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 Background: The new simultaneous liver-kidney transplantation (SLK) listing criteria in the United States was implemented 
in 2017. We aimed to investigate the impact on waitlist and post-transplantation outcomes from changes in 
the medical eligibility of candidates for SLK after policy implementation in the United States.

 Material/Methods: We analyzed adult primary SLK candidates between January 2015 and March 2019 using the Organ Procurement 
and Transplant Network/United Network for Organ Sharing (OPTN/UNOS) registry. We compared waitlist prac-
tice, post-transplantation outcomes, and final transplant graft type in SLK candidates before and after the policy.

 Results: A total of 4641 patients were eligible, with 2975 and 1666 registered before and after the 2017 policy, respec-
tively. The daily number of SLK candidates was lower after the 2017 policy (3.25 vs 2.89, P=0.01); 1956 re-
ceived SLK and 95 received liver transplant alone (LTA). The proportion of patients who eventually received LTA 
was higher after the 2017 policy (7.9% vs 3.0%; P<0.001). The 1-year graft survival rate was worse in patients 
with LTA than in those with SLK (80.5% vs 90.4%; P=0.003). The adjusted risk of 1-year graft failure in patients 
with LTA was 2.01 (95% confidence interval 1.13-3.58, P=0.01) compared with patients with SLK among the 
SLK candidates.

 Conclusions: Although the number of registrations for SLK increased, the number of SLK transplants decreased, and the 
number of liver transplants increased. LTA in this patient cohort was associated with worse post-transplanta-
tion outcomes.
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Background

Simultaneous liver-kidney transplantation (SLK) is indicat-
ed for patients with end-stage liver disease and severe renal 
impairment [1,2]. In the United States, the proportion of SLK 
candidates has increased from 2.0% in 2005 to 6.6% in 2015. 
Similarly, the actual number of patients who undergo SLK has 
increased from 5.6% in 2005 to 9.4% in 2015 [3].

The prevailing organ shortage remains a challenge in the fields 
of both liver and kidney transplantation. Given the increase in 
the number of patients who require SLK [4], creating equitable 
allocation rules for SLK is crucial. Within this context, despite 
general allocation guidelines by the Organ Procurement and 
Transplantation Network/United Network for Organ Sharing 
(OPTN/UNOS), the indications for SLK between centers of-
ten varied. In 2017, the new SLK policy was implemented and 
resulted in homogenizing SLK listing criteria nationally [5,6]. 
The eligibility criteria for SLK in these guidelines include (1) 
chronic kidney disease, with an estimated glomerular filtration 
rate (eGFR) £60 for greater than 90 consecutive days before 
listing or £30 at listing, or end-stage renal disease on main-
tenance dialysis; (2) sustained acute kidney injury requiring 
acute dialysis for 6 weeks or longer, an eGFR £25 for 6 weeks 
or more, or dialysis and eGFR £25 for 6 consecutive weeks; 
and (3) metabolic disease. To be eligible for SLK, candidates 
must meet at least 1 of these criteria [7]. In addition, SLK can-
didates must fulfill at least 1 of the criteria throughout the 
entire duration of the transplant listing [7]. If a candidate no 
longer meets the criteria, they no longer qualify for SLK and 
instead become listed for a liver transplant alone (LTA). As the 
kidney function in liver transplantation candidates can fluctu-
ate during the waiting time, it is possible that some patients 
who are initially listed for SLK have an improvement in their 
kidney function and no longer meet the SLK requirements. In 
this case, they would undergo LTA. Several studies have eval-
uated the impact of the implementation of SLK policy in the 
United States [8,9]. Cullaro et al reported the possible impact 
of SLK policy on post-transplant outcomes using the OPTN/
UNOS dataset before the policy implementation and conclud-
ed that the policy implementation might not improve surviv-
al after transplantation [8]. Recently, Wilk et al reported that 
the number of kidney transplantation after LTA and the trans-
plant rate in patients listed for kidney transplantation after 
LTA increased, and post-transplant outcomes in patients who 
received SLK after the policy implementation were similar to 
those before the implementation. They did not compare the 
outcomes according to final graft types (SLK or LTA) in patients 
who were initially listed for SLK [9].

We aimed to investigate the impact of changes in the medical 
eligibility of SLK candidates in the United States according to 
the OPTN/UNOS SLK policy on waitlist outcome, post-transplant 

outcome, and transplant graft type (SLK or LTA) in SLK listings 
from the OPTN/UNOS transplant registry.

Material and Methods

Study Population

This study was approved for an Institutional Review Board 
waiver after review.

We analyzed data from the OPTN/UNOS Standard Transplant 
and Research files for liver transplants between January 1, 
2015, and March 31, 2019, for information from patients list-
ed for primary SLK in the United States. The study period was 
set from January 1, 2015, to March 31, 2019. Exclusion crite-
ria were patients younger than 18 years old, patients initial-
ly listed for either LTA, retransplant, or combined organ trans-
plant with the thoracic organs, intestines, and/or pancreas. The 
study period was divided into 2 eras: before the 2017 policy, 
which included patients listed on the SLK list from January 1, 
2015, to July 31, 2017, and after the 2017 policy, which includ-
ed patients listed for SLK from September 1, 2017, to March 
31, 2019. Because the new OPTN/UNOS SLK policy was imple-
mented in August 2017, patients listed in August 2017 were 
excluded as a 1-month washout period to minimize the effect 
on the waitlist practice by the 2 different policies. There were 
201 patients with dual listings, of which 33 died on the wait-
list and 111 underwent transplantation and were among the 
listed patients eligible for this study. To avoid double-count-
ing listed patients, those who had either death or transplant 
at the time of waitlist removal were eligible for the study, 
and patients who were improved or censored were exclud-
ed from the study.

