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bstract

As a whole, abdominal surgeons possess excellent videoendoscopic surgical skills. However, the limitations of laparoscop
educed range of motion and instrument dexterity and 2-dimensional view of the operative field—have inspired even the most acc
aparoscopists to investigate the potential of surgical robotics to broaden their application of the minimally invasive surgery parad
eview discusses data obtained from articles indexed in the MEDLINE database written in English and mapped to the following k
surgical robotics,” “robotic surgery,” “robotics,” “computer-assisted surgery,” “da Vinci,” “Zeus,” “fundoplication,” “morbid obe
hepatectomy,” “pancreatectomy,” “small intestine,” “splenectomy,” “colectomy,” “adrenalectomy,” and “pediatric surgery.” A
ubset of 387 publications was reviewed to determine article relevance to abdominal robotic surgery. Particular emphasis wa
eports that limited their discussion to human applications and surgical outcomes. Included are comments about the initial 2
bdominal surgery cases performed at Johns Hopkins University Hospital (Baltimore, MD) from August 2000 to January 2004
obotic systems are being used to apply laparoscopy to the surgical treatment of diseases in virtually every abdominal organ.
emanding superior visualization or requiring complex reconstruction necessitating extensive suturing obtain the greatest b
obotics over conventional laparoscopy. Whereas advanced surgical robotic systems offer the promise of a unique comb
dvantages over open and conventional laparoscopic approaches, clinical data demonstrating improved outcomes are lackin
urgical applications within the abdomen. Outcomes data for surgical robotics are essential given the exorbitant costs associa
se of these tools. © 2004 Excerpta Medica, Inc. All rights reserved.
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ny surgeon who performs laparoscopy and has ope
sing the da Vinci Surgical System (Intuitive Surgical, I
unnyvale, CA), or any of a number of its now-defu
ompetitors, will testify to the advantages that the field
obotics has to offer surgeons and the practice of minim
nvasive surgery. The view is spectacular, the movem
re intuitive, and, during a case with a long operative t

he chair is like a first-class seat on a transcontinental fl
or 2 specific surgical disciplines, urology and cardiac
ery, surgical robots are proving to be the key to transfo

ng technically challenging open procedures (such as
atectomy and mitral valve repair) into technically feas
inimally invasive operations[1,2]. But for surgeons sco

ng the coelom, outcomes data justifying the cost of the
-year-old da Vinci Surgical System have thus far b
lusive.

Compared with conventional laparoscopy, it seems

* Corresponding author. Tel.:�1-410-955-0377; fax:�1-410-614
493.
kE-mail address: talamini@jhmi.edu

002-9610/04/$ – see front matter © 2004 Excerpta Medica, Inc. All rights
oi:10.1016/j.amjsurg.2004.08.020
ogical that a high-definition, magnified, 3-dimensio
iew of the operative field and instinctively controlled
iculating instruments would enhance surgeon skills
hus provide patients with superior, safer surgery. Rob
bdominal surgery is still a young field, however, and
ause of their generally excellent conventional videoe
copic skills, abdominal surgeons have felt less urg
han their urologic and cardiac colleagues to embrace
outine use of these expensive tools. Nevertheless, the
tations of laparoscopy—such as reduced range of m
nd instrument dexterity and 2-dimensional view of
perative field—have inspired even some of the mos
omplished laparoscopists to investigate the potentia
urgical robotics to broaden their application of the m
ally invasive surgery paradigm. Robotic surgery is h
nd is almost certainly here to stay in one form or ano

3]. This article therefore addresses how robotics is b
sed in the abdomen by the gastrointestinal (GI) and e
rine surgeon. Data were obtained from articles indexe
EDLINE written in English and mapped to the followi
ey words: “surgical robotics,” “robotic surgery,” “robot-

reserved.
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cs,” “ computer-assisted surgery,” “ da Vinci,” “ Zeus,” “ fun-
oplication,” “ morbid obesity,” “ hepatectomy,” “ pancreate-
tomy,” “ small intestine,” “ splenectomy,” “ colectomy,”
adrenalectomy,” and “pediatric surgery.” A limited subset
f 387 publications was reviewed to determine article rele-
ance to abdominal robotic surgery. Particular emphasis
as placed on reports that limited their discussion to human

pplications and surgical outcomes.

istory

The rise to prominence of surgical robotics in abdominal
urgery is occurring as a consequence of 2 phenomena: (1)
he demand from surgeons and patients to recapture con-
entional surgical capability while maintaining a minimum
egree of invasiveness, and (2) ongoing technological ad-
ances in computer power and robotic engineering.

