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Presentation Notes
My task today is to introduce you to the concept of ex-vivo organ perfusion, a very promising organ preservation technology, which I believe will revolution the field of transplantation. 



Dr. Thomas Starzl (University of Colorado) 
 

“The provision of a viable 
and minimally damaged 

homograft is undoubtedly 
the most important single 
factor in the determinant 

of success.” 



Ischemia-Reperfusion Injury 

• Ischemia starts by interrupting blood supply to organs or 
tissues 

• Anaerobic metabolism results in accumulation of end 
products of metabolism: e.g. protons, lactate, hypoxanthine 

• Upon reperfusion, these by-products contribute to the 
generation of oxygen free radicals, which damage tissues 
termed ischemia-reperfusion injury (IRI) 

• Metabolism is not arrested in cold conditions, but slowed by 
a factor of 1.5–2 for each 10°C fall in temperature 

Serracino-Inglott F, et al. 2001. Am J Surg. 181: 160-166 



Clinical Impact of IRI 

• Problems associated with IRI of allografts: 
– Contributes to morbidity 

– Leads to primary non-function or primary 
dysfunction 

– Associated with an increase in graft rejection 
– Increases discard of allografts due to outcome 

concerns 

Serracino-Inglott F, et al. 2001. The American Journal of Surgery. 181: 160-166 

Clavien P, et al. 1992. Transplantation. 53: 957-978 



Principles of Current Organ Preservation 

• Exsanguination to reduce 
intravascular thrombosis 

• Hypothermia to reduce cellular 
metabolism 

• Maintain cell membrane integrity 
to avoid cellular swelling 

• Reduce ROS mediated damage 
after reperfusion 

• Susceptibility to cold ischemic 
injury: vascular endothelium > 
parenchymal cells 
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310 320 355 Osmolalrity (mOsm/L) 
2 - - Tryptophan (mmol/L) 
- - 194 Glucose (mmol/L) 
30 - - Mannitol (mmol/L) 
- 50 - Starch (gm/L) 
198 - - Histidine (mmol/L) 
1 - - Ketoglutarate (mmol/L) 
- 1 - Allopurinol (mmol/L) 
- 3 - Glutathione (mmol/L) 
- 5 - Adenosine (mmol/L) 
- 30 - Raffinose (mmol/L) 
- 25 57 Phosphate (mmol/L) 
- 100 - Lactobionate (mmol/L) 
- 5 - Sulfate (mmol/L) 
0.015 - - Calcium (mmol/L) 
4 5 - Magnesium( mmol/L) 
9 125 107 Potassium (mmol/L) 
15 29 10 Sodium (mmol/L) 
HTK UW Eurocollins Component 

320 



High potassium, glucose, and phosphate-based solution 

Designed to mimic composition of intracellular fluid 

Low cost 

Poor preservation quality 

Short preservation times achievable 

Euro-Collins Solution 



1987 
 
Belzer develops a new 
preservation solution which 
revolutionizes organ 
storage and permits long 
distance shipping of organs 
for transplantation 



• Use of impermeant molecules, lactobionate and raffinose, in 
preventing cell swelling 

• First developed for and applied in preservation of canine 
pancreas 

• Hydroxyethyl starch to minimize interstitial edema during 
machine perfusion, not necessary during cold storage 

• High [K+], low [Na+] 

UW Solution 



Southard and Belzer 



http://www.accessdata.fda.gov/cdrh_docs/pdf/K944866.pdf 



Beware of Claims 

Starzl - Urgent Belzer – Semi-Elective 



, 



• High viscosity 

• Solution cannot be released into circulation (high K content) 

• Particles ~ 100 µm in diameter contained in stored solution: must 
use in-line filtration with 40 µm pore size.  Particles caught in 
capillary bed of perfused organ, resulting in vascular 
constriction, impeded reperfusion, and reduction of functional 
recovery 

UW Solution: Disadvantages 

Tullius et al:  AJT 2:627 

 







M.M. Gebhard, H.J. Kirlum, C. Schlegel. Organ preservation with the solution HTK 



• Developed as cardioplegia 

• Low potassium 

• High buffering capacity of histidine 

• No colloid - viscosity equal to that of pure water from 1 to 
350C, with mean flow rate 3X that of UW solution at equal 
perfusion pressure - organs exsanguinate and cool down to 
lower temperatures more rapidly than with UW 

HTK Solution (Custodiol) 



http://www.accessdata.fda.gov/cdrh_docs/pdf4/K043461.pdf 



• Crystalloid solution 

• Low potassium 

• Utilizes buffering capacity of histidine 

• Use of impermeant molecules, lactobionate and raffinose, in 
preventing cell swelling 

 

Celsior Solution 





Retrospective Database Reviews 





Retrospective Database Reviews 

















1) Preservation solution use is not random –  
a) UK (Marshall/UW) 
b) France (IGL-1) 
c) Germany (HTK) 

2) Prioritization, allocation and transplant practices varied  
 

























Using the SRTR Database  

• Only adult first liver-only transplants from 2002-
2008 were included and only for those whom 
flush and storage solutions were the same 

• All patients had minimum one year follow up 
• 25,616 patients, 20,901 (82%) with UW and 

