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Outcomes after Liver Transplantation with Steatotic Grafts: 
Redefining Acceptable Cutoffs for Steatotic Grafts
Ben L Da1 , Jinendra Satiya2 , Rajiv P Heda3, Yu Jiang4, Lawrence F Lau5, Ahmed Fahmy6, Aaron Winnick7, Nitzan Roth8, 
Elliot Grodstein9, Paul J Thuluvath10, Ashwani K Singal11, Thomas D Schiano12, Lewis W Teperman13, Sanjaya K Satapathy14

Ab s t r Ac t
Background: Graft macrosteatosis can predispose to a higher risk of graft loss so we sought to redefine acceptable cutoffs for graft steatosis.
Methods: Data of 26,103 donors who underwent liver transplantation (LT) between January 2004 and December 2018 from the UNOS-STAR 
database were utilized. A high-risk steatotic (HRS) graft and a low-risk steatotic (LRS) graft were defined as ≥20% and <20% macrosteatosis, 
respectively. High-risk steatotic grafts were further classified as grafts with 20–29% (G1S grafts), 30–39% (G2S grafts), and ≥40% steatosis (G3S 
grafts). Outcomes between groups were compared.
Results: LRS grafts had excellent graft (93.3 and 87.7%) and overall survival (95.4 and 90.5%) at 90 days and 1 year. Compared to LRS grafts, G1S, 
G2S, and G3S grafts had worse graft and overall survival at 90 days and 1-year (p <0.001). There was no difference in graft or overall survival 
of G1S or G3S grafts compared to G2S grafts until after adjustment in which G3S grafts were found to be associated with an increased risk of 
graft loss—aHR 1.27 (1.03–1.57), p = 0.02.
Discussion: Liver grafts can be categorized into three categories: (1) <20% or “very low risk”, (2) 20–39% or “low-to-moderate risk”, and usually 
acceptable, and (3) ≥40% steatosis or “moderate-to-high risk”.
Keywords: Allografts, Donor selection, Fatty liver, Liver transplantation, Tissue and organ procurement.
Euroasian Journal of Hepato-Gastroenterology (2022): 10.5005/jp-journals-10018-1361

In t r o d u c t I o n
Liver transplantation is currently the only curative option for 
patients with end-stage liver disease. The performance of LT is 
limited by the availability of suitable donor grafts and the number 
of patients on the waiting list for LT continues to outnumber the 
number of acceptable donors.1 The utilization of steatotic liver 
allografts is one of the accepted solutions to this organ shortage 
issue.2 However, the presence of graft macrosteatosis predisposes 
to a higher risk of ischemic reperfusion injury and has been 
associated with a wide range of short-term adverse outcomes after 
LT, including an increased incidence of bile duct injury, higher rates 
of primary and early graft dysfunction, and worse graft survival.3,4 
As such, graft macrosteatosis is also one of the main reasons that 
potential donor grafts are discarded. In this study, macrosteatosis 
will be used interchangeably with steatosis and micro-steatosis 
will not be discussed.

As the prevalence of obesity, metabolic syndrome, and 
nonalcoholic fatty liver disease (NAFLD) is rapidly rising in the United 
States, the utilization of steatotic liver grafts will continue to be an 
important topic of debate.5,6 Donors of steatotic grafts are considered 
extended criteria donors which implies an inherently higher risk of 
post-LT complications in comparison with a reference donor.7 The 
degree of acceptable steatosis is controversial and differs greatly 
between centers.8 Historically, donor hepatic steatosis can be graded 
into three categories: mild (<30%), moderate (30–60%), and severe 
(>60%) steatosis.9 However, these cutoffs are largely arbitrary and 
were formulated decades ago based on small cohorts.10 Nonetheless, 
most centers are willing to accept grafts up to an upper threshold of 
approximately 30% macrosteatosis although some centers will be 
more conservative depending on the presence of other high-risk 
features such as deceased after cardiac death (DCD) status.
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Severely steatotic grafts (>60% steatosis) are rarely used in the 
present era due to early studies that reported high rates of graft 
failure.11,12 Meanwhile, grafts with mild steatosis can generally 
be used safely with graft survival rates similar to grafts without 
steatosis.13 The tolerability and outcomes of grafts with “moderate” 
steatosis continue to be heavily debated with some studies 
reporting decreased graft survival,14–16 overall survival,16 and biliary 
complications,17 while others have not shown any differences in 
those outcomes.18,19 It is difficult to make firm conclusions based 
on existing literature since many of these studies were single center 
or studies done before direct acting antiviral (DAA) for hepatitis 
C virus (HCV) infection were available. Moreover, these studies 
lacked proper graft matching due to a limited understanding of 
donor/recipient risk factors at the time. In recent years, advances 
in recipient to donor matching have led to an improvement in 
outcomes such that the graft survival of moderately steatotic 
grafts (>30% steatosis) can be similar to that of nonsteatotic 
donor grafts.3,20,21 Nevertheless, many centers continue to discard 
a significant portion of their steatotic grafts, especially those  
with >30% steatosis.