When laparoscopic cholecystectomy was first reported in
987, Mouret introduced a truly disruptive technology that
uickly revolutionized the field of surgery [4]. However, as
esirable as minimally invasive approaches to surgical ther-
py may be for patients, the methods used to perform such
rocedures represent a significant step backward with re-
pect to the technology used. In laparoscopy, we have re-
uced our manual dexterity by trading instruments in our
ands with 7 degrees of freedom of motion for ergonomi-
ally awkward “chopsticks” with only 4 degrees of freedom.

e have introduced a fulcrum (the abdominal wall) that
ecessitates moving our hands in counterintuitive ways.
oreover, we have distanced our hands from the operative

eld with long instruments that magnify our natural tremor
nd reduce our tactile sense and appreciation of force feed-
ack. Finally, we have traded a profoundly natural view of
he tissue being manipulated for a flat, ergonomically mis-
laced, 2-dimensional representation of reality that can be
btained only through the hiring or conscription of addi-
ional personnel (to hold the camera).

Concomitant with this surgical “ revolution,” Moore’ s
aw—the doubling of the number of transistors on a micro-
rocessor (and thus the doubling of processor speed) ap-
roximately every 2 years [5]—has held true for �3 de-
ades, and computer-integrated mechanical labor devices
ie, robots) have proved their utility in large manufacturing
elds such as the automotive industry. Simple computer-
ontrolled mechanical devices with nonabdominal applica-
ions began to appear in the late 1980s [6], with robots
ossessing abdominal surgery application potential being
eveloped in the early 1990s [7]. In 1995, a team of re-
earchers from Johns Hopkins University (Baltimore, MD)
eveloped LARS (Laparoscopic-Assisted Robotic System),
robot with integrated force-sensors designed to perform

rgan retraction during laparoscopic surgery [8]. Computer
otion, Inc. (Goleta, CA; now operated by Intuitive Surgi-

al) produced the first commercially available voice-con-

rolled robotic arm controlling the laparoscopic camera (Au- c
omated Endoscopic System for Optimal Positioning
AESOP]) in 1994 [9]. The 21st century was ushered in with
advanced surgical robotic systems, the da Vinci Surgical

ystem and the Zeus robot (Computer Motion).

urrent systems

Commercial production of surgical robots for abdominal
urgery has proved to be an extremely difficult market.
lthough a number of promising robotic systems have

eached the end stages of development—such as EndoVia
edical’ s (Norwood, MA) Laprotek Surgical System

10]—the majority have seen their companies financially
issolve before the systems could be brought to market. Of
he 2 advanced surgical robotic systems with abdominal
urgery applicability, only da Vinci remains since the 2003
cquisition of Computer Motion by Intuitive Surgical and
he corporate decision to stop production of the Zeus sys-
em.

The da Vinci system’s dual-offset video cameras provide
3-dimensional view of the operative field with adjustable
agnification. The console at which the operating surgeon

its contains a viewfinder that displays the 2 camera views
n separate monitors directed to right and left eyes. The
mages are impressively crisp, with very high resolution,
nd rather than relying on light-polarizing or color-separat-
ng technology for the rendering of 3 dimensions, the sys-
em takes advantage of the human brain’ s natural ability to
ntegrate offset images and produce visual depth. Thus, the
iew of the operative field, though limited by the narrow
ngle view of the scope, is as virtually “ real” as can be
magined.

In addition to the arm that holds and positions the 3-di-
ensional camera, the current-model da Vinci robot pos-

esses 3 robotic arms for positioning and control of 3 da
inci-specific surgical instruments (Fig. 1). The articulating

aparoscopic instruments have a complex cable-driven joint
t the distal end, which moves with the same 7 degrees of
reedom as the human wrist in open surgery (Fig. 2). The
igitization of the surgeon’s hand movements on the con-
rols provides the ability to eliminate surgeon tremor and
roduce motion scaling (up to 5�). The combination of
uch processing and filtering allows an unparalleled level of
perative precision.

