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Abstract
Background: Although telerobotic technology has en-
tered clinical application, its value for gastrointestinal
surgery is unclear. Our objective was to evaluate the
performance characteristics of telerobotically assisted
laparoscopic cholecystectomy (TALC).
Methods: All TALCs performed using the da Vinci
Surgical System between January 2000 and September
2001 at a tertiary academic medical center were ana-
lyzed.
Results: For this study, 20 patients (80% female) with a
mean age of 47 ± 4 years underwent TALC. All had
symptomatic cholelithiasis, and all had successful TALC
results without complications or need for conversion to
conventional laparoscopic cholecystectomy (CLP). The
mean procedure time was 152 ± 8 min. The procedures
were performed by one of three staff surgeons experi-
enced in laparoscopic surgery who had training in tele-
robotic surgery. The perceived advantages of TALC
over CLP included easier tissue dissection, enhanced
dexterity, and stimulated interest in biliary surgery. The
disadvantages included increased operating time and
lack of tactile feedback.
Conclusions: The TALC procedure is effective and safe
when performed by appropriately trained surgeons.
Telerobotic technology has the potential to reinvigorate
gastrointestinal surgery.

Key words: Telerobotic — Laparoscopic — Cholecys-
tectomy — Gastrointestinal surgery

The feasibility of telerobotically assisted surgery has
been demonstrated for a wide range of procedures in-

cluding gastrointestinal, cardiothoracic, gynecologic,
neurologic, ophlamologic, orthopedic, otolaryngologic,
pediatric operation as well as plastic and reconstructive,
thoracic, and urologic operations [1–20]. Although te-
lerobotic surgical technology already has entered clinical
practice in select settings, its ultimate value and poten-
tial for widespread application remain unknown. In this
analysis, we evaluated our initial experience with tele-
robotic technology in the context of a single gastroin-
testinal procedure: telerobotically assisted laparoscopic
cholecystectomy (TALC).

Materials and methods

All the TALCs performed at Brigham and Women’s Hospital during
the period spanning January 1, 2000 through September 1, 2001 were
analyzed. The da Vinci Surgical System (Intuitive Surgical, Mountain
View, CA, USA) was used in each case. The procedures were per-
formed by one of three staff surgeons experienced in laparoscopic
surgery who had undergone dedicated training in robotic surgery
consisting of didactic lectures combined with animal and cadaver
laboratory sessions. They were assisted by 1 of 12 senior surgical res-
idents experienced in conventional laparoscopic surgery.

At the end of the study period, an electronic survey was sent via
e-mail to the three surgeons who had performed the TALCs and to the
12 surgical residents who had assisted with these procedures. The
survey consisted of five questions (3 multiple-choice questions and 2
open-ended questions) regarding the perceived advantages and disad-
vantages of TALC relative to conventional laparoscopic cholecystec-
tomy.

Data are expressed as mean ± SEM. Means were compared using
analysis of variance (ANOVA). Statistical significance was indicated
by p values less than 0.05.

Results

The first application of telerobotic surgical technology
at our institution was TALC, and the cases comprising
this series involved the initial TALCs performed. During
the study period, 20 TALCs were performed at our in-
stitution. These 20 TALCs represent 6% of all the lap-
aroscopic cholecystectomies performed (n = 364) by
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the three participating staff surgeons during the study
period.
The mean age of the patients who underwent TALC

was 47 ± 4 years, and 16 (80%) were women. The in-
dication for surgery was symptomatic cholelithiasis in
all cases. All 20 patients underwent successful TALC
without the need for conversion to conventional lapa-
roscopic or open cholecystectomy. There were no in-
traoperative or postoperative complications.
The TALC procedure was associated with a signifi-

cantly longer mean operative time than required by
conventional laparoscopic cholecystectomy performed
by the participating staff surgeons during the study pe-
riod (152 ± 8 vs 116 ± 2 min, respectively; p < 0.05)
(Table 1). The overwhelming proportion of the opera-
tive time associated with TALC was related to telero-
botic positioning and adjustments rather than surgeon-
directed tissue manipulation.
An institutional learning curve with respect to op-

erative time was observed (Fig. 1). The mean operative
time for the final five TALCs was not significantly dif-
ferent (p = 0.51) from that associated with conven-
tional laparoscopic cholecystectomy performed by the
participating staff surgeons.
The cost associated with the instrumentation used in

TALC was $16,400 per case. The instruments used in
TALC are reusable, with most of the items approved for
use in 10 separate procedures. The cost associated with
the instrumentation used in conventional laparoscopic

cholecystectomy was $3,857 per case. Reusable laparo-
scopic instruments were used in all conventional lapa-
roscopic cases.
Of the staff surgeons and residents surveyed, 13

(87%) responded. Of these respondents, 77% perceived
some advantage of TALC over conventional laparo-
scopic cholecystectomy. Ease of tissue dissection, en-
hanced dexterity, and the potential for teleeducation
were the most frequently cited advantages. Interestingly,
30% of the respondents indicated that introduction of
TALC into the general surgery residency program had
noticeably stimulated interest in laparoscopic surgery in
general and biliary surgery in particular at all levels.
Most of the respondents (92%) perceived some dis-

advantage of TALC relative to conventional laparo-
scopic cholecystectomy. Lack of tactile feedback and
prolonged robotic apparatus setup time were the most
frequently cited disadvantages (Table 1). Only 8% of the
respondents cited the increased expense associated with
TALC as a disadvantage (Table 2).

