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Abstract
This paper describes the first known use of the Vitom endoscope to support telemedical care for burn injury treatment.  Burn injuries are a worldwide problem, affecting almost 11 million people every year, which is a higher incidence rate than HIV and tuberculosis combined. In the developing world, there are limited numbers of experienced burn specialists. This project utilised a telemedicine communication system including surgical field cameras to share views of the surgical field from a burn operating room to distant academic sites. This technology could be used to telementor surgeons during specialised burn wound management procedures, lectures or postgraduate training of surgeons. Telementoring, as described in this paper, refers to a specialty medical care provider mentoring a procedure performed by a distant site practitioner by the use of a videoconferencing system.  The videoconferencing system described by this paper, has high applicability for far forward deployed military surgical teams where specialty surgical care, such as burn or other soft tissue wound management could be telementored to a general surgeon.
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Introduction 

Burn injuries constitute the fourth most common type of trauma worldwide with approximately 90 percent occurring in low to middle income countries where specialty burn care is not readily available.1-4 Treatment of burns in the developing world is complicated due to limited access to burn care facilities, inadequate equipment and delays in referral.5  Referral could be expedited and access to specialised burn treatment achieved by the use of telemedicine.  Burn treatment could be improved by enhancing burn management skills in rural hospitals by distance education, improve burn wound care during surgeries at distant sites by real time tele mentoring during surgeries and preventing unnecessary referrals through tele consultation.
Distant education in in the form of weekly web meetings using Adobe Connect, have been performed from the University of Cape Town, Division of Paediatric Surgery since 2010.6 Surgical techniques including burn management have been successfully taught using this platform which reaches hospitals throughout Africa and includes academic links to leading universities worldwide.6 This teaching venue can provide access to high quality burn care instruction to remote sites in a cost effective manner.
Preventing unnecessary referrals can accomplish significant cost savings for burn management.7  In a study using cell phones to perform real time burn consultations before the patient was transported to a burn centre it was found that inappropriate transfer to the burn centre was avoided in 38% of cases.7  For patients transferred to the burn centre, 28% were advised to undergo a period of treatment before the transfer.7  For 66% of patients the phone telemedicine consultation changed or avoided an inappropriate admission or delated admission until the patient was ready for definitive treatment.7  Patient transfer to burn centres may be improved by the use of telemedicine due to the fact that burn size can be more accurately documented.  Prevention of unnecessary referral by the use of telemedicine may be due in part to improved burn size estimation.  Studies have demonstrated that burn size estimates by burn centre physicians made either by telemedicine or direct inspection correlated closely but both differed significantly from those of referring physicians.8
Improved burn care during surgeries at distant sites by real time telementoring requires high quality image transmission capability.  When deployed in the developing world, the imaging systems would ideally be of lower cost to allow poorly funded, remote hospitals to acquire the technology. This paper describes the first time that the Vitom (Karl Storz Endoscopy America, Inc. El Segundo, CA) has been used to telementor burn management treatment.  This instrument is low weight, low cube (volume), making it easily transportable for remote, mobile uses such as supporting a mobile military hospital.  The images from the Vitom during telementoring a burn surgical repair are contrasted to a standard, non-portable camera system, the Martin Surgican (KLS Martin Group, Jacksonville, FL). 