Covariates

Continuous variables included age, body mass index (BMI), 
model for end-stage liver disease (MELD) score, waiting time, 
eGFR, serum creatinine, serum total bilirubin, prothrombin 
time-international normalized ratio (PT-INR), serum sodium, 
and cold ischemia time. Sex, moderate/severe ascites, dial-
ysis requirement, grade 3/4 encephalopathy, need for me-
chanical ventilation, portal vein thrombosis, and donation af-
ter circulatory death (DCD) donor were considered as binary 
variables. Multilevel categorical variables included ethnicity 
(White, Black, Hispanic, and other), Karnofsky score (10-30%, 
40-60%, and 70-100%), share type (local, regional, and nation-
al), recipient age (<50, 50-59, and 60 years or older), donor age 
(<40, 40-59, and 60 years or older), MELD (MELD-Na[sodium]) 
score (6-29, 30-34, and 35 or higher), and serum sodium val-
ue (<135, 135-144, and 145 mEq/L or higher).
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Simultaneous Liver-Kidney Transplant Waitlist Practice and 
Outcomes

We compared the numbers of newly listed patients for prima-
ry SLK between the 2 eras. Also, liver transplant waitlist out-
comes, including waitlist mortality and transplant probability, 
were compared between the 2 eras by using a competing risk 
analysis, which we used for our previous study [10]. Competing 
risk events included improvement on the waitlist, deceased 
donor transplant, death, and extreme sickness. If none of the 
abovementioned events had occurred before the end of the 
set period, patients were censored. Patients who received liv-
ing donor transplants were censored at the time of transplan-
tation. Patients listed before the 2017 policy were censored 
on the last day of each era (July 31, 2017) in the waitlist out-
come analysis to minimize the effects of different SLK listing 
criteria. Fine-gray proportional hazards were adjusted for re-
cipient characteristics at listing, including recipient age, sex, 
race, MELD/MELD-Na score, serum sodium, presence of ascites, 
Karnofsky score, hepatic encephalopathy, and dialysis require-
ment. Liver transplant waitlist outcomes were analyzed and 
stratified by MELD score categories: lower MELD score group: 
score of 29 or lower; mid MELD score group: score of 30-34; 
and higher MELD score group: score of 35 or higher. The pro-
portions of actual transplant graft type (SLK or LTA) in SLK list-
ings were also compared between the 2 eras.

Post-Transplant Outcomes

Among the patients initially listed for SLK, the risks of 1-year 
graft loss and post-transplantation mortality were compared 
between the transplant types (SLK vs LTA). Risks were adjust-
ed for donor age, donor race, donor BMI, DCD donor, recipi-
ent race, and cold ischemia time and the following variables 
at the time of transplantation: recipient age, encephalopathy, 
ascites, mechanical ventilation, dialysis, recipient diabetes, 
recipient BMI, MELD score, serum sodium, Karnofsky score, 
and UNOS regions.

Thereafter, we compared 1-year post-transplant outcomes be-
tween the 2 eras in patients who received SLK. Patients who 
were listed before the 2017 policy and transplanted after the 
2017 policy were excluded in the post-transplant outcome 
analyses to eliminate the effect of policy change on outcomes 
of patients before the 2017 policy. Risk factors for post-SLK 
mortality and graft loss were evaluated by adjusting risks for 
the following variables at the time of SLK: recipient age, re-
cipient race, encephalopathy, ascites, mechanical ventilation, 
dialysis, recipient diabetes, recipient MELD score, Karnofsky 
score, BMI, serum sodium, cold ischemia time, donor age, do-
nor race, donor BMI, DCD graft, and UNOS regions.

Statistical	Analysis

Data were represented using percentages for discrete variables 
and the median and interquartile range (IQR) for continuous 

All SLK listings from January 1, 2015 to March 31, 2019
(n=5,320)

SLK listings eligible for this study
(n=4,641)

Pediatric listings (n=113)
Combined transplant with

thoracic organ(s), pancreas,
or intestine listings (n=49)

Patients excluded from this study
(Patients might meet multiple exlcusions criteria)

Re-transplant listings (n=469)
Registered in August 2017

(n=106)

Before the 2017 policy (n=2,975)

After the 2017 policy (n=1,666)

Figure 1.  Figure explains the selection criteria of the study cohort. A total of 4641 of the 5320 patients who were listed for 
simultaneous liver-kidney transplant (SLK) between January 2015 and March 2019 were eligible for this study. Patients were 
divided into 2 groups: before the 2017 policy (n=2975), and after the 2017 policy (n=1666).
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 n (%) Group
Before the 2017 policy

n=2975 (64.1)
After	the	2017	policy

n=1666 (35.9)
P value

The daily number of registered patients, [IQR]  3.25 [0, 5]  2.89 [0, 5] 0.01

Age (year), median [IQR]  59.0 [52.0, 64.0]  59.0 [53.0, 64.0] 0.10

Age group (year), n (%) <50  553 (18.6)  323 (19.4) 0.08

50-59  1052 (35.4)  535 (32.1)

60 or older  1370 (46.0)  808 (48.5)

Ethnicity, n (%) White  1807 (60.7)  987 (59.2) 0.009

Black  386 (13.0)  216 (13.0)

Hispanic  610 (20.5)  345 (20.7)

Others  172 (5.8)  118 (7.1)

Gender, n (%) Male  1802 (60.6)  949 (57.0) 0.01

Female  1173 (39.4)  717 (43.0)

BMI, median [IQR]  27.6 [24.1, 32.3]  27.7 [24.2, 32.4] 0.67

eGFR (ml/min), median [IQR]  19.3 [11.7, 32.4]  17.5 [10.8, 29.1] <0.001

Serum creatinine (mg/dL), median [IQR]  3.0 [1.9, 4.8]  3.3 [2.1, 5.2] <0.001

Serum total bilirubin (mg/dL), median [IQR]  1.7 [0.8, 4.2]  1.5 [0.7, 3.4] <0.001

PT-INR, median [IQR]  1.4 [1.1, 1.8]  1.3 [1.1, 1.7] <0.001

Serum sodium (mEq/L), median [IQR]  137.0 [134.0, 139.0]  137.0 [134.0, 140.0] 0.004

Serum sodium group (mEq/L), n (%) <135  935 (31.4)  482 (28.9) 0.12

135-144  1985 (66.7)  1145 (68.7)

145 or higher  55 (1.8)  39 (2.3)

Moderate/severe ascites, n (%)  1217 (40.9)  676 (40.6) 0.82

Karnofsky score, n (%) 10-30%  983 (33.3)  546 (33.2) <0.001

40-60%  1207 (40.9)  755 (45.8)

70-100%  759 (25.7)  346 (21.0)

Dialysis requirement, n (%)  1475 (49.6)  865 (51.9) 0.14

Grade 3/4 encephalopathy, n (%)  275 (9.3)  145 (8.7) 0.57

Mechanically ventilated, n (%)  208 (7.0)  119 (7.2) 0.007

Initial MELD (MELD-Na) score, median [IQR]  23.0 [20.0, 30.0]  23.0 [20.0, 30.0] 0.91

MELD score group, n (%) 6-29  2191 (73.6)  1242 (74.5) 0.06

30-34  354 (11.9)  220 (13.2)

35+  430 (14.5)  204 (12.2)

Portal vein thrombosis, n (%)  185 (6.2)  98 (5.9) 0.71

Table 1. Patient characteristics in simultaneous liver-kidney transplantation listings before and after the 2017 policy.

