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BACKGROUND: The Share 35 policy for liver allocation prioritizes patients with Model for End-Stage Liver
Disease (MELD) scores � 35 for regional sharing of liver allografts. To better assess donor-
recipient interactions and inform expectations, this study identified factors affecting graft
survival independent of MELD score and derived a risk index for transplantation in the
MELD � 35 population.

STUDY DESIGN: The United Network for Organ Sharing (UNOS) STAR database was evaluated for deceased
donor liver transplants with recipients’ MELD � 35, between January 2006 and June 2016.
Data were randomly split into test and validate cohorts. Four individual models of graft
survival spanning 90 days to 5 years were evaluated with univariate and multivariate Cox
proportional hazards analyses against donor- and recipient-specific characteristics. Signifi-
cant factors were compiled to generate the Liver Transplant Survival Index (LTSI-35), and
survival analyses were performed.

RESULTS: Five risk groups (very low, low, moderate, high, and severe) were identified, with 1-year graft
survival rates of 90.8% � 0.2%, 89.3% � 0.3%, 85.0% � 0.3%, 79.8% � 0.3%, and 70.3%
� 0.4% (p < 0.001 across groups), respectively. The greatest risk of graft loss was associated
with donation after circulatory death (DCD) donors (1-year hazard ratio [HR] ¼ 1.61 [95%
CI 1.26 to 2.05], p ¼ 0.001), recipients’ requiring ventilator support (HR 1.32 [95% CI
1.17 to 1.51], p < 0.001), and recipient portal vein thrombosis (HR 1.21 [95% CI 1.03 to
1.42], p ¼ 0.003). Subgroup analysis revealed increased risk of graft loss with graft macro-
steatosis � 30% on pre-donation biopsy at 90 days (HR 1.64 [1.33 to 1.99], p < 0.001).

CONCLUSIONS: The LTSI-35 identifies risk factors for graft loss in a high-MELD population which, when
combined, may portend worse outcomes. The LTSI-35 may be used to influence donor
selection, organ allocation, and to inform expectations for allograft survival. (J Am Coll Surg
2019;228:437e452. � 2018 by the American College of Surgeons. Published by Elsevier
Inc. All rights reserved.)
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Implementation of the Share 35 rule in 2013 prioritized pa-
tients awaiting liver transplantation with Model for End
Stage Liver Disease (MELD) scores � 35 for regional
sharing of available liver allografts.1-3 This policy has
resulted in decreased waitlist mortality for MELD � 35
candidates,4 receipt of higher-quality organs, as measured
by donor risk index (DRI),5 and improved 1-year graft sur-
vival in MELD � 35 recipients compared with the pre-
Share 35.6 Despite these beneficial effects of Share 35,
patients with MELD � 35 continue to have worse post-
transplant outcomes than those with MELD scores < 35.
https://doi.org/10.1016/j.jamcollsurg.2018.12.009
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Abbreviations and Acronyms

AUROC ¼ area under the receiver operating characteristic
curve

BAR ¼ Balance of Risk score
CIT ¼ cold ischemic time
DCD ¼ donation after circulatory death
D-MELD ¼ donor-Model for End-Stage Liver Disease
DRI ¼ donor risk index
HR ¼ hazard ratio
LTSI-35 ¼ Liver Transplant Survival Index-Model for

End-Stage Liver Disease 35
SOFT ¼ Survival Outcomes Following Liver

Transplantation score
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Although some of the difference in graft survival may
be attributable solely to severity of liver disease, MELD
score alone has been found to have poor predictive ability
for survival after liver transplantation.7 To better account
for additional contributory factors, the interaction be-
tween donors and recipients has been previously investi-
gated. The Survival Outcomes Following Liver
UNOS Standard Transplant Analysis and 
Research Database

January 1, 2006 – June 30, 2016
(n=60,200)

MELD ≥35 Recipients for Evalua�on
(n=6,804)

Mul�-Organ (n=5,258)
Re-Transplant (n=3,723)

Status 1A (2,416)
HCC Excep�on (13,860)

MELD <35 (28,139)

TEST Group
(n=4,779, 70.2%)

VALIDATE Group
(n=2,025, 29.8%)

Figure 1. Liver Transplant Survival Index-Model for End-Stage Liver
Disease (MELD) 35 (LTSI-35) population determination. This flow
chart represents the identification and breakdown of 60,200 liver
transplant recipients identified in the United Network for Organ
Sharing (UNOS) Standard Transplant Analysis and Research data-
base to 6,804 recipients with MELD scores � 35 used in the
derivation and validation of the LTSI-35 recipients. HCC, hepato-
cellular carcinoma.
Transplantation (SOFT) score included donor and recip-
ient factors, but focused only on early outcomes and used
recipients with a broad range of MELD scores.8 The
Donor-MELD incorporated donor age with MELD
score, but left out other recipient factors that may
contribute to graft and patient survival, and again
included recipients with a broad range of MELD scores.9

Lastly, the Balance of Risk (BAR) score showed good pre-
dictive ability, but was based on factors found significant
in the SOFT score and, like the previous 2 scoring strate-
gies, was calculated across a wide range of MELD scores.10

Furthermore, Schlegel and colleagues11 recently examined
multiple scoring systems in a population of MELD � 30
recipients and found only BAR and SOFT scores to have
predictive ability based on a single score cut-off.
Recipients with MELD scores � 35 represent a unique

and extremely ill population, and there is a paucity of data
on factors affecting graft survival in these patients. There-
fore, this study aimed to identify donor- and recipient-
specific factors associated with short- and long-term graft
survival in recipients with MELD scores � 35, and create
a risk score to stratify patients at high risk of poor out-
comes. These findings may be used to influence donor
and recipient selection to improve transplantation out-
comes and inform expectations of graft survival in a
high-MELD population.
METHODS

Patient population

The United Network for Organ Sharing (UNOS) Stan-
dard Transplant Analysis and Research (STAR) database
was reviewed for all liver transplants in the United States
with MELD � 35 recipients, between January 2006 and
June 2016. Exclusion criteria included Status 1A recipi-
ents, retransplants, and multivisceral transplants due to
inconsistent allocation policies, as well as recipients with
diagnosis of hepatocellular carcinoma (HCC) who
received tumor exception points, which may not accu-
rately quantify severity of illness (Fig. 1). Transplants
with missing data from variables included in multivariable
models were additionally excluded. Donor, procurement,
and recipient-specific variables were extracted for evalua-
tion. Adjusted graft survival was calculated for transplan-
tations with adequate available follow-up only.
Regression modeling

The primary aim of this study of this study was to identify
factors associated with acute and long-term graft failure
after liver transplantation. Recipient death and retrans-
plantation were similarly considered graft failure. Living
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patients with functioning graft at last known follow-up
were censored observations.
For Cox regression modeling and Kaplan-Meier ana-

lyses, a random number generator was used to create
test and validate populations in a 70/30 distribution,
respectively.12 Individual models of graft survival were
created for graft survival truncated and right censored at
90 days, 1 year, 3 years, and 5 years. Univariate Cox pro-
portional hazards analysis was performed to identify char-
acteristics associated with graft survival, and factors with
p value < 0.10 were included in their respective multivar-
iable model. Multivariable Cox proportional hazards
modeling was performed in the test population using a
manual stepwise regression,13 excluding factors where
p value was > 0.05.
Variables that remained significant in the validate pop-

ulation from each model were then combined into a sin-
gle model of 5-year graft survival to develop an overall
risk-index for recipients with MELD � 35, known as
the Liver Transplant Survival Index-35 (LTSI-35). Scores
were normalized using a natural log and multiplier. The
equation comprising the LTSI-35 is as follows:
LTSI-35 ¼ 10 � ln (exp[(donor age � 0.0151) þ

