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ABSTRACT

Background: Minimally invasive surgery offers many advantages, but its correct practice is associated with a
steep learning curve. Telesurgery allows a surgeon at a remote site to guide and teach surgeons at a primary
site by utilizing robotic devices, telecommunications, and video technology, thereby reducing complications.

Patients and Methods: From September 1998 to July 2000, 17 procedures were telementored between two
sites 9230 km apart: a primary operating room at the Policlinico Casilino “Tor Vergata” University of Rome
and a remote site at the Johns Hopkins Medical Institutions in Baltimore. Of these procedures, 14 were lap-
aroscopic cases: 8 spermatic vein ligations, 2 retroperitoneal renal biopsies, 3 simple nephrectomies, and 1
pyeloplasty. Three procedures were carried out to obtain percutaneous renal access. All procedures were per-
formed with the help of two robots: the first robot, AESOP, for the orientation of the laparoscope, and the
second one, PAKY, to perform the percutaneous renal access. In addition to the robotic device, the system
provided four ISDN lines, a PC with dedicated software to manage the connection, audio and video connec-
tions, an external video camera with a panoramic view of the operating room, and remote control of the elec-
trocautery and the Telestrator.

Results: All the procedures were accomplished with an uneventful postoperative course. Ten operative cases
were telementored successfully. In five cases, it was not possible to establish a connection to the remote site,
and two procedures were converted to open surgery because of intraoperative complications. The time delay
of the image transmission was <1 second.

Conclusion: This preliminary experience has demonstrated the feasibility of international telementoring. It
could provide education to surgeons and decrease the likelihood of complications attributable to inexperience
with new techniques.

INTRODUCTION

HAT IS A ROBOT? According to the Robot Institute of

USA, a robot is “a programmable multifunctional ma-
nipulator designed to move materials, parts, tools, or special-
ized devices through variable programmed motions for the per-
formance of a variety of tasks.” Many systems that can be
described as “robotic” are now used in laboratories, and some
are undergoing trials in the operating room. Robots designed
for surgery have three main advantages over humans. The first
is that they have greater three-dimensional spatial accuracy, es-

pecially when linked to scanning technology. The second s that
the system can be designed to be more reliable and produce
more repeatable outcomes. The third is that robots can achieve
a precision greater than that achievable by humans.!

The utilization of robots in the operating room has been the
most challenging application investigated in the health care
field. Beginning in the 1980s, the concept that robots were po-
tentially more precise than humans was first investigatedin the
fields of neurosurgery and orthopedic surgery.! These special-
ties, which focus on surgical procedures performed on organs
that provide fixed landmarks as reference points, simplify the
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task of robot registration and remain at the forefront of surgi-
cal robot development. In neurosurgery, three broad types of
devices have been developed to improve spatial accuracy and
surgical precision: neuronavigators, stereotactic localizers, and
robotic assistants.!® In orthopedic surgery, robots that cut or
ream bone provide similar advantages.! The success of robots
in neurosurgery and orthopedic surgery has encouraged the in-
vestigation of robots in other surgical specialties, including
urology. Within urologic surgery, efforts have been focused on
three main applications: transurethral prostatectomy, percuta-
neous renal access, and general laparoscopic robotic assis-
tance.’

The sophistication of present computer and telecommunica-
tions technology has provided an exciting new frontier in health
care, that is, telemedicine, broadly defined as any medical in-
tervention that uses telecommunication technologies to deliver
health care information or services. A potentially powerful ap-
plication of telemedicine is in teleoperative systems. In this ar-
ticle, we outline our experience with robots in urologic surgery
and their role in telesurgery.

PATIENTS AND METHODS

Two separate operative sites were used to perform all surgi-
cal procedures. The primary operating room was located at the
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Policlinico Casilino, “Tor Vergata” University of Rome, while
the remote site was at the Johns Hopkins Medical Center, Uni-
versity of Baltimore. The two sites are 9230 km apart.

