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Use of extended criteria 
donors in liver transplant



Liver transplantation as a trip for patients…





Problems: to many passengers…



Extended criteria donors

Graft with an increased risk of early failure 
or inferior graft and patient survival resulting 

from per-transplant factors

Extended Criteria  Donor/Graft  = ECD



Extended criteria donors

�Older donors

�Steatotic grafts

�Seropositive Donors

�Split Grafts

�Living Donors
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“Liberal” allocation of older donors under a low 
liver damage strategy (2003 – ongoing)

Ravaioli et al, Transpl Int 2008

• Routine graft biopsy before donor aorta cross-clamping in donors ≥ 60 years

• Histology available before donor aorta cross-clamping

• Recipient entering OT after donor histology evaluation 

• Absolute contraindications:

- Cirrhosis, steatohepatitis

- Fibrosis stage >2 ± severe portal

inflammation

- Necrosis

• Relative contraindications:

- Macrosteatosis > 30%



Expert pathologists on 
liver disease available 24 
hours per day at our 
hospital

Liver 
biopsy

1-3 hours

Histo-pathological report
by telephone 

30 
minutes

Decision to accept 
the liver:
senior surgeons 
considers the 
histological 
assessment and 
the macroscopic 
aspect as 
depicted by the 
harvesting 
surgeon

Donor aorta 
clamped

Recipient on the 
operating room

“Liberal” allocation of older donors under a low 
liver damage strategy (2003 – ongoing)



Period: 1999 - 2005

“Liberal” allocation of older donors under a low 
liver damage strategy (2003 – ongoing)

Ravaioli et al, Transpl Int 2008



935 liver transplants in Bologna (1998-2008)
Donors characteristics

Donor < 70 y

(N=713)

Donor ≥ 70 y

(N=222)

p

Donor gender (M/F) 408/286 101/114 0.002

Donor anti-HCV positivity 20 (2.8%) 11 (5.0%) 0.092

Donor anti-HBc positivity 104 (14.6%) 45 (20.3%) 0.030

Donor HBsAg positivity 6 (0.8%) 2 (0.9%) 0.933

Donor cause of death

Cerebral stroke 406 (56.9%) 178 (80.2%) < 0.001

Trauma 254 (35.6%) 37 (12.7%) < 0.001

Post-anoxic encephalopathy 19 (2.7%) 2 (2.3%) 0.478

Median follow-up = 96 months

Bertuzzo et al, Ann Surg 2017



935 liver transplants in Bologna (1998-2008)
Patients characteristics

Donor < 70 y (N=713) Donor ≥ 70 y (N=222) p

Recipient gender (M/F) 523/190 159/63 0.335

Recipient age ≥ 60 years 153 (21.5%) 60 (27.0%) 0.052

Recipient BMI ≥ 25 kg/m 2 293 (42.5%) 107 (49.3%) 0.047

Combined transplant  37 (5.2%) 1 (0.5%) 0.001

Recipient HCV infection 368 (51.6%) 114 (51.4 %) 0.503

Recipient HBV infection 160 (22.4%) 51 (23.0%) 0.467

Recipient HIV positivity 14 (2.0%) 5 (2.3%) 0.484

HCC on cirrhosis 162 (22.7%) 68 (30.6%) 0.012

Alcoholic cirrhosis 56 (7.9%) 17 (7.7%) 0.528

PSC 19 (2.7%) 7 (3.2%) 0.424

PBC 14 (2.0%) 11 (5.0%) 0.019

Acute liver failure 16 (2.2%) 2 (0.9%) 0.203

Re-OLT 65 (9.1%) 26 (11.7%) 0.104

Median natural MELD score 18 (6 - 48) 20 (6 - 45) 0.014

Median D-MELD 832 (104 – 2640) 1445 (444 - 3420) < 0.001

Bertuzzo et al, Ann Surg 2017



935 liver transplants in Bologna (1998-2008)
Results

Causes of death
Donor < 70 y 

(N=713)

