon increased.

The procedures (two single stitches, each with two
consecutive surgical square knots) were performed by a
Senhance™.-experienced adult surgeon (S. Gidaro) and three
Senhance™-inexperienced pediatric surgeons (R. Bergholz,
M. Boettcher and J. Verweij). The sutures were placed on a
leather patch with marked spots for the stitches. The leather
patch was fastened into each box accordingly. A Vicryl 5-0
suture with a TF-1 needle (Ethicon, Germany) was used. The
position of the instruments and the length of the suture were
adapted according to the available operative space. Any knot
other than a surgical square knot or stitches more than 3 mm
outside the marked spots in the leather patch were counted
as “inability to perform the procedure”. The time for com-
pletion of each stitch and corresponding knots was taken.
Every surgeon performed two stitches with corresponding
knots per box, therefore, the minimum, maximum, median
(if applicable) and mean time per box and surgeon as well
as per group (experienced versus inexperienced Senhance™
surgeons) could be calculated.

All procedures were video-recorded for later blinded
analysis. Outcome parameters were: completion of the
task (yes, no), operating time (s), amount of internal
instrument—instrument collisions (), amount of exter-
nal instrument—instrument collisions (n), amount of
instrument-box collisions (n) and distance between the

Table 1 Dimension of used

Box length (cm) Box width (cm) Box volume (ml)

. Box no. Box height (cm)
boxes and consecutive volume
1 10.2
2 5.0
3 7.3
4 4.6
5 4.5
6 4.1
7 2.9

19.0 13.0 2519
18.9 13.0 1229
Conical 12.2 853
14.0 9.3 599
Conical 8.1 232
Conical 7.1 162
6.3 49 90

Box no. 3, 5 and 6 were conical, the volume was calculated with the circular area (calculated from the box

width) multiplied by height
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instruments (in cm, ALC: distance of the instrument to
camera, ARC and ALR, respectively).

The operating time was plotted against the decreasing
volume of the boxes on the X-axis. This allows for dis-
playing two results: first, the operating time can be com-
pared to the decreasing volume of the boxes (simulated
cavities) and second, as the amount of procedures per
surgeon increased as more (and smaller) boxes were oper-
ated in, the operating time can be understood as a learn-
ing curve for each surgeon confounded by the decreasing
volume of the boxes. The Mann—Whitney U test was used
to test for differences in skewed data.

Results

Internal instrument/instrument and instrument/box collisions
increased within smaller boxes but did not impede the com-
pletion of the procedures in any of the boxes (Table 2). For
instrument triangulation in the smallest box, the distance
between the instruments could be reduced to 2.5 cm (cam-
era to left and right instrument) and 3.8 cm (instrument to
instrument, Table 3).

Figure 2a displays the mean operating time per group
(experienced versus inexperienced Senhance™ surgeons)
in relation to decreasing box volume. The operating time
decreases gradually in the first three boxes. An increase was
seen starting at a volume of 598 ml and smaller. This effect
was more pronounced in the inexperienced surgeons than in
the experienced surgeon and also apparent when displaying

Table 2 Task completion and
best operating time per surgeon
(three in the inexperienced and

Box no. Completion of the

task (yes, no)

Instrument/
box collisions

External colli-
sions

Internal colli-
sions

Best time per
surgeon (s)

one in the experienced group)

Senhance-inexperienced surgeons (n = 3)

and box 1 Yes 149 0 0 0
Yes 160 0 0 0

Yes 363 0 0 0

2 Yes 135 0 0 0
Yes 130 0 0 0

Yes 282 0 0 0

3 Yes 112 0 0 0
Yes 93 0 0 0

Yes 237 0 0 0

4 Yes 121 0 0 0
Yes 148 0 0 0

Yes 198 1 0 0

5 Yes 160 2 0 0
Yes 184 3 0 0

Yes 175 2 0 0

6 Yes 171 2 0 1
Yes 130 2 0 1

Yes 197 3 0 1

7 Yes 153 3 0 4
Yes 157 4 0 4

Yes 205 3 0 5

Senhance-experienced surgeon (n = 1)