A survey of surgeons conducted by our group at the 2003
eeting of the Society of American Gastrointestinal and
ndoscopic Surgeons has suggested that the most signifi-
ant limitation of surgical robotics is the high cost of the
echnology [11]. A 4-armed da Vinci Surgical System sells
or $1.25 million in 2004 US dollars, and the costs of the
nnual maintenance contract (10% annually) and the semi-
eusable instruments ($2,000 for a 10-use instrument) add
onsiderable ongoing operating expenses to an already
ostly initial purchase price. When factoring in all overhead

osts, Costi and colleagues [12] have estimated that the use
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f the da Vinci robot can add $2,000 to the cost of an
ntireflux procedure. Given the paucity of data describing a
ost-effective model for the use of such a system, the da
inci’ s price tag limits its use primarily to large academic
edical centers with a surgical technology research focus.
ther limitations of the da Vinci robot include its physical
btrusiveness in the operating room, lack of haptic feed-
ack, and limited teaching capability.

linical applications

Other articles in this supplement address the application

ig. 2. The da Vinci Surgical System (Intuitive Surgical, Inc., Sunnyvale
aparoscopic instrument movements with 7 degrees of freedom of motion

ig. 1. Instruments currently available for the da Vinci Surgical System (
adiere forceps; (C) cautery with spatula; (D) Cichon tissue forceps; (E)
eedle driver; (I) long-tip forceps; (J) permanent cautery hook; (K) Potts s
5-degree blade; (O) scalpel cautery with Beaver blade; (P) small clip appli
urgical.)
f da Vinci, in both experimental and clinical capacities, to d
irtually every surgical subspecialty. The remainder of this
rticle, therefore, will focus exclusively on applications of
obotics for surgery of the intra-abdominal GI and endo-
rine systems. Although most published clinical data about
urgical robotics are limited to feasibility studies, actual
utcomes data will be presented whenever possible.

ntireflux surgery

Antireflux surgery is the only general surgery application
f robotics for which class 1 (randomized controlled clinical
rial) evidence is available. Two controlled clinical trials
ave been published comparing robot-assisted Nissen fun-

translates the movements of the surgeon’s hands and wrists into precise
the patient. (Courtesy of Intuitive Surgical.)

e Surgical, Inc., Sunnyvale, CA). (A) Black diamond micro forceps; (B)
ey forceps; (F) PreCise bipolar forceps; (G) ProGrasp forceps; (H) large
; (L) round-tip scissors; (M) round-tooth forceps; (N) scalpel cautery with
ultrasonic shears; and (R) dual-channel laparoscope. (Courtesy of Intuitive
, CA)
inside
Intuitiv
DeBak
cissors
er; (Q)
oplication with the conventional laparoscopic approach.
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he study by Cadiere and colleagues [13] randomized 21
atients, whereas the study by Melvin and associates [14]
nrolled 40 patients (consecutive, but nonrandomized).
oth studies used the da Vinci robot, found robotic antire-
ux surgery to be feasible and comparably safe, encoun-

ered longer operative times when using the robot, and
ound the robotic procedure to be more expensive. Other
han a lower rate of postoperative antisecretory medication
se among robotically operated patients in the larger study
which was not believed by the authors to actually represent
ess reflux), no clinical benefit was demonstrated with the
se of the robot.

We have performed 57 antireflux procedures with the
a Vinci robot at Johns Hopkins University School of Med-
cine (Table 1) and have experienced findings similar to
hose of the aforementioned investigators. However, we
elieve that among our patients with significant hiatal her-
ias (18 in our series), we are able to perform a technically
etter repair using the robot than via conventional laparos-
opy. Given the high rate of recurrence documented in the
iterature for surgically repaired hiatal hernias [15], it seems
uite plausible that a technically superior repair could trans-
ate into lower long-term recurrence for patients. Data to
upport such a notion will require multi-institutional coop-
rative randomized trials among robotic groups treating
ignificant numbers of patients with appropriately large hi-
tal hernias.

