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Abstract: Aim: Ergonomics of Digital Microscopy (DM) based on virtual slides, on Telemedicine Systems (TS) for Tele-Pathological (TPE) evaluation of the grafts (G) in organ
transplantation (OT). Material and Methods: Simulation of DM on TS based TPE by 2 specialists on a total of 238 human Renal Graft (RG) and 172 Liver Graft (LG) tissues
digital microscopic images diagnosing inflammatory and neoplastic lesions on four different electronic spaces (ES). Results: DM on TS for TPE in OT is elaborated perfectly
on the ES of a Desktop, followed by the ES of the applied Exp.-TS. Tablet and Mobile-Phone ES seem significantly risky for the application of DM in OT (p<.001). Conclusion:
Integration of DM on TS for TPE is feasible, while ergonomics of post-grafting and pre-transplant decision support and planning depend on the size of the working ES.
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WHAT IS THE PROBLEM?

Kidney damage reported by Liver damage as reported by
transplanting surgeon transplanting surgeon

# undamaged O mild (of no consequence) m undamaged O mild (of no consequence)

Pancreas damage as reported by
transplanting surgeon

® undamaged O'mild (of no consequence)
0 moderate (required surgical repair) M severe (organ unusable) [ moderate (required surgical repair) ® severe (organ unusable)

@ moderate (required surgical repair) B severe (organ unusable)

4 4 1 3

5
3

11% DAMAGED RENAL GRAFTS, 6% DAMAGED LIVER GRAFTS, 14% DAMAGED PANCREAS GRAFTS



‘a WHAT IS THE ENABLING TECHNOLOGY?

Partners in the Organ Transplantation Process:
COORDINATORS (DONOR RECIPIENT HOSPITAL AND NTO)-THE GRAFTING TEAM-THE TRANSPLANTATION TEAM

Tasks: COORDINATION ()-GRAFTING OPERATION-BENCHING-ORGAN STORAGE-
ORGAN TRANSPORTATION TO THE RECIPIENT HOSPITAL
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[S— e — _— o EIAIKH EOAPMOTH THAEKTAIAEYSHE ETHN YTEIA

THE FAX AND TELEPHONE COORDINATION DONOR HOSPITAL INTERNET NTO or RECIPIENT HOSPITAL

ADVANTAGES OF TELE-MEDICINE SYSTEMS
-Tele-Education, Tele-Consultation,
- Tele-Monitoring,
- Notification,
-Tele-conference,
- Tele-Working,
- Convey human and material resources,

-Complete Medical Record with Images




PROCESS : THE TS BASED COORDINATION IN TRANSPLANTATION

Tasks: COORDINATION ()-GRAFTING OPERATION-BENCHING-ORGAN STORAGE-
ORGAN TRANSPORTATION TO THE RECIPIENT HOSPITAL

EIAIKH EOAPMOIH THAEKIMAIAEYZHZ ZTHN YTEIA
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PROCESS : THE TELE-RADIOLOGICAL EVALUATION OF THE
LIVER, RENAL AND PANCREAS GRAFT

Tele- Conference: Medical Image Processing and Tele-mentoring

CT/MRUUS/other 3 g
DICOM modalities "
Remote DICOM viewers,

with camera,
microphone, speakers

Audio, video
& remote collaboration

Router

g

Audio, video Inside the hospital (local doctors):
& remote coltaboration Hospital doctors use hospital workstaions with:

« Diract connection 1o the hospital LAN

« ADICOM viewer and clearance to access patient images over the hospital LAN.

« Audiovisual equipment (camara, microphone, speakers) to videoconfarence with
remote doctors (outside the hospital), over the internet

= Remote collaboration software (e.g. skype, teamviewer, ammyy etc), to collaborate
with the remote doctors on the images visible on their workstation.

Firewall

Outside of hospital (remote doctors):
Remote doclors use equipment with
« Connection to the hospital LAN over tha intemet, preferably via a VPN,
« ADICOM viewer and clearance to access remote patient images to the hospital PACS.
If that clearance is not possible, they can see the patient images on a hospital
computer, through the remole collaboration software.
« Audiovisual equipment (camera, microphone, speakers) to videoconference with
workstation doctors inside the hospital, over the intemet.
« Remote collaboration software (e.g. skype, teamviewer, ammyy etc), to collaborate
with hospital doctors on the images visible on the hospital workstations.



http://www.mri.tju.edu/MRI-WEB/RenalAsw.jpg
http://www.mri.tju.edu/MRI-WEB/RenalAsw.jpg
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PROCESS : THE TELE-PATHOLOGICAL EVALUATION
OF THE LIVER, RENAL AND PANCREATIC GRAFT

Tele-Conference: Medical Image Processing and Tele-mentoring

Spécial purpose |

camers \

Laparos

With camera,
camera

microphone, speakers

Audio, video

Media server

ollaboration

Audio, video

Insida the hospital (local doctors)
Hospital doctors ke hospital workstations wil
& remoto collaboration + Difect connocton to tha hospital LAN
« A vidoo viewer and olearance to access live video from the surgery.