(donor BMI � 0.0046) þ (0.2885 if DCD donor) þ
(e0.0354 if CIT 8 to <12 hours; 0.2175 if CIT � 12
hours) þ (Recipient age � 0.0169) þ (0.1164 if acute
liver failure; e0.1413 if cryptogenic cirrhosis/nonalco-
holic steatohepatitis [CC/NASH]; e0.2721 if cholestatic
liver disease; e0.0409 if cirrhosis; e0.0382 if congenital/
metabolic liver disease; e0.2709 if alcoholic liver disease;
e0.0455 if hepatitis B-related liver disease; 0.0756 if hep-
atitis C-related liver disease; 0.1941 if hepatocellular
carcinoma) þ (0.1154 if previous abdominal surgery) þ
(e0.0614 if known portal vein thrombosis) þ (0.2884
if ventilator support at transplant) þ (0.1142 if dialysis
within week before transplant)]).
From the LTSI-35 scores, 5 risk groups were identified

using a symmetric distribution from the median LTSI-35
score: very low risk (0 to 15th percentile), low risk (15th to
35th percentile), moderate risk (35th to 65th percentile),
high risk (65th to 85th percentile), and severe risk (85th

to 100th percentile). Validation of the LTSI-35 was
performed using Kaplan-Meier analysis to compare
LTSI-35 performance between test and validate popula-
tions. Logistic regression was used to evaluate risk of graft
loss across LTSI-35 risk groups.
Performance of the LTSI-35 was compared with previ-

ously published SOFT and BAR scores.8,10 All MELD
� 35 recipients were included for comparison. Scores
were calculated according to published equations. Logistic
regression was performed for graft survival at 90 days,
1 year, and 3 years, and area under receiver operator curve
(AUROC) was calculated for each score at all time points.

Evaluation of pre-donation biopsy cohort

Univariate analysis identified graft macrosteatosis � 30%
as significant predictor of graft loss. Because not all do-
nors undergo pre-transplant biopsy and to avoid selection
bias, transplants with pre-donation biopsy were consid-
ered for subgroup analysis to evaluate the impact of donor
macrosteatosis on graft survival in a high-MELD popula-
tion. Multivariable analysis was performed as previously
described within this cohort.

Data analysis

Variables were compared across groups using t-tests, chi-
square, 1-way analysis of variance (ANOVA), and Wil-
coxon rank-sum tests, as appropriate. A value of p <
0.05 was considered significant. Data are presented as
means � standard deviation, unless otherwise noted. All
modeling and statistical analyses were performed using
JMP Pro 13.0 software (SAS).

RESULTS

Transplant characteristics

Within the 10-year evaluation period, 6,804 transplants
in MELD � 35 recipients were identified for analysis.
Transplants were divided into test (n ¼ 4,779, 70.2%)
and validate (n ¼ 2,025, 29.8%) cohorts for multivariate
analysis. Select donor-, procurement-, and recipient-
related characteristics for all MELD � 35 transplants
are presented in Table 1. Test and validate cohorts were
compared, with no significant differences identified.
Additional variables evaluated in all models are presented
in eTable 1. For all MELD � 35 recipients, 90-day graft
survival was 90.1%; it dropped to 81.7% at 1 year and
70.6% at 3 years. Notably, of patients who experienced
graft loss within the first year after transplantation,
58.9% were lost within the first 90 days after transplanta-
tion. Five-year follow-up showed 64.0% graft survival
among all recipients.

Multivariable regression analysis

Variables found to be significant predictors of graft failure
for both the test and validate populations are shown in
Figure 2. Notably, not all variables that were significant
in the test population remained significant in the smaller
validate cohort. Furthermore, the composition of signifi-
cant variables changed for each time point evaluated.
Final multivariable models for each time point are pre-

sented in Table 2 (complete unadjusted and adjusted



Table 1. Selected Characteristics for Donors and Recipients Evaluated in the Creation of the Liver Transplant Survival Index-
Model for End-Stage Liver Disease 35

Variable All MELD � 35 (n ¼ 6,804) Test (n ¼ 4,779) Validate (n ¼ 2,025) p Value

Donor characteristics

Age, y, mean � SD, median (IQR) 39.4 � 15.2
39 (26e52)

39.3 � 15.2
39 (25e51)

39.6 � 15.3
39 (26e52)

0.42

Sex, female, n (%) 2,666 (39.2) 1,879 (39.3) 787 (38.9) 0.74

Ethnicity* 0.54

Blood type* 0.49

BMI, kg/m2 27.1 � 5.8 27.2 � 5.9 26.9 � 5.5 0.06

Liver biopsy done 2,027 (29.8) 1,400 (29.3) 627 (30.9) 0.17

�30% Macrosteatosis 128 (6.9) 91 (7.1) 37 (6.4) 0.69

Donor medical/social history, n (%)

Diabetes 669 (9.8) 454 (9.5) 215 (9.8) 0.17

Hypertension 2,054 (30.2) 1,447 (30.3) 607 (30.0) 0.82

Prior malignancy 175 (2.6) 122 (2.6) 53 (2.6) 0.87

Previous myocardial infarction 196 (2.9) 131 (2.7) 65 (3.2) 0.30

Procurement variables, n (%)

DCD Donor 206 (2.8) 130 (2.5) 76 (3.3) 0.06

CIT Groups 0.78

<8 h 5,299 (72.7) 3,676 (72.8) 1,623 (72.5)

8 to <12 h 1,778 (24.4) 1,224 (24.2) 554 (24.8)

>12 h 211 (2.9) 150 (3.0) 61 (2.7)

Recipient characteristics

Age, y, mean � SD, median (IQR) 53.2 � 10.0
55 (48e60)

52.7 � 10.3
55 (4e60)

52.7 � 10.4
54 (47e60)

0.94

Sex, female, n (%) 2,647 (35.8) 1,855 (36.2) 792 (34.8) 0.27

Ethnicity* 0.34

Blood type* 0.88

Recipient diagnosis* 0.50

Recipient medical/social history, n (%)

HCV-positive 2,420 (35.6) 1,734 (36.3) 686 (33.9) 0.06

Previous abdominal surgery 2,624 (38.6) 1,824 (38.2) 800 (39.6) 0.30

PV thrombosis 716 (10.5) 510 (10.7) 206 (10.2) 0.57

Mechanical ventilation 1,065 (15.7) 750 (15.7) 315 (15.6) 0.91

Dialysis before transplantation 3,162 (46.5) 2,248 (47.0) 914 (45.1) 0.15

Adjusted graft survival, n (%)

90-d 5,755 (90.1) 4,047 (90.4) 1,708 (89.6) 0.36

1-y 4,394 (81.7) 3,095 (82.1) 1,299 (80.6) 0.20

3-y 2,491 (70.6) 1,759 (71.0) 732 (69.9) 0.52

5-y 1,213 (64.0) 861 (64.1) 352 (63.8) 0.89

*See eTable 1.
CIT, cold ischemic time; DCD, donation after circulatory death; HCV, hepatitis c virus; IQR, interquartile range; MELD, Model for End-Stage Liver
Disease; PV, portal vein.
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hazard ratios are presented in eTable 2A-D). The greatest
risk of graft loss at any time point was associated with
donation after circulatory death (DCD) donors. Donor
BMI was a significant predictor of graft failure at 90
days, but was not significant at any other time points.
Cold ischemic time (CIT) was also significant only in
the 90-day model (p < 0.001), with increased HR for
longer durations of CIT. Donor age was not significant
in the 90-day survival model, but was significant at all
later time points. Previous abdominal surgery or need
for ventilator support were significant at all time points.
Interestingly, requiring dialysis in the week before trans-
plantation was a significant predictor of late graft loss
only.