1 Yes 116 0 0 0
2 Yes 137 0 0 0
3 Yes 79 0 0 0
4 Yes 76 0 0 0
5 Yes 84 1 0 0
6 Yes 92 1 0 1
7 Yes 90 3 0 2

The amount of internal and external instrument/instrument and instrument/box collisions is shown addi-

tionally

@ Springer



194

Journal of Robotic Surgery (2020) 14:191-197

Table 3 Distance between the operating and camera ports, applied to
the corresponding box for best triangulation

Box no. ALC (cm) ARC (cm) ALR (cm) Suture
length
(cm)

1 7.2 7.5 10.5 10

2 7.0 7.0 10.5 10

3 6.5 6.5 10.5 10

4 4.5 4.5 7.8 10

5 35 35 6.0 6

6 3.0 3.0 6.0 5

7 2.5 2.5 3.8

The suture (Vicryl TF-1) length was also adapted to the size of the
boxes. ALC distance of the left port to camera port, ARC and ALR,
respectively

the best operating time (minimum operating time, Fig. 2b).
The box plots of the operating time in the largest and small-
est box did not show a significant difference in either group
(p = 0.337 Senhance-inexperienced surgeons, p = 0.121
Senhance-experienced surgeon) or when analysing all sur-
geons collectively (p = 0.248, Fig. 2c, d).

Discussion

Our results demonstrate that intracorporal suturing and knot
tying are feasible in operative cavities as small as 90 ml
by applying the Senhance™ system with a 10-mm 0° 3D
laparoscope and two 3-mm instruments. The encountered
instrument/instrument and instrument/box collisions in
smaller boxes did not prevent the surgeons from completing
the procedures in all settings. This is also confirmed by the
operating time, which did not differ significantly between
the biggest and smallest box (Fig. 2¢c, d). These results are
in contrast to data on the only system currently approved for
children, which demonstrates significant instrument/instru-
ment or instrument/box collisions within cubes measuring
4.0 and 4.5 cm (64 ml and 91 ml, respectively) preventing
surgeons from performing the procedures. With difficulty,
suturing procedures could be performed in cubes of 5 and
6 cm size (125 and 216 ml) [5].

The advantage of this system in smaller cavities appears
to be related to the use of smaller instruments which could
be inserted directly without ports; they can, therefore, be
placed closer together. The minimal horizontal area of 6.3
%X 4.9 cm in the smallest box led to positioning of the instru-
ments with a distance as short as 2.5 cm in this study [4, 9].
The small instrument distance may also be attributed to the
configuration of the robotic arms outside the patient. Their
range of motion is reduced when they are placed close to
each other and the risk of external instrument/instrument
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collision increases. The Senhance applies three separate
arms, each mounted on its own robotic slave console, pro-
viding a flexible 360° range of placement.

We encountered a learning curve, demonstrated by a
decrease in operating time of the surgeons in the first six
procedures [from box 1 (2519 ml) to box 3 (853 ml) times
two procedures per box]. The learning curve in this study is
in context to previously described short learning curves with
the same system [10, 11]. The increase of operating time
from boxes of 599 ml and lower, counteracting the learning
curve, may be due to the increased complexity of the proce-
dure in small cavities as knot tying became more demand-
ing. This is also reflected by the increase of internal instru-
ment—instrument collisions. Similar effects of multiphasic
learning curves have been described for robotic adult surgery
in rectal cancer with the da Vinci system [12].