Data was summarized using the median with interquartile range (IQR) for continuous variables and using percentage for discrete 
variables. Continuous variables were analyzed using the Mann Whitney-U test and discrete variables were analyzed using a chi-
square test. BMI – body mass index; eGFR – estimated glomerular filtration rate; MELD – model for end-stage liver disease; 
PT-INR – prothrombin time-international normalized ratio; SLK – simultaneous liver-kidney transplantation.
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variables. The Mann-Whitney U test was used for continu-
ous variables, and the chi-squared test was used for discrete 
variables. For the waitlist analysis, we used a cumulative in-
cidence approach to account for the presence of a competing 
risk of transplantation on waitlist dropout due to mortality [10]. 
The Gray test was used for comparison of waitlist mortality 
and transplantation probability rates [11]. Multivariable mod-
els were created to define factors that affected waitlist out-
comes. Fine-Gray proportional hazard regression models were 
used for comparisons of waitlist mortality/dropout and trans-
plant probability [12]. Post-transplant survival was evaluated 
using Kaplan-Meier curve analysis and compared by log-rank 
tests. A multivariable Cox regression model assessed hazards 
of post-transplant mortality. A P value <0.05 was considered 
statistically significant for all analyses. All statistical analyses 
were done using SPSS version 25 (IBM Corp, Armonk, NY, USA) 
and R version 3.5.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Results

SLK Transplant Waitlist Patient Characteristics

Between January 1, 2015, and March 31, 2019, a total of 5320 
patients were listed for SLK. Patients under 18 years of age 
(n=113), with combined transplant with thoracic, intestinal, 
and/or pancreatic (n=49), listed for retransplantation (n=469), 
and listed in August 2017 (n=106) were excluded. The total 
number of patients eligible for this study was 4641 (Figure 1). 
Among them, 2975 were listed before the 2017 policy and 
1666 were listed after the policy. Table 1 shows the compar-
ison of patient characteristics in the SLK listing between the 
eras. The daily number of SLK listings was significantly low-
er after the 2017 policy than before the policy (3.25/day in 
before vs 2.89/day in after, P=0.01). Patients’ eGFR was sig-
nificantly lower after compared with before the 2017 policy.

90-day waitlist mortality 90-day transplant probability

aHR* 95% CI P value aHR* 95% CI P value

Overall group 0.83 0.67-1.02 0.08 1.12 1.00-1.26 0.04

MELD group

 35 or higher 0.83 0.54-1.27 0.40 1.24 1.02-1.51 0.03

 30-34 1.01 0.66-1.54 0.95 1.03 0.81-1.32 0.76

 29 or lower 0.72 0.52-0.99 0.04 0.97 0.82-1.14 0.74

Table 2. The 90-day waitlist mortality risk and transplant probability after the 2017 policy (ref. before the 2017 policy).

* Hazards were adjusted by Fine-Gray model for recipient age, sex, race, Karnofsky score MELD score, at registration, presence of 
ascites, hepatic encephalopathy, dialysis requirement at registration and United Network for Organ Sharing (UNOS) region (1-11). 
aHR – adjusted hazard ratio; CI – confidence interval; MELD – model for end-stage liver disease.
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Figure 2.  The proportion of liver transplantation 
alone (LTA) in simultaneous liver-
kidney transplantation (SLK) listings 
increased in after the 2017 policy 
(3.0% in before the 2017 policy 
vs 7.9% in after the 2017 policy, 
P<0.001). Among each model for end-
stage liver disease (MELD) score group, 
similar trends were observed (MELD 
score £29: 5.7% vs 2.5%, P=0.006; 
MELD score 30-34: 9.7% vs 2.5%, 
P=0.009; MELD score ³35: 12.5% vs 
4.7%, P=0.004). Light solid bar: LTA 
before the 2017 policy. Dark solid bar: 
LTA after the 2017 policy.
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Simultaneous Liver-Kidney Transplant Waitlist Outcomes

Risks of 90-day SLK waitlist mortality were similar before and 
after the 2017 policy (adjusted hazard ratio [aHR] 0.83, 95% 
confidence interval [CI] 0.67-1.02, P=0.08 [ref. before the 2017 
policy]) (Table 2). When analyzing waitlist outcomes stratified 
by MELD score groups, waitlist mortality in patients with a 
MELD score of 29 or lower was significantly lower after com-
pared with before the 2017 policy (aHR 0.72, 95% CI 0.52-0.99, 
P=0.04). Transplantation probability was significantly higher 
after compared with before the 2017 policy (aHR 1.12, 95% 
CI 1.00-1.26, P=0.04) (Table 2). In patients with a MELD score 
of 35 or higher, transplantation probability was significantly 
higher after compared with before the 2017 policy (aHR 1.24, 
95% CI 1.02-1.51, P=0.03).

Trend	of	Actual	Transplant	Type	in	Simultaneous	Liver-
Kidney Transplant Listings

Among the 4641 SLK patients listed, 95 patients received LTA. 
Of these, 40 and 55 were before and after the 2017 policy, re-
spectively. The proportion of patients who underwent LTA in 
SLK listings was significantly higher after the 2017 policy (3.0% 
before vs 7.9% after; P<0.001) (Figure 2). When SLK listings 
were stratified by MELD score groups, the proportion of pa-
tients who underwent LTA was significantly higher after com-
pared with before the 2017 policy across all MELD score cate-
gories (MELD score 29 or lower, 5.7% vs 2.5%, P=0.006; MELD 
score 30-34, 9.7% vs 2.5%, P=0.009; MELD score 35 or high-
er, 12.5% vs 4.7%, P=0.004). This difference was most pro-
nounced in the high MELD score category.