Due to the increasing prevalence of NAFLD, it would also be 
reasonable to estimate that the degree of steatosis seen in donor 
liver grafts will also continue to increase, thus posing a threat to 
organ donation. It is already estimated that the utilization rates of 
donor grafts will decline from 78 to 44% by 2030 due to declining 
graft quality, thus representing a serious problem.22 Therefore, 
every effort should be made to delineate the degree of “tolerable” 
graft steatosis and create a more precise steatosis categorization 
system even if it means reclassifying preexisting cutoffs for graft 
steatosis grading. Thus, in this study, we explored graft and patient 
survival outcomes with different cutoffs for steatosis using the 
United Network for Organ Sharing (UNOS) database.

Me t h o d s

Data Source and Cohort
The data used in this study were obtained from the UNOS Standard 
Transplant Analysis and Research (UNOS-STAR) database. We 
included all donors for recipients aged 18 and older who underwent 

LT between January 1, 2004, and December 31, 2018, in the study 
cohort. As shown in Flowchart 1, we excluded recipients with a history 
of previous LT (n = 3,895), underwent living donor liver transplant 
(LDLT) (n = 3,521), LT without available biopsy (n = 57,557), unknown/
missing alcohol history (n = 488), underwent partial LT (n = 55), 
simultaneous multiorgan transplants (n =  1,630), and HIV NAT+ 
(n = 8). Data from the UNOS-STAR source were used to determine 
donor and recipient characteristics prior to or at the time of LT. 
Information on comorbidities, clinical variables, laboratory values, 
clinical variables, and transplantation-related data of the recipients 
and donors were also extracted from the UNOS-STAR database.

Definitions
A HRS graft was defined in this study as a donor graft with ≥20% 
macrosteatosis. High-risk steatotic grafts were further subclassified 
as grafts with 20–29% (G1S grafts), 30–39% (G2S grafts), and ≥40% 
macrosteatosis (G3S grafts). Low-risk steatotic grafts, defined as 
grafts with <20% macrosteatosis, were considered the primary 
comparison or reference graft group. Body mass was graded at six 
levels in this study: underweight (BMI <18.5), normal (BMI 18.4–24.9), 
overweight (BMI 25.0–29.9), class I obesity (BMI 30.0–34.9), class 
II obesity (BMI 35.0–39.9), and class III obesity (BMI >40.0). Graft 
loss was defined as patient death or need for re-transplant. Donor 
risk index (DRI) was calculated for each donor.23 A DRI ≤1 was 
considered an excellent donor with historical 3-year graft survival 
of greater than 80%, while a DRI >2 was considered a poor donor 
with 3-year graft survival of approximately 60%.

Outcomes and Comparisons
The primary outcomes of interest were the 90 days and 1-year graft 
survival of different steatosis cutoffs of HRS grafts (G1S, G2S, and G3S 
grafts). Secondary outcomes of interest were the 90 days and 1-year 
overall patient survival of recipients of different steatosis cutoffs 
of HRS grafts. The primary comparisons of interest were the risk of 
graft loss and mortality between different steatosis cutoffs at 1-year.

Statistical Analysis
Baseline characteristics were presented as percentages for 
categorical variables and mean  ±  standard deviation (SD) or 

Flowchart 1: Study flow diagram

HIV, human immunodeficiency virus; NAT, nucleic acid testing
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median (interquartile range [IQR]) for continuous variables. 
Continuous variables were compared using Student’s t test, and 
categorical variables were compared with the Chi-square test. 
Cochran–Armitage trend test was used to assess temporal trends 
in the utilization of the steatotic grafts from 2004 to 2018. To further 
investigate the overall patient and graft survival within 90 days and 
1-year after LT, we censored patients that lived longer than 90 days 
or 1-year (or have graft survival longer than 90  days or 1-year), 
respectively. Kaplan–Meier curves were used to assess the overall 
patient and graft survival within 90 days and 1-year after LT of four 
separate groups of patients: recipients of (1) LRS grafts, (2) G1S 
grafts, (3) G2S grafts, and (4) G3S grafts. Log-rank test was used to 
make comparisons between Kaplan–Meier curves.

