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Update on Exvivo Perfusion



Major Obstacle for Transplantations

• Absence of sufficient organs to meet the growing demand

• Up to 30% patients die on wait lists

• Larger number of patients are not even  listed



THE ORGAN SHORTAGE



Charles Lindenburg



• May 20, 1927
• First nonstop flight from NY to 

Paris
• 200 miles across the Atlantic
• Total distance of 3600 miles
• Time 33.5 hours



Lindbergh, Science, 1935





What is Normothermic Ex Vivo Perfusion
Alternative method to preserve an 
organ prior to transplantation

Perfused at normothermia outside 
of a human body

Allows time to accurately evaluate 
and diagnose organ

Provides option for targeted 
treatment, recovery and/or repair 



Chapter One  

ExVivo Lung Perfusion (EVLP)





Conventional Cold Storage

Advantages:

• Reduction of cell metabolism by 95%

Disadvantages:

• Normal physiological mechanisms                                  
and pathways are impaired
• No way to assess or improve function



Munshi L, Keshavjee S, Cypel M. The Lancet RM Volume 1, Issue 4, Pages 318 - 328, June 2013



TORONTO EX VIVO LUNG PERFUSION 
(EVLP) SYSTEM

Perfusion : 40% CO, LAP 5mmHg, PAP 10-12mmHg
Ventilation: 7cc/kg, 7BPM, PEEP 5, FiO2 = 21%

Cypel et al. J Heart Lung Transplant 2008; 27(12):1319-25.



Ex Vivo Lung Perfusion in Lung 
Transplantation



VIDEO





Bronchoscopy



Lung X-ray



21

NEJM, April 14th 2011, vol. 364, no. 15, pp. 1431-1440.



Study Design

Donor Lungs Referred for EVLP

Cold Ischemic Time 1
Transportation

EVLP for 4-6h
P/F>400mmHg, stable or improved PawP, PVR, Compliance, X-ray

Cold Ischemic Time 2 

Transplantation



Early outcomes similar in both groups

NEJM, April 14th 2011



Survival Probability
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133 EVLPs vs. 133 matched controls

EVLP for high risk donor lungs 
is safe



Clinical Problem - PGD



EVLP is associated with decreased rates of PGD

Category No EVLP (n=133) EVLP (n=133) p

Hospital LOS (Median, 
IQR) 23 (16.5-43) 21 (16-34) 0.21

ICU LOS (Median, IQR) 4 (2-14.5) 4 (2-10.5) 0.83

ISHLT PGD at 72h 0.02
0 82 (61.7%) 92 (69.2%)
1 8 (6.0%) 18 (13.5%)
2 30 (22.6%) 14 (10.5%)
3 12 (9.0%) 9 (6.8%)

Yeung. J, JHLT 2016

Yeung, J. 2011



Impact of EVLP on Lung Tx Program
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EVLP Industry



Vivoline



XVIVO Perfusion Inc.



TransMedics



Perfusion Protocols

Munshi L, Keshavjee S, Cypel M  Donor management and lung preservation for lung transplantation The 
Lancet Respiratory Medicine, 2013, 1(4);318 - 328,



Exvivo treatment opportunities 

1- Pulmonary Edema

2- Brain death associated inflammation

3- Infection, Pneumonia

4- Aspiration

5- Pulmonary emboli

6- Ischemia-reperfusion injury

7- Immunologic preparation 



Resolution of pulmonary edema

Donor P/F 230 1h EVLP 

3h EVLP
Recipient  P/F 420 



Conventional Model of Organ Procurement

• Transplant Center - Centric Model





EXVIVO LIVER PERFUSION SYSTEM

Chapter Two



UHN Experience: July 8, 2015









Hepatic Artery

Portal Vein



Hepatic Artery

Portal Vein

IVC

Bile Duct



Portal flow sensor

IVC flow sensor

Portal Vein pinch valve

Reservoir pinch valve



Clinical Trial Normothermic Ex Vivo Liver 
Perfusion in Toronto



Methods
Match control study design 1:3
• Liver transplants with NEVLP as preservation method (n=10)

• Control group: 
Liver transplants with CS as preservation method (n=30)

- Matched for 
- donor type (DCD vs BDD)
- medical MELD (severity of liver disease)
- donor and recipient age
- preservation time

- 3 months follow-up
- Exclusion: fulminant liver failure, multiorgan transplant

CS Transplantation

TransplantationNEVLP



Results

Selzner M, Liver Transpl 2016



First randomized 
clinical trial for NEVLP

• Peter Friend et al. presented outcomes of 121 NEVLP vs 101 
CS transplants.