Among the patients who underwent LTA, 5 underwent kidney 
transplantation alone after LTA. Although there was no sig-
nificant difference between the 2 eras, the proportion of pa-
tients who underwent kidney transplantation separately af-
ter LTA increased after the 2017 policy (2.5% [1/40] before vs 
7.3% [4/55] after, P=0.30).

Post-Transplant Outcomes Between Simultaneous Liver-
Kidney	Transplantation	and	Liver	Transplantation	Alone

Of the 4641 SLK patients listed, 1956 underwent SLK and 95 
underwent LTA. The comparisons of characteristics of patients 
who underwent SLK and LTA are shown in Table 3. Although 
kidney function was better in patients who received LTA, me-
dian serum total bilirubin and PT-INR were significantly high-
er in patients who received LTA than in those who received 
SLK. The proportion of patients with mechanical ventilation 
and higher MELD scores was significantly higher in patients 
who received LTA. Also, the waiting time was shorter and do-
nor age was older in patients who received LTA than in those 
who underwent SLK.

The 1-year graft survival rate in the patients who underwent 
LTA who were initially listed for SLK was significantly lower 
than in patients who underwent SLK (80.5% vs 90.4%, P=0.003) 
(Figure 3). After adjusting risks of 1-year graft loss and mortal-
ity for recipient and donor characteristics, the adjusted risks 
of 1-year graft loss and mortality in patients with LTA were 
significantly higher than in patients with SLK (graft loss: aHR 
2.01, 95% CI 1.13-3.58, P=0.01; mortality: aHR 2.16, 95% CI 
1.19-3.92, P=0.01) (Table 4).

Comparison	of	SLK	Outcomes	Before	and	After	the	2017	
Policy

The characteristics of SLK recipients before and after the 2017 
policy are shown in Table 5. Compared with before the poli-
cy implementation, the proportion of the patients with hypo-
natremia was significantly higher, eGFR and serum total bil-
irubin were lower, and cold ischemia time was shorter after 
implementation. On comparing SLK outcomes between the 
eras, the 1-year graft survival rate was significantly worse af-
ter the policy (86.3%) than before (91.4%) (P=0.01) (Figure 4). 
The multivariable Cox regression model showed that SLK af-
ter the 2017 policy was a risk factor for 1-year graft loss (aHR 
1.57, 95% CI 1.11-2.22, P=0.01) along with mechanical ven-
tilation (aHR 1.78, 95% CI 1.13-2.79, P=0.01), hyponatremia 
(<135 mEq/L: aHR 1.44, 95% CI 1.03-2.02, P=0.03), hyperna-
tremia (³145 mEq/L: aHR 2.70, 95% CI 1.19-6.11, P=0.01), and 
older donor age (40-59 years: aHR 1.69, 95% CI 1.20-2.38, 
P=0.002; ³60 years: aHR 3.32, 95% CI 1.72-6.44, P<0.001) 
(Table 6). Infection was the most common cause of death in 
both eras (36.3% [37/102] before vs 32.6% [15/46] after the 
policy, P=0.09) within 1 year after SLK, although there was no 
significant difference between the 2 eras (Table 7).

Comparison	of	LTA	Outcomes	Before	and	After	the	2017	
Policy

The proportion of the patients with moderate or severe ascites 
and portal vein thrombosis was lower (Table 8) after the pol-
icy than before. The median eGFR at LTA was better after the 
2017 policy, although the difference was not statistically sig-
nificant (33.8 mL/min vs 26.2 mL/min, P=0.33). Other covari-
ates, such as kidney function, were comparable. On compar-
ing LTA outcomes between eras, the 1-year graft survival rate 
was similar before (79.8%) and after the 2017 policy (81.3%) 
(P=0.89; Figure 5). Among patients who underwent LTA, in-
fection was also the most common cause of death within 1 
year after transplantation (57.1%; 8 of 14 died within 1 year 
after LTA; Table 9).
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 n (%)
SLK

n=1956 (95.3)
LTA

n=95 (4.7)
P value

Recipient age (year), median [IQR]  59.0 [51.0, 64.0]  59.0 [50.0, 62.0] 0.33

Recipient age group (year) (%) <50  397 (20.3)  23 (24.2) 0.33

50-59  672 (34.4)  26 (27.4)

60 or older  887 (45.3)  46 (48.4)

Recipient gender (%) Male  1201 (61.4)  51 (53.7) 0.16

Recipient ethnicity (%) White  1271 (65.0)  59 (62.1) 0.04

Black  265 (13.5)  6 (6.3)

Hispanic  321 (16.4)  24 (25.3)

Others  99 (5.1)  6 (6.3)

Recipient BMI, median [IQR]  26.9 [23.4, 31.7]  26.9 [23.9, 31.2] 0.86

Moderate/severe ascites at LT (%)  963 (49.3)  48 (50.5) 0.89

Dialysis at LT(%)  1392 (71.2)  56 (58.9) 0.01

Grade 3/4 encephalopathy at LT(%)  291 (14.9)  17 (17.9) 0.51

Mechanically ventilated at LT(%)  327 (16.7)  26 (27.4) 0.01

MELD score at LT, median [IQR]  30.0 [24.0, 36.0]  34.0 [27.0, 39.5] 0.003

MELD score group (%) 6-29  950 (48.5)  29 (30.5) 0.001

30-34  387 (19.8)  21 (22.1)

35+  619 (31.7)  45 (47.4)

Portal vein thrombosis at LT (%)  224 (11.5)  16 (16.8) 0.15

Waiting time (day), median [IQR]  43.0 [12.0, 136.0]  27.0 [9.5, 87.0] 0.03

eGFR at LT (ml/min), median [IQR]  17.2 [11.2, 27.4]  31.1 [15.3, 53.9] <0.001

Serum creatinine at LT (mg/dL), median [IQR]  3.4 [2.2, 4.9]  2.0 [1.2, 3.5] <0.001