+ Audiovisual aquipment (camera, microphane, speakers) o videocontarence with
romola doctors (outsida tha hospital), over tha intamat,

« Romote collaboration software (e.g. skypa, teamviewer, ammyy etc), (o collaborate

with the remote doctors on the images visible on their workstation,

Qutside of hospital (remote doctors):
Ramote doctors use aquipment with
o Connoction 1o ha hospital LAN ovar tha intaroat, prafarably via & VPN,
« A video viewor and clearance 1o acces Iive video from the surgery. If that clearance is
QA not possible, they can sea the video snapshots on & hospital computer, through the
DICOM tamold collsboration software.
workstation

o Audiovisual aquipment (camera, microphona, spaakars) 1o videoconlaranca with

doctors Inside the hospial, over the Internat,

+ Romots Ho software (69, skype, teamviewsr, ammyy elc), to collaborate
with hoapital doctors 0 the vidao visible on the hospital workstations.
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SERVICE

The combined TRE before retrieval and TPE after retrieval of renal graft for disease,
damage and vascular variation anatomic classification.

Video conference: Medical Image Processing and Tele-mentoring
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SERVICE

The combined TRE before retrieval and TPE after retrieval of liver graft for disease,
damage and vascular variation anatomic classification.
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PROCESS : THE MICROSCOPIC TELE-PATHOLOGIC EVALUATION OF THE
RENAL AND LIVER GRAFT

Material and Methods: Simulation of DM on TS based TPE by 2 specialists on a total of 238
human Renal Graft (RG) and 172 Liver Graft (LG) tissues digital microscopic images diagnosing
inflammatory and neoplastic lesions on four different electronic spaces (ES).
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MATERIAL AND METHODS
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RESULTS Il

MICROSCOPIC TELE-PATHOLOGICAL EVALUATION OF PANCREAS GRAFTS

A. Inflammatory
lesions

B. Neoplastic lesions

K]

38

70

A VS

<.001

<.001

A VS

<.001

<.001

Avs D

<.001

<.001

BvsC

<.001

<.001

BvsD

<.001

<.001
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Cvs D

<.001

<.001
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RESULTS

RENAL:Results proved that the electronic space of a mobile-phone (D) has the least ability
to drive to the right microscopic remote diagnosis about the inflammatory and neoplastic
lesions of the RG tissue in comparison to a Desktop (A), to the Exp.-TS (B) and to a Tablet
(C). Also, the electronic space of a Tablet (C) has a significantly low ability to drive to an
accurate diagnosis in comparison to a Desktop (A) and to the Exp.-TS (B).

LIVER:The electronic space of the mobile phone (D) has the least ability to drive to the
right remote microscopic diagnosis about inflammatory and/or neoplastic lesions of LG
tissues in comparison to a Desktop (A), to the Exp.-TS (B) and to a Tablet (C). Also, the
electronic space of a Tablet (C) has a significantly low ability to drive to an accurate
diagnosis in comparison to a Desktop (A) and to the Exp.-TS (B). Hence, Exp.-TS has
significantly less possibility to drive to the right diagnosis of the tissue LG, in comparison
to the Desktop (A).

PANCREAS:The electronic space of the mobile phone (D) has the least ability to drive to
the right remote microscopic diagnosis about inflammatory and/or neoplastic lesions of
PG tissues in comparison to a Desktop (A), to the Exp.-TS (B) and to a Tablet (C). Also, the
electronic space of a Tablet (C) has a significantly low ability to drive to an accurate
diagnosis in comparison to a Desktop (A) and to the Exp.-TS (B). Hence, Exp.-TS has
significantly less possibility to drive to the right diagnosis of the PG tissue, in comparison
to the Desktop (A).
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CONCLUSIONS

The simulating VS based TPE with DM of RG, LG and PG tissues before or after retrieval, seem
feasible and reliable and dependable on the size of the electronic space of the applied TS, for
remote prevention of diseased grafts from being retrieved and/or sent to the recipient hospital
and for post-grafting and pre-transplant planning.
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LIMITATIONS OF THE STUDY

1.the quality control is based on simulating experimentation.

2.there is an asymmetry between the two experimental groups in the evaluation of the coordination process.

3.the limited number of specialists in the coordinators group. However, the sample (n=10) is considered
representative given the limited number of professional coordinators in the country.

4.the lack of clinical evaluation of tele-medicine based Coordination, TRE, TPE and Laboratory test ordering and
Prescription simultaneously by coordinators and surgeons respectively, for each organ separately (kidney, liver,
pancreas).



AIM: IMPLEMENTATION OF ELMPs FOR TS IN ORGAN TRANSPLANTATION

Coordinators seem to use simple and friendly terminals such Telephones and Faxes for
telecommunications while paper work dominates their tasks:

-Potential donor detection-Donor evaluation-Brain death confirmation-Donor management-Legal
confirmation of brain death-Family consent-Legal consent-Organizational aspects-Organ/tissue
removal-Transplantation storage-Organ implantation.

The project aims to describe the development of Experienced-Leaded Medical Protocols (ELMP) for
Telemedicine Systems (TS) applied in the coordination procedures of organ transplantation and to show
that may improve quality.
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BACK-GROUND

-Each year in USA 6% of all donated livers are wasted
-15% of all patients who receive an organ die within the first year (UNOS 2008)
-the cost of liver transplant costs approximately 300.000 in 1996 dollars (Alter and Moyer 1998)

-A liver transplant for a patient with hepatitis C would cost over 1 million dollars when factoring together
the surgery and lifelong immunosuppressant medication (Naito 2005)

-Tissue and organ transplantation in the US was 20 billion market in USA (BCC 2007)

-A recent analysis of liver transplant data shows that 45% of all cadaveric liver offers are declined by the
first surgeon and/or patient to whom they are offered.

Liver damage as reported by transplanting surgeon
107441
undamaged /mild (of no consequence)/moderate (required surgical repair)/severe (organ unusable)

There is a need to improve organ recovery of available livers to patients and any improvement on the
efficient usage of organs for transplantation would lead to significant savings in terms of both finances
and life years of recipients.