ariatric surgery

Laparoscopic approaches to bariatric surgery can be ex-
remely challenging. Many bariatric procedures require the
onstruction of multiple enteric anastomoses. Furthermore,
he body habitus of the bariatric patient presents unique
hallenges to a methodology that requires abdominal insuf-
ation and the passage of linear instruments through the
bdominal wall. For these reasons, a number of groups have
egun exploring the potential role for surgical robotics in

able 1
he Johns Hopkins Hospital abdominal surgery robotics experience from
ugust 2000 to January 2004 (3.5 years)

rocedure n Average operative
time (min)

Unplanned
conversions

Laparoscopic Open

ntireflux procedure 57 193 1 12
olon resection 35 177 0 5
drenalectomy 30 188 0 0
mall bowel resection 24 150 0 2
eller myotomy 16 169 1 2
plenectomy 16 164 0 5
holecystectomy 10 99 0 1
ther 14 143 1 1
otal 202 172 3 28
ariatrics. w
Horgan and Vanuno [16] published the first series of
obot-assisted gastric bypasses and gastrojejunostomies in
001. In 2003, Jacobsen and coworkers [17] published a
ulti-institutional series of 107 robotically assisted Roux-

n-Y gastric bypasses in which the gastrojejunostomies
ere “hand-sewn.” Outcomes were excellent, with no post-
perative leaks and no mortality. One postoperative stric-
ure required dilation, and 4 cases were complicated by
mproper port placement (3 cases) or mechanical difficulties
ith a robotic arm (1 case). The authors noted the following
enefits when using the robot compared with conventional
aparoscopic bariatric surgery: (1) a hand-sewn gastrojeju-
ostomy is significantly easier with the robot; (2) stapling
evice avoidance is possible with the robot, which elimi-
ates complications due to the nasogastric passage of an
nvil; (3) absence of the intraluminal stapler facilitates the
onstruction of a smaller gastric pouch; and (4) the robot
ffords 2 advantages with respect to increased abdominal
all thickness—stiffer instruments and mechanical power.

allbladder

A number of case series have been published demon-
trating the feasibility of robotic laparoscopic cholecystec-
omy [18–20]. The authors of these studies reported similar
ndings: compared with historical data for conventional

aparoscopic cholecystectomy, operative times are slightly
onger (due primarily to the longer set-up time involved
hen using a robot), and clinical outcomes are equivalent.
ll authors who use the da Vinci robot appear to be in

greement that the view of ductal anatomy is subjectively
uperior during robotic cholecystectomy because of the
agnified 3-dimensional picture.
It has been well established over time that, although the

lobal transition from open to laparoscopic cholecystec-
omy has uniformly reduced postoperative pain, hospital
ength of stay, and return-to-work times for patients, the
teady-state rate of bile duct injury is slightly higher in the
aparoscopic cholecystectomy era [21]. Most investigators
ave speculated that this phenomenon is due to inferior
nstrumentation and visualization of anatomical structures
uring laparoscopy. Whether the improved dexterity and
isualization achieved with an advanced surgical robotic
ystem will translate into a reduction in bile duct injuries
ill not be known until larger multi-institutional series are
ublished and/or randomized controlled trials are per-
ormed. In the meantime, robotic cholecystectomy is likely
o remain a very appropriate “practice” operation for gen-
ral surgeons entering the realm of surgical robotics.

iver

Although robotic liver surgery is clearly in its infancy,
omputer-aided surgical technology offers tremendous po-
ential for advancement of liver resection. Our collaboration

ith researchers from the Center for Computer Integrated
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urgical Systems and Technology has resulted in the devel-
pment of a device that allows us to capture the da Vinci’ s
video streams and manipulate them in a myriad of ways

B. C. Herman, E. J. Hanly, N. S. Schenkman, et al, unpub-
ished data). By overlaying these video signals with preop-
rative and real-time imaging data, we, and other research-
rs [22], hope to develop systems that will allow surgeons to
see” beyond the surface of the liver to facilitate safe dis-
ection and resection of the hepatic parenchyma.

ancreas

The first robotic resection of a pancreatic lesion was
eported by Melvin and colleagues [23] in 2003. In this
ase, a neuroendocrine tumor in the tail of the pancreas was
emoved along with the spleen using the da Vinci robot.
his same group has begun work using the robot to perform
ancreaticojejunostomy following an open pancreaticoduo-
enectomy [24]. Giulianotti and associates [25] have re-
orted a series of 8 patients in whom pancreaticoduodenec-
omies were performed completely laparoscopically with
he assistance of the robot. In this advanced technique, the
epaticojejunostomies and gastrojejunostomies were hand-
ewn intracorporeally and the remnant pancreatic duct was
njected with surgical glue. One death occurred in this small
eries.