Serum total bilirubin at LT (mg/dL), median [IQR]  3.0 [1.1, 8.5]  6.5 [2.4, 17.5] <0.001

PT-INR at LT, median [IQR]  1.6 [1.2, 2.1]  1.9 [1.5, 2.5] <0.001

Serum sodium at LT (mEq/L), median [IQR]  136.0 [133.0, 139.0]  136.0 [134.0, 138.0] 0.84

Serum sodium group (mEq/L) (%) <135  710 (36.3)  25 (26.3) 0.08

135-144  1202 (61.5)  66 (69.5)

145 or higher  44 (2.2)  4 (4.2)

Donor age (year), median [IQR]  33.0 [24.0, 45.0]  36.0 [26.5, 52.5] 0.03

Donor age group (year) (%) <40  1278 (65.3)  55 (57.9) <0.001

40-59  617 (31.5)  27 (28.4)

60 or older  61 (3.1)  13 (13.7)

Donor gender (%) Male  1207 (61.7)  54 (56.8) 0.39

Donor BMI, median [IQR]  26.9 [23.2, 31.4]  26.7 [22.4, 31.6] 0.38

Table 3.  Transplanted patient characteristics according to the final transplant type in patients who were initially listed for 
simultaneous liver-kidney transplantation.
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Discussion

We revealed that the number of SLK listings significantly de-
creased and the proportion of patients who received LTA from 
the SLK listings was significantly higher after the implementa-
tion of the 2017 policy. During the waiting time, patients can 
become disqualified for an SLK and instead undergo LTA. The 
post-transplant outcomes in LTA recipients were significant-
ly worse than those of SLK recipients. These findings indicate 
that, while the new SLK policy might improve the regulation of 

Graft loss Mortality

aHR*  95% CI P value aHR* 95% CI P value

2.01  1.13-3.58 0.01 2.16 1.19-3.92 0.01

Table 4.  Risk of 1-year graft loss and mortality after liver transplant alone in patients initially registered for simultaneous liver-kidney 
transplantation (ref. SLK recipients).

* Hazards were adjusted by a multivariable Cox regression model for the following variables present at the time of transplantation: 
recipient age, recipient race, encephalopathy, ascites, mechanical ventilation, dialysis, recipient diabetes, recipient body mass index 
(BMI), model for end-stage liver disease (MELD) score, Karnofsky score, serum sodium, cold ischemia time, donor age, donor BMI, 
donor race, donation after circulatory death donor, and United Network for Organ Sharing (UNOS) regions. aHR – adjusted hazard 
ratio; CI – confidence interval; SLK – simultaneous liver-kidney transplantation.

Table 3 continued.  Transplanted patient characteristics according to the final transplant type in patients who were initially listed for 
simultaneous liver-kidney transplantation.

 n (%)
SLK

n=1956 (95.3)
LTA

n=95 (4.7)
P value

Donor ethnicity (%) White  1283 (65.6)  55 (57.9) 0.32

Black  313 (16.0)  15 (15.8)

Hispanic  278 (14.2)  18 (18.9)

Others  82 (4.2)  7 (7.4)

Cold ischemia time (hr), median [IQR]  5.7 [4.6, 7.2]  6.4 [4.7, 7.5] 0.07

Donation after circulatory death (%)  99 (5.1)  5 (5.3) 1.00

Share type (%) Local  1280 (65.4)  52 (54.7) 0.03

Regional  627 (32.1)  42 (44.2)

National  49 (2.5)  1 (1.1)

Data was summarized using the median with interquartile range (IQR) for continuous variables and using percentage for discrete 
variables. Continuous variables were analyzed using the Mann Whitney-U test and discrete variables were analyzed using a chi-
square test. BMI – body mass index; eGFR – estimated glomerular filtration rate; LT – liver transplant; LTA – liver transplant alone; 
MELD – model for end-stage liver disease; PT-INR – prothrombin time-international normalized ratio; SLK – simultaneous liver-kidney 
transplantation.
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Figure 3.  Among patients on simultaneous liver-kidney 
transplantation (SLK) listings, patients who received 
liver transplant alone (LTA) showed a significantly 
worse 1-year graft survival rate than those with SLK in 
all eras (80.5% vs 90.4%, P=0.003).
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 n (%)
Before the 2017 policy

n=1311 (67.0)
After	the	2017	policy

n=645 (33.0)
P value

Recipient age (year), median [IQR]  59.0 [51.0, 64.0]  52.0 [52.0, 62.0] 0.21

Recipient age group (year) (%) <50  270 (20.6)  127 (19.7) 0.89

50-59  448 (34.2)  224 (34.7)

60 or older  593 (45.2)  294 (45.6)

Recipient gender (%) Male  821 (62.6)  380 (58.9) 0.12

Recipient ethnicity (%) White  853 (65.1)  418 (64.8) 0.005

Black  187 (14.3)  78 (12.1)

Hispanic  216 (16.5)  105 (16.3)

Others  55 (4.2)  44 (6.9)

Recipient BMI, median [IQR]  26.9 [23.4, 31.8]  27.0 [23.7, 31.7] 0.77

Moderate/severe ascites at SLK (%)  645 (49.2)  318 (49.3) 1.00

Dialysis at SLK(%)  923 (70.5)  469 (72.8) 0.30

Grade 3/4 encephalopathy at SLK(%)  202 (15.4)  89 (13.8) 0.37

Mechanically ventilated at SLK(%)  213 (16.2)  114 (17.7) 0.46

MELD score at SLK  30.0 [24.0, 36.8]  30.0 [23.0, 35.0] 0.17

MELD score group (%) 6-29  638 (48.7)  312 (48.4) 0.06

30-34  242 (18.5)  145 (22.5)

35+  431 (32.9)  188 (29.1)

Portal vein thrombosis at SLK (%)  146 (11.1)  78 (12.1) 0.58

Waiting time (day)  41.0 [12.0, 150.5]  46.0 [12.0, 121.0] 0.24

eGFR at SLK (ml/min)  17.8 [11.5, 28.2]  16.3 [11.0, 26.0] 0.04

Serum creatinine at SLK (mg/dL), median [IQR]  3.4 [2.3, 4.8]  3.5 [2.3, 5.1] 0.16

