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Outline

• Shortcomings of cold storage

• Normothermic perfused organ preservation

• Graft assessment during perfusion

• Graft repair strategies
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Cold Static Preservation

• Easy to perform

• Low costs

• Effective for “good grafts”

• Ongoing organ damage

• No graft assessment

• No graft repair

• Poorly tolerated by marginal grafts
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Protective Strategies in the Lab

Ischemic Preconditioning; Pentoxifylline; histidine; glycine; 
Cyclosporine, FK506, FTY, epoprostenol; caspase-inhibitors; 

prostaglandins; CGS21680; anisomycine; soluble TNF receptors; 
tauroursodeoxycholate; dipyridamole; doxorubicine; ozone; NO; 

CO; superoxide dismutase; cobra venom factor; adenosine; 
alanine; picroliv; geranyl-geranyl-acetone; vitamine E; arginine; 

salviainolic acid A; L-carnitine; cobalt protoporphyrin; 
diethylmaleate; p38 mitogen-activated protein kinase inhibitor; 
phentolamine; ascorbic acid 2-glucoside; sodium nitroprusside; 

calcium; taxol; dichloroacetate; anti-ICAM-1 mAb; hydrophilic bile 
salts; linomide; magnolol; nicaraven . . . . 
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Protective Strategies in the Lab

none
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Problems Implementing Protective 
Strategies for Organ Preservation

• Limited time for donor intervention

• Donor interventions affect all organs

• Organ cooling slows metabolism

• Graft injury within minutes of reperfusion
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Optimal Preservation Technique

• Allows prolonged organ storage

• No preservation injury

• Assessment of organ function during preservation

• Allow organ repair and graft improvement
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Normothermic Graft Perfusion for Organ 
Preservation

Lindbergh, Science, 1935
Lindbergh, Science, 1935
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Normothermic Ex Vivo Liver Perfusion



© 2016 AST

Liver Injury During Perfusion
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Reddy & Friend

Liver Transpl, 2005
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Bile Production During Perfusion

Reddy & Friend

Liver Transpl, 2005
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AST Post Transplantation

Brockmann & Friend, Ann Surg 2009
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Animal Survival

cold
warm

Brockmann & Friend, Ann Surg 2009
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Bilirubin After Transplantation
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time after transplantation

DCD 45 min WIT, 10h CIT

DCD 45 min WIT, 4h CIT, 3H SNEVLP, 3h CIT

n=5 each group
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Bile Duct Histology

DCD cold DCD SNEVLP

DCD cold: 3/5 animals severe bile duct injury
DCD SNEVLP: no bile duct injury
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Science | Health
15 Mar 13

First human liver transplant with normothermic ex 
vivo perfused preservation
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Reperfusion Injury After Transplantation
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Graft Function and Injury After 
Transplantation

• ALT peak 48hr (U/L) 619 (55-2858) 949 (233-3073) 0.55

• INR peak 2.6 (2-4.4) 2.7 (1.7-5.8) 0.61

• INR 1 week 1.1 (1-1.56)  1.1 (1-1.3) 0.47

• INR 3 month 1 (1-2) 1 (1-2) 0.91

• Bilirubin day 7 (mg/dl) 1.5 (1.0-7.7) 2.78 (0.4-15) 0.49

• Bilirubin 3 month (mg/dl) 0.4 (0.2-0.8) 0.6 (0.2-18) 0.21

• Alk. Phos day 7 (U/L) 202 (96-452) 147 (87-456) 0.21

• Alk. Phos 3 month (U/L) 111 (101-136) 132 (54-657) 0.33

• Creatinine 1 week (mg/dl) 1.0 (0.5-2.0) 0.9 (0.5-2.3) 0.76

• Creatinine 3 month (mg/dl) 1.1 (0.9-2.4) 1.1 (0.3-1.8) 0.53

NEVLP CS p-value
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Normothermic Ex Vivo Lung Perfusion
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Normothermic Ex Vivo Perfusion Interrupts 
Cold Ischemic Injury (24h)