We recently performed an enucleation of an endocrine
eoplasm of the body of the pancreas using the robot. In this
ase, the precise dissection that is achievable with da Vinci
llowed us to perform what, at our institution, would nor-
ally be a open procedure using a minimally invasive

pproach. Whether the current-generation surgical robot is
dvanced enough to allow routine performance of pancre-
tic head tumor resections remains to be seen. In an oper-
tion like the Whipple procedure, where we rely so heavily
n blind palpation for careful dissection of the portal vein
ff the posterior pancreatic surface, it is possible that the da
inci’ s lack of haptic feedback may preclude its safe ap-
lication.

pleen

We have performed 16 robotically assisted laparoscopic
plenectomies. Our experience with this technique has been
imilar to others [26,27]: the high-definition, magnified,
inocular view afforded by the da Vinci system improves
ur ability to identify vessel architecture and makes it easier
o delineate the spleen’ s relation to the pancreas. Further-

ore, we have found that the da Vinci instruments allow
ubjectively more precise manipulation of the splenic hilum
nd exposure of the splenic vessels, and that the ultrasonic
hears are especially helpful in this dissection despite their
ack of wrist articulation. Operative times for this procedure

t our institution have ranged from 90 to 240 minutes. i
mall bowel

Very little has been published regarding the use of sur-
ical robotics to approach surgical conditions of the small
owel. The 211-patient series published by the Academic
obotics Group [28] and our institution’ s initial robotic

urgery experience [20] includes a small number of small-
owel resection cases. Because of the large number of
nflammatory bowel disease patients cared for at our insti-
ution, we have performed 24 robotic operations of the small
owel in 3.5 years, including 17 small bowel resections for
efractory Crohn disease. We have found that the surgeon’s
bility to “ run” the bowel, hand over hand from one end to
he other, with the da Vinci robot greatly facilitates careful
nspection of the entire length of small bowel. This is
ssential in patients with Crohn disease, who may have
ultiple segments of diseased bowel separated by signifi-

ant lengths of normal bowel. This technique is made pos-
ible by orienting the robot’ s port sites along the axis of the
esentery (from left upper quadrant to right lower quad-

ant) with the camera port in either the left lower or right
pper quadrant. The robot is also useful for hand-sewing
nastomoses and suturing enteric feeding tubes.

olon

The first 2 robotically assisted laparoscopic colectomies
ere performed in March 2001 [29]. Since that time, 2
roups have published studies comparing laparoscopic and
obotically assisted colon surgery. The study by Delaney
nd colleagues [30] compared 2 right hemicolectomies, 3
igmoid colectomies, and 1 proctopexy with appropriately
atched laparoscopic controls. The only parameters found

o be significantly different between the groups were oper-
tive time (57 minutes longer in the robotic group) and cost
$350 more per robotic case, excluding the overhead asso-
iated with the �$1 million robot purchase and mainte-
ance). In an effort to play to what many believe to be a
trength of the da Vinci robot, the British group has focused
heir robotic colon surgery effort on the pelvis; their use of
he robot exclusively for the pelvic dissections in proc-
opexies, low anterior resections, and abdominoperineal re-
ections has been well described [31]. Recently, a series of

robotic nonresection proctopexies were compared with
istorical laparoscopic controls [32]. Early results (3 to 6
onths of follow-up) were promising, with no perioperative
orbidity and no recurrent prolapse or constipation (com-

ared with 19% morbidity in the same authors’ historical
ontrol series). However, only with larger randomized con-
rolled studies will a long-term benefit from the robotic
pproach be demonstrable.