Serum total bilirubin at SLK (mg/dL), median [IQR]  3.2 [1.2, 9.9]  2.6 [1.0, 6.3] 0.003

PT-INR at SLK, median [IQR]  1.6 [1.2, 2.2]  1.6 [1.2, 2.1] 0.25

Serum sodium at SLK (mEq/L), median [IQR]  136.0 [133.3, 139.0]  136.0 [133.0, 139.0] 0.005

Serum sodium group (mEq/L) (%) <135  450 (34.3)  260 (40.3) 0.02

135-144  828 (63.2)  374 (58.0)

145 or higher  33 (2.5)  11 (1.7)

Donor age (year), median [IQR]  33.0 [24.0, 45.0]  34.0 [26.0, 45.0] 0.25

Donor age group (year) (%) <40  854 (65.1)  424 (65.7) 0.68

40-59  413 (31.5)  204 (31.6)

60 or older  44 (3.4)  17 (2.6)

Donor gender (%) Male  809 (61.7)  398 (61.7) 1.00

Donor BMI, median [IQR]  26.0 [22.9, 30.1]  26.6 [23.3, 30.5] 0.06

Table 5. Transplanted patient characteristics at time of simultaneous liver-kidney transplantation between the eras.
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SLK listings, the access to the final transplantation graft type 
needs to be carefully considered, especially in patients with 
marginal kidney function.

In this study, we evaluated the post-transplant outcomes in 
patients initially listed for SLK. Of 4641 patients listed for SLK, 
95 and 1956 received LTA and SLK, respectively. Although re-
cipients of LTA had significantly better kidney function than 
did SLK recipients at the time of transplantation, their kidney 
function remained marginal (median eGFR in the LTA group, 
31.1 mL/min), predisposing them to an increased risk of post-
transplant kidney failure. Kidney dysfunction is a well-known 
poor prognostic factor for morbidity and mortality after liver 
transplantation [1,13]. In line with this, the 1-year graft survival 

rate in the patients with LTA was significantly worse than that 
of patients with SLK, which might be related to their subopti-
mal post-transplant recovery of kidney function. Also, LTA re-
cipients had a significantly higher MELD score and required 
mechanical ventilation more often at the time of transplanta-
tion, although LTA recipients had a significantly better kidney 
function than did SLK recipients. Median serum total bilirubin 
and PT-INR were significantly higher in patients who received 
LTA. Even patients who had more severe liver status among 
patients who were initially listed for SLK might receive LTA if 
they had improved kidney function. It is conceivable that they 
may have been unable to wait for 2 organs, and therefore a 
decision might have been made to proceed with LTA. Actually, 
the waiting time was shorter in patients who received LTA than 
in those with SLK. However, given the significantly poor risk-
adjusted post-transplant outcomes observed, careful assess-
ments are crucial when proceeding with LTA in patients with 
marginal kidney function, even if kidney function improves 
over that at the listing for SLK.

According to the simulation by Cullaro et al using the OPTN/
UNOS dataset before the policy implementation, patients who 
met the new SLK criteria but underwent LTA in the past had 
significantly decreased post-transplantation mortality com-
pared with SLK recipients [8]. Our study evaluated patients 

Table 5 continued. Transplanted patient characteristics at time of simultaneous liver-kidney transplantation between the eras.

 n (%)
Before the 2017 policy

n=1311 (67.0)
After	the	2017	policy

n=645 (33.0)
P value

Donor ethnicity (%) White  871 (66.4)  412 (63.9) 0.33

Black  202 (15.4)  111 (17.2)

Hispanic  187 (14.3)  91 (14.1)

Others  51 (3.9)  31 (4.8)

Cold ischemia time (hr), median [IQR]  5.9 [4.7, 7.3]  5.6 [4.5, 7.0] 0.008

Donation after circulatory death (%)  65 (5.0)  34 (5.3) 0.85

Share type (%) Local  880 (67.1)  400 (62.0) 0.05

Regional  397 (30.3)  230 (35.7)

National  34 (2.6)  15 (2.3)

Data was summarized using the median with interquartile range (IQR) for continuous variables and using percentage for discrete 
variables. Continuous variables were analyzed using the Mann Whitney-U test and discrete variables were analyzed using a chi-
square test. BMI – body mass index; eGFR – estimated glomerular filtration rate; MELD – model for end-stage liver disease; 
PT-INR – prothrombin time-international normalized ratio; SLK – simultaneous liver-kidney transplantation.
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Figure 4.  Among patients who received simultaneous liver-
kidney transplantation (SLK), patients in after the 
2017 policy showed a significantly worse 1-year graft 
survival rate than did patients before the 2017 policy 
(86.3% vs 91.4%, P=0.01).
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who were listed for SLK before and after the policy implemen-
tation. In our study, post-transplant outcomes of patients who 
underwent LTA but who initially listed for SLK were different 
from the results of the simulation. While studies have shown 
that the post-transplant outcomes of LTA recipients are signif-
icantly worse than those of SLK recipients [6,14], no reports 
have compared the post-transplant outcomes between SLK 
and LTA recipients who were initially listed for SLK. Recently, 
Samoylova et al reported that post-transplantation patient sur-
vival in patients who had dialysis requirements at listing or 
at transplantation or eGFR <25 trended toward a higher rate 
of SLK than of LTA before the policy change, and this was not 
different after the policy change [15]. Because our study fo-
cused on patients who were initially listed for SLK, our study 
is different from their study.