  TEST VALIDATE  
  90 Day 1 Year 3 Year 5 Year 90 Day 1 Year 3 Year 5 Year 
Donor Characteris�cs 
Age (per year)   

BMI (kg/m2)     

Cause of Death*   

Prior MI   
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Figure 2. Variation in characteristics associated with graft loss of multiple durations of follow-up. Four independent
multivariable models were created to evaluate factors associated with graft failure at 90 days, 1 year, 3 years, and 5
years. Models were created in a test population (70% of total) and fitted in a smaller validate population (30%).
Green boxes indicate factors that were significant in both test and validate populations. *Cause of death divided into
trauma/anoxia, CVA, and other. Yellow boxes indicate factors that were significant in only the test population with p
value <0.01; red boxes indicate factors significant in only the test population with p value <0.05. CIT, cold ischemic
time; DCD, donation after circulatory death; ESLD, end-stage liver disease; PV, portal vein.
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Creation, validation, and performance of Liver
Transplant Survival IndexeModel for End-Stage
Liver Disease 35

Adjusted hazard ratios and beta-coefficients for LTSI-35
are presented in Table 3. The mean LTSI-35 score for
all patients was 16.7 � 3.8. Distribution of scores and
risk groups are presented in eTable 3. There was no dif-
ference between test and validate cohorts in either mean
LTSI-35 score or risk group population.
Graft survival times were assessed by Kaplan-Meier

analysis comparing risk groups (Fig. 3A). Because median
graft survival was not reached, time to 25% graft loss was
evaluated and found to vary significantly across risk
groupsd252 days in the severe-risk groups, 656 days in
the high-risk group, and 1,386 days in the moderate-
risk group; this level of graft loss was not achieved in
the very low- or low-risk groups (p < 0.001). Adjusted
graft survival was also assessed for each time point and
was significantly different across risk groups for each
follow-up duration (Fig. 3B, p< 0.001). At 90 days, graft
survival ranged from 94.2% � 0.2% in the very low-risk
group to 83.4% � 0.4% in the severe-risk group. At 1
year, graft survival was 89.8% � 0.3% in the very
low- and 88.3% � 0.3% in the low-risk groups; it
decreased to 77.9% � 0.4% and 67.8% � 0.5% in the
high- and severe-risk groups, respectively. By 5 years, graft
survivals were still 78.1% � 0.5% and 73.3% � 0.5% in
the very low and low risk groups, respectively. However,
in the high-risk group graft survival had dropped to
58.1% � 0.6% and was even lower in the severe-risk
group (45.1% � 0.6%, p < 0.001 comparing all risk
groups for all time points).
Logistic regression was used to determine the risk of

graft loss at each specified time point across groups.
Odds ratios for graft failure are presented in Table 4,
with the moderate-risk group used as the reference group.
Recipients in the LTSI-35 severe-risk group had a greater
than 2-fold risk of graft loss at 90 days, and even higher
risk at 1 year, 3 years, and 5 years. Those in the low-
and very low-risk groups were at significantly lower risk
of graft loss, compared with the moderate-risk group, at
all time points.
The LTSI-35 was validated using Kaplan-Meier sur-

vival analysis to compare test and validate cohorts within
each risk group, and significant differences were identified
(eFig. 1). Adjusted graft survival rates for test and validate



Table 2. Adjusted Hazard Ratio at 4 Follow-up Durations

Variable

90-d 1-y 3-y 5-y

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

Donor characteristics

Age, per y 1.01 1.01e1.02 <0.001 1.01 1.00e1.02 <0.001 1.01 1.01e1.02 <0.001

BMI, per kg/m2 1.03 1.01e1.06 0.01

Procurement characteristics

DCD Status 1.65 1.24e2.20 0.002 1.61 1.26e2.05 0.001 1.34 1.05e1.71 0.02 1.32 1.05e1.66 0.02

Cold ischemic time* 0.04

8 to <12 h 1.05 0.79e1.39

�12 h 1.28 0.84e1.99

Recipient characteristics

Age 1.03 1.01e1.04 <0.001 1.02 1.01e1.04 <0.001 1.02 1.01e1.03 <0.001 1.02 1.01e1.03 <0.001

Etiology of ESLDy 0.05 0.05 <0.001 <0.001

Acute 0.37 0.10e1.30 0.52 0.23e1.17 0.52 0.26e1.02 0.68 0.38e1.21

CC/NASH 0.91 0.60e1.38 0.99 0.72e1.36 1.10 0.83e1.45 1.05 0.81e1.37

Cholestatic 0.58 0.33e1.01 0.54 0.34e0.84 0.67 0.46e0.97 0.73 0.51e1.03

Cirrhosis, not specified 1.33 0.77e2.29 1.08 0.68e1.69 0.87 0.56e1.34 0.86 0.57e1.31

Congenital/metabolic 0.74 0.30e1.84 0.61 0.29e1.29 0.57 0.29e1.12 0.49 0.25e0.98

Alcohol 1.08 0.75e1.55 0.96 0.72e1.28 0.93 0.72e1.21 0.91 0.71e1.16

Hepatitis C 1.16 0.85e1.60 1.20 0.95e1.53 1.27 1.03e1.57 1.25 1.02e1.53

Hepatitis B 1.17 0.51e2.65 0.99 0.50e1.96 0.80 0.41e1.59 0.74 0.38e1.48

Hepatocellular carcinoma 1.03 0.64e1.65 1.27 0.90e1.79 1.38 1.02e1.87 1.44 1.08e1.92

Previous abdominal surgery 1.28 1.11e1.47 <0.001 1.19 1.06e1.33 0.003 1.17 1.06e1.28 0.002 1.15 1.05e1.26 0.003

Portal vein thrombosis 1.30 1.07e1.57 0.01 1.21 1.03e1.42 0.03

Ventilator support at transplantation 1.27 1.07e1.50 0.007 1.32 1.17e1.51 <0.001 1.30 1.16e1.46 <0.001 1.24 1.11e1.38 <0.001

Dialysis within 1 wk before transplantation 1.15 1.05e1.26 0.004

*Reference group is cold ischemic time < 8 hours.
yReference groups is other causes.
CC/NASH, cryptogenic cirrhosis/nonalcoholic steatohepatitis; DCD, donation after circulatory death; ESLD, end-stage liver disease; HR, hazard ratio.
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Table 3. Liver Transplant Survival Index-Model for End-Stage Liver Disease 35 Regression Coefficients and Hazard Ratio

Characteristic b Regression coefficient Adjusted HR 95% CI p Value

Donor characteristic

Age, per y 0.0151 1.02 1.01e1.02 <0.001

BMI, per kg/m2 0.0046 1.00 0.99e1.01 0.38

Procurement characteristics

DCD Status 0.2885 1.33 1.15e1.56 <0.001

Cold ischemic time* 0.01

8 to <12 h -0.0354 0.97 0.84e1.10

�12 h 0.2175 1.24 1.00e1.55

Recipient characteristic

Age 0.0169 1.02 1.01e1.02 <0.001

Etiology of ESLDy <0.001

Acute 0.1664 1.18 0.87e1.61

CC/NASH -0.1413 0.87 0.73e1.03

Cholestatic -0.2721 0.76 0.61e0.95

Cirrhosis (not specified) 0.0409 1.04 0.82e1.32

Congenital/metabolic -0.0382 0.96 0.71e1.30

Alcohol -0.2709 0.76 0.64e0.90

Hepatitis C 0.0756 1.08 0.95e1.23

Hepatitis B -0.0455 0.96 0.68e1.33

Hepatocellular carcinoma 0.1941 1.21 1.01e1.46

Previous abdominal surgery 0.1154 1.12 1.06e1.19 <0.001

Known portal vein thrombosis -0.0614 0.94 0.86e1.03 0.20

Ventilator support at transplantation 0.2884 1.33 1.24e1.44 <0.001

Dialysis within 1 wk at transplantation 0.1142 1.12 1.05e1.19 <0.001

*Reference group for cold ischemic time is <8 h.
yEtiology of ESLD reference group is “other causes.”
CC/NASH, cryptogenic cirrhosis/nonalcoholic steatohepatitis; DCD, donation after circulatory death; ESLD, end-stage liver disease; HR, hazard ratio.
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data cohorts were also assessed, and no significant differ-
ences were observed for any time point (eTable 4).
Multiple scoring systems have been developed to pre-

dict graft survival in the liver transplant population. A
recent review of these scoring systems found only the
SOFT score and BAR score performed well in popula-
tions with MELD scores � 30.11 We evaluated the perfor-
mance of the LTSI-35 against SOFT and BAR scores at
predicting 90-day, 1-year, and 3-year graft survival in
the MELD > 35 population (Fig. 4). Area under the
receiver operating characteristic curve (AUROC) was
similar between all 3 scoring systems at 90 days post-
transplantation; however, at 1 year and 3 years post-
transplant, the LTSI-35 had higher AUROC than both
SOFT and BAR scores.

