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Introduction

• Normothermic Machine Perfusion (NMP) has grown 
rapidly since US FDA approval in late 2021 (4 RCTs).

• Hypothermic Oxygenated Perfusion (HOPE) has been 
employed in Europe since 2012 (8 RCTs)

• No HOPE device is yet approved in the US 
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NMP: Clinical Evidence 

• Four RCTs published on NMP 
- Nasralla (‘18), Ghinolfi (‘19), Markmann (‘22), Chapman (‘23)

• What do we know?
- NMP is safe

- Reduces EAD, likely prevents post-reperfusion syndrome

- Unclear effect on biliary complications

- Significant up-front cost (per-program and per-graft). No reports of 
downstream costs in US system
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NMP: Clinical Evidence 

• >600 Perfusions Resulting in 540 
Transplants

• Waitlist Improvements:
- 75% Reduction in Waitlist Time, 

50% Reduction in Waitlist Mortality
- 50% Reductions in waitlist cost
- Increase in Graft Risk

• Post-Transplant Improvement in 
3m Complications
- Similar Graft Survival

Wehrle et al, Ann Surg 2024, Liver Transpl 2024, JACS 2025
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>15 meta-analyses2018 - 2023

“HOPE was associated with improvement in the 
following clinically relevant outcomes: 

- Graft survival (HR 0.45, 95% CI 0.23 to 0.87; P = 
0.02, high-certainty evidence)
- Serious adverse events in extended criteria DBD 
liver transplants (OR 0.45, 95% CI 0.22 to 0.91; P = 
0.03, moderate-certainty evidence) 
- Clinically significant ischaemic cholangiopathy in 
recipients of DCD livers (OR 0.31, 95% CI 0.11 to 
0.92; P = 0.03; high-certainty evidence)”

Tingle et al 2023
Parente et al 2023

Current Meta-Evidence Supporting HOPE 



• BtH Trial (NCT05045794): 15-Center US-Only RCT 
comparing HOPE versus Cold Storage (SCS)
- HOPE=109 vs. SCS=110

- Primary Endpoint: EAD

• Trial terminated early for efficacy

• HOPE superior to SCS: EAD, shorter LOS, steroid resistant 
ACR, biliary complications, overall and liver related 
complications

#BridgetoHOPE Trial

Reich, Schlegel et al, 2024



Study Aim

• Both HOPE and NMP are now well shown to improve 
outcomes over SCS

• HOPE and NMP have never been directly compared

To compare outcomes of endischemic hypothermic and 

normothermic machine perfusion across US centers
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Methods 1: Design

• HOPE and SCS cases from BtH Trial Risk-Matched with 
standard of care cases from two academic transplant 
centers (NMP and SCS) 

• 12m active follow-up required in both arms

• HOPE and NMP endischemic in recipient center
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Methods 2: Outcomes & Analysis

• Core Outcome Sets (COS) for liver transplantation1,2

- Clavien-Dindo and Comprehensive Complications Index for 
overall morbidity

• Propensity-Matching: NMP vs. HOPE, SCS vs. SCS PSM 
1:1 using DRI, DBD vs. DCD, CIT, donor age and lab 
MELD

• Mixed-Effects logistic regression assessed relative impact 
of modifiable versus non-modifiable risk factors

Wehrle et al, Liver Transpl 2024 

De Goeij et al, J Hepatol 2024



• Perfusion Cohort: 101 Pairs of Patients

- DBD: 77 Pairs, DCD: 24 Pairs

• High Graft Risk: Median DRI 2.08 points (HOPE) and 
1.98 points (NMP)

- 24% DCD Grafts

Results: Study Cohort
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SCS Cohort

• SCS Grafts well-matched 
for age, lab MELD, CIT, 
functional DWIT (DCD 
grafts), donor BMI

• No significant difference in:

- CCI, Hospital LOS, NAS, 
AS, Graft Loss, Mortality
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BtH-SCS (n=91) Institutional-

SCS (n=91)

P-Val

Hospital LOS (days) 11 (7-16) 12 (10-22) 0.098

Cumulative Inpatient 

CCI

32.7 (20.9-44.9) 28.9 (8.7-42.6) 0.156

90-Day CCI 39.2 (26.9-52.5) 43.4 (26.2-

53.2)

0.701

6 Month CCI 44.2 (28.6-55.2) 47.3 (27.6-

61.4)

0.258

12 Month CCI

New Renal Replacement 12 (13%) 12 (13%) 1.00

Primary Non-function 2 (2%) 2 (2%) 1.00

Overall biliary Compl. 16 (18%) 26 (29%) 0.078

Anastomotic Stricture 12 (13%) 20 (23%) 0.118

Non-Anastomotic 

Stricture

1 (1.1%) 3 (3.4%) 0.312

Bile leak 3 (3%) 3 (3%) 1.00

Acute Cellular Rejection 7 (8%) 12 (13%) 0.225

180-Day Graft Loss  7 (8%) 9 (10%) 0.600

180-Day Mortality 5 (6%) 8 (9%) 0.388



Perfusion Cohort

HOPE (N=101) NMP (N=101) P-VAL

Donor  Risk Index (DRI) 2.08 (1.75-2.30) 1.98 (1.70-2.31) 0.723

Recipient Age, years 59 (50-65) 58 (51-64) 0.708

Lab MELD at LT 23 (16-26) 20 (15-26) 0.332

DCD Donor 24 (24%) 24 (24%) -

Donor Age, years 57 (47-64) 50 (37-62) 0.016

Donor BMI (kg/m2) 28 (25-36) 27 (23-32) 0.059

Functional dWIT** (DCD, min) 16 (11-19) 18 (16-21)