4,715 (18%) with HTK 
• Analyzed >100 clinically relevant recipient, 

donor, and procedure variables 



Adjusting for Multiple Tests 

No. of independent tests 2 5 10 20 50 100 

Probability of one or 
more p < 0.05 by 
chance 

10% 23% 40% 64% 92% 98% 

To keep alpha = 0.05 
accept as significant 
only p less than 

0.025 0.010 0.005 0.0025 0.0010 0.000
5 

Use p = 0.05 / no. of tests 



Comparison of Peri-operative Donor 
and Recipient Variables Analyzed 

Study Variables Adjusted p Value 

Adam 27 0.00185 

Stewart 26 0.00192 

Cleveland Clinic 187 0.00027 







Statistical Analysis 

• Three comparisons: 
– Unadjusted graft survival 
– Bootstrapping hazard modeling using risk 

factors for graft survival determined using 
non-proportional, multiphase, multivariable 
hazard methodology 

– Propensity-matched comparison 



Results 

• Validation of reported significant recipient 
factors of graft failure in the early and later 
phases after DDLT 

• OPS did not appear as a statistically 
significant predictor of graft failure  
– hospital death, re-transplant rates and 

relisting rates were not different 



 
UW n=20,901  HTK n=4,715      Adult LTX from 2002-2008 
PS: p =0.90  log rank test GS: p=0.60  

Unadjusted Patient and Graft Survival - HTK vs UW 



  7,883 UW    10,484 UW 
  1,826 HTK      2,314 HTK   
    DRI < 2.5   p = 0.20    log rank test           DRI >2.5: p = 0.20  

Unadjusted Patient and Graft Survival - HTK vs UW 
Adult LTX from 2002-2008: By DRI - 2.5 

 



  14,053 UW    6,119 UW 
  3,279 HTK      1,177 HTK   
    CIT < 8 hr   p = 0.70    log rank test          CIT >8 hr: p = 0.50  

Unadjusted Patient and Graft Survival - HTK vs UW 
Adult LTX from 2002-2008: By CIT - 8 hrs (non-DCD) 

 



UNOS CIT in LTX 1994-2008 

Mean CIT: 9 hr Mean CIT: 7 hr 



Risk Factor P Bootstrap % 

Early hazard phase 

   Older recipient age (years) <.0001 96 

   Recipient race White or Black <.0001 69 

   Recipient portal vein  thrombosis <.0001 99 

   Recipient previous abdominal surgery <.0001 67 

   Candidate last creatinine (used for MELD) <.0001 96 

   Candidate last MELD <.0001 76 

   Recipient on life support just prior to tx <.0001 100 

   Recipient previous kidney transplant <.0001 87 

   Donor race non-White <.0001 89 

   Donor donation after cardiac death <.0001 100 

   Donor risk index <.0001 58 

Risk Factors for Graft Failure - Early 



Risk Factors for Graft Failure - Late 

   Risk Factor P Bootstrap % 

Late hazard phase 

   African American recipient <.0001 98 

   Recipient primary diagnosis for tumors <.0001 94 

   Recipient hepatitis C virus <.0001 100 

   Donor age (years) <.0001 100 



Unadjusted US 1-year Graft Survival 
Rates by Year of Transplant 



Liver Transplant Graft Survival 
 

SRTR Data, 2000-2010, N=55110, Age 18+ 
By  Years and Preservation Solution: 2001-2005 vs 2006-2010 and UW vs HTK 
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SRTR Data, 2000-2010, N=55110, Age 18+ 
By  Years and Preservation Solution: 2001-2005 vs 2006-2010 and UW vs HTK 
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Liver Transplant Patient Survival 
 SRTR Data, 2000-2010, N=55110, Age 18+ 

By  Years and Preservation Solution: 2001-2005 vs 2006-2010 and UW vs HTK 
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SRTR Data, 2000-2010, N=55110, Age 18+ 
By  Years and Preservation Solution: 2001-2005 vs 2006-2010 and UW vs HTK 
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UW 2006-10 

UW 2000-5 HTK 2000-5 



Comparing HTK Users - 2010 UNOS 
Report - ADDLT 

Center Patient Survival Graft Survival 

United States 88.5 84.7 

Methodist - 
Memphis 

92.1 (+1.0) 87.4 (+0.5) 

University of 
Indiana 

90.0 (+0.7) 87.4 (+1.5) 

Cleveland Clinic 91.6 (+1.7) 87.9 (+1.3) 



Comparing UW Users – 2010 
UNOS Report - ADDLT 

Center Patient Survival Graft Survival 

Johns Hopkins 75.6 (-13.9) 69.7 (-14.2) 

MUSC 87.5 (-1.1) 85.0 (-2.4) 

Univ. 
Pennsylvania 

86.7 (-2.1) 84.8 (-1.1) 

Univ. Wisconsin 90.0 (+4.4) 85.2 (+3.7) 



1997 – 2010: 40 DCD 
 

N Age WIT (min) Death HAT ReTx 

HTK 20 42 28.1+15.1 6 3 5* 

UW 20 26 25.7+8.5 8 1 0 

*2 ReTx for anastomotic bile leak only!!! 
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SUMMARY 
• Current approaches to static cold storage of livers has shown no 

significant changes over the past 25 years.  Under normal clinical 
practices, the most currently utilized cold storage solutions, UW 
and HTK are equivalent. 

• Retrospective large database analysis are prone to design and 
data flaws, the complex risk factor interactions and practices not 
captured by databases, have profound impact on conclusions 

• Improved surgical technique, consciously reducing CIT and 
expediting revascularization of liver allografts has critical in 
maintaining good outcomes 

• Future improvements in allograft function, extending preservation 
times, extending use of expanded criteria donors including DCD, 
await the application of machine preservation technology 
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