The association between increasing grades of HRS grafts and 
graft loss/mortality after LT was assessed using both univariate 
and multivariate Cox proportional regression analysis to evaluate 
the impact of specific graft steatosis group on patients’ survival. 
For the multivariate Cox proportional hazard model, we adjusted 
for significant predictors (recipient and donor) of graft loss 

and mortality (on univariate analysis). Reported p-values were 
two-sided and reported as significant if <0.05. All analyses 
were conducted using SAS 9.4 (SAS, Cary, North Carolina). The 
Institutional Review Boards of the North Shore University Hospital 
did not require a formal IRB review as the data are publicly available.

re s u lts

Demographic, Clinical, and Biochemical Characteristics 
of the Entire Cohort Based on Donor Macrosteatosis 
Subgroup
In this study, 26,103 donors between January 1, 2004, and December 
31, 2018, utilized for LT were included. The number of donors in each 
of the subclassifications of steatotic grafts was as follows: <20% 
(LRS, n = 21,819), 20–29% (G1S, n = 2,008), 30–39% (G2S, n = 1,298), 
and ≥40% (G3S, n = 978). Biochemical and donor characteristics for 
the entire cohort and each subgroup are shown in Table 1. Mean 
donor age became progressively younger as the steatosis grades 
increased among the HRS grades: 49.8  ±  13.2  y/o (G1S) versus 

Table 1: Comparison of the donor characteristics as grouped by % of macrosteatosis of the donor graft

Groups based on donor graft macrosteatosis % 

Parameters 
All donors 

(n = 26,103) 
<20% (LRS) 
(n = 21,819) 

20–29% (G1S) 
(n = 2,008) 

30–39% (G2S) 
(n = 1,298) 

≥40% (G3S) 
(n = 978) p-value*

Age, y/o 49.3 ± 15.0 49.5 ± 15.3 49.8 ± 13.2 48.3 ± 13.1 45.5 ± 13.8 <0.001 

Gender, female 12,086 (46.3) 10,220 (46.8) 854 (42.5) 571 (44.0) 441 (45.1) <0.001

Creatinine (mg/dL) 1.8 ± 1.9 1.9 ± 1.9 1.8 ± 1.7 1.7 ± 1.7 1.8 ± 1.6 0.71

Total bilirubin (mg/dL) 0.9 ± 0.9 0.9 ± 0.9 0.9 ± 0.9 0.9 ± 0.8 0.9 ± 0.7 0.004

ALT (U/L) 86.5 ± 204.3 86.7 ± 208.8 85.9 ± 183.9 79.41 ± 161.9 93.0 ± 191.1 <0.001 

AST (U/L) 91.7 ± 192.4 92.0 ± 196.8 89.0 ± 171.0 89.0 ± 182.3 94.4 ± 140.8 <0.001 

BMI, kg/m2 29.7 ± 7.4 29.3 ± 7.2 32.1 ± 7.3 32.4 ± 7.8 31.7 ± 7.6 <0.001 

Anti-HCV+, yes 2,349 (9.0) 2,129 (9.8) 120 (6.0) 50 (3.9) 50.0 (5.1) <0.001 

HCV NAT+, yes   745 (2.9) 679 (3.1) 32 (1.6) 16 (1.2) 18.0 (1.8) <0.001 

HBV NAT+, yes   37 (0.1) 35 (0.2) 1 (0.05) 1 (0.08) 0 (0.0) 0.32

DCD, yes  940 (3.6) 851 (3.9) 40 (1.9) 30 (2.3) 19 (1.8) <0.001 

CIT, hours 6.8 ± 2.5 6.8 ± 2.5 6.9 ± 2.4 6.9 ± 2.5 6.9 ± 2.4 0.005

Hypertension, yes 13,312 (51.0) 11,043 (50.6) 1,092 (54.4) 737 (56.8) 440 (45.0) <0.001 

Diabetes, yes  5,016 (19.2) 4,175 (19.1) 399 (19.9) 279 (21.5) 163 (16.7) 0.03

Heavy alcohol use, yes  5,372 (20.6) 4,345 (19.9) 474 (23.6) 309 (23.8) 244 (25.0) <0.001 

Cause of death 
Anoxia 
CVA 
Head trauma 
CNS tumor 
Unknown 

 
8,014 (30.7) 

12,012 (46.0) 
5,474 (21.0) 

