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Abstract

Background: The acceptable percentage of macrosteatosis (MaS) and microsteatosis (MiS) to
yield optimal outcomes after liver transplantation (LT) with livers from donation after circulatory
death (DCD) donors remains unknown. The purpose of this analysis was to determine the impact
of donor liver MaS and MiS on DCD LT outcomes.

Methods: Using the OPTN database, we analyzed pre-transplant biopsy results from adult,
solitary, DCD livers performed between 1/1/2006-12/31/2017. Kaplan-Meier analysis was used to
assess graft and patient survival based on MaS and MiS severity. MiS was divided into 0-10%
(MiS <10) and >10% (MiS >10). MaS was divided into 0-15% (MaS <15) and >15% (MaS >15).

Results: Of 7,757 recovered DCD livers, 11.4% (N=885) were biopsied and transplanted.
Patients who received DCD livers with MaS >15 had significantly worse patient survival (p<0.04)
and those with MiS >10 demonstrated inferior graft and patient survival (p<0.02). In multivariate
analyses including known risk factors, both MaS >15 and MiS >10 were associated with increased
risk of graft failure and patient mortality (p<0.03). Recipient and donor age >60 years were also
associated with increased risk of graft failure and patient death.

Conclusion: This analysis demonstrates that MaS >15% and MiS >10% are additional risk
factors for graft loss and patient mortality in DCD LT.
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Introduction:

The discrepancy between available organs and patients awaiting transplant has resulted in
increased use of marginal or expanded criteria grafts.12 Included in marginal grafts are
donation by circulatory death (DCD) donor livers.3 DCD livers were initially associated with
inferior outcomes when compared to donation by brain death (DBD) livers, which resulted
in increased discard rates of DCD livers.*> As best practices have been described and the
frequency of transplanted DCD livers has increased over time, the optimal utilization of
livers from DCD donors and identification of appropriate recipients has resulted in improved
outcomes, approaching those seen in DBD donors.5=9 As results from multi-center studies
have become available, the liver transplant community has improved in identifying optimal
cut offs for critical risk factors that impact graft failure or patient death in DCD liver
transplantation (LT).10 These factors include donor and recipient age, body mass index
(BMI), model for end-stage liver disease (MELD) score, cold ischemia time (CIT), and
donor warm ischemia time (WI1T).811 The number of DCD LT has increased from 4.8%
(N=274) in 2008 to 6.9% (N=531) in 2018. However, in 2018, the discard rate after recovery
of DCD livers remains high at 30% compared in 6.4% of DBD livers.?

As obesity and morbid obesity becomes increasingly more prevalent, the incidence of
nonalcoholic fatty liver disease (NAFLD) continues to rise in western countries and is
estimated to be present in 10-24% of the population.12:13 Consequently, both DBD and
DCD livers recovered for transplant will likely have higher proportions of steatosis than
previously seen.12 DBD livers with >30% macrosteatosis (MaS) are at increased risk

for primary non-function and overall inferior outcomes.1#1% Historically, the degree of
microsteatosis (MiS) has not been considered to be a risk factor for graft loss or mortality
after DBD LT and in many instances MiS does not play a significant role in determining

the acceptance of a DBD donor liver. However, a recent single center analysis of 462 DBD
and 34 DCD liver transplant recipients revealed that the presence of MiS increased the

risk of post-reperfusion syndrome, early allograft function, and need for continuous renal
replacement therapy after transplant.16 The only negative impact of MiS on graft and patient
survival was seen in patients undergoing re-transplantation.1® Another single center analysis
of 127 DCD LT recipients demonstrated that MaS >20% leads to inferior graft survival.1”
Despite these small single-center reports, there are limited data in the literature on the
impact of MaS and MiS in DCD LT. To determine the effect of donor MaS and MiS on
DCD LT outcomes, we examined the United Network for Organ Sharing (UNOS) Standard
Transplant Analysis and Research database to identify commonly used steatosis “cut-offs” in
DCD LT.

