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Abstract Key words: Medical Communications — Teleconferencing
Background: As general surgeons perform a growing num-— Teleconsultation — Telemedicine — Telementoring

ber of laparoscopic operations in increasingly specialized
environments, the ability to obtain expert advice during pro-

cedures becomes more important. Technological advanc elemedicine refers to the exchange of medically important
in video and computer communications are enabling sur: 9 y 1mp

- . - _information among practitioners between local and remote
geons to procure expertise quickly and efficiently. In thlsg;tes‘ This technology has particular value in surgery by

article, we present laparoscopic procedures complete L onsmitting real-time. imaces. voice. and data across dis-
through an intercontinental telementoring system and th Itting réal-imeé 1mages, voice, & . 1<
nces, allowing one surgeon to participate at a distance in

first telementored laparoscopic procedures performe , ;
another surgeon’s procedure [5]. Telementoring, a subset of
aboard a naval vessel. > X .
telemedicine, refers to a more experienced surgeon assisting

Methods: Video, voice, and data streams were linked be- . ;
tween theUSS Abraham Lincolmircraft Carrier Batfle-  2nOther surgeon operating at a distance [2]. Such support
ight range from providing assistance based on a transmit-

group cruising the Pacific Ocean and locations in Marylan : L X . :
and California, creating the Battlegroup Telemedicingzd image to participating actively in the procedure using a
remotely operated robot.

(BGTM) system. Three modes of BGTM communication ) . .
Laparoscopy provides an ideal forum for exploring tele-

were used: intraship, ship to ship, and ship to shore. ; S . ;

Results: Five laparoscopic inguinal hernia repairs were mentoring aPP"Ca“OF'S be(_:ause of the inherent video-based

completed aboard tHancoln under telementoring guidance "ature of minimally invasive systems. Successful laparo-

from land-based surgeons thousands of miles away. In a scopic telementoring has been demonstrated over short dis-

dition, the BGTM system proved invaluable in obta{ining ances between rooms in the same Institution [3] TeIer_nen-
! toring across much greater distances (interstate and inter-

timely expertise on a wide variety of surgical and meOliCaIcontinental offers physicians a valuable tool that would
problems that would otherwise have required a shore visit; ) pny

Conclusions: Successful intercontinental laparoscopic tele-J"€ally improve patient care by extending expertise instan-
neously. However, most patients demand that all of their

mentoring aboard a naval vessel was accomplished usintgjr ical participants be present in the room at the time of
“off-the-shelf” components. In many instances, the high risk gical p pal P -
urgical intervention. As such, the clinical need of telemen-

and cost of transporting patients to land-based facilities was_ . e g
averted because of the BGTM system. Also, the relationshif>" g Systems must be shown and justified. In addition, the
between the on-site and telementoring surgeon was criticapdistical hurdies in transmitting real-time video, voice, and
to the success of this experiment. Long-distance teleme Jata via satellite, until recently, have seemed daunting.

toring is an invaluable tool in providing instantly available s 5{2r;hIsof’rgu%)é’evc\ileo?)r(:g:jweﬁvgggb_lglitgrgciaﬂﬁg%nr;{gns%%-
expertise during laparoscopic procedures. y P y P

cessfully telementor five laparoscopic procedures. Further-
more, we report the use of this system in a clinically appli-
cable setting: aboard thgSS Abraham LincolrAircraft
- Carrier Battlegroup (Fig. 1).
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Fig. 1. USS Abraham Lincoleruising the Western Pacific.

Fig. 2. Battlegroup Telemedicine System. BGTM nodes aboard the
Lincoln and her escorts are connected by battlegroup cellular telephone.
The communications center on board the carrier links voice, video, and
data between theincoln's Medical Center and sites in Maryland and
California.
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sent a unique set of consultative needs. This is particularlgamera, modem, PC-style workstation, and interfacing software. This sys-
true with the U.S. naval forces; large battlegroups Compris(gée(r;n_rm’or:/cﬂzi.the ability to transmit the following types of data between
significant population of personnel in whom surgical inter- ’

vention at sea often is unavoidable. One surgeon may oves- still images (with concurrent voice conferencing)

see the care of more than 9,000 people, with even more image file capture and compression ,

patients potentially transported to the carrier for evaluation® Motion video (with concurrent voice conferencing)