It might be a matter of debate, that our setup did not
include wristed instruments, as they are held to be one of
the main advantages of robotic surgery [13]. But our study
was conducted to test the general feasibility of the Senhance
system in small cavities. Interestingly, as we were able to
demonstrate that 3-mm instruments appear to provide access
to and maneuverability in small cavities, our results are in
contrast to a current study on the da Vinci system, compar-
ing tasks with 5-mm and 8-mm instruments in a box with the
dimensions of 6 X 6 X 6 cm (216 ml). The authors concluded
that 8-mm robotic instruments are safer and more efficient
tools for robotic surgery in small workspaces. Although
5-mm instruments should theoretically be more appropri-
ate for use with pediatric patients, [their] study has shown
conversely that they can be less effective due to a space-
consuming effect [6]. This effect can be explained by the
technically reduced joint angulation kinematics of the 5-mm
compared to the 8-mm instruments in this system. In our
study, we applied 3-mm non-articulating instruments, there-
fore, eliminating a probable confounding effect of wristed
instruments.

As a potential interference, our setup required a 10-mm
laparoscope for 3D vision. Of course, a 10-mm camera is
cumbersome in pediatric newborn surgery. A 5-mm or 3-mm
laparoscope can be applied instead, but would result in the
loss of 3D visualization. Nevertheless, we hypothesize that
advances in optical technics will lead to a size reduction of
3D laparoscopes down to 5 mm in the near future.

Due to its restriction in small cavities, current robotic
surgery is performed in older children and adults, although
it has been successfully applied in children with less than
10 kg body weight [14—16]. In a recent meta-analysis, the
average age of pediatric patients was 7.8 years and the
average weight 24.2 kg indicating its reduced feasibility in
smaller children [4]. In contrast, robotic pediatric surgery
may develop its full potential in complex procedures in small
children and neonates, such as congenital diaphragmatic



Journal of Robotic Surgery (2020) 14:191-197

195

Fig.2 a Mean operating time in
seconds (single stitch with two
consecutive intracorporal square
knots) in the boxes grouped
according to the Senhance
experience oft the surgeons. b
Minimum operating time in sec-
onds according to a. ¢ Box plot
of the operating time grouped
into Senhance-experienced

and inexperienced surgeons
between the largest and small-
est box. Note that n = 2 in the
Senhance-experienced group
(one surgeon, two stitches with
consecutive knots each) with,
therefore, decreased statistical
power. d Box pot of the operat-
ing time of all surgeons between
the largest and smallest box
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hernia repair, Kasai portoenterostomy, choledochal cyst
excision, esophageal atresia repair or lung resections for
CPAM [17]. Thus, a robotic system is required which is
in small cavities equivalent applicable to laparoscopic or

T T T T T
853ml 599 ml  232ml 162 ml I
Box volume

thoracoscopic surgery. For thoracoscopic esophageal atresia
repair, the distance between instruments can be as short as
2.3 cm and 2.9 cm for camera to left and right and 4.7 cm
for left to right instrument distance [18]. This distance was
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Fig.2 (continued) C
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also realized in our study. Nevertheless, it appears to be a  to be used inside the right hemithorax of newborns. Chap-
matter of debate how far the working space of 90 ml in our =~ man et al. estimated the volume of the right lung by echo
smallest box is similar to the working space in newborns and  planar imaging within ranges from 74 to 114 ml in an infant
infants. For correction of esophageal atresia, the system has ~ with a body weight of 4 kg [19]. Therefore, our smallest box
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of 90 ml volume appears to be representative for a neonatal
hemithorax.

Conclusion

Access to small body cavities, especially in small infants
and neonates, is difficult with current robotic systems when
providing 8—5 mm diameter instruments. With the intro-
duction of 3-mm instruments into the Senhance system, we
were able to perform intracorporal suturing and knot tying in
cavities as small as 90 ml—simulating a neonatal hemitho-
rax. Whether this system is comparable to or advantageous
over conventional three port laparoscopic pediatric surgery
is not known. Therefore, studies comparing the Senhance
to experienced laparoscopic surgeons using standard 3-mm
instruments have to be performed in small cavities to obtain
reliable data.
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