Materials and Methods:

Data source and patient population

The data source for this study was the United Network of Organ Sharing (UNOS)
Standard Analysis and Research file. The data system includes data on all donor, waitlisted
candidates, and transplant recipients in the U.S., submitted by the members of the Organ
Procurement and Transplantation Network (OPTN) as previously described.18 Institutional
review board approval was obtained prior to the study. The time period for this study
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was January 2006 to December 2017. Donors were excluded if the recovered livers were
transplanted outside the specified time, if they were living donors, <18 years old, or the
donor type was unknown (DBD, DCD). Recipients were excluded if they were <18 years
old, underwent a previous liver transplant, or received a split liver graft. Of the donors

who met inclusion criteria, we identified recovered livers, donor type, pre-transplant liver
biopsy, and ultimately whether the liver was transplanted. The primary group of interest was
biopsied DCD livers that were then transplanted (Figure 1).

Data collection and outcomes

Primary outcomes included graft failure and overall patient survival. Graft failure was
defined as re-transplant or patient death. Donor characteristics including age, race, gender,
body mass index (BMI), and diabetes mellitus were collected. Recipient age, race, gender,
BMI, model for end-stage liver disease (MELD) score at waitlist removal, and cause of
liver disease were analyzed. Liver graft data on cold ischemia time (CIT), warm ischemia
time (WIT), MiS, and MaS were collected. MiS was categorized as 0-10% (MiS <10) and
>10% (MiS >10). MaS was defined as 0-15% (MasS <15) and >15% (MasS >15). Based on
the validation of the UK DCD Risk Score,1 we utilized variables from that analysis in our
multivariable analysis when assessing the impact of MaS and MiS on LT outcomes. These
variables include donor age >60 years, donor BMI >25, recipient age >60 years, MELD

at waitlist removal, CIT, and donor WIT, which have been established as well-known risk
factors for graft loss and/or patient death.1! Transplant center was added as a variable to
multivariable analyses in order to control for a center specific effect. Donor WIT was later
excluded from the model due to >37% values missing.

Statistical analysis

Results

Due to the historically conservative approach of transplant surgeons accepting and
transplanting DCD livers with minimal amounts of steatosis, there were a limited number of
livers with high percentages of steatosis in the dataset. Therefore, MiS and MaS categories
were selected based on cut-points that made sense from a clinical perspective and also

allow sufficient power for determining whether there were survival differences between the
categories. Differences between steatosis groups were assessed with ANOVA for continuous
variables and Fisher’s exact tests for nominal variables. Continuous variables are presented
as the mean and standard deviation of non-missing observations. The methods of Kaplan and
Meier were employed to estimate the incidence of graft survival and patient survival. Rates
were compared between steatosis groups using log-rank tests. We examined the association
between MaS and MiS and found a significant correlation (p<0.0001); therefore, we did

not combine MaS and MiS in the same multivariable analyses. Multivariable analyses were
carried out using Cox proportional hazards regression models. All statistical analyses were
performed using IBM SPSS Statistics Version 25. P-values less than 0.05 were considered to
be statistically significant.

We identified 98,964 adult (age =18 years) deceased donors from January 2006 to December
2017. Of the 83,543 recovered livers, 9.3% (N=7,757) of livers were from DCD donors.
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Pre-transplant biopsies were performed in 21.5% (N=1,665) of recovered DCD livers with
53.2% (N=885) of biopsied DCD livers eventually being transplanted. By comparison,
pre-transplant biopsies were performed in 39.8% (N=30,128) of recovered DBD livers. The
majority of biopsied DBD livers were transplanted (81.2%; N=24,455) (Figure 1).

Demographics

Demographic data and baseline characteristics for included DCD donors, transplant
recipients, and graft variables are presented in Tables 1-2. The two most common causes

of liver disease were non-cholestatic cirrhosis, 60.2% (N=533) and malignant neoplasms,
30.2% (N=267). The majority of recipients were male (73.1%, N=597) with mean age 56.4
+ 9.2 years at the time of transplant. Mean MELD at wait-list removal was 18.6 + 8.5. Mean
donor age was 38.9 + 12.8 years with most donors being male at 65.1% (N=576). Diabetes
mellitus was previously diagnosed in 8.1% (N=71) of donors. MaS >15 was present in 8.8%
(N=72) and MiS >10 was present in 14.8% (N=112) of DCD livers. Mean donor warm
ischemia time was 16.5 £ 8.2 minutes and mean cold ischemic time was 6.7 * 3.0 hours.