However, specialization in surgical care has evolved to thé 2:2&?021: gztg'%g'%:g:]nsgféerd't'ng

point where a single surgeon cannot be maximally traine® electronic chat
and equipped in all areas of surgery. The carrier group electronic mail

cannot carry & Iarge enoth Contingent of surgical SDECiaIéhips within the battle group were limited to low-bandwidth transmission
ists on board for all th_e surgical pOSSIt_JIlItleS that may arses,, general purpose communications, unlike the more commonly used
Therefqre, many patients endure helicopter transport OV&figh-bandwidth systems used for land-based telemedicine systems. The
large distances, exposing them to unnecessary risks amanimum expected data transfer rate was 9,600 bits per second (bps), and
incurring great costs. The use of telementoring for operativenaximum was 28,800 bps.

procedures presents a possible solution to this dilemma. I Three modes of BGTM communication were employed: intraship,
Ship-to-ship, and ship-to-shore. Intraship communication took place only

this article, we describe the hardware—software system, inisn ‘the Lincoln. The intraship BGTM system consisted of a mobile unit

tial testing, performance of laparoscopic procedures, angaptop computer, modem, video camera, cellular phone) anditiceln's

future plans for a |ong-di3tance telementoring system. Medical Center (Fig. 3). Existing telephone lines also were used for com-
munication between the mobile BGTM unit and the Medical Center. This
allowed for transmission of medical data rapidly from a site of injury to the

. physician staff at the Medical Center.

Materials and methods Ship-to-ship transmissions took place via battle group cellular phone
link between theLincoln and the sick bays of two escort ships, tH8S

The Battlegroup Telemedicine (BGTM) system, designed by the John&rincetonand theUSS RentgFig. 4). Thus, corpsmen attending ill service

Hopkins Applied Physics Laboratory (APL), was configured to establishpersonnel aboard escort ships could interact with physicians aboard the

telementoring and teleconsultation capabiliies amongUB& Abraham  carrier.

Lincoln Medical Center in the Pacific Ocean, physicians and surgeons at  Ship-to-shore communication was central to long-distance laparoscopic

the APL in Laurel, Maryland, and the San Diego Naval Medical Centertelementoring. Thé.incoln, the first Navy ship to be equipped with lapa-

(SDNMC). The three communication scenarios explored were intrashiproscopic instrumentation, is capable of performing a wide variety of lap-

ship-to-ship, and ship-to-shore telementoring. Video, voice, and dataroscopic procedures.

streams were linked between computers onliineoln itself, between the Voice, data, and real-time video images were transmitted using satellite

Lincolnand its escorts, and among thiacoln and sites in North America, communications, which allowed the VicPhone systems oritheoln and

creating the BGTM system (Fig. 2). The BGTM used existing telephone,at the APL and SDNMC to exchange information (Fig. 5). Operating room

cellular, and satellite systems to create a low-cost, low-to-medium bandpersonnel aboard tHencolnincluded the primary surgeon, general medi-

width communication system. The central component in BGTM is thecal officer, two operating room technicians, and one nurse anesthetist. The

VicPhone system (Fiber and Wireless, Torrance, CA) consisting of a videmperating room was linked directly to the aircraft carrier's communications
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Fig. 3. Intraship communications system. Laptop computer with video camera could be transported anywhere wifihicothend connected directly
to her Medical Center, enabling quick physician assessment.

Fig. 4. Ship-to-ship communications system. Patients are brought to the escort ship’s sick bay, which is equipped with a desktop computer system and vi
camera. The sailors’ issues are then evaluated by physicians abodriti¢bn through battlegroup cellular link.

Fig. 5. Intercontinental ship-to-shore communications. Threcoln carrier battlegroup on assignment in the Pacific Ocean and Persian Gulf is connected
via satellite to North American sites. Physicians on board_theoln therefore have instant access to medical and surgical expertise for telementoring and
teleconsultation, regardless of location during deployment.

center, creating one BGTM node. A second node was created in Laureter using the ship’s existing telephone lines. The mobile
Maryland at the APL. At this site, the experienced laparoscopic sUrgeorBGTM unit was tested at various sites around the Ship.
directly telementored the procedures occurring in the Western Pacifi(i_| - . L . .

Ocean aboard theincoln. All procedures were performed with a 0° lapa- However, the medical applicability of the intraship BGTM
roscope and standard laparoscopic equipment (Stryker Endoscopy, Inystem could not be assessed because of insufficient test
San Jose, CA). opportunities aboard the carrier.