102 (0.4) 
501 (1.9) 

 
6,731 (30.9) 

10,058 (46.1) 
4,525 (20.7) 

74 (0.3) 
431 (2.0) 

 
617 (30.7) 
923 (46.0) 
432 (21.5) 

8 (0.4) 
28 (1.4) 

 
353 (27.2) 
636 (49.0) 
280 (21.6) 

10 (0.8) 
19 (1.5) 

 
313 (32.0) 
395 (40.4) 
237 (24.2) 

10 (1.0) 
23 (2.4) 

<0.001 

DRI coefficient§ 1.27 (1.11, 1.53) 1.27 (1.11, 1.54) 1.27 (1.12, 1.51) 1.26 (1.12, 1.48) 1.26 (1.11, 1.51) 0.59

Race 
Caucasian 
Hispanic 
AA
Asian 
Others 

 
17,746 (68.0)
 2,761 (10.6)
 4,515 (17.3)

  610 (2.3)
 471 (1.8)

 
14,751 (67.6)

2,165 (9.9)
4,003 (18.4)

503 (2.3)
397 (1.8)

 
1,412 (70.3)
244 (12.2)
244 (12.2)

57 (2.8)
45 (2.2)

 
910 (70.1)
167 (12.9)
167 (12.9)

34 (2.6)
20 (1.5)

673 (68.8)
179 (18.3)
101 (10.3)

16 (1.6)
9 (0.9)

<0.001

Values expressed as mean ±  sd or n (%) as appropriate unless otherwise stated. §Value expressed as medians (IQR). *Continuous variables across the 
four groups were compared using Kruskal–Wallis test, while categorical variables were compared using Chi-square test. LRS, low-risk steatosis; G1S, 
grade I steatosis; G2S, grade II steatosis; G3S, grade III steatosis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass  
index; HCV, hepatitis C virus; NAT, nucleic acid amplification testing; DCD, donation after cardiac death; CVA, cerebral vascular accident; CNS, central  
nervous system; DRI, donor risk index; AA, African American
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48.3 ± 13.1 (G2S) versus 45.5 ± 13.8 y/o (G3S) (p <0.001). Donors 
of any grade of HRS grafts had a higher BMI than donors of LRS 
grafts (p <0.0001); however, degree of BMI was not associated with 
increasing graft steatosis grades.

Donors of HRS grafts were less likely to be HCV + (anti-HCV or 
HCV NAT+) compared to donors of LRS grafts. LRS grafts used in 
LT were more likely to also be a DCD graft (3.6%) compared to HRS 
grafts—1.9% (G1S), 2.3% (G2S), and 1.8% (G3S) (p <0.001). However, 
there was no difference in the liver DRI among grafts from the four 
steatosis categories (p = 0.59). Recipient characteristics across the 
four groups (LRS, G1S, G2S, and G3S) are shown in Table 2. Overall, 
similar recipient characteristics were seen across groups although 
statistical differences were seen in recipient creatinine, INR, and 
MELD with increasing graft steatosis grades.

Utilization of Steatotic Grafts in the United States
The trend in the proportion of steatotic grafts relative to total liver 
grafts utilized in the United States from 2004 to 2018 as stratified 
based on the three HRS groups is depicted in Figure 1. G1S and 
G3S grafts have been increasingly utilized during the time frame 
studied (p <0.001), while the utilization of G2S grafts has remained 
relatively consistent. Meanwhile, the utilization of grafts from 

obese donors with a BMI >35, >40, >45, and >50 have all increased 
from 2004 to 2018 as well (p <0.001) (Supplemental Figure 1).

Post-transplant Outcomes for Patients Receiving 
Steatotic Grafts in the United States
Graft Survival
Graft survival post-LT is shown in Figures 2A (90 days) and B (1 year). 
LRS grafts had a graft survival of 93.3, 91.0, and 87.7% at 90 days, 
6 months, and 1 year. G1S grafts had a graft survival of 91.5, 89.4, 
and 86.6% at 90 days, 6 months, and 1 year. G2S grafts had a graft 
survival of 90.9, 88.7, and 85.2% at 90 days, 6 months, and 1 year. 
Finally, G3S grafts had an estimated graft survival of 88.8, 87.0, 
and 84.5% at 90 days, 6 months, and 1 year. Using LRS grafts as 
the reference, G1S, G2S, and G3S grafts had worse graft survival at 
90 days and 1-year (p <0.001). Using G2S grafts as the reference, 
there was no difference in 90 days or 1-year graft survival compared 
to G1S or G3S grafts.