Discussion

This report describes the initial experience with telero-
botic surgical technology at our institution. Our expe-
rience suggests that this technology in its currently
available form is safe and effective in the context of
appropriate surgical training and patient selection.

Table 3. Perceived disadvantages of telerobotically assisted laparo-
scopic cholecystectomy relative to conventional laparoscopic chole-
cystectomy

Disadvantage %a

Lack of tactile feedback 25
Prolonged setup time 25
Prolonged procedure time 17
Difficult patient access in an emergency 17
Added expense 8
Larger operating room needed to accommodate the
robotic unit 8
Cumbersome equipment 8

a Percentage of survey respondents who perceived a disadvantage of
telerobotic technology relative to conventional laparoscopic techni-
ques with respect to each of these factors

Table 1. Length of procedure time

Conventional
laparoscopic

cholecystectomy TALC

Surgeon n Time (min) n Time (min)

1 126 117 ± 2 1 189 ± 0
2 79 135 ± 4 3 178 ± 28
3 139 103 ± 2 16 144 ± 8a

Total 344 116 ± 2 20 152 ± 8a

Data expressed as mean ± SEM
a p < 0.05 versus conventional laparoscopic cholecystectomy
TALC, telerobotically assisted laparoscopic cholecystectomy

Fig. 1. Institutional learning curve. TALC, telerobotic-assisted lapa-
roscopic cholecystectomy; Conventional LC, conventional laparo-
scopic cholecystectomy. * p< 0.05 vs conventional LC; # p< 0.05 vs
TALC 1–5.

Table 2. Perceived advantages of telerobotically assisted laparoscopic
cholecystectomy over conventional laparoscopic cholecystectomy

Advantage %a

Easier tissue dissection 60
Enhanced dexterity 60
Tele-education 50
Technological integration 40
Tele-presence 40
Tele-mentoring 40
Stereoscopic vision 40
Surgical training tool 30
Increased surgeon comfort 30
Stimulated interest in biliary surgery 30

a Percentage of survey respondents who perceived an advantage of
telerobotic technology over conventional laparoscopic techniques with
respect to each of these factors
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During the study period, clinical application of te-
lerobotic technology was limited to three staff surgeons
experienced in laparoscopic surgery who had undergone
dedicated training in the use of the da Vinci Surgical
System. Although a learning curve with respect to op-
erative time was observed, the reason for the decline in
operative time may be more complex than is initially
apparent. Apparatus setup, patient positioning, and in-
strument manipulations associated with the TALCs
presented logistical challenges that required a concerted
collaborative effort from the surgical, anesthesia, and
nursing staff. The relative contributions to the total
operative time made by the surgical, anesthesia, and
nursing staff and the degree to which these times can be
modified by experience or training will have important
implications for the future of this procedure, particu-
larly with respect to staffing and training.
The mean operative time for the final five TALCs

comprising this experience approximated that for the
conventional laparoscopic cholecystectomies performed
by the participating staff surgeons during the study pe-
riod. However, it is important to remember that the
surgical indication for TALC was symptomatic choleli-
thiasis in all cases, whereas the conventional laparo-
scopic cholecystectomies were performed for a range of
elective and emergency indications. The performance
characteristics of TALC performed for indications other
than symptomatic cholelithiasis remain to be defined.
Whether telerobotic surgical technology will enjoy

widespread clinical application depends ultimately on its
perceived cost–benefit profile. Some of the advantages
and disadvantages surgeons perceived to be associated
with this technology were identified in this study. Even
with refinements in technology and reductions in cost,
however, the issue of which particular procedures
should be allocated to telerobotic surgery remains to be
defined. An important area of analysis will involve
matching this and other emerging technologies with
those procedures most likely to derive benefit from their
application.
Because this experience occurred at an academic

medical center, surgical resident participation was inte-
gral to each procedure. An unanticipated finding of this
study was that introduction of telerobotic surgery into
the general surgery residency program stimulated vig-
orous interest in laparoscopic surgery in general and
biliary surgery in particular. The application of telero-
botic technology in the training of surgeons may ulti-
mately be as important as its application in clinical
practice.
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