In the young, healthy population of the carrier battle group, symptoms The ship-to-ship BGTM system involved communica-
suffered from inguinal hernia represent a common problem requiring sur

gical intervention that can be managed on board the ship. The benefits ariPNS Detween thetincoln's Medical Center and BGTM
risks of laparoscopic hernia repair were explained to candidate patient$lodes aboard two escort ships, i8S Princetorand the

who agreed to undergo the procedure using the BGTM system if they chose)SS RentzReal-time video, audio, and data transfer were
'ap?mslclow- 105 both the tel o J _accomplished at a maximum separation of 28 nautical miles
n all ship-to-shore cases, both the telementoring surgeon and on-sitg : : :
surgeon agreed to identify the following predetermined structures to fag‘;\”t.h a sustained information transfer rate of .12.’.000 bps.
cilitate completion of each hernia repair: pubic tubercle, bladder, Cooper'sl NiS system was used to evaluate and treat definitively trau-
ligament, peritoneal lining, transversalis fascia, vas deferens, iliac vein antnatic injuries that occurred aboard the escort ships.
artery, and the hernial defect. Through digital image highlighting, the  One patient received treatment through the ship-to-ship
telementoring surgeon placed marks on the video screen to identify thesBGTM system This sailor suffered a traumatic open frac-
structures, and the new “marked” image was transmitted either real time c()}r fthe ri h.t hand f t aboard B
as a data file to the on-site surgeon, who could use the information t ure o o erg ajn rom a gun mount a Qar mce'
identify these landmarks correctly. In a similar fashion, digital image high-ton. Initial evaluation consisted of transmitted voice and
lighting was used by the telementoring surgeon to direct stapling of thamages from the escort ship to the surgical staff aboard the
mesh to cover the hernial defect. Each procedure was deemed complete apghcoln. The injured sailor was transferred from tRence-
successful by both the on-site surgeon and the telementoring surgeon. ton to the Lincoln with the gun mount part impaled in his
hand. Aboard thé.incoln, radiologic and real-time images
were transmitted to the SDNMC, where physicians assisted
Results the ship’s surgeon in removing the object. Three days later,
the sailor was returned to light duty activity aboard his own
Three modes of the BGTM communications system wereship. Escort ship positioning proved to be an obstacle to
evaluated: intraship, ship-to-ship, and ship-to-shore. Intrasuccessful information exchange. Communications with the
ship, real-time information was exchanged successfully bePrincetonwere hampered by a cellular phone “blind spot,”
tween a mobile BGTM unit and tHancoln's Medical Cen-  in which the cellular antenna was blocked by ship struc-
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Table 1.Patient characteristics and operative data

Laparoscopic

Patient Age Sex operatioft Complications

1 23 M Right inguinal herniorraphy Postoperative pain resolved with
marcaine/xylocaine injection

2 24 M Left inguinal herniorraphy None

3 19 M Right inguinal herniorraphy None

4 38 M Right inguinal herniorraphy None

5 24 M Left inguinal herniorraphy None

@ Operations were performed on board @S Abraham Lincoloruising the Western Pacific Ocean and
the Persian Gulf via telementoring from the Johns Hopkins Applied Physics Laboratory (APL) at Laurel,
Maryland, USA

tures. This problem was overcome, however, by proper posecond time in 2 months. Workup revealed a small, right
sitioning of thePrincetonin relation to theLincoln. indirect inguinal hernia, which was repaired successfully by
Telementoring was used to perform five laparoscopictransperitoneal onlay mesh placement. The patient recov-

procedures using ship-to-shore communications betweeered quickly and had an uneventful postoperative course.

theLincoln and the APL. Five inguinal hernia repairs were

successfully completed on board thiecoln by the on-site

surgeon under the guidance of a more experienced lapar@ase 4

scopic surgeon (Table 1). The operations on board the car-

rier were telementored from a BGTM node in Laurel, Mary- A 38-year-old man complained of a sudden bulge and pain

land—thousands of miles from the operative site. in the right groin after lifting boxes at work. The patient was
diagnosed with a right indirect inguinal hernia, which was
repaired laparoscopically with a transperitoneal onlay mesh

Case 1 without incident. Postoperatively, the patient experienced

A 23-year-old man presented to thincoln's Medical De- mild testicular swelling secondary to insufflation, which
partment with a complaint of pain in the right groin radiat- resolved without treatment, and the man subsequently re-

ing to the right testicle while standing and exercising. ThistUrned to work.