Overall Patient Survival
Patient survival post-LT is shown in Figures 2C (90  days) and D 
(1-year). Recipients of LRS grafts had an overall survival of 95.4, 93.4, 
and 90.5% at 90 days, 6 months, and 1 year. Recipients of grafts 

Table 2: Comparison of recipient characteristics as grouped by % of macrosteatosis of the donor graft

Groups based on donor graft macrosteatosis %

Parameters
All donors 

(n = 26,103)
<20% (LRS)
(n = 21,819)

20–29% (G1S) 
(n = 2,008)

30–39% (G2S) 
(n = 1,298)

≥40% (G3S) 
(n = 978) p-value*

Age, years 55.6 ± 9.7 55.6 ± 9.8 55.9 ± 9.4 55.5 ± 9.9 55.9 ± 9.4   0.75
Gender, female 7,815 (29.9) 6,697 (30.7) 534 (26.6) 322 (24.8) 262 (26.8) <0.001
BMI, kg/m2 28.8 ± 5.7 28.8 ± 5.7 29.1 ± 5.6 28.9 ± 5.7 28.9 ± 5.7   0.04
BMI group

Underweight
Normal
Overweight
Class I obesity
Class II obesity
Class III obesity

344 (1.3)
6,668 (25.6)
9,152 (35.1)
6,157 (23.7)
2,752 (10.6)

991 (3.8)

289 (1.3)
5,628 (25.8)
7,631 (35.0)
5,138 (23.6)
2,288 (10.5)

826 (3.8)

23 (1.2)
460 (22.9)
710 (35.4)
528 (26.3)
210 (10.5)

76 (3.8)

15 (1.2)
338 (26.1)
466 (35.9)
286 (22.1)
140 (10.8)

52 (4.0)

17 (1.7)
242 (24.7)
345 (35.3)
223 (22.8)
114 (11.7)

37 (3.8)

  0.26

Race
Caucasian
Hispanic
AA
Asian
Other

19,291 (73.9)
2,262 (8.7)

 3,100 (11.9)
1,050 (4.0)
  400 (1.5)

16,049 (73.6)
 2,640 (12.1)

1,923 (8.8)
 875 (4.0)
 332 (1.5)

1,522 (75.8)
   205 (10.2)

  157 (7.8)
   89 (4.4)
   35 (1.7)

992 (76.4)
137 (10.6)
100 (7.7)

53 (4.1)
16 (1.2)

728 (74.4)
118 (12.1)

82 (8.4)
33 (3.4)
17 (1.7)

  0.14

Diabetes, yes  7,152 (27.4)  5,981 (27.4)   527 (26.3) 377 (29.0) 267 (27.3)   0.37
Ascites, yes 19,328 (74.5) 16,170 (74.6) 1,483 (74.2) 951 (73.5) 724 (74.3)   0.83
Creatinine, mg/dL 1.3 ± 1.0 1.3 ± 1.0 1.3 ± 0.9 1.3 ± 0.9 1.2 ± 0.8 <0.001
Total bilirubin, mg/dL 7.1 ± 9.3 7.2 ± 9.4 6.9 ± 9.0 6.6 ± 8.7 6.2 ± 8.3    0.008
Albumin, g/dL 3.1 ± 0.7 3.1 ± 0.7 3.1 ± 0.7 3.1 ± 0.7 3.0 ± 0.7   0.76
INR 1.9 ± 1.2 1.9 ± 1.2 1.9 ± 1.3 1.8 ± 1.1 1.8 ± 1.1       0.007
MELD 20.7 ± 10.0 20.8 ± 10.1 20.8 ± 9.9 20.2 ± 9.5 19.5 ± 10.1       0.003
Vent support at LT, yes 860 (3.3) 739 (3.4) 63 (3.1) 37 (2.9) 21 (2.2)   0.13
Etiology of LT

Noncholestatic cirrhosis
Acute hepatic necrosis
Cholestatic liver disease
Malignant neoplasms
Other

18,428 (70.6)
   775 (3.0)
1,863 (7.1)

 3,540 (13.6)
1,496 (5.7)

15,402 (70.6)
 665 (3.1)
1,552 (7.1)

 2,933 (13.4)
1,266 (5.8)

1,421 (70.8)
 63 (3.1)
127 (6.3)

  280 (13.9)
 117 (5.8)

911 (70.2)
30 (2.3)

103 (7.9)
189 (14.6)

65 (5.0)

694 (71.0)
17 (1.7)
81 (9.3)

