
David J. Reich, MD, FACS
Surgical Director, Liver Transplant Program
Chief, Innovative Technology and Therapeutics Program
Cleveland Clinic Florida Transplant Center
Weston, Florida, USA
Professor of Surgery and Biomedical Engineering
Drexel University, Philadelphia, PA, USA

I have a financial relationship with Bridge to Life, Ltd:
Research support (current) & consulting (past)

AND

This presentation includes discussion of investigational use of
the VitaSmart Liver Machine for HOPE



Success of Ex Situ End Ischemic Hypothermic Oxygenated Perfusion (HOPE)

Prior to Liver Transplantation - The Bridge to Hope Pivotal Multicenter

Randomized Controlled Clinical Trial on the Safety and Effectiveness of the

VitaSmart Liver Machine Perfusion System (clinicaltrials.gov: Nct05045794)

David J. Reich, MD, FACS

for the Bridge to HOPE Investigators



Participating Investigators / Sites

• David Reich, MD 
 Cleveland Clinic, FL 
• Andrea Schlegel, MD, MBA
 Cleveland Clinic, OH
• Shennen Mao, MD 
 Mayo Clinic, FL
• Koji Hashimoto, MD, PhD

Cleveland Clinic, OH
• Ahmed Nassar, MD 
 Michael Rizzari, MD
 Henry Ford, MI
• David Foley, MD
 Univ of WI, WI

• Sander Florman, MD
 Mt. Sinai, NY
• Michael de Vera, MD
 Loma Linda Univ, CA 
• Antonio Pinna, MD
 Cleveland Clinic, FL
• Will Chapman, MD
 Washington Univ, MO
• Humberto Bohorquez, MD
 Ochsner Clinic, LA

• Garrett Roll, MD
 UCSF, CA
• Plamen Mihaylov, MD
 Chandrashekhar Kubal, MD, PhD
 Indiana Univ, IN
• Ashish Saharia, MD
 Houston Methodist, TX
• Mohamed Akoad, MD
 Lahey Clinic, MA
• Marc Melcher, MD, PhD
 Stanford Univ, CA
• Shaheed Merani, MD
 Univ of Nebraska, NE



Background / Objective

• Background: Ex situ, end ischemic HOPE has been shown to improve 
donor liver utilization, post-transplant liver function, and clinical outcomes 
compared to static cold storage alone      

(Guarrera, Schlegel, van Rijn, Ravaioli, others)

• Objective: Demonstrate safety & efficacy of ex situ, end ischemic,                      
portal venous HOPE of expanded criteria DBD and DCD livers using the 
VitaSmart System (US multicenter RCT)



VitaSmart Device

• Compact
• Simple to use (1 staff)
• Display console
• Control monitor
• Pump
     (pressure controlled)
• Oxygenator
• Filter
• Bubble Trap



HOPE Perfusion Protocol

• VitaSmart Liver Machine

• Belzer UW MP Solution® 

• End ischemic

• Portal venous (250 cc/min)

• Actively oxygenated (≥60 kPa)

• 4-12°C

• Pressure controlled (≤3mmHg)

• 1.5 to 5 hours
 



Enrollment Protocol

Randomize:  N=244;  1:1
(Interim Analysis:  N=170;  70%)

D/R Eligibility:  Higher Risk DCDs & DBDs
Liver Procured

I/E Reconfirmed
Liver Accepted by PI

SCS + 
HOPE

SCS 
Alone



Endpoints

• Primary efficacy endpoint: EAD (NI margin = 5%)

• Other endpoints: 
• MEAF
• LOS
• PNF
• Patient & graft survival to 1 yr

• AEs / SAEs / Clavien Dindo
• Ischemic cholangiopathy

 (blinded, central radiologist)
• RRT
• BPR

 • Recipient assessments: POD 1-7, 14, 30 & months 3, 6, 12



Final Enrollment

*All livers randomized to HOPE were declined prior to perfusion

228 recipients/
livers randomized

113 assigned to HOPE 115 assigned to SCS

109 transplanted 110 transplanted

4 livers declined*
• Donor HAT (n=1)
• Donor hepatic artery 

calcifications (n=1)
• Fibrosis (n=2) 

4  livers declined
• Centrilobular necrosis (n=1)
• Poor flush (n=1)
• Donor lung carcinoma (n=1)
• Steatohepatitis (n=1)
1 liver re-allocated
• Subject was COVID+ (n=1)



Donor & Recipient Characteristics (n=219)
Parameter HOPE (n=109) SCS (n=110)

DCD (#, %) 28 (26%) 27 (25%)

Donor Age (median yr, IQR)
     DBD
     DCD

57 (47-64)
61 (51-65)
46 (34-55) 

54 (40-62)
58 (50-65)
40 (34-46)

Recipient Age (median yr, IQR) 59 (49-65) 58 (51-65)

MELD (median, IQR) 17 (12-24) 17 (12-22)

Cold Ischemia Time (median min, IQR) 281 (232-342) 366 (303-411)

HOPE Time (median min, IQR) 121 (100-157) n/a

Total Cold Preservation Time (median min, IQR) 405 (350-485) 366 (303-411)
Note: P=NS for each HOPE vs SCS parameter



EAD Outcomes (n=219)

20%
HOPE

37%
SCS

0

5

10

15

20

25

30

35

40

EA
D 

(%
)

