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Abstract

Historically in the United States, kidneys for simultaneous liver-kidney transplantation (SLKT) 

candidates were allocated with livers, prioritizing SLKT recipients over much of the kidney 

waiting list. A 2017 change in policy delineated renal function criteria for SLKT and implemented 

a safety net for kidney-after-liver transplantation. We compared the use and outcomes of SLKT 

and kidney-after-liver transplant with the 2017 policy. United Network for Organ Sharing 

Standard Transplant Analysis and Research files were used to identify adults who received liver 

transplantations (LT) from August 10, 2007 to August 10, 2012; from August 11, 2012 to August 

10, 2017; and from August 11, 2017 to June 12, 2019. LT recipients with end-stage renal disease 

(ESRD) were defined by dialysis requirement or estimated glomerular filtration rate <25. We 

evaluated outcomes and center-level, regional, and national practice before and after the policy 

change. Nonparametric cumulative incidence of kidney-after-liver listing and transplant were 

modeled by era. A total of 6332 patients received SLKTs during the study period; fewer patients 

with glomerular filtration rate (GFR) ≥50 mL/min underwent SLKT over time (5.8%, 4.8%, 3.0%; 

P = 0.01). There was also less variability in GFR at transplant after policy implementation on 

center and regional levels. We then evaluated LT-alone (LTA) recipients with ESRD (n = 5408 

from 2012–2017; n = 2321 after the policy). Listing for a kidney within a year of LT increased 

from 2.9% before the policy change to 8.8% after the policy change, and the rate of kidney 

transplantation within 1 year increased from 0.7% to 4% (P < 0.001). After the policy change, 

there was no difference in patient survival rates between SLKT and LTA among patients with 
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ESRD. Implementation of the 2017 SLKT policy change resulted in reduced variability in SLKT 

recipient kidney function and increased access to deceased donor kidney transplantation for LTA 

recipients with kidney disease without negatively affecting outcomes.

Simultaneous liver-kidney transplantation (SLKT) accounts for almost 10% of all liver 

transplantations (LTs) performed in the United States.(1) Nonalcoholic fatty liver disease, 

which is associated with risk factors for chronic kidney disease including diabetes mellitus 

and hypertension, will soon become the most common indication for LT in the United 

States.(2) As such, the prevalence of renal dysfunction at the time of LT listing is expected to 

rise.(3,4)

Concerns about adherence to the Organ Procurement and Transplantation Network (OPTN) 

Final Rule(5) and variability in the use of SLKT,(6,7) including in candidates for whom 

the expected benefit was unclear, led to the development of a new consensus policy by 

the United Network for Organ Sharing (UNOS) in 2017. Under the new policy, SLKT 

candidates must have chronic kidney disease, sustained acute kidney injury, or metabolic 

disease as diagnosed by a nephrologist. Candidates with chronic kidney disease must have 

glomerular filtration rates (GFRs) ≤60 mL/min for 90 days, GFR ≤30 mL/min immediately 

before listing, or be receiving chronic hemodialysis. Candidates with sustained acute kidney 

injury must have received hemodialysis for a minimum of 6 weeks or have documented 

GFRs of ≤25 mL/min during that time.

In addition to formalizing eligibility criteria, a core tenet of UNOS policy, the new allocation 

strategy also aligned regional sharing policies for SLKT and LT, which had previously been 

inconsistent.(8) For LT recipients who develop renal failure within the first year after LT, a 

“safety net” system was designed to allow prioritization on the kidney transplantation list.(9) 

Currently, data on outcomes of SLKT recipients under the new allocation policy are limited, 

but nonetheless of interest given concerns that not all patients who meet the new criteria 

benefit equally from SLKT.(10)

The objective of this study was to compare the utilization patterns and outcomes of SLKT 

and kidney-after-liver (KAL) transplantation relative to the 2017 allocation policy, with 

attention to the policy’s following stated goals: (1) establish medical eligibility criteria 

for adult candidates seeking SLKT, (2) curtail allocation of high-quality kidneys to liver 

candidates above highly prioritized kidney candidates, (3) clarify the rules about regional 

and national SLKT allocation to be consistent with deceased donor LT (DDLT), and (4) 

establish a safety net to address concerns about the limitations of SLKT eligibility.

Patients and Methods

Data from the UNOS Standard Transplant Analysis and Research (STAR) files (retrieved 

June 15, 2020) were used to identify adult patients on the LT waiting list from 2007 to 

2020. To conduct analysis per patient, the most recent LT or listing was used. Patients were 

separated into the following 3 eras: August 10, 2007 to August 10, 2012 (historical cohort); 

August 11, 2012 to August 10, 2017 (to correspond with the change in SLKT listing policy); 

and August 11, 2017 to June 12, 2019. The recent cohort transplant date was limited to 2019 
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to allow sufficient follow-up for survival analysis. SLKTs were defined as patients receiving 

a deceased-donor kidney transplant within 7 days of receiving an LT.

