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Abstract

Background: In the last few years, robotics has been
applied in clinical practice for a variety of laparoscopic
procedures. This study reports our preliminary experi-
ence using robotics in the field of general surgery to
evaluate the advantages and limitations of robot-
assisted laparoscopy.

Methods.: Thirty-two consecutive patients were sched-
uled to undergo robot-assisted laparoscopic surgery in
our units from March 2002 to July 2003. The indications
were cholecystectomy, 20 patients; right adrenalectomy,
two points; bilateral varicocelectomy, two points; Hel-
ler’s cardiomyotomy, two points; Nissen’s fundoplica-
tion, two points; total splenectomy, one point; right
colectomy, one point; left colectomy, 1 point; and
bilateral inguinal hernia repair, one point. In all cases,
we used the da Vinci surgical system, with the surgeon at
the robotic work station and an assistant by the oper-
ating table.

Results: Twenty-nine of 32 procedures (90.6%) were
completed robotically, whereas three were converted to
laparoscopic surgery. Conversion to laparoscopy was
due in two patients to minor bleeding that could not be
managed robotically and to robot malfunction in the
third patient. There were no deaths. Median hospital
stay was 2.2 days (range, 2-8).

Conclusions: The main advantages of robot-assisted
laparoscopic surgery are the availability of three-
dimensional vision and easier instrument manipulation
than can be obtain with standard laparoscopy. The
learning curve to master the robot was > 10 robotic
procedures. The main limitations are the large diameter
of the instruments (8 mm) and the limited number of
robotic arms (maximum, three). We consider these
technical shortcomings to be the cause for our conver-
sions, because it is difficult to manage bleeding episodes
with only two operating instruments. The benefit to the
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patient must be evaluated carefully and proven before
this technology can become widely accepted in general
surgery.

Key words: Robotics — Laparoscopy — da Vinci sur-
gical robot

In the 1990s, the advent of laparoscopic surgery led to
enormous advances in the field of general surgery.
However, the new laparoscopic procedures also had its
disadvantages, including an unstable camera platform,
the limited mobility of straight laparoscopic instru-
ments, two-dimensional imaging, and a poor ergonomic
position for the surgeon [1, 21]. For this reason, much
attention is now being paid to the promise of robotic
surgery [2]. In the last few years, a number of articles
have been published on the performance of surgical
procedures using robot-assisted laparoscopy [1, 9, 10].
Robotic technology provides a stable camera platform,
replaces two-dimensional with three-dimensional (3-D)
imaging, simulates the fluid movements of a surgeon’s
wrist to overcome the limited mobility imposed by the
use of straight laparoscopic instruments, and offers the
surgeon a comfortable and ergonomically optimal
operating position [1, 19].

We reviewed our early clinical experience with ro-
botic surgery to assess its advantages and current limi-
tations on the basis of our large experience in
laparoscopic surgery.

Patients and methods

The study population consisted of 32 consecutive elective patients who
were scheduled to undergo robot-assisted laparoscopic surgery in our
units from March 2002 to July 2003. There were 19 men and 13 women
with ages ranging from 23 to 76 years (median, 47). Of these 32 pa-
tients, 20 underwent cholecystectomy; two, right adrenalectomy; two,
bilateral varicocelectomy; two, Heller’s cardiomyotomy; two, Nissen’s
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fundoplication; one, total splenectomy; one, right colectomy; one, left
colectomy; and one, bilateral inguinal hernia repair.

In all cases, we used the da Vinci (Intuitive Surgical Inc, Sunny-
vale, CA, USA) surgical system, with the surgeons at the robotic work
station, an assistant by the operating table, and the robot located on
the side of the operating table. The robot is connected to the three
operative trocars, not to the operating table. Da Vinci offers a true 3-D
imaging system very much similar to the vision provided by field
binoculars. The telescope is 12 mm in diameter and contains two
separate 5-mm telescopes. Two three-chip video cameras telecast the
image on two separate CRT screens. A synchronizer keeps the images
from the two cameras in phase. Mirrors reflect the images from the
CRT screens up to the binocular viewer in the surgeon’s console. This
allows the left and right images to remain separate from the telescopes
to the surgeon’s eyes. As with binoculars, the right eye sees the right
image and the left eye sees the left image.

In all patients, we used a 12-mm da Vinci optic operated by a voice
control system and two 8-mm trocars. Robotic instruments move with
seven degrees of freedom and two degrees of axial rotation. The sur-
gical instruments are partially reusable; they can be used 10 times. The
telerobot’s computer tracks the number of times each instrument has
been used and will not work after the 10™ use. The instruments are
positioned according to the surgical procedures to be performed. In 29
of the 32 cases, we used an additional 5-mm trocar, which was kept in
place by the assistant at the operating table. All of our surgeons had
wide experience in laparoscopy and had undergone a 3-week training
period on the da Vinci system, on a pelvic trainer, and with an
experimental animal model.

Results

There were no deaths in our series, and the median
hospital stay was 2.2 days (range 2-8). Twenty-nine
procedures (90.6%) were completed robotically, whereas
three required conversion to standard laparoscopy. The
causes for conversion were in two cases mild bleeding
that could not be managed with the robot (one from the
splenic artery during a splenectomy and one from the
cystic artery during a cholecystectomy); whereas in one
case, conversion was due to malfunction of the robot.

Median time to position the robot for the first 15
procedures was 45 min, but it dropped to 20 min for the
last 17 procedures. When this aspect was analyzed sta-
tistically using an unpaired ¢-test, the difference was
found to be statistically significant (p = 0.0208).