Donor ≥ 70 y 

(N=222)

p

HCV recurrence 55 (8.7%) 25 (11.8%) 0.116

Infection 42 (5.9%) 17 (7.7%) 0.213

Multi-organ failure 31 (4.9%) 9 (4.3%) 0.432

HCC recurrence 25 (3.5%) 9 (4.1%) 0.418

De-novo tumour 17 (2.4%) 11 (5.0%) 0.066

Bertuzzo et al, Ann Surg 2017



935 liver transplants in Bologna (1998-2008)
Results

P = 0.059

72.8%

68.7%

Bertuzzo et al, Ann Surg 2017



935 liver transplants in Bologna (1998-2008)
Results

p= 0.081

66.2%

62.6%

Bertuzzo et al, Ann Surg 2017



946 liver transplants in Bologna (1998-2008)
Comparison between periods - Donors

1998-2003 (N=494) 2004-2008 (N=452) p

Donor gender (M/F) 274/208 236/192 0.326

Donor age 55 (8-87) 60 (19-95) < 0.001

Donor anti-HCV positivity 8 (1.6%) 23 (5.1%) 0.002

Donor anti-HBc positivity 57 (11.5%) 92 (20.4%) < 0.00 1

Donor HBsAg positivity 0 8 (1.8%) 0.003

Donor cause of death

Cerebral stroke 300 (60.7%) 291 (64.4%) 0.138

Trauma 176 (35.6%) 119 (26.3%) 0.001

Post-anoxic encephalopathy 13 (2.6%) 11 (2.4%) 0.507

Bertuzzo et al, Ann Surg 2017



946 liver transplants in Bologna (1998-2008)
Comparison between periods – Recipients (1)

1998-2003 (N=494) 2004-2008 (N=452) p

Recipient gender (M/F) 354/140 336/116 0.197

Recipient age ≥ 60 years 78 (15.8%) 138 (30.5%) < 0.001

Recipient BMI < 25 kg/m2 265 (56.1%) 244 (54.8%) 0.369

Combined transplant  7 (1.4%) 34 (7.5%) < 0.001

Recipient HCV infection 260 (52.6%) 232 (51.3%) 0.368

Recipient HBV infection 129 (26.1%) 83 (18.4%) 0.003

Recipient HIV positivity 0 19 (4.2%) < 0.001

HCC on cirrhosis 76 (15.4%) 154 (34.1%) < 0.001

Alcoholic cirrhosis 41 (8.3%) 33 (7.3%) 0.532

PSC 9 (1.8%) 17 (3.8%) 0.052

PBC 13 (2.6%) 12 (2.7%) 0.570

Acute liver failure 13 (2.6%) 5 (1.1%) 0.068

Pre-OLT MELD score ≥ 25 36 (10.3%) 101 (31.0%) < 0.001

D-MELD ≥ 1628 28 (8.0%) 80 (24.5%) < 0.001

Pre-OLT MELD-score 17 (6 - 40) 20 (6 - 48) < 0.001

D-MELD 880 (104 – 2442) 1080 (108 - 3420) < 0.001



946 liver transplants in Bologna (1998-2008)
Comparison between periods – Recipients (2)

1998-2003 (N=494) 2004-2008 (N=452) p

Re-OLT 35 (36.8%) 60 (12.1%) 0.016

PGNF 20 (4.0%) 17 (3.8%) 0.477

Vascular complications 27 (5.5%) 12 (2.7%) 0.021

HCV recurrence 10 (2.0%) 1 (0.2%) 0.010

Chronic rejection 3 (0.6%) 1 (0.2%) 0.361

PSC recurrence 1 (0.2%) 0 0.522

Bertuzzo et al, Ann Surg 2017



946 liver transplants in Bologna (1998-2008)
Comparison between periods - Results

Causes of death 1998-2003 (N=494) 2004-2008 (N=452) p

HCV recurrence 53 (12.2%) 27 (6.5%) 0.003

Infection 27 (6.2%) 24 (5.8%) 0.444

Multi-organ failure 25 (5.8%) 15 (3.6%) 0.092

HCC recurrence 8 (1.8%) 25 (6.0%) 0.001

De-novo tumour 10 (2.3%) 18 (4.3%) 0.073

Follow-up (mo) 138 (0 - 198) 82 (0 - 125) < 0.001

Bertuzzo et al, Ann Surg 2017



946 liver transplants in Bologna (1998-2008)
Results

p = 0.180

71.8%

65.5%

72.7%
73.0%

Bertuzzo et al, Ann Surg 2017



Bertuzzo et al, Ann Surg 2017

� LT performed before 2004 (CI=1.164–1.743; Exp[B]=1.424; P=0.001)

� Recipient HCV-positive serology (CI=0.554–0.848; Exp[B]=0.686; P=0.001)

� BAR score >18 (CI=0.140–0.670; Exp[B]=0.306; P=0.003)

� Pre-LT need for CVVH/HD (CI=0.351–0.921; Exp[B]=0.568; P=0.022)