The proportion of patients listed for SLK who eventually re-
ceived LTA was significantly higher after implementation of the 
SLK policy (7.9% after vs 3.0% before, P<0.001). This is consis-
tent with a previous report [9]. Interestingly, although it did 
not reach statistical significance, the median eGFR at LTA was 
better after the 2017 policy. Kidney function in liver transplant 
candidates often fluctuates while they wait for liver transplan-
tation. Because the new SLK policy defined by the OPTN/UNOS 
required the SLK candidates to meet the lisitng criteria during 
the waiting time, those who initially listed for SLK might lose 
their qualification as SLK candidates during the waiting time, 
possibly owing to temporal improvement in their kidney func-
tion, and eventually would not be able to receive 2 organs. 
This might be one of the reasons for the increase in LTA after 
the implementation of the SLK policy. Of note, because of the 
lack of detailed clinical information in the OPTN/UNOS reg-
istry, we were unable to determine the exact reasons for the 

Factors
Graft loss Mortality

aHR* 95% CI P value aHR* 95% CI P value

Donor age 40-59y (ref. <40y) 1.69 1.20-2.38 0.002 1.74 1.21-2.50 0.002

Donor age ³60y (ref. <40y) 3.32 1.72-6.44 <0.001 3.44 1.76-6.71 <0.001

Mechanically ventilated 1.78 1.13-2.79 0.01 1.75 1.09-2.81 0.02

Serum sodium <135 mEq/L (ref. 135£, <145) 1.44 1.03-2.02 0.03 1.57 1.10-2.22 0.01

Serum sodium ³145 mEq/L (ref. 135£, <145) 2.70 1.19-6.11 0.01 2.28 0.88-5.91 0.08

After the 2017 policy (ref. Before the 2017 policy) 1.57 1.11-2.22 0.01 1.64 1.14-2.35 0.007

Table 6. Risk factors of 1-year graft loss and mortality after simultaneous liver-kidney transplantation.

* Hazards were adjusted by a multivariable Cox regression model for the following variables present at the time of SLK: recipient age, 
recipient race, encephalopathy, ascites, mechanical ventilation, dialysis, recipient diabetes, recipient body mass index (BMI), model for 
end-stage liver disease (MELD) score, Karnofsky score, serum sodium, cold ischemia time, donor age, donor BMI, donor race, donation 
after circulatory death donor, registered era, and United Network for Organ Sharing (UNOS) regions. aHR – adjusted hazard ratio; 
CI – confidence interval; SLK – simultaneous liver-kidney transplantation.

 n (%)
Before the 2017 policy

n=102 (68.9)
After	the	2017	policy

n=46 (31.1)
P value

Graft failure, n (%)  4 (3.9)  1 (2.2) 0.09

Infection, n (%)  37 (36.3)  15 (32.6)

Malignancy, n (%)  6 (5.9)  1 (2.2)

Cardiovascular disease, n (%)  23 (22.5)  6 (13.0)

Respiratory failure, n (%)  3 (2.9)  5 (10.9)

Brain hemorrhage, infarction, n (%)  8 (7.8)  1 (2.2)

Multi organ failure, n (%)  7 (6.9)  8 (17.4)

Others, n (%)  14 (13.7)  9 (19.6)

Table 7. Cause of 1-year death in patient who underwent simultaneous liver-kidney transplantation between the eras.

SLK – simultaneous liver-kidney transplantation.
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 n (%)
Before the 2017 policy

n=40 (42.1)
After	the	2017	policy

n=55 (57.9)
P value

Recipient age (year), median [IQR]  57.5 [49.7, 62.0]  60.0 [50.0, 64.0] 0.45

Recipient age group (year) (%) <50  10 (25.0)  13 (23.6) 0.55

50-59  13 (32.5)  13 (23.6)

60 or older  17 (42.5)  29 (52.7)

Recipient gender (%) Male  23 (57.5)  28 (50.9) 0.66

Recipient ethnicity (%) White  25 (62.5)  34 (61.8) 0.91

Black  3 (7.5)  3 (5.5)

Hispanic  9 (22.5)  15 (27.3)

Others  3 (7.5)  3 (5.5)

Recipient BMI, median [IQR]  26.4 [24.2, 31.7]  27.3 [23.6, 30.8] 1.00

Moderate/severe ascites at LTA (%)  26 (65.0)  22 (40.0) 0.02

Dialysis at LTA(%)  25 (62.5)  31 (56.4) 0.69

Grade 3/4 encephalopathy at LTA(%)  9 (22.5)  8 (14.5) 0.46

Mechanically ventilated at LTA(%)  13 (32.5)  13 (23.6) 0.46

MELD score at LTA  35.0 [30.0, 39.2]  34.0 [21.0, 39.5] 0.43

MELD score group (%) 6-29  9 (22.5)  20 (36.4) 0.29

30-34  11 (27.5)  10 (18.2)

35+  20 (50.0)  25 (45.5)

Portal vein thrombosis at LTA (%)  11 (27.5)  5 (9.1) 0.03

Waiting time (day)  23.0 [13.5, 64.0]  33.0 [8.5, 99.0] 0.55

eGFR at LTA (ml/min)  26.2 [14.9, 48.0]  33.8 [16.1, 62.7] 0.33

Serum creatinine at LTA (mg/dL), median [IQR]  2.1 [1.5, 3.8]  1.8 [1.1, 3.1] 0.25

Serum total bilirubin at LTA (mg/dL), median [IQR]  6.0 [2.4, 16.4]  6.5 [2.3, 18.4] 0.90

PT-INR at LTA, median [IQR]  2.1 [1.7, 2.6]  1.8 [1.5, 2.3] 0.11

Serum sodium at LTA (mEq/L), median [IQR]  136.0 [134.7, 137.2]  137.0 [134.0, 138.0] 0.44

Serum sodium group (mEq/L) (%) <135  10 (25.0)  15 (27.3) 0.92

135-144  18 (70.0)  38 (69.1)

145 or higher  2 (5.0)  2 (3.6)

Donor age (year), median [IQR]  35.0 [25.0, 54.0]  38.0 [27.0, 51.5] 0.52

Donor age group (year) (%) <40  26 (65.0)  29 (52.7) 0.29

40-59  8 (20.0)  19 (34.5)

60 or older  6 (15.0)  7 (12.7)

Donor gender (%) Male  24 (60.0)  30 (54.5) 0.74

Donor BMI, median [IQR]  27.2 [23.4, 31.1]  26.7 [22.4, 31.6] 0.60

Table 8. Transplanted patient characteristics at time of liver transplant alone between the eras.
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Table 8 continued. Transplanted patient characteristics at time of liver transplant alone between the eras.

 n (%)
Before the 2017 policy

n=40 (42.1)
After	the	2017	policy

n=55 (57.9)
P value

Donor ethnicity (%) White  22 (55.0)  33 (60.0) 0.69

Black  8 (20.0)  7 (12.7)

Hispanic  8 (20.0)  10 (18.2)