Discussion

With the advent of laparoscopy at the end of the 1980s,
surgery entered the computer age [4, 5, 11]. The mag-
nified and computer-enhanced video images provided
surgeons with much better exposure and visualization of
the abdomen. In any case, most laparoscopic gastroin-
testinal operations are difficult to learn, master, and
perform routinely [6, 14, 15]. Surgeons face a long
learning curve. Moreover, a number of pitfalls inherent
to laparoscopy still hamper the performance of ad-
vanced laparoscopic procedures, including an unstable
camera platform, the limited mobility of straight lapa-
roscopic instruments, two-dimensional imaging, and a
poor ergonomic position for the surgeon [1, 3, 16].
Frustration with these limitations paved the way for
robotic surgery. The integration of robotics with lapa-
roscopic surgery has led to the development and

Table 1. Advantages and limitations of robotic surgery compared to
laparoscopy

Aspects evaluated Robotic surgery Laparoscopy

Vision Three-dimensional Two-dimensional
Instrument 360° Limited
manipulation
Costs Extremely high Lower
Assembly Extremely long Faster
Ergonomics Very good (like Poor
the human wrist)
No. of ports 3 >3
Port diameter 8 mm >2 mm
Diffusion in Rare In all surgical
clinical practice centers

improvement of videosurgical performances. The aim of
our study was to analyze our preliminary experience
with robotic surgery on the basis of our large experience
with laparoscopic surgery. The advantages and limita-
tions of robotic surgery compared to laparoscopy are
summarized in Table 1.

As if now stands, we think that the performance of
the robotic system used by our team can certainly be
improved, because it still has many limitations [8, 19].
First of all, the cost of the robot itself and the instru-
ments — which have to be changed after every 10
operations — are by no means negligible [1, 13, 18]. In
addition, the da Vinci system is rather cumbersome; it
fills a large operating room, and its use in smaller rooms
is therefore impractical [2, 12, 17]. As a matter of fact,
we have had to modify the arrangement of the instru-
ments and furniture of our main operating room to
bring in the da Vinci system and allow sufficient space
around it and it was impossible to make the same
modifications in our secondary operating room due to
its small size. Moreover, the system is very heavy,
making it difficult to move it around the room and even
more difficult to transfer it to another operating room
[2, 20]. Changing the setup of the operating room
according to the type of operation being performed
(cholecystectomy requires a different setup from acha-
lasia or colon resection, for instance) is time consuming
and tiring. Storage outside the operating theater requires
a small room.

Moreover, because da Vinci was designed specifically
for cardiac surgery, the requirements for abdominal sur-
gery were not taken into account[1, 11, 16]. Asaresult, the
use of a da Vinci for abdominal surgery presents a variety
of challenges. The instrumentation available is limited;
the robotic arms are bulky and are not attached to the
operating table [3, 19]. Large excursion arcs of the arms
lead to frequent collisions. The strong robotic arms lack
tensile feedback. Use of the telerobot in standard oper-
ating rooms can be extremely difficult.

Because the current generation of da Vinci does not
provide tensile feedback, the surgeon must rely on visual
clues to estimate the tension placed on tissues by da
Vinci’s powerful robotic arms [4, 9]. Inexperienced te-
lerobotic surgeons can easily avulse tissues with the ro-
botic arms if they fail to perceive these subtle visual
clues, as happened in one of our early interventions,



despite our long experience with laparoscopy [1, 12].
Nor does the surgeon have any indication of how tightly
the instruments are grasping the tissues. This situation
can lead to suture fraying or pressure injuries to tissue.
However, tensile sensors are commercially available,
and future generations of telerobots are likely to incor-
porate this technology. Nonetheless, the lack of feed-
back is still a problem with current systems [17, 20].

In laparoscopy, pneumoperitoneum pressure is kept
low using gravity; adjustments are made by changing the
decubitus of the operating table. But this becomes
problematical with robotics, because the robotic arms
were engineered to meet the requirements of cardiac
surgery, which is performed on patients in a flat, hori-
zontal position. If the surgeon requires extreme posi-
tions, such as the Trendelenburg or the reverse
Trendelenburg, and thus forces the extreme elevation of
one robotic arm and the extreme depression of the
other, it could cause a collision of the elbows of the
robotic arms [1, 7, 14].

We noticed that pneumoperitoneum pressure during
robotic procedures is higher than that used to perform
the same procedures in laparoscopy. For this reason,
minor misplacement of the trocars away from the ideal
positions may severely hinder the performance of
operations. Another limitation is the large diameter of
the instruments (8§ mm) and the limited number of ro-
botic arms (maximum, three) [2, 15]. We think that this
these system limitations were the cause for our conver-
sions, because it is difficult to manage a bleeding episode
with only two operating instruments.

In any case, our initial experience suggests that ro-
botic surgery is feasible and can be performed safely. The
main advantage of robot-assisted laparoscopic surgery is
the 3-D vision and better instrument manipulation than
can be obtained with laparoscopy [11, 14, 19]. In addi-
tion, the surgeon can work in a more ergonomic position
compared to the difficult posture that may have to be
adopted during a laparoscopic intervention — some-
times even in long-lasting procedures [7, 9].

In terms of the learning curve required to master the
use of the robot, in our experience, 210 robotic proce-
dures are necessary.

As was the case with laparoscopy 15 years ago,
robotics will certainly undergo substantial development
in the next decade. The main interest lies in telerobotics,
which enables a surgeon to operate at a distance from
the operating table, perhaps as far away as another town
or continent, as has recently been described in the
international literature [1, 9, 10]. However, the benefit to
the patient must be carefully evaluated and proven be-
fore this technology can become widely accepted in
clinical practice.
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