Primary site

The personnel in the primary operating room included the
surgeon, a surgical assistant, a surgical scrub nurse, and a cir-
culating nurse. In addition, for the purpose of the study, an ex-
perienced surgeon was in the operating room in case of system
failure. This surgeon did not give advice or help to the laparo-
scopist unless the system could not supply adequate support. If
the advice or help of the onsite experienced surgeon was
needed, telementoring was considered a failure. The equipment
in the primary operating room consisted of standard laparo-
scopic instruments (Circon/ACMI, Santa Barbara, CA), an ex-
ternal camera system, a multidirectional microphone, and a pur-
pose-builtrobotic arm to manipulate the laparoscope (AESOP®;
Computer Motion, Inc., Goleta, Ca)> (Fig. 1B). The external
camera was mounted on a movable arm over the operating table
and could be coupled by a motor to pan and tilt when controlled
from the remote site. After the patient was positioned, the ro-
botic arm was attached to the operating table on which the lap-
aroscope was connected via a magnetic coupling device. This
device automatically disconnects from the endoscope when
pressure >2 kg is exerted on the endoscope. The robotic arm
can be activated by a control pad located at the remote operat-

AESOP

PAKY

Room set-ups. (A) Remote site. RS = remote surgeon; M = monitor for external and internal operating video images;

T = Telestrator; E = electrocautery; Rcp = remote control pad for AESOP and PAKY. (B) Primary site. PS = primary surgeon;
SA = surgical assistant; ES = experienced surgeon; Ssn = surgical scrub nurse; Mayo = Mayo instrument stand; An = anes-
thesiologist; Am = anesthesia monitor; OT = operating table with AESOP and PAKY robots; M = monitor; TU = telesurgical
unit with Telestrator monitor (TM) and camera (C) for external operating room images.
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ing site or overridden by a foot control at the primary opera-
tive site. A second robot, PAKY® (Percutaneous Access to the
KidneY; Urobotics Laboratory JHMI, Baltimore, MD), was
used to perform radiologically guided needle orientation and
insertion for the percutaneous procedures. The PAKY me-
chanical device has a unique needle driver attached to a pas-
sive mechanical arm. The device is mounted on a custom-de-
signed rigid siderail, which attaches to the operating room table
to provide a sturdy base. Needle insertion is driven by a vari-
able-speed DC motor that is battery powered and controlled
with a joystick® from either the primary site or remote operat-
ing room.

Remote site

The remote operating site was equipped with a high-resolu-
tion video monitor with speaker (Triniton MV 9276; Sony
Corp., Tokyo, Japan), a multidirectional microphone, a video
mixer (digital AV mixer WJ-AVES; Panasonic, Inc., Secaucus,
NJ), a robotic control pad, and a Telestrator video sketchpad
(Chryon Corp., Melville, NY) (Fig. 1A). The remote surgeon
watched the internal and external views of the primary operat-
ing room simultaneously by utilizing a video mixer. The audio
and video signals were transmitted to the remote site via high-
capacity (ISDN) telephone lines; each line carried 128 kbps. In
our case, four ISDN lines were utilized for laparoscopic pro-
cedures and three to realize the percutaneous renal access. All
the information obtained in the operating room was routed
through computers with Pentium 200-MHz processors running
software supplied by ICE Communications (Reston, VA). The
analog signals generated from each site were converted to dig-
ital signals by modem (Fibertek, Inc., Somerset, NJ).

The remote surgeon had the ability to move the AESOP ro-
botic arm holding the laparoscope by means of a control pad,
thus directing the operating surgeon to the field of interest. A
Telestrator located in the remote room allowed the mentor to
draw an overlay image on the video picture generated by the
internal camera. This overlay would appear on the image on
the internal operating video monitor at the primary operating
site. Using this device, anatomic structures and points of inter-
est were directly demonstrated by the monitor. Finally, the elec-
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trocautery device was controlled by the mentor for cutting and
coagulation functions. By controlling the laparoscope, electro-
cautery, Telestrator, and audio and video communications, the
remote surgeon guided the primary surgeon through the lapa-
roscopic procedures or, alternatively, by using the joystick, ob-
tained complete percutaneous renal access from the remote op-
erating room (Fig. 2).