We have used the robot to assist us in 35 colon resections
erformed at least partially laparoscopically. Until recently,
e have limited laparoscopic colon resection to patients
ith benign disease; thus, the 2 main indications for surgery
n our patients have been recurrent diverticular disease in
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ppropriately aged patients and polyps that are unresectable
ntraluminally. Operations in our robotic colon surgery se-
ies include cecectomies, right hemicolectomies, left hemi-
olectomies, sigmoidectomies (in 1 case with proctopexy),
nd a single total abdominal colectomy in a patient with
amilial adenomatous polyposis. Our experience corrobo-
ates the findings of others [30–33]: robotically assisted
aparoscopic colon surgery using the current-generation da
inci robot is expensive and is useful only in cases that do
ot require multiquadrant surgery. However, this technique
ay prove to be of clinical benefit in cases where extensive

issection of the pelvis (especially the narrow male pelvis)
s required. Now that data showing the oncologic equiva-
ency of the open and laparoscopic approaches are available
33,34], it appears that robotics may also play a role in
hortening the learning curve [35] for surgeons transitioning
rom open colectomy to laparoscopic colectomy for malig-
ant disease.

drenal glands

A number of published reports describing robotically
ssisted laparoscopic adrenalectomy exist in the literature
36], but no clinical trials have been performed comparing
obotic adrenalectomy with either open or conventional
aparoscopic adrenalectomy. However, 1 robotic adrenalec-
omy was reported by a urologist who did not consider
imself a laparoscopic surgeon; thus, the utility of robotic
ystems to enable nonlaparoscopists to engage in minimally
nvasive surgery is demonstrated anecdotally in this case
37].

We have performed 30 robotic adrenalectomies without
conversion. The preoperative indications for surgery in

ur series included 18 adrenal masses, 9 pheochromocyto-
as, and 3 aldosteronomas. We have found that the da
inci’ s enhanced vision system greatly facilitates identifi-

ation of the small, and often numerous, adrenal vessels.
iven the proximity of the right adrenal gland to the vena

ava, careful identification and dissection of the short right
drenal vein is essential [38]. Anecdotally, therefore, we
ave found the robot to be of significant benefit in these
ases.

ediatric surgery

The application of minimally invasive approaches to
ediatric abdominal surgery has been somewhat limited by
he inability to perform precise anastomoses of a size small
nough for children using conventional laparoscopic instru-
entation [39]. With further miniaturization of instruments,

pplication of 3-dimensional high-resolution endoscopic vi-
ion, and use of computer-assisted motion scaling and
remor elimination, robotics offers enormous potential for
he field of pediatric laparoscopic surgery. One reported
eries of pediatric robotic surgery cases has been published

40]. In this study of 14 individuals, 11 patients with un- m
ontrolled symptoms of regurgitation and pulmonary infec-
ion underwent robotically assisted fundoplication, 2 pa-
ients underwent robotically assisted cholecystectomy for
ymptomatic cholelithiasis, and 1 patient with a gonadal
umor underwent bilateral salpingo-oophorectomy. The
a Vinci robot was used in all cases. The authors concluded
hat robotic pediatric surgery is feasible, but that smaller
nstrumentation and reduced costs are needed before routine
ediatric robotic surgery can become a reality.

uture of robotic abdominal surgery

Many consider the current da Vinci Surgical System to
e an excellent “ rough draft.” It has certainly given back to
urgeons much of what we lost at the beginning of the
aparoscopic surgery era—including intuitive instrument
ontrol and depth perception—but a number of significant
imitations hamper the wide adoption of this tool in its
urrent form.

Although clinical data demonstrating clinical efficacy for
dvanced surgical robots are lacking, available information
uggests that the most significant current impediment to the
doption of robotic abdominal surgery is cost [11]. In fact,
early 75% of surgeons polled in our survey indicated that
ystems priced �$500,000 would not be financially viable
n their practices. The Laprotek robot (known early on as the
rock-Rogers robot) manufactured by the now-bankrupt
ndoVia Medical had promised to offer advanced surgical

obotics at a quarter of the cost of da Vinci [10,41]. Nev-
rtheless, there certainly appears to be a relatively higher-
olume market for a lower-cost surgical robot.