DCD livers with MaS >15% have inferior patient survival

Patients who received DCD livers with MaS >15 did not have inferior graft survival
compared to recipients of livers with MaS <15 based on unadjusted analysis (Figure 2A).
Median graft survival time for MaS <15, and MaS >15 were 9.7 and 6.3 years, respectively.
However, patients receiving livers with MaS >15 had significantly worse mortality rates
(p<0.04) (Figure 2B). Median patient survival was 11.6 years in the MaS <15 group versus
6.8 years in the MiS >15 group. This difference in patient survival became most notable 4
years post-transplant.

MiS >10% was associated with inferior graft and patient survival

Recipients of livers with MiS >10 demonstrated significantly inferior graft survival
(p<0.001), and patient survival rates (p<0.02) when compared to those receiving livers with
MiS <10% (Figure 3). Median graft survival time more than doubled for grafts with MiS
<10 at 11.6 years compared to 5.4 years in grafts with MiS >10. Median patient survival
time for MiS <10 and MiS >10 was over 12.0 and 6.3 years, respectively.

Since a high percentage of MaS (>30%) could exert a confounding effect on survival when
examining MiS groups, we also examined the impact of MiS on graft and patient survival
when DCD livers with MaS >30% were removed from the analysis. After eliminating

livers with MaS >30% from the analysis, DCD livers with MiS >10 still demonstrated
significantly inferior graft (p<0.002) and patient survival rates (p=0.023) (Figure 4). Median
graft survival time remained unchanged at 11.6 and 5.4 years for MiS <10 and MiS >10,
respectively. Median patient survival time were 12.0 for MiS <10 and 6.8 years for MiS >10.

Patients who received livers with MiS >10 had significantly increased graft failure and
mortality rates when MaS was <15

MiS and MasS are frequently seen in donor livers simultaneously and, therefore, do not
usually exist independently. Therefore, we examined the effect of differential MiS levels
when Mas severity was constant. We combined groups into the following combinations to
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evaluate graft and patient survival: (1) MaS <15 + MiS <10 (N=560); (2) MaS <15 + MiS
>10 (N=76); (3) MaS >15 + MiS <10 (N=30); (4) MaS >15 + MiS >10 (N=29). To control
for MaS when MiS varied, we compared Group (1) to Group (2) and Group (3) to Group (4).
When MaS was <15, DCD livers with MiS >10 (Group 2) demonstrated significantly lower
graft and patient survival rates compared to those with MiS <10 (Group 1) (p<0.03) (Figures
5A and 5B). Median graft survival time for Group 1 was 11.6 years compared to 4.8 years
for Group 2 (p=0.002). Similarly, median patient survival time was 12 years in Group 1 vs.
6.3 years in Group 2.

When MasS >15, there were no significant differences in patient and graft survival rates
when MiS levels were varied. (Figures 5C and 5D). Median graft and patient survival time
was longer in the MaS >15 + MiS <10 group (Group 3) at 7.3 years compared to 6.8

years in the MaS >15 + MiS >10 (group 4); These findings demonstrate that when the
percentage of Mas is low (<15%), the level of MiS >10 has a significant impact on patient
and graft survival. However, when MaS severity is >15, the negative effect of MiS is no
longer present.

MaS >15 and MiS >10 are associated with increased risk of graft failure and patient death
in adjusted analysis

When adjusting for other variables including recipient and donor age, MELD, CIT, and
donor BMI, we found that MaS >15 (HR 1.7; 95% CI 1.1-2.6; p<0.03) and donor age >60
years (HR 2.3; 95% CI 1.0-5.2; p<0.04) were significantly associated with an increased risk
of graft failure (Table 3). In a separate analysis assessing the impact on patient survival, MaS
>15 (HR 1.9; 95% CI 1.2-3.2; p<0.01), recipient age >60 years (HR 1.8; 95% CI 1.3-2.5;
p<0.001), and donor age >60 years (HR 3.3; 95% CI 1.4-7.6; p<0.01) were significantly
associated with increased risk of patient death (Table 4).