138 (14.1)
48 (4.9)

  0.33

Values expressed as mean ± sd or n (%) as appropriate. *Continuous variables across the four groups were compared using Kruskal–Wallis test, while 
categorical variables were compared using Chi-square test 
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with G1S had an overall survival of 93.5, 91.6, and 89.1% at 90 days, 
6 months, and 1 year. Recipients of grafts with G2S had an overall 
survival of 93.4, 91.5, and 88.3% at 90 days, 6 months, and 1 year. 
Recipients of grafts with G3S had an overall survival of 92.4, 90.8, 
and 88.5% at 90 days, 6 months, and 1 year. Using recipients of 
LRS grafts as the reference, recipients of G1S, G2S, and G3S grafts 
had worse overall survival at 90 days and 1-year (p <0.001). Using 
recipients of G2S grafts as the reference, there was no difference in 
patient survival between recipients of G1S or G3S grafts compared 
to recipients of G2S grafts at 90 days or 1 year.

Cause of Death and Reasons for Graft Failure within 1 Year
One-thousand two-hundred and seventy-five and 2,455 patients 
died within 90 days and 1-year of LT. Cause of death of patients as 
subdivided based on the degree of steatosis in the donor graft is 
shown in Supplemental Table 1. Cardiovascular disease was the 
leading overall cause of death in recipients of LRS grafts at 90 days 
(27.1%) and the second leading cause of death at 1-year (17.6%) 
after infection (18.8%). In recipients of G1S, G2S, and G3S grafts, 
cardiovascular disease was the leading cause of death at 90 days 
(35.7, 31.0, and 42.5%) and at 1-year (26.7, 19.9, and 30.1%). Graft 
failure was the cause of death within 90 days and 1-year in 8.9 and 
12.0% of recipients of LRS grafts. Meanwhile, graft failure was the 
cause of death within 1-year in 12.4% of recipients of G1S grafts, 
13.7% of recipients of G2S grafts, and 10.4% of recipients of G3S 
grafts. Across groups, the most common reason for graft failure was 
primary nonfunction (PNF). Graft failure and PNF usually occurred 
within 90 days post-LT and occurred more frequently with HRS grafts.

Predictors of Graft Survival and Patient within 1 Year
Using LRS grafts as the reference, all three grades of HRS grafts 
were associated with a higher likelihood for graft loss and mortality 
with the exception of G1S grafts relative to LRS grafts for graft 
loss (p = 0.11) (Supplemental Table 2). Predictors of graft loss and 
patient mortality at 1-year with HRS grafts (≥20% macrosteatosis) 
on univariate analysis are shown in Table 3. Significant predictors 
of graft loss included recipient MELD, recipient need for ventilator 

support at the time of LT, donor hypertension, donor COD-CVA, 
donor COD-head trauma, DRI, and CIT. For mortality, significant 
predictors included recipient age, MELD, and etiology of LT, donor 
COD-CVA, donor COD-head trauma, and CIT. Table 4 shows the 
association between steatosis grade and graft loss/mortality 
at 1-year before and after adjusting for significant predictors 
on univariate analysis using G1S grafts as the reference. Prior to 
adjustment, G2S and G3S grafts were not associated with a higher 
likelihood of graft loss or mortality compared to G1S grafts. After 
adjusting, G3S grafts demonstrated a higher likelihood of graft loss 
relative to G1S grafts [aHR 1.27 (1.03–1.57), p = 0.02].

dI s c u s s I o n
Our study showed that grafts with <20% macrosteatosis should 
be classified as “very-low-risk” steatotic grafts since they exhibited 
excellent graft and patient survival after LT that were better than 
G1S, G2S, and G3S grafts. Among HRS grafts, G1S and G2S grafts 
had acceptable and comparable graft and patient survival at 
90 days and 1-year. This held true even after multivariate regression 
modeling adjusting for significant predictors for graft loss and 
mortality at 1-year. When G1S and G3S grafts were compared, they 
demonstrated similar patient survival at 1-year but there was a trend 
for higher graft loss at 1-year in G3S grafts compared to G1S grafts 
on unadjusted analysis (p = 0.09). After adjustment for significant 
predictors, we saw a higher rate of graft loss at 1-year, aHR 1.27 
(1.03–1.57), p = 0.02, with G3S grafts compared to G1S grafts.