One advantage of the now-shelved Zeus robot was its
able-mounted, modular, and compact form. In contrast, the
a Vinci robot is a single, large, floor-mounted machine.
he large “ footprint” of da Vinci makes patient positioning
fter robot deployment difficult, limits tableside assistant
ccess to the patient, and creates unique challenges for the
nesthesia team [42]. Given military medicine’ s interest in
urgical robotics for future telesurgery applications, it is
ssential that future surgical robot design engineers con-
truct a more portable and flexible machine if they are to
eet the needs of these important customers.
Although the high-quality 3-dimensional vision system

f da Vinci does make up for some of the precision, dex-
erity, and safety lost without haptics [43], a number of
ituations occur during robotic cases that make the lack of
ensory feedback a significant drawback (eg, inadvertent
reaking of suture during knot tying, iatrogenic organ injury
rom instruments during transitory “off camera” time) [44].
lthough some engineers still consider haptics the “holy
rail” of robotics, progress in this area is being made. In the
eantime, alternative solutions exist that are being applied

n the research setting. At Johns Hopkins, researchers have
rovided evidence that visual sensory substitution may per-

it surgeons to apply more consistent, precise, and greater
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ensions during operative tasks without exceeding poten-
ially harmful force thresholds [45].

In the current safety-minded, simulator-dependent avia-
ion industry, aircraft design and respective simulator de-
ign often occur concurrently. In this way, pilots can be
eady to fly new planes before the aircraft are even certified
or public use. Furthermore, difficult and dangerous scenar-
os can be practiced in a low-stakes environment. Future
esign of surgical robots should incorporate the learning
eeds of surgeons and surgeons in training. It is our hope
hat a driver-education–type console will soon be developed
or the da Vinci robot that will facilitate graduate medical
ducation and continuing medical education for this tool.

Because all information exchanged between surgeon and
atient during robotic surgery is digitized, surgical robotics
as also ushered in the era of telesurgery. On September 7,
001, Marescaux and colleagues from the European Insti-
ute of Telesurgery (IRCAD)/Louis Pasteur University in
trasbourg, France, performed the first transatlantic telero-
otic laparoscopic cholecystectomy using the Zeus robot
46,47]. Anvari [48] has since used a similar model to
erform advanced laparoscopic surgery from Hamilton,
ntario, on a number of patients in rural areas of northern
anada. A number of technical, legal, economic, and social

actors currently prevent pervasive adoption of routine tele-
urgery, but it is clear that surgical robotics will have a
ignificant impact on the way we practice surgery—even
ith respect to aspects of surgery as fundamental as the
hysician-patient relationship.

Finally, the potential associated with integration of pa-
ient imaging information into surgical robotics platforms is
taggering. Overlaying preoperative and real-time image
ata on the surgeon’s view of the operative field may soon
llow surgeons to operate where their view is obscured, just
s pilots today can fly through clouds with no visibility.
omputed tomography and other imaging modalities are
ow routinely reconstructed in 3 dimensions. Because ro-
ots are capable of “knowing” where they are at all times in
-dimensional space, the melding of data describing patient
natomy and robot position creates the potential for virtual
urgery wherein surgeons may be able to “practice” a par-
icular patient’ s operation until they find the best procedure
or that individual patient [49].

ummary

Advancements in technology are clearly changing the
ay we practice abdominal surgery. In the past 15 years, we
ave transitioned from open surgery to laparoscopic sur-
ery, to robotic camera operation, to robotic surgery, and
nally to telerobotic surgery. Thus, while it is clear that
urgical robotics has not yet arrived at a level of refinement
ecessary to become commonplace in the operating room, if
istory can help predict the future, it is only a matter of

ime. Surgical robots will become smaller, less expensive,
ble to provide force feedback, and capable of routine op-
ration over telecommunication networks. Just as conven-
ional laparoscopic surgery is proving to be a transitional
echnology, the current generation of surgical robots will
ikely yield to a breed of advanced machines with clear
linical advantages that are obvious to everyone [50]. In the
eantime, we must do the due diligence, conduct the clin-

cal trials for appropriate procedures, and obtain the out-
omes data necessary to convince or silence the critics of
obotic abdominal surgery.
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