Operative procedures

From September 1998 to July 2000, 17 procedures were tele-
mentored (Table 1): laparoscopic spermatic vein ligation (N = 8)
for varicocele, retroperitoneal renal biopsy (N = 2) to determine
the cause of chronic renal failure, laparoscopic nephrectomy for
a nonfunctionalkidney (N = 3), pyeloplasty (N = 1), and percu-
taneous access to the kidney to perform nephrolithotripsy (N =
2) or position a nephrostomy tube in a patient with an infil-
trating bladder tumor (N = 1). Informed consent was obtained
from all patients.

Twelve procedures (eight spermatic vein ligation, three
nephrectomies, and one pyeloplasty) were conducted with a
transperitoneal approach, with the patientin the supine position
or, for nephrectomies and pyeloplasty, a modified supine posi-
tion. During three cases performed by a percutaneous renal ap-
proach, the patients were in the prone decubitus position. In the
remaining two cases of retroperitonealrenal biopsy, the patients
were secured in a standard flank position, and the operating
table was flexed to maximize the space of the lumbar triangle
(Petit’s triangle) between the 12" rib and the iliac crest. A 10-
mm incision was made within this area, and a laparoscopic vi-
sual trocar, the Visiport® (Auto Suture, US Surgical, Norwalk,
CT), was advanced directly into the retroperitoneum under di-
rect vision. This permitted a simple, fast, and safe introduction
of the laparoscope.

In all cases, the primary surgeon was less experiencedin the
laparoscopic technique than the remote one, but he had the ba-
sic skills necessary to obtain intraperitoneal or retroperitoneal
access. The remote surgeon was experienced with telementored
procedures (>30). Sixteen of the seventeen procedures were
performed by the same remote and primary surgeons, while in
one case, a spermatic vein ligation, the primary surgeon was a

FIG. 2. External view of remote (A) and primary (B) operative sites.
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TABLE 1. PROCEDURES PERFORMED

Complexity and type Number

Basic
Spermatic vein ligation
Retroperitoneal renal biopsy
Percutaneous approach to kidney
Advanced
Nephrectomy
Pyeloplasty 1

W N o0

resident who had laparoscopic experience only with a pelvic
trainer.

For the laparoscopic procedures, the operative time was cal-
culated from the first trocar positioning to the closure of all tro-
car port sites. The operative time for percutaneousrenal access
procedures was calculated from the first needle insertion to a
correct nephrostomy positioning.

RESULTS

All 17 procedures were accomplished with an uneventful
postoperative course. Ten operative cases were telementored
(performed with the aid of remote operative surgeon through a
telesurgical connection). Two procedures were converted to
open surgery because of intraoperative complications. In five
cases, it was impossible to establish a connection to the remote
site, and the procedures were conducted without telementoring
in the main operating room (Table 2).

Among the 10 telementored cases, 2 intraoperative techni-
cal failures were observed. In one of the two retroperitoneal re-
nal biopsies, the limited space did not permit normal robotic
movements and, as a consequence, the laparoscope mounted on
the operating table disconnected repeatedly from AESOP. The
operation was concluded with the camera controlled by a pri-
mary surgeon, thus not influencing the results. The second fail-
ure took place during one of the percutaneous accesses to the
kidney, where we encountered some problems with PAKY’s
manual control for needle advancement. The procedure was
concluded with the usual manual techniques under remote sur-
geon teleguidance.

As noted, two procedures were converted to open surgery
because of intraoperative complications. During laparoscopic
pyeloplasty, the patient developed a severe dysrhythmia, which
did not improve after pharmacologic treatment; the pneu-
moperitoneum was rapidly desufflated, and shortly thereafter,
the patient resumed a normal rthythm. The procedure was fin-
ished in an open Hynes-Anderson dismembered pyeloplasty.
Increased CO, absorption was not noted during the dysrhyth-
mia, but CO, insufflation at the beginning of the laparoscopic
procedure was faster than in the other cases. We supposed this
could have been the main cause of the dysrhythmia; the end-
tidal CO, was normal during the procedure. The second case
converted to open surgery started as a laparoscopic nephrec-
tomy, but because several adhesions made adequate isolation
of the kidney impossible, the approach was changed in an open
radical nephrectomy. The connection with remote sites was suc-
cessful in both of the converted cases.
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The mean estimated blood loss was minimal for all proce-
dures, and no blood transfusion was required except for the con-
verted nephrectomy, which necessitated a 500-mL blood trans-
fusion.