These findings suggest that grafts with 20–39% macrosteatosis 
(G1S  +  G2S) should be considered of a similar risk category—
termed “low-to-moderate risk”. Meanwhile, grafts with ≥40% 
macrosteatosis (G3S) grafts should be considered its own risk 
category—termed “moderate-to-high risk”. This categorization 
system is different compared to existing categorization systems 
that subdivides steatotic grafts into either mild (<30%), moderate 
(30–60%), and severe (>60%),9 or grade 0 (<5%), grade I 
(5–33%), grade II (>33–66%), and grade III (>66%).24 Ideally, our 
new categorization system will increase the utilization rate of 
grafts with 30–39% macrosteatosis as a recent study reported 

Fig. 1: Trend for the utilization of HRS liver allografts in the United States. Trends of the proportion of total liver allografts utilized are depicted 
as three groups. G1S (20–29% macrosteatosis), G2S (30–39% macrosteatosis), and G3S (≥40% macrosteatosis) grafts. Trend in the proportion of 
G1S and G3S grafts has increased from 2004 to 2018 (p <0.001), while G2S grafts have not (p = 0.23) (Cochran–Armitage trend test). G1S, grade I 
steatosis, G2S, grade II steatosis, G3S, grade III steatosis
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Figs 2A to D: Overall Graft and patient survival at 90 days and 1 year. (A) Overall graft survival at 90 days, (B) Overall graft survival at 1 year, (C) 
Overall patient survival at 90 days, (D) Overall patient survival at 1 year. LRS grafts—<20% macrosteatosis; G1S grafts—20–29% macrosteatosis; 
G2S grafts—30–39% macrosteatosis; and G3S grafts—≥40% macrosteatosis. LRS grafts as the reference: Recipients of G1S, G2S, and G3S grafts 
had worse graft survival at 90 days and 1 year (p <0.001). Recipients of G2S grafts as the reference: There was no difference in 90 days or 1-year 
graft survival compared to G1S or G3S grafts
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Table 3: Univariate analysis of variables and effect on outcomes at 1 year in ≥20% steatosis

Graft survival Mortality

Recipient HR (95% CI) p HR (95% CI) p
Age 1.00 (0.99–1.01) 0.69 1.01 (1.00–1.02) 0.05
BMI 1.01 (0.99–1.02) 0.27 1.01 (0.99–1.03) 0.77
MELD 1.02 (1.01–1.03) <0.001 1.03 (1.02–1.04) <0.001
Etiology of LT

Noncholestatic liver disease Ref ref
Acute liver failure 1.62 (0.99–2.33) 0.06 1.68 (1.06–2.67) 0.03
Cholestatic liver disease 0.87 (0.63–1.22) 0.42 0.87 (0.56–1.21) 0.32
Malignant neoplasm 0.86 (0.67–1.10) 0.24 0.85 (0.64–1.13) 0.26
Other 1.36 (0.99–1.87) 0.06    1.2 (0.822–1.76) 0.34

Vent support at LT 3.01 (2.19–4.13) <0.001  3.04 (2.12–4.36) <0.001
Donor 

Age 1.01 (1.0–1.02) 0.006 1.01 (1.00 –1.01) 0.1
BMI   1.0 (0.99–1.01) 0.85 1.00 (0.99–1.01) 0.95
Gender—female 0.95 (0.8–1.11) 0.5 0.92 (0.76–1.1) 0.35

Race
Caucasian Ref ref
Hispanic 1.17 (0.94–1.47) 0.17 1.11 (0.85–1.43) 0.44
AA 0.97 (0.75–1.25) 0.8 0.89 (0.66–1.2) 0.44
Asian  1.1 (0.67–1.82) 0.7 1.14 (0.66–2.0) 0.64
Other 1.31 (0.75–2.27) 0.34 1.27 (0.68–2.39) 0.45

HCV Ab+ 0.69 (0.45–1.06) 0.09 0.73 (0.46–1.18) 0.2
HBV NAT+ 0.0 (0.0–0.0) 0.96 0.0 (0.0–0.0) 0.97
Heavy alcohol use 1.02 (0.85–1.23) 0.85 1.02 (0.83–1.26) 0.85
Hypertension 1.24 (1.05–1.46) 0.001 1.09 (0.91–1.31) 0.35
Diabetes 1.13 (0.93–1.38) 0.21 1.03 (0.82–1.3) 0.78
DCD 1.09 (0.63–1.89) 0.75 0.98 (0.51–1.89) 0.94
CIT 1.04 (1.02–1.07) 0.0003 1.03 (1.01–1.06) 0.02
COD