When MiS was added to the multivariable analysis and MaS was removed, MiS >10 carried
a 1.8 fold increased risk of graft failure (HR 1.8; 95% CI 1.3-2.6; p<0.001). Recipient age
>60 years (HR 1.4; 95% CI 1.1-2.0; p<0.02) and donor age >60 years (HR 2.7; 95% ClI
1.0-7.0; p<0.05) were also associated with increased risk of graft loss (Table 5). Both MiS
>10 (HR 1.6; 95% CI 1.0-2.4; p<0.03), recipient age >60 years (HR 2.0; 95% CI 1.4-2.8;
p<0.0001), and donor age (HR 3.4; 95% CI 1.3-9.2; p<0.02) were significantly associated
with increased risk of patient death (Table 6).

Discussion

Steatosis is currently recognized as exerting a significant impact on recipient outcomes in
DBD liver transplant.1>19 Risk factors for poor outcomes have been identified in DCD liver
transplant; however, “safe” steatosis levels have not been established.1! With the current
knowledge gap on acceptable levels of steatosis in DCD livers, transplant surgeons are left
to make decisions based on clinical experience, which may potentially result in unnecessary
liver discards. Consequently, we sought out to determine the effect of varying levels of MiS
and Mas on outcomes in DCD liver transplantation. Using the national UNOS database, we
identified 885 DCD livers that were biopsied and subsequently transplanted. In order to have
a sufficient statistical power for the analyses, the number of patients in each of the groups
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was evaluated when determining the appropriate cutoff for MaS and MiS. The cut-offs of
MasS at 15% and MiS at 10% were used. MaS in DCD livers that were transplanted was

low overall with 91.3% of livers having MaS <15. This likely reflects the conservative
acceptance practice patterns of liver transplant surgeons with DCD livers that contain high
levels of MaS between 2006 and 2017. For that reason, we did not identify MaS >15 as
being a significant risk of allograft failure in unadjusted analyses. However, MaS >15 was
associated with increased risk of graft failure and patient death in adjusted analyses, which
further supports the validity of data presented here. We still suspect that higher levels of
Mas are likely detrimental to graft survival. However, based on the low numbers of DCD
livers transplanted with high MasS in this analysis, we were unable to identify a true MaS
cut off for graft failure risk. In contrast, we did demonstrate an increased risk of mortality in
recipients receiving livers with MaS >15 compared to those receiving livers with MaS <15 in
the adjusted analysis.

Possibly the most interesting and novel finding in our analysis was the negative impact

of MiS on outcomes after DCD LT. Aside from a recent study demonstrating the negative
impact of MiS on a large cohort of DBD and smaller cohort of DCD LT recipients, MiS
levels have not been routinely considered a significant risk factor for poor outcomes after
DBD LT.18 In this analysis DCD livers with MiS >10 demonstrated significantly inferior
graft and patient survival rates compared to those with MiS <10 in both unadjusted and
adjusted analyses. These findings persisted when we excluded those patients that had MaS
>30%. Therefore, the differences could not be explained by a MaS level >30% in livers with
MiS >10.

The impact of MiS >10 was also significant when we performed subgroup analyses. In

livers with MaS <15, MiS >10 was a significant risk factor for graft loss and death when
compared to MiS <10 in livers with MaS <15. However, the impact of MiS >10 was no
longer statistically significant when the MaS levels were >15. Therefore, MiS >10 appears to
have a stronger impact in livers with MaS <15. While our goal initially was to determine a
“safe” level of MaS, we found that both MaS and MiS have a significant impact on patient
outcomes.