• Primary outcome was difference in peak AST within 7 days 
after transplantation

• Secondary outcomes were organ utilization, preservation 
time, post-reperfusion syndrome, EAD and graft and patient 
survival

Peter Friend et al. 2017 at International Liver Transplantation Society conference 



Primary outcome

DBD NEVLP (n=87) SCS(n=80) Reduction p-value
Peak AST
(DBD)

526.2 (424.9-
651.5)

880.2 (795.2-
1192.3)

40.2% p<0.001

DCD NEVLP (n=33) SCS
(n=20)

Reduction p-value

Peak AST
(DCD)

389.7 (286.7-
529.9)

1458.1 (913.4-
2327.6)

73.3% p<0.001

Peter Friend et al. 2017 at International Liver Transplantation Society conference 



Secondary outcomes
NEVLP SCS P-value

Transplanted 121 101
Discarded 16 (11.7%) 32 (24.1%) p=0.008
Grafts with moderate or severe steatosis 29 (24%) 12 (11.9%) p=0.019
Total preservation time 11hrs 20mins 7hrs 9mins p<0.0001
Machine perfusion time 10hrs 8mins
Post-reperfusion syndrome 15 (12.4%) 29 (33%) p=0.0002
Early Allograft Dysfunction (EAD) 12 (10.1%) 29 (29.9%) p=0.0002

Peter Friend et al. 2017 at International Liver Transplantation Society conference 



Clinical Trials:
Normothermic Ex Vivo Liver Perfusion

TransMedics OCS Liver

Organox/ Metra

LiverAssist



Normothermic Exvivo Kidney Perfusion

Chapter Three



Kidney Transplantation

Kidney transplantation vs. dialysis

- Longer patient survival
- Reduced patient morbidity
- Better quality of life (freedom from dialysis, increased energy, less diet restrictions)
- Improved cost-effectiveness

Wolfe, R. A. et al. (1999) NEJM, 341(23), 1725–1730.
Meier-Kriesche et al. (2000) Kidney Int, 58(3), 1311–1317.

Kidney transplantation is the treatment of choice for end-stage renal 
disease (ESRD)



Outcome

- 3 year graft survival not different between DCD and DBD (HR 1.14, p = 0.16)
- Donor age older than 60 years associated with increased risk of graft loss for both groups (HR 2.35, p 

< 0.0001) (no difference between the groups)
- Prolonged cold ischemic time (>24h vs. <12h) associated with poorer graft survival for kidneys from 

DCD donors compared to DBD donors (HR 2.36, p = 0.004)
- Higher delayed graft function rate (DGF) in DCD transplants compared to DBD transplants (OR 3.08, 

p < 0.0001)

PROBLEM: OUTCOME DCD

Summers et al. (2013) Lancet









Results:

- Left NP kidney transplanted into a 55-year-old female recipient: 

- Slow graft function but remained dialysis independent

- Serum creatinine 3 months post KTx: 132 μmol/L

- Right SCS kidney transplanted into a 52-year-old male recipient:

- Delayed graft function period of 26 days requiring dialysis

- Serum creatinine 3 months post KTx: 218 μmol/L



Methods:

- 18 ECD kidneys underwent static cold storage and 1 additional hour of normothermic 

perfusion at 34.6 °C immediately before transplantation

- 47 ECD kidneys underwent static cold storage (control group)

(matched for donor and recipient age, CIT, first transplant only)



Results:

- Delayed graft function (defined as need for dialysis within first 7 days)

- 1/18 patients in NEVKP group (5.6%)

- 17/47 patients in SCS only group (36.2%)    (p = 0.014)

- No difference in graft (p = 0.510) or patient survival (p = 1.000)



Exvivo Heart Perfusion

Chapter Four



TransMedics OCS (Organ Care System)

• OCS Heart
– Monitor Cardiac Output, temperature, coronary 

flow, blood pressure
– Allows direct continuous visual and ECG 

surveillance

– Low percentage (2%) of primary graft failure with 
warm perfusion times up to 6 hours

– Very low rate of early incidence of rejection



TransMedics OCS 



DCD Heart



DCD Heart Protocol
• Following declaring of death, the donor transferred to OR.  
• Rapid sternotomy is performed and the pericardium is opened.  
• The right atrium is opened and 1.2 to 1.5L of blood is rapidly drained from the donor immediately 

prior to the flush of the abdominal organs.  
• The donor blood is mixed together with 500cc of OCS solution that is used to prime the perfusion 

circuit. 
• The heart is then excised and placed on the TransMedics OCS device.
• Normothermic machine perfusion is then started.
• A detachable device monitor with control capability continuously displays the ECG, aortic 

pressure, pump flow, coronary flow and haematocrit. 
• Serial arterial and venous lactate measurements are made to optimize preservation of the organ.





To be continued…



Thank You