Pre-donation biopsy and donor macrosteatosis

Recipients of livers with pre-donation biopsy results
showing macrosteatosis � 30% had decreased graft sur-
vival compared with those with lower levels of macrostea-
tosis at 90 days (76.0% vs 90.2%, p < 0.001) and 1 year
(81.2% vs 71.6%, p ¼ 0.02, Fig. 5A). At 3 years and
5 years of follow-up, there was a trend toward worse graft
survival, which did not reach statistical significance. Uni-
variate analysis showed that macrosteatosis � 30% was
significant predictor of graft survival at 90 days (HR
2.69 [range 1.72 to 3.79], p < 0.001) and 1 year (HR
1.79 [range 1.23 to 2.53], p < 0.001), but was not signif-
icant at 3 years or 5 years. Donor livers with macrosteato-
sis � 30% were found to have an adjusted HR of 1.64
([range 1.33 to 1.99], p < 0.001) for graft failure at 90
days. This HR dropped to 1.39 ([range 1.16 to 1.67],
p < 0.001) at 1 year (Fig. 5B, C). Donor BMI and recip-
ient age became nonsignificant when macrosteatosis was
included as variable in the 90-day model; however, recip-
ient age remained significant at 1 year. Recipient etiology
of end-stage liver disease also became nonsignificant at
both time points when macrosteatosis was introduced
into the model.
DISCUSSION
The Share 35 policy was implemented in response to find-
ings that liver transplant candidates with MELD � 35
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Figure 3. Liver Transplant Survival Index-Model for End-Stage Liver Disease (MELD)-35 (LTSI-35) risk group distri-
bution and associated graft survival. (A) Kaplan-Meier survival curves show a significant difference across all 5 LTSI-
35 risk groups for graft survival (p < 0.001). Graft survival was truncated to 5 years with right-censored data for
patients lost to follow-up with functioning grafts. Time to 25% failure was recorded for 3 risk groups that reached this
level of graft loss. (B) Adjusted rates of graft survival were compared across risk groups for 90 days, 1 year, 3 years,
and 5 years of graft survival. Rates of graft loss were significant different across all groups at all time points (*** for
p < 0.001). n/a, not applicable.
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had a waitlist mortality that was similar to that of patients
with acute fulminant liver failure.4 Initiation of this policy
facilitated regional sharing of deceased donor liver
Table 4. Odds Ratios for Graft Failure by Liver Transplant Surv

Variable 90-d

Very low risk, OR (95% CI) 0.64 (0.46e0.88) 0.60

Low risk, OR (95% CI) 0.79 (0.60e1.03) 0.70

Moderate risk, % graft survival Reference, 91.2 Ref

High risk, OR (95% CI) 1.36 (1.08e1.72) 1.50

Severe risk, OR (95% CI) 2.07 (1.64e2.61) 2.51

p Values* <0.001

*p Values assessed for entire model at each time point.
OR, odds ratio.
allografts for high-MELD recipients and has resulted in
an increased proportion of transplants for MELD � 35
recipients,14 with higher quality donor organs and
ival Index-Model for End-Stage Liver Disease 35 Risk Group

1-y 3-y 5-y

(0.45e0.79) 0.53 (0.40e0.70) 0.54 (0.38e0.76)

(0.56e0.89) 0.73 (0.58e0.93) 0.70 (0.52e0.94)

erence, 84.1 Reference, 73.3 Reference, 65.7

(1.24e1.83) 1.46 (1.19e1.79) 1.38 (1.06e1.80)

(2.07e3.07) 2.45 (1.98e3.04) 2.34 (1.74e3.13)

<0.001 <0.001 <0.001



Figure 4. Comparison of Liver Transplant Survival Index (LTSI)-35 performance with other risk scores for MELD � 35 recipients. Area under
receiver operating curve (AUROC) was calculated for the LTSI-35, Survival Outcomes Following Transplantation (SOFT), and Balance of Risk
(BAR) scores, predicting graft survival at 90 days, 1 year, and 3 year time points. AUROC are reported for each score.
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improved 1-year survival.6 Despite this, the average post-
transplant survival is worse in recipients with MELD �
35 compared with those with lower MELD scores; how-
ever, the variables contributing to this difference are
widely unknown. Using multivariable models for early
and late graft survival, with data from transplants
collected over a 10-year period in MELD � 35 recipients,
this study identifies donor- and recipient-specific factors
that are significantly associated with graft survival in this
severely ill population. Furthermore, we produced the
LTSI-35, which stratifies donor-recipient pairs with asso-
ciated risks of graft loss. Finally, this study reports the
increased risk of graft loss with donor macrosteatosis, spe-
cifically in a high-MELD population.
The notion that sicker patients require higher-quality

organs to optimize outcomes has driven organ allocation
for liver transplantation. Although donor organ quality
may be measured by DRI, clinical application of the
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DRI has been found to be limited.15 Critics of the DRI
point out that it includes factors that should have no
bearing on organ outcomes (ie donor ethnicity), and large
variability has been reported with respect to post-
transplant survival.16 Donor risk index may be a useful
tool by which to compare potential donors, but it lacks
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recipient characteristics, which may ultimately drive trans-
plantation outcomes.
Four models of graft survivaldat 90 days, 1 year, 3

years, and 5 yearsdare presented here, and the only sig-
nificant donor-specific characteristics affecting outcomes
at any time point were age and BMI, when assessed in
our smaller validation cohort. We found that donor cause
of death was significant in our test population at all time
points, but dropped out in the smaller validation cohort,
which may be explained by the high proportion of “other”
causes of death. Other donor-specific variables, such as
previous myocardial infarction, hepatitis B viral positivity,
or inotrope requirement before donation were found to
have a significant p value (<0.05) in the test population,
but again, were not significant in the validate population.
These characteristics, particularly a previous myocardial
infarction or inotrope requirement, may indicate a sicker
donor, but do not ultimately associate with outcomes.
Additionally, some variables may be loosely associated
with graft failure solely by evaluation in a large popula-
tion; however, through re-evaluation in the smaller vali-
date cohort, we eliminated factors that did not have a
consistently strong influence on allograft outcomes.
Two procurement-specific variables were associated with
allograft survival. Donation after circulatory death was
significant at all time points, while cold ischemic time
was significant only for early graft survival. Others who
have found that prolonged cold ischemic time is associ-
ated with higher rates of early allograft dysfunction sup-
port this finding for cold ischemic time.17,18

This study found that prevailing factors associated with
graft survival were primarily recipient specific. Recipient
age, certain etiologies of end-stage liver disease, and
requiring ventilator support at time of transplantation
were found to be significant risk factors for graft loss at
all time points evaluated. Nearly 16% of the population
required ventilator support at the time of transplantation,
which was associated with an increased risk of graft loss of
24% to 32% at any time. Ventilator dependence has been
previously identified in a small study as a risk factor for
graft loss.8,19 This is a notable difference from the
SOFT score, which examined recipients across a broad
range of MELD scores, wherein only 3.9% were venti-
lator dependent pre-transplant, and it was not found to
be a predictor of graft loss.8 In our final LTSI-35 model,
ventilator support was found to have an HR of 1.33
(range 1.24 to 1.44, p < 0.001), similar to the risk of us-
ing a DCD organ. These findings indicate that requiring
ventilator support may be a marker for futility in liver
transplantation in high-MELD recipients, identifying pa-
tients who are at markedly increased risk of graft loss or
death after transplantation. To overcome this risk and
optimize outcomes, it could be argued that intubated pa-
tients should not have any other significant risk factors,
such as previous abdominal surgery or portal vein throm-
bosis. Moreover, non-DCD, nonmacrosteatotic organs
with short cold ischemic times should be used for me-
chanically ventilated patients.
Our models also found that recipient portal vein

thrombosis is a risk factor for early graft loss; however,
it is not significant for late graft loss. The association be-
tween portal vein thrombosis and allograft loss is unclear.
Previous studies, including a meta-analysis, have shown
no increased risk of graft loss in the presence of portal
vein thrombosis.20,21 Conversely, in the preallocation
SOFT score, portal vein thrombosis was given 5 points,
indicating a high risk. The derivation of preallocation
SOFT and SOFT scores, however, followed outcomes
for only 6 months and controlled for MELD in regression
modelling while using recipients with a broad range of
scores.8 Notably, none of these studies examined portal
vein thrombosis in the high-MELD population alone.
Our study confirmed this risk in a high-MELD popula-
tion and showed that this risk extends up to 1-year
post-transplantation.
We found that dialysis at the time of transplantation is