The mechanisms that result in MaS and MiS are important to understand because they
better characterize underlying liver disease and how this may impact liver function after
transplantation. Impaired mitochondrial B-oxidation of natural fatty acids results in MiS and
is associated with toxins and/or metabolic disorders. Extensive MiS may result in death in
the short-term as it rapidly evolves into liver failure, coma and death.2? On the other hand,
Mas, frequently associated with alcohol, diabetes mellitus, and obesity, can lead to death in
the long-term due to fatal cirrhosis.20 Severe inhibition of mitochondrial B-oxidation results
in decreased energy production, which in turn affects multiple organ systems including the
liver and heart, which rely on B-oxidation during fasting states. Lack of energy production
can result in liver failure, cardiac arrhythmias, cardiomyopathy, brain edema, coma and
death. While MiS itself is not the cause of multi-organ failure, its presence may indicate
underlying mitochondrial dysfunction that may get further exacerbated during the DCD
donor process coupled with ischemia reperfusion injury in the recipient. In addition, a
severe underlying metabolic impairment may exist and therefore lead to poor prognosis after
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liver transplantation.?122 Additional metabolic and mitochondrial analyses are needed to
elucidate the true mechanisms underlying the negative impact of MiS on DCD liver allograft
function.

Steatotic livers have an increased vulnerability to warm ischemia and preservation injury,
which is one explanation for the inferior outcomes seen in DCD livers with relatively low
levels of MaS and MiS.17 Prolonged warm ischemia is thought to inflict more damage to
steatotic livers compared to non-steatotic livers, suggesting that higher levels of steatosis
are less likely to be tolerated. Xia et al. evaluated the clinical impact of steatosis in DCD
liver transplant and found MaS >20% was a risk factor for poor graft survival.1” This single
center retrospective study is the only known study that has examined steatosis exclusively

in DCD livers. Although this study did not evaluate MiS, their finding of MaS =20% as a
risk factor for graft loss is consistent with our findings using a national database. Croome et
al. examined the impact of MiS in a single-center propensity score matched cohort of 462
DBD and 34 DCD liver transplant recipients. In this study, patients who underwent LT with
isolated MiS =30% had a higher rate of post-reperfusion syndrome (33.1% vs. 24.2%), early
allograft dysfunction (38.2% vs. 22.2%), and renal replacement therapy (10.9% vs. 3.6%)
following LT compared to those with no steatosis. In the controlled analysis, livers with
MiS =30% had an increased risk of graft loss with re-transplant recipients, increased MELD
score, and when from DCD donors.16 This study further supports the concept that MiS is

an additional risk factor for inferior graft outcomes that should be taken into consideration
when accepting livers for transplantation. However, this study has limitations including
being a single-center study and the cohort included only 34 DCD donor livers.

Although MiS is largely considered a mild, reversible condition, reports have suggested that
Mi$S does place livers at increased risk for early hepatic dysfunction.23-2% This effect would
likely be compounded in DCD livers due to the additional insult that occurs after warm
ischemia. In a prospective series examining “predominant MaS” and “predominant MiS”

in DBD liver transplant, groups with MiS >30% were found to have significantly worse
graft survival and a trend towards inferior patient survival.26 While the MiS “cutoff” in

our study was much lower, these findings by Noujaim et al. suggest that MiS does play a
role in liver transplant outcomes. Another study evaluating the impact of hepatic MaS and
MiS in living donor liver transplant found peak values of postoperative AST and ALT to

be significantly higher in groups with either >30% MaS or MiS compared to groups with
<5% Ma$ or MiS.21 Similarly, Han et al. found severe MiS (>66%) was associated with
significantly worse early graft function and 1-year graft survival rates.2’ Data from single
center studies have suggested that MiS impacts outcomes in DBD transplant; however,

the lack of multi-center data and prevailing belief that MiS is not relevant emphasizes the
importance of future studies to examine the effect of MaS and MiS in DCD liver transplant.

This study has limitations inherent to retrospective studies and the use of national transplant
registry data as previously described.28 Despite the use of controlled analyses, it is
impossible to control for factors that are not captured in the database such as practice
patterns at various institutions. Additionally, there is some degree of selection bias due
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to not having biopsy data on all transplanted DCD livers. Baseline donor and recipient
characteristics were comparable between livers with biopsy data available and biopsy data
missing. Therefore, we do not suspect that our results presented here are confounded by