sailor had experienced nonspecific discomfort for more than

1 month, but had denied any inguinal masses. He was evalu-

ated, given a diagnosis of a right-sided indirect inguinalCase 5

hernia, and prepared for surgery. The technique used to . , )

repair the hernia was the transperitoneal onlay mesh repaifs 24-year-old man experienced left groin pain for 1 month,
in which a prosthetic material was used to cover both thd€coming worse 1 week before presentation. The patient
direct and indirect spaces in the extraperitoneal space. Th&as diagnosed with a reducible, left inguinal hernia, which
mesh was secured with staples. On postoperative day 1, ti¢as repaired successfully using the transperitoneal onlay
patient experienced marked umbilical pain. The workupmesh technique. He recovered quickly, and promptly re-
was negative, and the patient was managed with a locdHrned to full duties. _ _
injection of marcaine/xylocaine. He subsequently was dis- Real-time video of each surgery was transmitted via

charged and cleared for full duty and full athletic activities Satellite at a rate of 2 to 4 frames per second (fps), with data
thereafter. exchange occurring at 9,600 to 21,600 bps. Although video

frames were transferred successfully, a 2- to 12-second de-
lay in video exchange was confirmed by voice line. To
Case 2 compensate for the slow rate of video transfer, still frame

. ictures and voice communications supplemented the video
A 24-year-old man was evaluated at the Medical Depar’[—p PP

) . : X images.
ment for pain and a mass in the left groin region. The d

. On receipt of a still frame image, the telementoring
symptoms began 1 month before presentation and progrésy geon placed digital marks on appropriate structures for
sively worsened, but the man experienced no nausea, vo

> h . | habi I nanipulation, clipping, or suturing. This modified image
iting, or change in bowel habits. He was evaluated andpe \yas transferred back to thimcoln via data-line trans-
diagnosed with a reducible left inguinal hernia. The tranS+er 304 consultation occurred via e-mail and cellular phone.
peritoneal onlay mesh technique was used to cover botfy. asjonal delays were experienced in video and still image
direct and indirect spaces. At the conclusion of the Procegansfer, although overall image exchange provided ad-
dure, the sailor was taken to the recovery room, dlschargegquate vision for successful telementoring.

the next day, and soon resumed full activities. In addition to telementoring five laparoscopic hernia

repairs, the ship-to-shore BGTM system was found to be
extremely useful for other clinical needs. Ship-to-shore tele-
consultations were employed regarding issues in radiology,
A 19-year-old man presented to the Medical Departmentlermatology, neurology, and ophthalmology. These tele-
with right groin pain radiating to the right testicle for the consultations occurred between thmcoln and the APL,