Cypel/Keshavjee.  Normothermic ex vivo perfusion prevents lung injury compared to extended cold 
preservation for transplantation. Am J Transplant. 2009 Oct;9(10):2262-9

CS EVLP
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NEJM, April 14th 2011, vol. 364, no. 15, pp. 1431-1440.
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Freedom from CLAD
(EVLP of high risk NDDs)

Tikkanen JM . J Heart Lung Transplant. 2015 Apr;34(4):547-56
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Normothermic Ex Vivo Kidney Perfusion 
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Normothermic Ex Vivo Kidney Perfusion in Pigs

DCD 30 min WIT, 22 HMP vs 20 HPM + 2hr NEVKP

Auto-transplantation 
Hosgood, et al 
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Continuous Normothermic Ex Vivo Kidney 
Perfusion in Pigs
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Postoperative Follow Up (Hours/Days)

30 min WI, 16h SCS 30 min WI, 16h NEVKP

DCD 30 min WIT, 16hrs preservation, auto-transplantation
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Results:

- Delayed graft function (defined as need of 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)

Nicholson, M. L., & Hosgood, S. A. (2013). 

American Journal of Transplantation
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Graft Assessment

• Graft function maintained during normothermic ex 

vivo organ perfusion

• Assessment of graft injury during preservation period

• Decline grafts based on data not personal opinion
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Normothermic Ex Vivo Perfusion Characteristics During Human 
Ex Vivo Liver Perfusion Prior to Transplantation (n=10)

• Perfusion time (min) 480 (340 – 580)

• Peak AST (U/l) 1647 (227 – 9200)

• Peak ALT (U/l) 444 (152 – 1460)

• Bile production (ml) 61 (14 – 146)

• first Lactate (mmol/l) 6.5 (4.3-11.5)

• last Lactate (mmol/l) 1.46 (0.56 – 1.74)

• pH 7.26 (7.13-7.33)

• HA flow (cc/min) 300 (200-400)

• PV flow (cc/min) 1250 (1200-1300)
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Assessment of DCD Liver Graft

• DCD, 29 male, 1hr 49min withdrawal time

• 4hr cold storage followed by 7hr Normothermic ex vivo 
machine perfusion

• Lactate clearance (13 2 mmol/l)

• Bile production

• Glucose consumption

• Low intrahepatic flow resistance

Post Transplant Outcome

• Peak ALT 1215 U/L

• Discharge POD 10

Pererra et al Liver Transplantation 2015
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Case series of DCD heart donation

Four retrieved hearts � 3 transplants after Ex-Vivo assessment
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Graft Repair/Treatment

• Improve graft function during ex vivo perfusion

• Application of repair strategies
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Resolution of Pulmonary Edema During 
EVLP

Recipient  P/F 420 3h EVLP
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EVLP Assessment Confirms the In Vivo Findings

On initiation of EVLP: abnormal PA 
pressures even with low flows

Persistent hemodynamic 
impairment in the ex vivo organ

Apply similar diagnosis / treatment 
as in vivo treatment of massive PE

ALTEPLASE 20 mg (reduced 

clearance) 
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Significant Improvement of Pulmonary Hemodynamics 
after Treatment

diagnosis

treatment

Response monitoring
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D-dimer and Evidence of Thrombolysis
Knecht et al. PE + fibrinolysis
Thromb Res 1992

Brenner et al. MI + fibrinolysis
Circulation 1998

Ex vivo treated lung 
with massive PE

11-fold
increase
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Bacteria (log10 {cfu/L}, reduced with Ex Vivo 
Broad-Spectrum Antibiotic Therapy 
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Normothermic Perfused Organ Preservation

Increased costs

Difficult logistics

Possibility of machine failure

Prolonged organ retrieval

Less cold ischemic injury

Graft assessment

Graft repair
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Normothermic Perfused Organ Preservation

• Decreased graft injury in animal models of liver, kidney, 

lung, heart and transplantation

• No benefit demonstrated so far in human studies

• New opportunities for assessment and repair

• Identify the graft type that will benefit
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?
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The Organ Repair Center 
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The Future of Organ Preservation… 
The “Organ Repair Center”

Lung Heart

Liver Kidney
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