Methods 

The Surgical Skill’s Training Centre at Red Cross War Memorial Children’s Hospital in Cape Town, South Africa hosted an Emergency Management of Severe Burns workshop between 16 and 20 February 2015. This workshop was broadcast to international training centres in Europe and the United States to validate the 
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Figure 1.
 Schematic of Telemedicine system used to support the burn surgical workshop.
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ability to train distant site personnel in surgical management of burn wound using a telemedicine platform configured for this project.  
A schematic of the telemedicine system used is shown in Figure 1. 
Telementoring configurations
Telesurgical equipment consisted of the following:
· High definition endoscopic surgical imaging system, consisting of a Vitom lens and Karl Storz endoscopic image 1 camera system- connected to a Roland VR-3EX Audio Video (AV) Mixer to a computer via USB port and image transmission via Vidyo desktop (Vidyo, Inc., Hackensack, NJ) over the Internet (Figure 1). The AV Mixer was capable of managing four camera inputs.
· A portable Vitom camera was connected to a portable, small weight/small cube telemedicine support imaging system consisting of a Telepack X Endoscopic video unit (Karl Storz Endoscopy America, Inc. El Segundo, CA) to an Epiphan DVI2USB 3.0 Frame Grabber (Epiphan, Inc. Palo Alto, CA). The frame grabber captured the DVI image from the Telepack X and transmitted it to a computer where it was transmitted over the Internet using a HIPPA secure conferencing platform (Vidyo, Inc., Hackensack, NJ). (Figure 2a)
· Images of the surgical field were also trasmitted






















	by the Martin Surgicam (KLS Martin Group, Tuttlingen, Germany) connected to a Roland VR-3EX Mixer to a computer via USB port and image transmission via Vidyo desktop (Vidyo, Inc., Hackensack, NJ) over the Internet. (Figure 2b).
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Figure 2a. Vitom surgical camera, which can provide high quality surgical field images but is very portable. (Karl Storz Endoscopy America, Inc. El Segundo, CA)
Figure 2b. Martin Surgicam, which offers surgical field images but is not portable.  (KLS Martin Group, Jacksonville, FL).

The video feed obtained from the Burn Operating Room was transmitted to the University of Cape Town Surgical Skills Training Centre in Cape Town, South Africa, the Centre for Advanced Technology and Telemedicine (CATT) in Omaha, NE, USA, Landstuhl Regional Medical Centre, Germany, and the Karl Storz Training Centre in Tuttlingen, Germany. The images from each equipment configuration were compared.

Results

Images of the surgical field are shown below for both the Vitom (Figure 3) and the Martin Surgicam (Figure 4). 
[image: ../vitom.png]
Figure 3.  Image of surgical debridement from Vitom.
[image: ../Martin%20surgicam.png]
Figure 4.  Image of patient’s dermis from Martin Surgicam.

A comparison of the features of the Vitom and the Martin Surgicam are shown in Table 1.

Table 1.  Comparison of Vitom and Martin Surgicam
	
	Vitom
	Martin Surgicam

	Resolution  in Pixels
	1920 x 1080
	752x582

	Working Distance
	25-75 cm
	20cm – 200cm without zoom
20cm – 75cm with zoom

	Focal Distance
	15-31 mm
	3.5-91 mm

	Portability
	Attaches to portable mechanical holding arm- Easily portable
	Attaches to operating room lights- Not portable



Discussion

This paper demonstrated the first known use of the Vitom portable surgical camera for transmitting images during surgical debridement of burn wounds at the Red Cross War Memorial Hospital and transmitted to the Red Cross Surgical Skills Training Centre and international locations. A standard fixed surgical camera was also used to allow image comparison between the fixed and portable cameras. Both the Vitom and the Martin Surgicam were shown to provide high detail surgical images. The Vitom offers the additional feature of comprising small weight/cube so that it is easily portable. This feature could make it ideal for telementoring surgical procedures on the far forward battlefield or other rural areas. Use of high definition surgical cameras as demonstrated in this paper can make telementoring cost-effective and extend education across distances making it available on a large-scale. It can also expand specialty skill training to worldwide remote areas as shown through our international project. Through the development of telementoring programs, surgical education will improve and be more extensive since world experts can teach and train medical personnel in other communities.

Conclusions

Both the Vitom and Martin Surgicam provide images which are of high quality and offer adequate magnification to allow telementoring from a burn surgical expert to a general surgical practitioner at a remote site. The Vitom offers the added benefit of comprising small weight and cube size making it easily portable for use in remote surgical situations to include the far forward battlefield.
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