Case 3
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and also between theincoln and SDNMC. Furthermore, Audio guidance and digitally placed marks by the telemen-
the BGTM system proved to be a useful tool for improving toring surgeon allowed the on-site surgeon’s approach to be
crew morale. Families were able to communicate face-tofaster and safer. Although video exchange rates of only 2 to
face about newborn infants, medical and emotional prob4 fps were achieved (full motion video rate equals 30 fps),
lems in the family, and a host of other issues. These “telea combination of still image transfer and real-time video
visitation” opportunities provided a unique and positive wayprovided the most efficient means of updating the laparo-
for the sailor to interact with folks back home. scopic surgical field. The satellite voice channels used for
ship-to-shore communications at times proved unreliable
for sustained support of telementored procedures. Again,
Discussion this lapse was offset by other means of information ex-
change: e-mail, data file transfer, and video image transfer.
In this study, we demonstrate the successful use of a long- In short, the different modes of information exchange
distance laparoscopic telementoring system using readilpossible with the BGTM system allowed for continuous
available components. Previous studies have explored teleommunication between surgeons, despite limitations im-
mentoring using hard wiring to connect rooms in the sameosed by hardware or software. The VicPhone system in
hospital complex, enabling inexperienced laparoscopic sureombination with cellular communications provided a low-
geons to perform procedures under the guidance of a resost, successful means by which long-distance telementor-
mote, experienced surgeon [3]. Using similar technologyjng of laparoscopic procedures could be accomplished.
teleconsulting operations have been accomplished success- Most importantly, this telementoring system provided
fully, in which all participants were experienced laparo-the opportunity for these patients to be treated on the carrier
scopic surgeons [1]. itself under the guidance of an experienced laparoscopic
We present procedures accomplished via intercontinensurgeon, obviating the need for costly transport of patients
tal telementoring of a less-experienced laparoscopic surand personnel to a more specialized environment. Patients
geon in a particularly useful clinical setting: patient careexperienced minimal pain and returned to work quickly.
aboard a United States aircraft carrier. By providing aThe benefits of laparoscopic procedures have been treasured
means to obtain expertise quickly on a wide variety of is-in the civilian world. Here, these benefits directly enhanced
sues, telementoring provides a critical resource to the primilitary readiness.
mary surgeon aboard the naval vessel via intraship, ship-to- With an increasing number of women being deployed
ship, and ship-to-shore modalities. on naval ships, the BGTM system could prove extremely
Although the intraship system could not be tested in auseful regarding their unique health needs. Because lapa-
clinical situation, its applicability is evident. Currently, a roscopy is well established in the gynecologic realm, tele-
great deficiency in combat casualty care is the lack of surmentored laparoscopy could provide an invaluable diagnos-
gical expertise at the time and site of wounding [4]. Thetic and interventional tool used by the ship’s surgeon in
ship’s surgeon could guide on-site personnel on woundonjunction with on-shore gynecologic consultants. Cur-
management by directly viewing the particular lesion andrently, many patients with gynecologic issues are trans-
providing interventional guidance via real-time video andferred to on-shore medical facilities where appropriate treat-
audio information. ment can be administered. Not only is a costly transfer and
The ship-to-ship BGTM system demonstrated the effechospital stay incurred, but the significant risk in delaying
tiveness of this concept. The surgeon aboardlimeoln  treatment and the risk inherent to helicopter transport of
was able quickly to evaluate the sailor who injured his handpatients can compromise standard of care. Through tele-
in the gun mount aboard tirinceton.Appropriate instruc- mentored laparoscopy, diagnostic and therapeutic maneu-
tions were given via the BGTM system to the corpsmanvers could be instituted more quickly under the guidance of
attending the patient, who was then transferred toLfhe  experienced surgeons while transport and hospital costs are
coln's medical facilities for complete therapy. Aboard the minimized. In this way, standard of care could be main-
Lincoln, the surgeon was able to send both radiologic andained as women serve an increasingly critical role in our
real-time video images of the wound to consultants at thenation’s naval forces.
SDNMC. Advice and reassurances from the consulting phy-  Although tested in a unique “at-sea” environment, the
sicians avoided a costly transfer and week-long hospitaBGTM system could prove useful in more traditional sur-
stay, reducing the number of man days that would have beegical practice. As mentioned, laparoscopy leads itself well
lost had the patient been sent to an on-shore medical facilityo telementoring because of its video-based nature. With an
In addition to providing escort ship personnel with critical ever-increasing number of surgeons adding laparoscopy to
on-site information, the surgeon could consult with expertsheir repertoire, more-experienced surgeons could be avail-
thousands of miles away concerning the management able immediately to assist in procedures performed by their
these acutely injured patients, avoiding costly and unnecesess-experienced counterparts. This may be especially ap-
sary patient transfers. Ship-to-shore telementoring was usqdicable in less urban areas where the patient population
successfully to perform five laparoscopic herniorraphies. could benefit greatly from an increasing array of laparo-
These experiments represent the first use of laparoscocopic procedures otherwise unavailable to them.
ic techniques aboard a combat ship. The procedures were The success of a telementoring system depends on the
telementored by an experienced laparoscopic surgeon at tiardware—software combination, and most importantly, the
APL site while the actual operations were performed by theelationship between the operating and mentoring surgeons.
Lincoln's surgeon in the Pacific Ocean and Persian Gulf. AllCurrently, hardware and software advances have enabled
critical structures were identified clearly by both surgeonsphysicians to gain easy access to the components necessary
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for a successful telementoring system. Faster computers aratility to retract and maneuver structures in the operative
routine Internet connections of 28,800 kbps or faster ardield. These eventualities would further enhance the useful-
now commonplace in almost every physician’s office. ness, practicality, and benefit of laparoscopic telementoring.
Through these Internet connections, real-time video and Long-distance telementoring is a practical means by
voice transfer at 30 fps or faster can now be achieved. Invhich patient care can be improved dramatically given the
addition, components to create a user-friendly, reliable teleeorrect setting. We here demonstrate the necessary compo-
mentoring system are readily and cheaply available. Herejents inherent to this type of wireless telementoring. With
we demonstrate the current usefulness and practicality of eapid advances in technology, laparoscopic telementoring is
long-distance telementoring system. With the technology oproving to be an increasingly affordable and meaningful
the near future, such a system would be even more affordvay of gaining access to expert assistance and improving
able with improved performance. patient care into the 21st century.
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