the exclusion of livers with no biopsy data. Although bias cannot be entirely excluded, we
performed multiple analyses to reduce this risk. Due to the fact that biopsies included in
this study were performed and evaluated at primary- and tertiary-care hospitals, biopsies
were likely read by pathologists with varying levels of experience with liver pathology. It is
also possible that some other findings in the liver biopsies were missed due this variability
in experience and may have impacted liver transplant outcomes among the groups. Finally,
limitations associated with using biopsy data from the UNOS national database exist. These
limitations primarily relate to lack of data regarding the size, type (i.e. core, wedge, needle),
and quality of biopsy specimen.2? Due to missing data, we also had to exclude WIT from
our multivariable model. Biopsy type is included in the UNOS database; however, this data
was largely missing from DCD LT included in this study. Lastly, we are not able to control
for selection bias of recipients for donor livers but by performing multivariable analyses
controlling for quantitative factors we believe we have limited this bias as much as possible.

Our data shows that MaS >15% and MiS >10% are additional risk factors for graft loss

and patient mortality in DCD liver transplantation. To the best of our knowledge, this is

the first and largest study that has explored both MaS and MiS as risk factors in DCD

liver transplant. The lack of previous studies in the literature emphasizes the novelty of our
findings. Although we found that both MaS and MiS significantly impact graft and patient
outcomes, it is still important to take into consideration all donor and recipient factors when
identifying an appropriate organ for a patient. One should not decide on accepting a DCD
liver based on the percentage of MaS or MiS alone. However, based on these data, the
percentage of MaS and MiS in donor liver biopsies should be taken into consideration with
other known risk factors when determining the suitability of a DCD liver for transplant. A
better understanding of the role of steatosis in DCD liver transplant in the context of other
risk factors will allow surgeons to make a more educated evaluation of an organ, which may
result in increased utilization of DCD livers.
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BMI body mass index

CIT cold ischemia time
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Fig 1:
Study flowchart of the LT population. Donors were excluded if they were <18 years old
or if the donor type was unknown. Recipients were excluded if they were <18 years old,
underwent a previous LT, or received a split-liver graft.
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Fig 2:
DCD livers with MaS >15% had inferior patient survival compared with MaS <15%.
Kaplan-Meier curves comparing (A) graft survival and (B) patient survival by MaS group.
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DCD livers with MiS >10% had significantly worse graft and patient survival compared with
those with <10% MiS. Kaplan-Meier curves comparing (A) graft survival and (B) patient

survival by MiS group.
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Fig4:

M?S >10% was still associated with worse graft and patient survival when livers with MaS
>30% are excluded. Livers with MaS >30% were excluded to control for a confounding
effect that MaS may have on groups with varying levels of MiS. Kaplan-Meier curves
comparing (A) graft survival and (B) patient survival by MiS group when excluding livers
with MaS >30%.
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Fig 5:

M?S >10% results in inferior graft and patient survival when MasS is <15%. MasS and MiS
were analyzed together to determine if MiS at varying levels had an effect on outcomes
when MaS was constant. Kaplan-Meier curves comparing (A) graft survival and (B) patient
survival when Mas is <15% and MiS is <10% or >10%. (C) Graft survival and (D) patient
survival when MasS is >15% and MisS is <10% or >10%.

Liver Transpl. Author manuscript; available in PMC 2022 February 21.

Ma$ + MS
~0-15% Ma$ ¢ 0-10% M3
F10-15 Ma$ + > 10% M3

Ma$ + MiS

V1N MS & 0108 WS
TR - >IN M



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bath et al.

Table 1.
Baseline characteristics of donors
Variable | N=885 | Mean + SD | % | Missing

Age (years) | 885 | 38.9+12.8 | -- | 0
Race
« White 744 84.1

- 0
« Black 75 8.5
 Other 66 75
Gender
* Male 576 -- 65.1 0
* Female 309 34.9
Body mass index (kg/m?) | 880 | 284464 | - | 5
Diabetes mellitus | 71 | -- | 8.1 | 5
Macrosteatosis (MaS)
* 0-15% 747 91.2
* 16-30% 50 -- 6.1 66
* 31-40% 14 1.7
* >40% 8 1.0
Microsteatosis (MiS)
* 0-10% 645 85.2
* 11-30% 72 -- 9.5 128
* 31-40% 11 15
* >40% 29 3.8
MaS + MiS
¢ 0-15% MaS + 0-10% MiS 560 80.6
¢ 0-15% MasS + >10% MiS 76 -- 10.9 190
* >15% MasS + 0-10% MiS 30 4.3
* >15% MaS + >10% MiS 29 4.2
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Baseline characteristics of recipients

Table 2.