The patient who required manual nephrostomy positioning
developed persistent fever. He was discharged home on the sev-
enth postoperative day after proper antibiotic treatment. All op-
erative data are collected in Table 3.

There was a time delay of approximately 700 msec during
all procedures, which did not result in any problem with the
telementoring program.

DISCUSSION

Preliminary data on the clinical applications of teleoperative
systems demonstrate the feasibility of using operative robotic
arm to control the laparoscope from an adjacent operating
suite.!>!3 Qur experiences are an initial attempt to assess the
feasibility and utility of clinical telementoring, to resolve sur-
gical training problems, and to improve the performance of
more difficult operations in those remote communities where a
specialist surgeon is not available.

Following the experience with telementoring and robotic de-
vices at the Johns Hopkins Medical Institutions®7-121415 ipn
1998, we started a cooperation to study the feasibility of
telesurgery between two sites situated more than 9000 km
apart.'® We demonstrated that laparoscopic procedures, even
complex ones, and percutaneous access to the kidney can be
accomplished by an inexperienced surgeon consulting a remote
specialist via a teleoperative system. Our experiences were con-
ducted on 17 urologic cases, and all procedures were success-
ful with uneventful postoperative course.

All laparoscopic procedures were performed using a direct-
vision trocar, the Visiport. It allows incision of all tissue lay-
ers, thus giving the surgeon complete visual control of the op-
erating field in order to avoid visceral or vascular damage.!” In
12 of the 14 laparoscopic procedures, we used AESOP, a re-
cently introduced robot that facilitates laparoscopic proce-
dures?-22; its use proved to be safe and feasible even when
teleguided from Baltimore. An emerging consideration is the
importance of anatomic site in the application of robotic de-

TABLE 2. TELESURGICAL, NONTELESURGICAL,
AND CONVERTED PROCEDURES

Type and procedure Number
Telesurgery (N = 10)
Spermatic vein ligation 5
Retroperitoneal renal biopsy 2
Percutaneous approach 2
Nephrectomy 1
Nontelesurgery (N = 5)
Spermatic vein ligation 3
Nephrectomy 1
Percutaneous approach 1
Converted (N = 2)
Nephrectomy 1
Pyeloplasty 1




IS TELESURGERY REALITY?

TABLE 3. OPERATIVE DATA
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Mean (range)

Postoperative pain

Hospital stay

Return to normal

Procedure op. time (min) medication requirement (days) activity (days)
Spermatic vein ligation

Telementored (N = 5) 39.6 (27.9-51.2) None 1.8 (0.7-2.8) 6.8 (5.7-7.8)

Nontelementored (N = 3) 28.3 (21.1-35.5) 2.3 (0.8-3.7) 6.0 (3.5-8.4)
Retroperitoneal renal biopsy

Telementored (N = 2) 36.5 (23-50) 100 mg tramadol 1 3
Percutaneous renal access

Telementored (N = 2) 12.5 300 mg tramadol 2.5 (2-3) 10

Nontelementored (N = 1) 20 300 mg tramadol 7 15
Nephrectomy

Telementored (N = 1) 170 90 mg ketorolac 3 7

Nontelementored (N = 1) 200 90 mg ketorolac 3 9

Converted (N = 1) 190 300 mg tramadol 8 20
Pyeloplasty

Converted (N = 1) 220 300 mg tramadol 8 14

vices. The limited retroperitonealspaceis not suitable for proper
AESOP movements. Once the primary access is gained, the lap-
aroscopeis used bluntly to dissect the retroperitoneal space and
mobilize the lateral peritoneum from the anterior abdominal
wall; this usually requires wide laparoscopic movements.
AESOP showed no success in performing complex movements
against the strong resistance (pressure >2 kg) offered by
retroperitoneal tissues.