a risk factor only for later-term graft survival. Nearly half
of the MELD � 35 population (46.5%) required dialysis
within the week before transplantation. Unfortunately,
neither the reason for dialysis nor the use of dialysis after
transplantation are provided in this database, making it
difficult to draw further conclusions regarding the role
of dialysis in long-term graft dysfunction. Still, these find-
ings of differential risks and variable risk factors affecting
short- and long-term survival may be used to direct
concern and guide perioperative care in liver transplant
recipients.
Macrosteatosis in the donor liver has been associated

with prolonged ICU and hospital stays and increased
risk of primary nonfunction or graft loss.22-24 Although
some reports have shown acceptable outcomes using grafts
with �30% macrosteatosis, many of these studies have
been done in low-MELD (<25) populations22 or in pop-
ulations with high rates of hepatitis-B associated end-stage
liver disease.25,26 In the MELD � 35 population, we
found that macrosteatosis � 30% in the donor liver is
associated with a 60% increased risk of graft loss at 90
days and a 40% increased risk of graft loss by 1 year.
However, we also found that this was not a risk factor
for later-term graft outcomes. These findings suggest
that donor livers with macrosteatosis � 30% should be
used sparingly in high-MELD recipients; however, in
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the absence of other significant risk factors (ie ventilator
support, prolonged cold ischemic time, etc), these organs
may be used with caution and should have close clinical
follow-up for early signs of graft failure.
Predicting outcomes for individuals after transplanta-

tion is difficult due to the high number of post-
transplantation factors that may contribute to graft loss,
such as transfusion requirements, duration of ICU stays,
development of infection or rejection, disease recurrence,
medication noncompliance, etc. The LTSI-35 stratifies
patients into 5 risk groups based solely on variables avail-
able at the time of transplantation, and it associates those
groups with risks of graft loss at both early and late time
points. Measured across the groups, differences in graft
survival were significant by Kaplan-Meier analysis and
adjusted rates of graft survival for each of the time points
measured. The concurrence between our test and valida-
tion cohorts within each risk group supports the statistical
reliability of our model.
Extracted from the 4 individual models, the variables

contained within the LTSI-35 are primarily recipient
based. This indicates that a broad range of donors should
be considered for transplantation in these high-risk indi-
viduals, with the exception of very old donors, those
with macrosteatosis � 30% on biopsy, or DCD donors.
We also found that very long cold ischemic time (�12
hours) carried significant risk, but this risk was lessened
with shorter periods of cold ischemia.
Unfortunately, these findings beg the questiondif the

majority of risk is inherent to the recipient, is this a mea-
sure of futility in transplantation? One-year graft survival
ranged from 90.4% to 64.5% across all risk groups. Five-
year survival rates were as high as 77.4% to 77.9% and
72.4% to 75.9% in the very low and low risk groups,
respectively. The moderate risk group had 90-day and
1-year survival rates of 90.2% to 91.7% and 83.0% to
84.6%, respectively. These rates of graft survival are
acceptable and achievable. However, compared with
moderate risk recipients, high risk recipients had 36%
to 50% increased risk of graft loss, and severe risk recip-
ients had risk of graft loss up to 2.5 times higher at any
time point. The contributing risk factors in these very
high-risk individuals should be thoroughly reviewed,
and both donors and recipients should be optimized to
maximize outcomes when pursuing transplantation for
these cases.
Previous studies have examined the role of donor and

recipient factors on post-transplant outcomes. Recently,
6 published scoring systems for post-transplant outcomes
were reviewed and compared for performance in recipi-
ents with MELD scores of 30 or higher. Only 2dthe
SOFT and BAR scoresdwere able to identify high- and
low-risk groups based on a predefined cutoff score. Com-
parison of the LTSI-35 against the SOFT and BAR scores
showed it performed better at 1 year and 3 years, while
having equivalent performance at 90 days post-
transplant in a MELD � 35 population. The University
of California-Los Angeles (UCLA) group has also pub-
lished the Futility Risk Score (UCLA-FRS), which was
modeled using recipients with MELD � 40 for 90-day
graft survival or in-hospital mortality.27 This model had
good predictive ability within the UCLA population,
reporting a c-statistic of 0.72. Unfortunately, many of
the variables included in that model were not available
in the STAR database, and comparison with the LTSI-
35 was not possible. Although the AUROC was only
0.64 at 1 year and 3 years, the LTSI-35 represents the
best available model for the high-MELD population us-
ing UNOS-derived data.
The implications of these findings are multiple. First,

identification of recipients falling into the severe risk
group at time of transplantation may better direct care
because they require more frequent clinical evaluation,
given their increased risk of graft loss. Outside of the
operating room, this risk index may better inform patients
and families of expected outcomes and guide the sur-
geon’s discussion for such expectations. Last, organiza-
tions such as the Centers for Medicare and Medicaid
Services (CMS), the United Network for Organ Sharing
(UNOS), and The Joint Commission use patient and
graft survival as key metrics for programmatic review.
These data are also used by insurance companies to iden-
tify centers of excellence and determine which programs
are deemed qualified to provide transplantation services
for patients. The LTSI-35 provides a tool that uses
defined and weighted deceased donor and recipient attri-
butes to accurately and quantitatively adjust outcomes
against expectations. Although the LTSI-35 was devel-
oped as an adjunct for better clinical decision making,
integration of the LTSI-35 into the reporting of center-
specific outcomes may decrease the disincentives associ-
ated with placing transplants in high-MELD recipients.
Our study is not without its limitations. First, this is a

retrospective review of nationally collected data. These
large databases are subject to input error, missing data,
and a large portion of the population being lost to
follow-up without exact dates of death or graft loss.
Right-censored data is a significant limitation to predict-
ing outcomes in medical studies and biostatistics, leading
to difficulties in modeling. Similarly, patient death or
graft loss is not a common occurrence, even in this
high-MELD population. It has been shown that when
populations do not reach 50% failure or death, modeling
is similarly difficult. We have attempted to overcome
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these limitations by identifying risk groups and associ-
ating groups with rates of graft loss, rather than predicting
graft survival on an individual, patient-specific level.
CONCLUSIONS
Transplantation in high-MELD recipients carries signifi-
cant inherent risk. Here we have identified specific donor,
procurement, and recipient characteristics that are associ-
ated with increased risk of graft loss in this severely ill
population. Showing higher AUROC for 1-year and
3-year graft survival than SOFT and BAR scores, the
LTSI-35 represents an advancement in models for pre-
dicting graft loss in a high-MELD population. The
LTSI-35 may be used to inform risks of graft loss for
both short- and long-term outcomes and identify patients
with multiple risk factors, where use of specific donor
organs or limiting cold-ischemic time, may alleviate
some of the risk for transplantation, leading to improved
outcomes in this MELD � 35 population. Finally, the
LTSI-35 represents a model to risk adjust expectations
against outcomes for transplant center metrics, ultimately
promoting transplantation in sicker individuals and/or
the use of marginal organs to increase the number of
transplantations and patients served.
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Discussion

DR WILLIAM C CHAPMAN (St Louis, MO): In this report, the

liver transplant group from Cedars-Sinai Medical Center in Los
Angeles used the United Network for Organ Sharing (UNOS)
STAR database to evaluate results for liver transplantation in

patients with very high illness acuity score, namely Model for
End-Stage Liver Disease (MELD) score � 35, receiving transplants
between 2006 and 2016. The authors conducted an analysis with

the test group and subsequent validation cohort, and demonstrated
that 5 risk groups could be identified with stratification of 1-year
graft survival rates ranging from 90% in the very lowest risk to
only 70% in those with the high-risk outcomes for graft loss. In

addition, they identified factors associated with graft loss, including
donors that arose from donation after cardiac death (DCD) recip-
ients who were on mechanical ventilation before transplantation,

and recipients with portal vein thrombosis. In addition, they iden-
tified graft macrosteatosis > 30% as a significant risk factor for graft
loss at 90 days.