Cold Ischemia Time## (hrs) 4.9 (4-5.9) 5.6 (4.9-6.4) 0.100

Total Preservation Time 7 (6-8) 16 (11-19) <0.001

Groups well-matched, except older donor age in 

HOPE cohort and longer preservation time in NMP
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Results

Non-Anastomotic Biliary Strictures
• HOPE: 4% vs. 11% (p=0.04)

Comprehensive Complication Index
• 3m: HOPE: 34.6 vs 43.3 (p=0.030)
• 6m: HOPE: 38.7 vs 48.3 (p<0.001)
• 1yr: HOPE: 39.4 vs 55.0 (p<0.001)

HOPE (n=101) NMP (n=101) P-Val

Hospital LOS (days) 8 (6-12) 12 (9-21) <0.0001

Cumulative Inpatient CCI 28.5 (17-37) 29.6 (21-47) 0.273

90-Day CCI 34.6 (27-48) 43.3 (28-57) 0.030

6-Month CCI 38.7 (29-52) 48.3 (35-71) <0.0001

1-Year CCI 39.4 (29–54) 55.0 (39–77) <0.0001

New Renal Replacement 11 (11%) 8 (8%) 0.470

Primary Non-function 0 (0%) 2 (2%)

Anastomotic Stricture 20 (20%) 14 (15%) 0.370

Non-Anastomotic 

Stricture

4 (4%) 10 (11%) 0.039

Acute Cellular Rejection 21 (21%) 15 (15%) 0.196

180-Day Graft Loss  3 (3%) 10 (10%) 0.045

180-Day Mortality 2 (2%) 9 (9%) 0.030
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Biliary Complications

Biliary Complications NAS



Survival Analysis

p=0.029 p=0.003
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Mixed Effects Modelling

Graft Loss

OR 95% CI

Donor Age, years 1.015 0.982-1.048

Donor BMI, kg/m2 0.959 0.894-1.029

NMP (vs HOPE) 2.509 1.058-8.304

CIT, hrs 1.002 0.994-1.009

fWIT**, min 1.116 0.821-1.518

Non-Anastomotic Stricture (NAS)

OR 95% CI

Donor Age, years 1.006 0.971-1.043

Donor BMI, kg/m2 1.066 0.968-1.175

NMP (vs HOPE) 1.983 0.895-7.934

CIT, hrs 0.998 0.989-1.007

fWIT**, min 1.404 0.913-2.159

Mixed-Effects MVA Modelling

• Graft Loss: 2.509 x less with HOPE

• 41% explained by perfusion modality

• NAS: 1.98 x less with HOPE
Transplant Research Center



Cost Analysis

Brain Death (DBD) Cardiac Death (DCD)
NMP HOPE NMP HOPE

Perfusion Cost $36,477 

[$36,477-$36,477]

$20-25,000 $36,477 

[$36,477-$36,477]

$20-25,000

Inpatient $169,279 

[$158-387-$185,681]

$120-145,000 $189,695 

[$165,514-$242,119]

$130-170,000

3-Months $189,667

 [$160,774-$210,297]

$145-175,000 $201,366 

[$171,735-$297,354]

$150-185,000

Cost Reductions with HOPE
• DBD: $14k-54k/graft
• DCD: $16k-61k/graft
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Why is HOPE protective ?

Even after cold storage

Transplant Research Center
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Mitochondrial metabolite change by HOPE treatment
(NT+250 mM succ vs HOPE+ 250 mM succ + NT)

181.6

5.6 3.3

19.4

1.2

1.5

32.8

78.78-10°C+O2 (80kPa)

HOPE “reprograms” mitochondria before 

transplantation

180-fold lower
Succinate

30-fold more
ATP

Ebiomedicine 2020, 2023

Tissue
Isolated mitochondria

Slow Succinate oxidation is key 
(SDH, Complex II) Mitochondria more efficient during HOPE 

compared to NMP

Karakaya OF, Galkin A, 2025

NMP HOPE

p=0.0007 p<0.0001

p<0.001



Early allografts 

Dysfunction (EAD); Non-

function

Graft Loss

Mortality

ROS
HOPE/HMP-O2

Tingle et al, Cochrane 2023, Boteon Y et al, 2020

Complications

(AKI, biliary, ACR, sepsis)

Why is HOPE protective ?



Limitations

• Particularly relevant to this study

• Retrospective. NMP center contributed to both arms
- Risk-matched SCS cases to assess; all in USA

• Relatively low number of DCDs

• Study prior to implementation of FMN

• Additive Role of NRP?

• Randomized trial desperately needed 
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Discussion

• Both ex-situ perfusion strategies are superior to SCS

• Portal venous HOPE further protects liver grafts prior to 
transplant compared to endischemic NMP

• Complication reduction with HOPE leads to cost savings 
in addition to reduced per-use costs

Transplant Research Center
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