Variable | N=885 | Mean + SD | % | Missing

Age (years) | 817 | 56.4+9.2 | -- | 68
Race
* White 628 76.9

- 68
« Black 69 8.4
« Other 120 14.7
Gender
* Male 597 - 731 68
* Female 220 26.1
Body mass index (kg/m?) | 816 | 29.0+5.7 | - | 69
MELD | 816 | 18.6+85 | - | 69
Cause of disease
« Non-cholestatic cirrhosis 533 -- 60.2
« Cholestatic liver disease/cirrhosis 35 -- 4.0
« Biliary atresia 1 -- 0.1 0
« Acute hepatic necrosis 18 -- 2.0
« Metabolic disease 18 -- 2.0
« Malignant neoplasms 267 -- 30.2
« Other 13 -- 1.6
Cold ischemia time (hours) | 805 | 6.7+3.0 | -- | 80
Warm ischemia time (minutes) | 554 | 16.5+8.2 | -- | 331
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Multivariate analysis for graft failure by macrosteatosis group

Variable

Multivariate analysis

HR (95% CI) | Pvalue

Macrosteatosis

* 0-15% 1 0.03
*>15% 1.7 (1.1-2.6)

Recipient age

* <60 years 1 0.06
* >60 years 1.3 (0.99-1.8)

Donor age

* <60 years 1 0.04
* >60 years 2.3(1.0-5.2)

MELD

* <25 1 0.20
*>25 1.3(0.9-1.8)

Cold ischemia time

* <6 hours 1 0.13
« >6 hours 1.3(0.9-1.8)

Donor BMI

* <25 1 0.70
«>25 0.9 (0.7-1.3)
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Table 4.

Multivariate analysis for patient survival by macrosteatosis group

Multivariate analysis
Variable
HR (95% CI) | Pvalue

Macrosteatosis
* 0-15% 1 0.01
*>15% 19(1.2-3.2)
Recipient age
* <60 years 1 0.001
* >60 years 1.8 (1.3-2.5)
Donor age
* <60 years 1 0.01
* >60 years 3.3(1.4-7.6)
MELD
* <25 1 0.08
*>25 1.5(0.96-2.2)
Cold ischemia time
* <6 hours 1 0.99
* >6 hours 1.0 (0.7-1.5)
Donor BMI

* <25 1 0.66

e>25 0.9 (0.7-1.3)
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Multivariate analysis for graft survival by microsteatosis group

Multivariate analysis

Variable
HR (95% CI) | Pvalue

Microsteatosis
* 0-10% 1 0.001
*>10% 1.8 (1.3-2.6)
Recipient age
* <60 years 1 0.02
* >60 years 1.4 (1.1-2.0)
Donor age
* <60 years 1 0.05
* >60 years 2.7 (1.0-7.0)
MELD
* <25 1 0.38
*>25 1.2 (0.8-1.8)
Cold ischemia time
* <6 hours 1 0.35
*>6 hours 1.2 (0.8-1.7)
Donor BMI
* <25 1 0.88
«>25 1.0 (0.7-1.3)
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Multivariate analysis for patient survival by microsteatosis group

Multivariate analysis

Variable
HR (95% CI) | Pvalue

Microsteatosis
* 0-10% 1 0.03
*>10% 1.6 (1.0-2.4)
Recipient age
* <60 years 1 0.0001
* >60 years 2.0(1.4-2.8)
Donor age
* <60 years 1 0.02
* >60 years 3.4(1.3-9.2)
MELD
* <25 1 0.14
°>25 1.4(0.9-2.2)
Cold ischemia time
* <6 hours 1 0.75
*>6 hours 0.9 (0.6-1.4)
Donor BMI
* <25 1 0.57
*>25 0.9 (0.6-1.3)
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