Anoxia ref ref
CVA 1.83 (1.49–2.25) <0.001 1.88 (1.48–2.39) <0.001
Head trauma 1.38 (1.08–1.77) 0.011 1.54 (1.16–2.04) 0.003
CNS tumor 1.55 (0.57–4.18) 0.39 1.56 (0.5–4.94) 0.45
Unknown 1.36 (0.69–2.67) 0.38 1.83 (0.92–3.63) 0.084

DRI 1.18 (1.03–1.35) 0.018 1.16 (0.99–1.35) 0.07
AA, African American; Ab, antibody; BMI, body mass index; CIT, cold ischemic time; CVA, cerebrovascular accident; DCD, deceased after cardiac death; 
DRI, donor risk index; HBV, hepatitis B virus; HCV, hepatitis C virus; LT, liver transplantation; MELD, model for end-stage liver disease; NAT, nucleic acid  
amplification 

Table 4: Association between steatosis grade and graft loss/mortality at 1 year

Graft loss Mortality

Unadjusted analysis Adjusted analysis* Unadjusted analysis Adjusted analysis¥

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p
G1S (20–29%) ref ref ref
G2S (30–39%) 1.11 (0.92–1.34) 0.26 1.11 (0.91–1.34) 0.31 1.07 (0.87–1.33) 0.52 1.08 (0.87–1.34) 0.51
G3S (≥40%) 1.19 (0.97–1.46) 0.09 1.27 (1.03–1.57) 0.02 1.07 (0.85–1.35) 0.56 1.14 (0.90–1.45) 0.27

*Adjusted for recipient variables: MELD, ventilator at time of LT; donor variables: age, hypertension, CIT, donor cause of death; ¥Adjusted for recipient 
variables: age, MELD, etiology of LT, ventilator at time of LT; donor variables: CIT, donor cause of death; G1S, grade I steatosis; G2S, grade II steatosis; G3S, 
grade III steatosis, MELD, model for end-stage liver disease; LT, liver transplantation; CIT, cold ischemic time
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that the discard rate of grafts with >30% macrosteatosis  
is still approximately 40%.20

Despite our introduction of this new categorization system 
for steatotic grafts, proper donor-to-recipient matching should 
still be performed at the physician’s discretion as there are likely 
additional important variates that are difficult to account for 
or are unaccounted for. For example, although we adjusted for 
significant predictors on our multivariate regression models, 
we did not adjust for DRI due to multicollinearity and its 
nonsignificance as a predictor per our predetermined definition 
of a two-sided p <0.05.

Interestingly, the rates of graft loss with G3S grafts compared to 
G1S grafts only became statistically significant on the multivariate 
regression model. This occurred after adjusting for predictors such 
as MELD score and ventilator support at the time of transplantation 
which suggests that these more steatotic grafts are being utilized 
in healthier recipients at baseline. Of note, hypothermic and 
normothermic machine perfusion may mitigate some of the 
risk of graft injury with these higher grade steatotic grafts.25,26 
Meanwhile, the higher rates of graft loss but not mortality can likely 
be attributed to the occurrence of re-transplantation resulting in 
patient survival.

There are several limitations to our study. First, due to the 
nature of the UNOS database, characteristics and outcomes are 
reported by individual centers and may be misreported. Second, 
we have not reported data regarding the characteristics of the 
discarded grafts since they are not reported in the UNOS database. 
Another limitation to our study was that the performance of liver 
biopsy is not standardized. Instead, liver biopsy was done at the 
discretion of the transplant center and was not performed in about 
two-thirds of patients.27 Reasons for performing or not performing 
a liver biopsy can include physician judgment, which is highly 
subjective, potential to increase CIT because of need to prepare 
and interpret the biopsy, and the overall risk tolerance of individual 
centers to steatotic grafts. All of which could have created a 
selection bias. Finally, substantial intraobserver and interobserver 
variation exists among pathologists in the assessment of steatosis 
severity.28

In summary, we report a new steatosis categorization system 
in which grafts can be subdivided into three categories in terms of 
post-LT risk tolerance. The first category includes grafts with <20% 
macrosteatosis and can be considered “very low risk”. The second 
category includes grafts with ≥20% but <40% macrosteatosis 
(G1S +  G2S) that should be termed “low-to-moderate risk” and 
can be usually acceptable for transplantation. The third category 
includes grafts with ≥40% macrosteatosis (G3S) and should 
be termed “moderate-to-high risk”. Proper donor-to-recipient 
matching needs to still be performed taking into account factors 
such as MELD score, CIT, DRI, DCD, and age. Future studies are 
needed to evaluate the effectiveness of this practice on existing 
organ shortage issues.
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