While the results of this large data set do appear to nicely sepa-
rate outcomes in this cohort, please detail how this information can
be used on an individual case basis. For example, many would argue

that DCD donors should never be used in a MELD > 35 recipient.
What is your practice at Cedars-Sinai Medical Center in this re-
gard? In many respects, the same argument could be made for
increased macrosteatosis. In other words, this type of donor should

probably not be used in that very sickest cohort of patients. Do
these variables play a role in your current individual patient selec-
tion for transplantation? Please detail which patients should

perhaps not be considered for transplantation in the MELD >
35 cohort. Are there such patients for whom transplantation may
be futile, and in such measures, should this not be undertaken,

and should this be decided on a policy level? In other words, a
national level. On the other hand, for those patients who might
have a 50% survival prediction, those patients have a 0% survival
prediction without transplantation. How should we approach this

group?
Is there a formula for clinicians to use the liver transplant sur-

vival index (LTSI) on a day-to-day basis for an individual case

calculation, or does this modeling only appear in the large cohort
of data? The formula provided in this manuscript is logarithmic
and appears to be very complex. Perhaps you can comment on
whether this plays a role in such cases at your institution.

DR ANDREW CAMERON (Baltimore, MD): Share 35, as
described, was really a policy tweak enacted by UNOS in 2013

to effectuate more efficient sharing of organs across state lines for
the sickest patients, those with a MELD score > 35. High-
quality organs have therefore been going more and more to those

patients over the last 5 years, and thus the reanalysis of this
subgroup presented today. To do so, the authors used data from
the last 10 years, most of which preceded the Share 35 era, but
nonetheless identified DCD donors, intubated recipients, portal

vein thrombus, and maybe fatty grafts as risk factors for poor out-
comes in these high MELD patients.

Is this new info? Did anything change with Share 35, or did we

already know pre-Share 35 that these factorseDCDs and intubated
recipientsedid worse? Likewise, do these same predictors not bode
worse outcomes in patients with a MELD < 35? Is there anything

specific about them as there are to patients with high MELD, or are
they simply poor prognostic indicators for any patient about to
have a liver transplant?

Are these predictors identified just because they are what we have

captured in the UNOS database? Can the authors think of any
other factors that would have been important to look at to predict
survival that are not in the UNOS database? For example, liver bi-

opsy was available in only a subset of patients, but was found to be
an important predictor in this cohort, as one might have guessed.

The most important question this work raises is brought forward

by the authors in their manuscript and by Dr Chapman. There is a
patient in the ICU at Cedars who is high MELD, has been allocated
an organ by Share 35, and is also high risk by their new metric. This

patient has 0% chance of survival without a liver transplant and
70% chance of survival with a liver transplant. The family thinks
that is a miracle, and that is why they came to Cedars. Will you
tell them, “No, the liver is better used elsewhere”? I would like

them to take a stand on their findings right now as to what they
will do at Cedars and how to make policy now that we are better
understanding futility. This is interesting, important work, and

their discussion is very thoughtful, but until we decide to do some-
thing differently, it is just math.
DR RONALD W BUSUTTIL (Los Angeles, CA): In the study pre-
sented here, Dr Klein and his colleagues investigated both donor

and recipient factors as possible predictors of graft loss in the high-
est acuity patients, with MELD > 35. They are using retrospective
data from the UNOS STAR registry, which has been accumulated

over a 10-year period.
While many of the variables studied were significant only at

certain time points or were not impactful in the validation group,
factors identified with the highest risk of graft loss in the final

modeling were DCD donors, donation after cardiac death,
pre-transplant, mechanical ventilation, and, surprisingly, recipient
portal vein thrombosis.

Now, some of these factors that have been found significant,
such as portal vein thrombosis, are difficult to mitigate in high-
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p= 0.69 p= 0.39

p= 0.86 p= 0.51

p= 0.35

A B

C D

E
eFigure 1. Validation of Liver Transplant Survival Index-Model for End-Stage Liver Disease (MELD) 35 (LTSI-35) in
risk groups. Kaplan-Meier survival curves were compared between test and validate populations (70/30 derivation
of all MELD � 35 recipients) for 5-year graft survival using LTSI-35 risk groups. No differences between test and
validate populations were identified in any group. (A) Very low-risk group; (B) low-risk groups; (C) moderate-risk group;
(D) high-risk group; (E) severe-risk group.
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eTable 1. All Donor and Recipient Characteristics

Characteristic All MELD � 35 (n ¼ 6,804) Test (n ¼ 4,779) Validate (n ¼ 2,205) p Value

Donor characteristic

Age, y, mean � SD,
median (IQR)

39.4 � 15.2, 39 (26e52) 39.3 � 15.2, 39 (25e51) 39.6 � 15.3, 39 (26e52) 0.42

Sex, female, n (%) 2,666 (39.2) 1,879 (39.3) 787 (38.9) 0.74

Ethnicity, n (%) 0.54

White 4,310 (63.4) 3,044 (63.7) 1,266 (62.5)

Black 1,028 (15.1) 730 (15.3) 298 (14.7)

Hispanic 1,193 (17.5) 814 (17.0) 379 (18.7)

Asian 165 (2.4) 117 (2.5) 48 (2.4)

Other 108 (1.6) 74 (1.6) 34 (1.7)

Blood type, n (%) 0.49

O 3,723 (54.7) 2,617 (54.8) 1,106 (54.6)

A 2,684 (39.5) 1,888 (39.5) 796 (39.3)

B 338 (5.0) 238 (5.0) 100 (5.0)

AB 59 (0.9) 36 (0.8) 23 (1.1)

Height, cm, mean � SD 171.6 � 10.3 171.5 � 10.3 171.8 � 10.2 0.31

Weight, kg, mean � SD 79.9 � 18.6 80.1 � 18.8 79.5 � 18.0 0.25

BMI, kg/m2, mean � SD 27.1 � 5.8 27.2 � 5.9 26.9 � 5.5 0.06

�30, n (%) 1,726 (25.4) 1,237 (25.9) 489 (24.2) 0.13

Liver biopsy done, n (%) 2,027 (29.8) 1,400 (29.3) 627 (30.9) 0.17

�30% MaS, % of
biopsied donors

128 (6.9) 91 (7.1) 37 (6.4) 0.69

Cause of death, DRI, n (%) 0.06

Trauma/anoxia, median (IQR) 4,180 (61.4) 2,935 (61.4) 1,245 (61.5)

CVA, median (IQR) 2,454 (36.1) 1,711 (35.8) 743 (36.7)

Other, median (IQR) 170 (2.5) 133 (2.8) 37 (1.8)

Donor medical/social history, n (%)

Diabetes 669 (9.8) 454 (9.5) 215 (9.8) 0.17

Hypertension 2,054 (30.2) 1,447 (30.3) 607 (30.0) 0.82

Previous malignancy 175 (2.6) 122 (2.6) 53 (2.6) 0.87

Previous myocardial infarction 196 (2.9) 131 (2.7) 65 (3.2) 0.3

Pre-donation cardiac arrest 434 (6.4) 319 (6.7) 115 (5.7) 0.13

CDC high risk 1,046 (15.4) 753 (15.8) 293 (14.5) 0.19

HCV-positive 101 (1.5) 71 (1.5) 30 (1.5) 0.99

HBV-positive 259 (3.8) 168 (3.5) 91 (4.5) 0.06

EBV-positive 5,981 (87.9) 4,201 (87.9) 1,780 (87.9) 0.99

CMV-positive 4,341 (63.8) 3,028 (63.4) 1,313 (64.8) 0.25

Cigarette smoker 1,445 (21.2) 1,009 (21.1) 436 (21.5) 0.7

Drug use 2,909 (42.8) 2,048 (42.9) 861 (42.5) 0.81

Donor management

Serum BUN, median (IQR) 16 (11e25) 16 (11e25) 16 (11e25) 0.55

Serum Cr, median (IQR) 1.0 (0.8e1.5) 1.0 (0.8e1.5) 1.0 (0.8e1.6) 0.96

Serum AST, median (IQR) 42 (25e78) 42 (25e76) 43 (25e82.5) 0.68

Serum ALT, median (IQR) 34 (21e66) 34 (21e66) 34 (21e65) 0.14

Serum bilirubin, median (IQR) 0.7 (0.4e1.1) 0.7 (0.4e1.1) 0.7 (0.4e1.0) 0.81

Blood pH, median (IQR) 7.41 (7.36e7.45) 7.41 (7.36e7.45) 7.41 (7.36e7.45) 0.8

Transfusions, n (%) 0.47

None 4,029 (54.5) 2,794 (54.5) 1,235 (54.3)