Treatment Arm

Parameter HOPE 
(n=109)

SCS 
(n=110)

P

EAD
by Olthoff 
Criteria
(# patients, 
%, 95% CI)

22
(20%)

(14-29)

41
(37%)

(29-47)

P=0.005
Chi-Square

(2 tailed α=.05)

Risk Ratio: 0.54
95% CI: 0.35-0.85

P=0.007
Early trial stopping criterion met; enrollment closed at 219 
patients.
   -Non-inferiority: P<0.001 
   -Superiority: P=0.003

MEAF Score 
(median, 
IQR)

4.0
(2.9-5.4)

4.5
(3.3-6.2)

P=0.049
Mann-Whitney
(2 tailed α=.05)



Post-Transplant Hospital Length of Stay (n=219)

Parameter HOPE 
(n=109)

SCS 
(n=110)

P-value

LOS
(median 
days, IQR)

8
(6-12)

11
(6-15)

P=0.04
Mann-Whitney U
(2 tailed α=.05)

LOS >20 
days 
(# patients, 
%, 95% CI)

5
(5%)

(2-10)

15
(14%)
6-17)

P=0.02
Chi-Square

(2 tailed α=.05)



Survival Outcomes (n=219)
Parameter HOPE (n=109) SCS (n=110)
Patient Survival at 1 yr (#, %, 95% CI) 106 (97%), 92%-99% 106 (96%), 91%-99%

Causes of Death

HPS (1)
Ischemic bowel/MSOF (1)
Tuberculosis (1)

Re-LT for cholangiopathy (1)
CVA/MSOF (1)
HCC (1)
CHF/pneumonia (1)

Graft Survival at 1 yr (#, %, 95% CI)
DCD Graft Survival at 1 yr (#, %, 95% CI)

104 (95%), 90%-98%
25/28 (89%), 73%-96%

102 (93%), 86%-96%
22/27 (81%), 63%-92%

Death with Graft Function
      
     Graft Failure 

   
     

DBD: (2: HPS, MSOF)
DCD: (1: TB)

DCD:  Cholangiopathy (1, re-LT)
           HAT (1, re-LT)
                   

DBD:  (2: HCC, CHF)

DBD:   RJN (1 re-LT)
DCD:  Cholangiopathy (3 re-LT)
           Cholangiopathy/RJN (1)
           PNF (1 re-LT)

Note: P=NS for each HOPE vs SCS parameter

2/28 (7%) vs 5/27 (19%)



Adverse Events (N=219)
Parameter HOPE (n=109) SCS (n=110)
SAEs (# events)
Patients with >1 SAE  (#, %, 95% CI)

182
67 (61%), 52%-70%

200
71 (65%), 55%-73%

Clavien-Dindo >Grade 3 (# events)
Patients with >1 CD >Grade 3 Event (#, %, 95% CI)

130
56 (51%), 42%-61%

143
66 (60%), 51%-69%

Device-Related AEs/SAEs 0 n/a

PNF (#, %) 0 (0%) 1 (1%, re-LT)

Duration Post-Transplant RRT (median days, IQR) [#pts] 
(excludes patients on RRT>14 days pre-LT) 8 (5-15) [16] 11 (6-28) [14]

Patients with Biopsy-Proven Rejection (#, %) 21 (19%) 19 (17%)

Note: P=NS for each HOPE vs SCS parameter



Ischemic Cholangiopathy 

Ischemic Cholangiopathy at 1 yr HOPE SCS

DCD, Clinically Significant Cholangiopathy1

(#, %, 95% CI)
3/28 (11%), 4%-27%
Re-LT (1), stenting (1)

5/27 (19%), 8%-37%
Re-LT (3), Failed (1), Abx (1)

DCD, Any Cholangiopathy2 (#, %, 95% CI) 6/28 (21%), 10%-40% 5/27 (19%), 8%-37%

All Subjects - DBD & DCD, Clinically 
Significant Cholangiopathy1 (#, %, 95% CI) 3/109 (3%), 1%-8% 7/110 (8%), 3%-13%

All Subjects - DBD & DCD, Any 
Cholangiopathy2 (#, %, 95% CI) 8/109 (9%), 4%-14% 7/110 (8%), 3%-13%

1 Clinically Significant Cholangiopathy: Required biliary intervention for IC (dilation, stent, surgery)
2 Any Cholangiopathy: Diagnosis solely by central blinded radiologist (imaging irregularity; includes cases 
requiring intervention at anastomosis only)

Note: P=NS for each HOPE vs SCS parameter



DCD Ischemic Cholangiopathy (n=11): Characterization & Disposition
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Key Takeaways

• 1st US RCT of end ischemic HOPE with VitaSmart
• Higher risk DCD & DBD grafts
• Selection bias mitigation: randomize after accepting inspected liver 

• Early trial stopping criterion met, enrollment closed at 219 patients
• 10 endpoint analysis (EAD): Non-inferiority: P<0.001. Superiority: P=0.003 

• HOPE vs SCS:     EAD,    LOS, device safety; trend towards    SAEs,    cholangiopathy 
• End ischemic portal venous HOPE is a simple technique for improving higher risk 

liver graft use and transplant outcomes
• Next: viability testing, longer perfusions, HOPE/NMP, NRP/HOPE, $ studies 



Thank You!
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