946 liver transplants in Bologna (1998-2008)
Results

Factors affecting survival



Inflow problems: hepatic artery and old donors



TRANSPLANTATION 2011

Reduced incidence of HAT in the period 2003-2008 (B) (1.5%) compared to 1998-2002 
(A) (8.8%) mainly related to a more appropriate technical management

Inflow problems: hepatic artery and old donors



Ghinolfi et al, AJT 2014

Use of octogenarian donors 
for liver transplantation - Recipients



Ghinolfi et al, AJT 2014

Use of octogenarian donors 
for liver transplantation - Survivals

Median follow-up = 4.5 yrs

P = NS





Extended criteria donors

�Older donors

�Steatotic grafts

�Seropositive Donors

�Split Grafts

�Living Donors



Extended criteria donors

Retrospective, single center study:

• Considered only biopsy proven macrovescicular fat (120 donors, 
27% of total)

S0 = no fat N = 323
S1 = mild < 30% N = 72
S2 = mod 30-60% N = 25
S3 = severe > 60% N = 23

Findings:

• Increased graft loss with mod and severe macro steatosis 

• Higher recurrence in HCV patients with mod and severe macro 
steatosis

• Graft loss at 6 months due to HCV 17% vs. 2% (p<0.058)

Verran D et al, Liver Transplantation 2003



Extended criteria donors

�Older donors

�Steatotic grafts

�Seropositive Donors

�Split Grafts

�Living Donors



Hepatitis B-core antibody positive donors

Angelico et al, J Hepatol 2013

HBsAg-pos recipients HBsAg-neg recipients



Bologna experience of LT with MELD >30 (93 cases)
HBcAb related to 90 days mortality



HCV positive donors

Saab S, Liver Transplantation2003

p = NS

p = NS
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�Older donors

�Steatotic grafts

�Seropositive Donors

�Split Grafts

�Living Donors







Estimates of Early Death, Acute Liver Failure, and 
Long-term Mortality Among Live Liver Donors

The risk of early death among live liver donors in the United States is 1.7 per 
1000 donors. Mortality of live liver donors does not differ from that of healthy, 

matched individuals over a mean of 7.6 years.

4111 live liver donors in the United States between April 1994 and March 2011 for a 
mean of 7.6 years

Seven donors had early deaths 

risk of death did not vary with age of the liver recipient or portion of liver donated

Long-term mortality of live liver donors was comparable to that of live kidney donors 
and NHANES participants (1.2%, 1.2%, and 1.4% at 11 years, respectively; P = .9).

Gastroenterology 2012



What happen without risks in liver transplantation

Buccini et al.  American journal of Transplantation 2014

Centers that received low performance evaluations (LP) had an average 
decrease of 39.9 transplants (p<0.01) and 67.3 candidates (p<0.01). 

LP centers reduced the use of older donors, donations with longer cold 
ischemia, and donations after cardiac death (p-values<0.01).



What happen without risks in kidney transplantation

Schold et al.  American journal of Transplantation 2013



Patients Benefit ? MELD >30

we would not 
generally recommend 
to restrict OLT to pts 

with MELD <30



But common principles among different organ 
allocation policies…

- Equity
- Clear and common rules
- Patients benefit



Liver transplantation begun with this indication

Although now non HCC malignancies represent 
borderline indications to LT, the history of this 

procedure is founded on these cases

Starzl et al. J Am Coll Surg 2002



UNOS data



ELTR data



• 2006-2011 period

• 21 patients transplanted

• median n° of liver metastasis 

= 8 (range 2-40)

• median size of largest lesion 

= 4.5 cm (range 2.8-13)

1-year survival: 96%
3-years survival: 70%
5-years survival: 60%

….but…
• patient cohort is small
• control arm lacking
• 90% patients experienced recurrence (> lung � pulmonary resection)

LT for metastases from colorectal cancer

Hagness, Ann Surg 2013



ECD, other strategies to improve the outcome?
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ECD, other strategies to improve the outcome?

20 LTs  HMP preserved vs. 20 a matched group
transplanted with CS livers Early allograft dysfunction

Rates were 5%in the HMP group 
versus 25% in controls

(p = 0.08)



ECD, other strategies to improve the outcome?

Donors after cardiac death (DCD) maintain with 
normothermic extracorporeal membrane 

oxygenation (NECMO)



ECD, other strategies to improve the outcome?



ECD, other strategies… Bologna researches..



Conclusions: centers can choose their transport but 
do not forget any passengers  