1 to 5 U 2,293 (31.0) 1,584 (30.9) 709 (31.2)

(Continued)
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eTable 1. Continued

Characteristic All MELD � 35 (n ¼ 6,804) Test (n ¼ 4,779) Validate (n ¼ 2,205) p Value

6 to 10 U 618 (8.4) 415 (8.1) 203 (8.9)

>10 U 454 (6.1) 329 (6.4) 125 (5.5)

Unknown 3 (0.04) 2 (0.04) 1 (0.04)

DDAVP, n (%) 1,199 (16.2) 834 (16.3) 365 (16.1) 0.84

Anti-hypertensives, n (%) 1,962 (26.5) 1,387 (27.1) 575 (25.3) 0.12

Diuretics, n (%) 4,762 (64.4) 3,332 (65.0) 1,430 (62.9) 0.08

Steroids, n (%) 5,456 (73.8) 37,87 (73.9) 1,669 (73.4) 0.67

T3, n (%) 50 (0.7) 33 (0.7) 17 (0.8) 0.54

T4, n (%) 4,431 (65.1) 3,078 (64.4) 1,353 (66.9) 0.06

Vasodilators, n (%) 996 (14.6) 703 (14.7) 293 (14.5) 0.82

Heparin, n (%) 6,537 (96.1) 4,592 (96.1) 1,945 (96.1) 0.95

Vasopressin, n (%) 4,169 (61.3) 2,912 (60.9) 1,257 (62.1) 0.37

Insulin, n (%) 4,520 (66.4) 3,159 (66.1) 1,361 (67.2) 0.38

Inotropes, n (%) 3,468 (51.0) 2,431 (50.9) 1,037 (51.2) 0.81

Procurement variables

DCD Donor, n (%) 206 (2.8) 130 (2.5) 76 (3.3) 0.06

Split liver, n (%) 37 (0.5) 24 (0.5) 13 (0.6) 0.59

Cold ischemic time, h,
mean � SD, median (IQR)

6.7 � 2.7, 6.3 (5e8) 6.7 � 2.7, 6.4 (5e8) 6.8 � 2.9, 6.3 (5e8) 0.88

CIT group, n (%) 0.78

<8 h 5,299 (72.7) 3,676 (72.8) 1,623 (72.5)

8 to <12 h 1,778 (24.4) 1,224 (24.2) 554 (24.8)

>12 h 211 (2.9) 150 (3.0) 61 (2.7)

Recipient characteristic

Age, y, mean � SD,
median (IQR)

53.2 � 10.0, 55 (48e60) 52.7 � 10.3, 55 (47e60) 52.7 � 10.4, 54 (47e60) 0.94

Sex, female, n (%) 2,647 (35.8) 1,855 (36.2) 792 (34.8) 0.27

Ethnicity, n (%) 0.34

White 4,813 (65.1) 3,335 (65.1) 1,478 (65.0)

Black 750 (10.1) 505 (9.9) 245 (10.8)

Asian 293 (4.0) 217 (4.2) 76 (3.3)

Hispanic 1,429 (19.3) 989 (19.3) 440 (19.4)

Other 112 (1.5) 78 (1.5) 34 (1.5)

Blood type, n (%) 0.88

O 3,600 (48.7) 2,501 (48.8) 1,099 (48.4)

A 2,706 (36.6) 1,875 (36.6) 831 (36.6)

B 873 (11.8) 595 (11.6) 278 (12.2)

AB 218 (3.0) 153 (3.0) 65 (2.9)

Height, cm, mean � SD 171.4 � 10.3 171.4 � 10.3 171.6 � 10.2 0.57

Weight, kg, mean � SD 86.1 � 21.0 85.5 � 20.9 85.6 � 20.8 0.83

BMI, kg/m2, mean � SD 29.2 � 6.4 29.0 � 6.3 29.0 � 6.4 0.99

�30 kg/m2, n (%) 2,956 (39.5) 2,059 (40.2) 897 (39.5) 0.57

Location at transplantation,
(n %)

0.67

Not hospitalized 4,883 (66.0) 3,394 (66.2) 1,489 (65.5)

Hospitalized 1,420 (19.2) 965 (18.8) 455 (20.0)

ICU 1,079 (14.6) 755 (14.7) 324 (14.3)

Waitlist time, d, median (IQR) 15 (5e114) 15 (5e117) 17 (5e106) 0.98

(Continued)
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eTable 1. Continued

Characteristic All MELD � 35 (n ¼ 6,804) Test (n ¼ 4,779) Validate (n ¼ 2,205) p Value

Recipient diagnosis, n (%) 0.5

Acute liver failure 218 (3.2) 150 (3.1) 68 (3.4)

CC/NASH 983 (14.5) 704 (14.7) 279 (13.8)

Cholestatic 629 (9.3) 293 (6.1) 127 (6.3)

Cirrhosis, not specified 420 (6.2) 293 (6.1) 127 (6.3)

Congenital/metabolic 239 (3.5) 170 (3.6) 69 (3.4)

Alcohol 1,393 (20.5) 955 (20.0) 438 (21.6)

Hepatitis B 190 (2.8) 142 (3.0) 48 (2.4)

Hepatitis C 2,060 (30.3) 1,457 (30.5) 603 (29.8)

HCC 615 (9.0) 443 (9.3) 172 (8.5)

Other 56 (0.8) 36 (0.8) 20 (1.0)

Recipient medical/social history

Previous malignancy, n (%) 624 (9.2) 453 (9.5) 171 (8.4) 0.18

Diabetes, n (%) 1,479 (21.7) 1,056 (22.1) 423 (20.9) 0.29

HBV-positive, n (%) 1,376 (20.2) 981 (20.5) 395 (19.5) 0.36

HCV-positive, n (%) 2,420 (35.6) 1,734 (36.3) 686 (33.9) 0.06

EBV-positive, n (%) 4,163 (61.2) 2,934 (61.4) 1,229 (60.7) 0.59

CMV-positive, n (%) 4,560 (67.0) 3,219 (67.4) 1,341 (66.2) 0.37

Prior abdominal surgery, n (%) 2,624 (38.6) 1,824 (38.2) 800 (39.6) 0.3

Previous TIPS, n (%) 695 (10.2) 501 (10.5) 194 (9.6) 0.27

PV thrombosis, n (%) 716 (10.5) 510 (10.7) 206 (10.2) 0.57

Encephalopathy, n (%) 5,649 (83.0) 3,971 (83.1) 1,678 (82.9) 0.83

Ascites, n (%) 6,270 (92.2) 4,403 (92.1) 1,867 (92.2) 0.96

Mechanical ventilation, n (%) 1,065 (15.7) 750 (15.7) 315 (15.6) 0.91

Dialysis prior to
transplantation, n (%)

3,162 (46.5) 2,248 (47.0) 914 (45.1) 0.15

Serum albumin, mg/dL,
median (IQR)

3.2 (2.7e3.8) 3.2 (2.7e3.8) 3.2 (2.7e3.8) 0.52

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CC/NASH, cryptogenic cirrhosis/nonalcoholic steatohepatitis;
CDC, Centers for Disease Control; CIT, cold ischemic time; CMV, cytomegalovirus; CR, creatinine; CVA, cerebrovascular accident; DCD, donation after
circulatory death; DDAVP, desmopressin; DRI, Donor Risk Index; EBV, Epstein-Barr virus; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; MaS, macrosteatosis; MELD, Model for End-Stage Liver Disease; PV, portal vein; TIPS, transjugular intrahepatic portovenous shunt.
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eTable 2. Cox Proportional Hazards Models for Graft Survival at Four Follow-Up Time Points