Unfortunately, we do not have enough cases to make defin-
itive conclusions about PAKY’s use in realizing telesurgical
percutaneous access to the kidney. However PAKY’s ability to
assistin percutaneous access to small and delicate renal calices
has already been demonstrated®!° In the telesurgical cases
treated with PAKY, we noticed better precision of needle ad-
vancement into a selected calix, facilitating subsequent percu-
taneous manipulation. Automated image-guided percutaneous
renal access noticeably reduces operators’ exposure to X-rays,
thus reducing professional risks.

In our experience, telesurgical consultation was successful
in 12 of 17 cases, the failures being attributable to the diffi-
culties in linking up with the remote site. Although two pro-
cedures were converted to open surgery, the telesurgical con-
nection and the telementoring were correctly realized. In five
untelementored cases, it either was impossible to achieve a
connection to the remote site or to maintain it. When con-
necting time coincided with busy American office timetables,
several problems arose in maintaining a stable link. In fact,
most of the procedures we performed started early in the Ital-
ian afternoon (1:00 to 2:00 p.m.), which corresponds to early
USA morning hours (7:00 to 8:00 a.m.), when general work
activity begins. The loss of connection or the difficultiesin es-
tablishing it most likely occurred because of international tele-
phone line overload.

Our opinion is that a high-bandwidth telecommunication
system is needed to establish a secure connection with the re-
mote site and to transmit operativeinformationin a better way,
so that the remote surgeon can evaluate developments in the
operative field. Perhaps, in the near future, satellite commu-
nication improvements may allow faster and safer long-dis-

tance connections and better chances to perform telesurgery
with: a digital high-definition television system, excellent se-
curity protection using digital encryption, and easy operabil-
ity.23.24

More advanced systems that can actually allow surgical in-
tervention are being tested in laboratory and in clinical and sur-
gical practice. Recently, Reichenspurner and colleagues’ re-
ported on the use of a voice-controlled and computer-assisted
surgical system, ZEUS®, for endoscopic coronary artery bypass
grafting. Sung and coworkers!® have demonstrated the feasi-
bility of a pyeloureteral anastomosis performed completely ro-
botically by the ZEUS system, manipulated from a remote
workstation. The most recent generation of robotic devices
opens a new era for telesurgery. In fact, once these robots can
be used from a remote site, as in telesurgery, the remote sur-
geon will not only be able to drive or mentor the less-experi-
enced surgeon but also to perform an operation completely by
himself or herself. Telesurgery will evolve as a secure method
taking advantage of the rapid technological progress and al-
lowing the remote surgeon to have greater interactive capabil-
ities. As in the experience described by Miyake et al'! with a
new television system used in performing experimental oph-
thalmology surgery. The system not only allowed operations to
be performed under lower intensities of operating light but also
provided for real-time, highly sensitive 3D images identical to
those observed by the surgeon.

Other extremely important aspects are the economic implica-
tions of telesurgical consultation and teleoperative systems. At
present, commercially available teleoperative systems do not ex-
ist. Customized systems are costly, although, as the benefits from
these systems became more evident, the cost may be reduced. In
addition, fees for the service of the consultant as well as the rental
of the telecommunication link need to be negotiated. The trans-
mission cost is approximately 10 US cents/minute for each ISDN
line. The cost of PAKY and AESOP is approximately US$80,000
and $30,000, respectively. Formal cost-effectiveness studies will
be necessary to assess whether these costs will be offset by the
presumed savings attributable to decreased patient and physician

travel, as well as potentially better clinical outcomes*'8
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CONCLUSION

Robotic surgery and telesurgery allow greater precisionin sur-
gical technique, as well as offering the opportunity to provide
surgical skill and expertise remotely, even at long distances. The
most significant finding is that the application of current com-
munication technology has the potential to completely transform
the way in which we perceive the surgical field.
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