Others  2 (5.0)  5 (9.1)

Cold ischemia time (hr), median [IQR]  6.6 [4.9, 8.0]  5.9 [4.6, 7.2] 0.20

Donation after circulatory death (%)  1 (2.5)  4 (7.3) 0.57

Share type (%) Local  25 (62.5)  27 (49.1) 0.17

Regional  14 (35.0)  28 (50.9)

National  1 (2.5)  0 (0)

Data was summarized using the median with interquartile range (IQR) for continuous variables and using percentage for discrete 
variables. Continuous variables were analyzed using the Mann Whitney-U test and discrete variables were analyzed using a chi-square 
test. BMI – body mass index; eGFR – estimated glomerular filtration rate; LTA – liver transplant alone; MELD – model for end-stage liver 
disease; PT-INR – prothrombin time-international normalized ratio.

 n (%)
Overall

n=14 (14.7)
Before the 2017 policy

n=8 (20.0)
After	the	2017	policy

n=6 (10.9)

Graft failure, n (%)  0 (0)  0 (0)  0 (0)

Infection, n (%)  8 (57.1)  6 (75.0)  2 (33.3)

Brain hemorrhage, infarction, n (%)  1 (7.1)  0 (0)  1 (16.7)

Multi organ failure, n (%)  2 (14.3)  2 (25.0)  0 (0)

Others, n (%)  3 (21.4)  0 (0)  3 (50.0)

Table 9. Cause of 1-year death in patient who underwent liver transplant alone between the eras.

LTA – liver transplant alone.
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Figure 5.  Among patients who received liver transplantation 
alone (LTA), patients after the 2017 policy showed 
a similar 1-year graft survival rate than did patients 
before the 2017 policy (81.3% vs 79.8%, P=0.89).

decisions on the final graft type for these 95 LTA recipients. 
Although uniform criteria are essential to ensure an equitable 
allocation of liver and kidney grafts, the transplant graft type 
for this particular population must be carefully considered. 
Our study showed that even if their kidney function tempo-
rarily improved during the waiting time, it may be worth con-
sidering giving patients a grace period to monitor their kid-
ney function before changing the transplant graft type from 
liver and kidney to liver alone.
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Worsened SLK outcomes after policy implementation was an-
other important finding of the present study. According to the 
report by Wilk et al, post-transplant outcomes in SLK recipi-
ents were similar before and after policy implementation [9], 
which was different from our results; however, the patient co-
hort of our study was different from this cohort, and there-
fore, our results might be different from the findings by Wilk 
et al. There are possible factors that could have worsened the 
outcomes in SLK recipients. First, eGFR at transplantation was 
lower after than before the 2017 policy; therefore, patients 
might be sicker in the era after the policy implementation. 
Second, while the new SLK policy was introduced in 2017, the 
MELD-Na score-based allocation was introduced for liver al-
location in January 2016 [16,17]. Therefore, patients after the 
2017 policy may be more affected by the introduction of the 
MELD-Na score-based allocation. We observed that the pro-
portion of patients with hyponatremia was significantly high-
er after the 2017 policy than before the policy. According to 
the analysis of risk factors for graft loss and mortality after 
SLK, hyponatremia was considered an independent risk fac-
tor along with older donor age and mechanical ventilation. 
Hyponatremia [18,19] and the need for mechanical ventila-
tion [20] were previously reported as poor prognostic factors 
after liver transplantation. The findings of these reports were 
consistent with our results. The higher number of SLK recipi-
ents with hyponatremia might have led to worse post-trans-
plantation outcomes after the 2017 policy.

This study revealed that transplant probability in SLK listings 
improved after the 2017 policy. This improvement might be 
due not only to policy implementation but to other reasons 
as well. First, the recent increase in the number of deceased 
donors might improve transplantation access [21]. Second, it 
was reported that the MELD-Na score-based allocation, which 
was implemented in January 2016, improved waitlist outcomes, 
including lowering mortality and increasing the probability of 
transplantation [17]. Patients after the 2017 policy might ben-
efit from the MELD-Na-based allocation.

A critical feature in the new SLK policy is “safety net” kidney 
transplantation. The safety net prioritizes the kidney alloca-
tion for LTA recipients who develop kidney failure after their 
transplant [22]. We found that the proportion of patients who 
underwent subsequent kidney transplants after LTA was 2.5% 
(1/40) before the 2017 policy and 7.3% (4/55) after the poli-
cy. A meta-analysis based on 38 studies showed that the inci-
dence rate of kidney failure requiring renal replacement ther-
apy after LTA was 7.0% [23]. The risk of kidney failure in those 
LTA recipients might be similar to that reported in the meta-
analysis. However, it should be noted that the most common 
cause of death in this population after transplantation was 

infection. There might be patients who are precluded from a 
kidney transplant owing to other morbidities. There is a pos-
sibility that a larger number of patients progressed to kidney 
failure after LTA. It is conceivable that an SLK for this popula-
tion might have led to better post-transplant outcomes and 
saved medical and financial resources. Because the actual num-
ber of patients whose transplant graft type was switched from 
SLK to LTA was low, utilizing kidney grafts for this particular 
population was unlikely to affect the waitlist practice in kid-
ney transplant-alone candidates.

This study had several limitations. This was a retrospective 
study using the OPTN/UNOS registry, which lacks detailed 
post-transplantation clinical data, such as the trend of liver 
and kidney graft function after transplantation. We were un-
able to evaluate the reasons for transplant graft change dur-
ing the waiting time, and it was assumed that these patients 
might have had an improvement in kidney function, leading 
to disqualification for SLK, although transplant centers may 
choose to proceed with an LTA for other reasons. This study 
provides critical insight into the new SLK policy’s early effects 
on waitlist and post-transplant outcomes in patients listed for 
SLK and recipients despite these limitations that are related 
to the OPTN/UNOS registry.

Conclusions

This study showed that, following the implementation of the 
2017 OPTN/UNOS policy, although the number of patient reg-
istrations increased, the number of SLK transplants decreased, 
and the number of liver transplants increased. Liver transplan-
tation in this patient cohort was associated with worse post-
transplant outcomes. These findings are consistent with previ-
ous studies and may have implications for future modifications 
to the current transplant policy.
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