Graft survival

Unadjusted Adjusted

HR 95% CI p Value HR 95% CI p Value

90 d

Donor characteristic

BMI, per kg/m2 1.01 1.00e1.02 0.04 1.03 1.01e1.06 0.01

Procurement characteristic

DCD Status 1.56 1.19e2.01 0.002 1.65 1.24e2.20 0.002

Cold ischemic time* 0.003 0.04

8 to <12 h 1.20 1.06e1.35 1.05 0.79e1.39

�12 h 1.34 0.99e1.76 1.28 0.84e1.99

Recipient characteristic

Age 1.02 1.02e1.03 <0.001 1.03 1.01e1.04 <0.001

Etiology of ESLDy <0.001 0.05

Acute 1.01 0.70e1.47 0.37 0.10e1.30

CC/NASH 0.85 0.69e1.05 0.91 0.60e1.38

Cholestatic 0.79 0.61e1.02 0.58 0.33e1.01

Cirrhosis, not specified 1.08 0.83e1.42 1.33 0.77e2.29

Congenital/metabolic 1.03 0.72e1.47 0.74 0.30e1.84

Alcohol 0.77 0.63e0.93 1.08 0.75e1.55

Hepatitis C 0.80 0.68e0.94 1.16 0.85e1.60

Hepatitis B 0.96 0.64e1.44 1.17 0.51e2.65

Hepatocellular carcinoma 0.93 0.73e1.19 1.03 0.64e1.65

Previous abdominal surgery 1.33 1.20e1.49 <0.001 1.28 1.11e1.47 <0.001

Portal vein thrombosis 1.33 1.13e1.55 0.001 1.30 1.07e1.57 0.01

Ventilator support at transplantation 1.85 1.63e2.09 <0.001 1.27 1.07e1.50 0.007

1 y

Donor characteristic

Age, per y 1.01 1.01e1.02 <0.001 1.01 1.01e1.02 <0.001

Procurement characteristic

DCD Status 1.53 1.19e1.95 0.002 1.61 1.26e2.05 0.001

Recipient characteristic

Age 1.02 1.02e1.03 <0.001 1.02 1.01e1.04 <0.001

Etiology of ESLDy <0.001 <0.001

Acute 0.90 0.65e1.24 0.52 0.23e1.17

CC/NASH 0.89 0.75e1.06 0.99 0.72e1.36

Cholestatic 0.74 0.60e0.92 0.54 0.34e0.84

Cirrhosis, not specified 0.99 0.79e1.25 1.08 0.68e1.69

Congenital/metabolic 0.96 0.71e1.29 0.61 0.29e1.29

Alcohol 0.79 0.67e0.92 0.96 0.72e1.28

Hepatitis C 1.02 0.89e1.15 1.20 0.95e1.53

Hepatitis B 1.19 0.60e1.21 0.99 0.50e1.96

Hepatocellular carcinoma 1.10 0.89e1.15 1.27 0.90e1.79

Previous abdominal surgery 1.31 1.19e1.45 <0.001 1.19 1.06e1.33 0.003

Portal vein thrombosis 1.29 1.10e1.50 0.002 1.21 1.03e1.42 0.03

Ventilator support at transplantation 1.79 1.59e2.02 <0.001 1.32 1.17e1.51 <0.001

3 y

Donor characteristic

Age, per year 1.01 1.01e1.02 <0.001 1.01 1.00e1.02 <0.001

Procurement characteristics

DCD Status 1.53 1.19e1.95 0.002 1.34 1.05e1.71 0.02

(Continued)
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eTable 2. Continued

Graft survival

Unadjusted Adjusted

HR 95% CI p Value HR 95% CI p Value

Recipient characteristic

Age 1.02 1.02e1.03 <0.001 1.02 1.01e1.03 <0.001

Etiology of ESLDy <0.001 <0.001

Acute 0.85 0.63e1.14 0.52 0.26e1.02

CC/NASH 0.98 0.84e1.13 1.10 0.83e1.45

Cholestatic 0.77 0.63e0.93 0.67 0.46e0.97

Cirrhosis, not specified 0.93 0.75e1.14 0.87 0.56e1.34

Congenital/metabolic 0.83 0.62e1.10 0.57 0.29e1.12

Alcohol 0.78 0.68e0.90 0.93 0.72e1.21

Hepatitis C 1.13 1.01e1.26 1.27 1.03e1.57

Hepatitis B 0.87 0.64e1.18 0.80 0.41e1.59

Hepatocellular carcinoma 1.32 1.12e1.54 1.38 1.02e1.87

Previous abdominal surgery 1.54 1.32e1.80 <0.001 1.17 1.06e1.28 0.002

Ventilator support at transplantation 2.05 1.11e1.51 <0.001 1.30 1.16e1.46 <0.001

5 y

Donor characteristic

Age, per year 1.01 1.01e1.02 <0.001 1.01 1.01e1.02 <0.001

Procurement characteristics

DCD Status 1.97 1.48e2.55 <0.001 1.32 1.05e1.66 0.02

Recipient characteristic

Age 1.02 1.02e1.03 <0.001 1.02 1.01e1.03 <0.001

Etiology of ESLDy <0.001 <0.001

Acute 0.92 0.71e1.21 0.68 0.38e1.21

CC/NASH 0.98 0.85e1.13 1.05 0.81e1.37

Cholestatic 0.78 0.65e0.93 0.73 0.51e1.03

Cirrhosis, not specified 0.92 0.75e1.12 0.86 0.57e1.31

Congenital/metabolic 0.80 0.61e1.05 0.49 0.25e0.98

Alcohol 0.79 0.69e0.90 0.91 0.71e1.16

Hepatitis C 1.13 1.02e1.26 1.25 1.02e1.53

Hepatitis B 0.81 0.60e1.10 0.74 0.38e1.48

Hepatocellular carcinoma 1.35 1.16e1.57 1.44 1.08e1.92

Previous abdominal surgery 1.36 1.21e1.54 <0.001 1.15 1.05e1.26 0.003

Ventilator support at transplantation 1.98 1.72e2.27 <0.001 1.24 1.11e1.38 <0.001

Dialysis within 1 wk at transplantation 1.42 1.25e1.60 <0.001 1.15 1.05e1.26 0.004

*Reference group is cold ischemic time < 8 h.
yReference groups is “other causes.”
CC/NASH, cryptogenic cirrhosis/nonalcoholic steatohepatitis; DCD, donation after circulatory death; ESLD, end-stage liver disease; HR, hazard ratio.
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eTable 3. Distribution of Liver Transplant Survival Index-Model for End-Stage Liver Disease-35 Scores and Risk Group
Stratification

Variable All MELD � 35 Test Validate p Value

LTSI-35, mean � SD, median (IQR) 16.7 � 3.8, 16.7
(14.0e19.3)

16.6 � 3.7, 16.7
(14.0e19.3)

16.6 � 3.8, 16.6
(14.0e19.3)

0.55

LTSI-35 risk group, score, n (%) 0.89

Very low risk, <12.7 1,012 (15.7) 699 (14.9) 313 (15.7)

Low risk, 12.8 to <15.1 1,307 (19.5) 924 (19.7) 383 (19.2)

Moderate risk, 15.1 to <18.2 2,056 (30.7) 1,445 (30.7) 611 (30.6)

High risk, 18.2 to <20.5 1,341 (20.0) 935 (19.9) 406 (20.3)

Severe risk, �20.5 984 (14.7) 697 (14.8) 287 (14.4)

IQR, interquartile range; LTSI-35, Liver Transplant Survival Index-Model for End-Stage Liver Disease (MELD) 35.
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eTable 4. Graft Survival in Liver Transplant Survival Index Risk Groups

Survival

Very low risk, n (%) Low risk, n (%) Moderate risk, n (%) High risk, n (%) Severe, n (%)

Test Validate Test Validate Test Validate Test Validate Test Validate

90 d 611 (94.4) 268 (93.7) 797 (92.9) 325 (93.1) 1,238 (91.7) 531 (90.2) 783 (88.7) 342 (87.9) 563 (83.8) 226 (82.5)

1 y 454 (89.6) 198 (90.4) 632 (88.8) 249 (87.1) 961 (84.6) 420 (83.0) 596 (78.2) 262 (77.1) 407 (69.1) 156 (64.5)

3 y 283 (84.2) 116 (82.9) 365 (79.2) 132 (78.1) 538 (73.8) 235 (72.1) 330 (65.5) 153 (64.6) 209 (53.1) 83 (52.2)

5 y 137 (77.4) 55 (79.7) 184 (72.4) 63 (75.9) 264 (67.0) 112 (62.9) 156 (55.9) 80 (62.9) 92 (47.7) 32 (39.0)
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