To evaluate practice patterns and outcomes before and after the 2017 policy change, 

we defined the cohort of LT recipients with end-stage renal disease (ESRD) by dialysis 

requirement at listing or at transplant or estimated GFR (eGFR) <25 mL/min. This definition 

is intended to simulate the 2017 SLKT allocation policy criteria for kidney dysfunction 

using the limited data available in the UNOS STAR files and reflect the group of patients 

who may reasonably receive SLKT or LT alone (LTA) with an opportunity to proceed to 

KAL transplantation. To account for LT recipients with multiple periods on the kidney 

transplant waiting list, the first kidney listing or activation of an existing listing, and first 

kidney transplantation occurring after LT were used to define the cohort of KAL “safety 

net” waitlist patients and recipients. In accordance with the 2017 policy, the “safety net” 

listing period was defined as listing or activation within 365 days after LT. Recipients of 

living donor kidneys after LT were evaluated separately. “Safety net” KAL listings and 

transplantations were also calculated for LT recipients who did not meet the aforementioned 

ESRD criteria by the time of their LTA.

eGFR was calculated according to the Modification of Diet in Renal Disease (MDRD) 

equation and incorporated the reported creatinine at the time of listing or transplant.(11) The 

diagnosis of nonalcoholic steatohepatitis (NASH) was determined from primary diagnosis 

codes and supplemented with information from the primary free-text diagnosis in addition 

to the coded primary diagnosis variable. Expanded criteria donors for kidney transplantation 

were designated according to the UNOS definition.(12)

Chi-square tests were performed to examine differences in proportions for categorical 

variables across groups. Kruskal-Wallis analysis of variance tests were performed to test 

differences in medians for continuous variables. Patient and graft survival rates and KAL 

listing and transplant incidences were evaluated using Kaplan-Meier survival curve analysis 

and compared using log-rank tests. Nonparametric cumulative incidences of KAL listings 

and transplants were modeled stratified by era. The total number of kidneys used for SLKT 

and KAL transplantations were summarized per year of index transplantation.

Analysis was performed using Stata 14 (StataCorp, College Station, TX) and SAS (SAS 

Institute, Cary, NC). A P value < 0.05 was considered statistically significant. This study 

was determined exempt by the Duke University Institutional Review Board; no patient 

consent was obtained.

Results

SLKT DONOR AND RECIPIENT CHARACTERISTICS

A total of 6332 patients received SLKTs during the study period, with no decrease following 

policy implementation in 2017. The proportion of patients who received transplants for 

alcohol-related cirrhosis and NASH increased over time, whereas the proportion of patients 

with a primary diagnosis of hepatitis C virus (HCV) decreased. Although the proportion of 

patients on dialysis did not change across the 3 cohorts (2007–2012, 68.9%; 2012–2017, 
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69.6%; 2017–2019, 71.3%; P = 0.47), the median GFR at transplant among those not on 

dialysis decreased over time (median, 27.0 mL/min [interquartile range, IQR, 18.8–40.4], 

25.7 [IQR, 17.2–36.5], 22.8 [IQR, 16.9–32.5]; P = 0.02). There was also a statistically 

significant reduction in the proportion of patients undergoing SLKT with GFR ≥25 mL/min 

over time (Table 1). In the era immediately preceding the policy change, patients receiving 

SLKT with GFRs >60 mL/min had at least 8 distinct kidney diagnosis codes (data not 

shown). After the policy change, the diagnosis for kidney allocation in SLKT for recipients 

with GFRs >60 mL/min was exclusively hepatorenal syndrome (n = 5). The proportions 

of patients receiving SLKT by GFR category at transplant before and after the policy are 

shown in Supporting Fig. 1. The median Kidney Donor Profile Index (KDPI) at transplant 

for SLKT grafts increased from 29% (IQR, 12–51) to 31% (IQR, 14–53), but this trend was 

not statistically significant (P = 0.07).

In the cohort immediately preceding the policy change (2012–2017), SLKT grafts trended 

toward being shared less regionally and more likely to be shared nationally than DDLT 

grafts. After the policy, the rates of regional and national sharing of SLKT versus LTA grafts 

were not significantly different. Supporting Table 1 summarizes the local, regional, and 

national sharing of SLKT grafts with compared with contemporaneous deceased-donor LTA 

among all recipients. The procurement travel distance increased over time (median nautical 

miles: 42 [IQR, 5–118] versus 72 [IQR, 9–195.5] versus 77 [IQR, 12–216]). However, the 

cold ischemic time of liver grafts decreased (median hours: 6.4 [IQR, 5.0–8.0] versus 6.1 

[IQR, 4.9–7.8] versus 5.9 [IQR, 4.7–7.3]; Table 1).

KAL LISTING AND TRANSPLANTATION

We then evaluated LTA recipients with ESRD (n = 5408 [19.7%] 2012–2017, n = 2321 

[19.2%] after the policy). The characteristics of LTA recipients with ESRD versus SLKT 

recipients with ESRD are shown in Table 2. The progression of LT candidates with ESRD 

through transplantation, kidney listing, and kidney transplantation after the policy change is 

shown in Fig. 1.

Prior to the policy change, 2.9% and 4.7% of LTA with ESRD were listed at 1 and 2 

years after transplant, respectively, compared with 8.8% and 13.0% after the policy change 

(log-rank P < 0.001). Of the LTA recipients with ESRD, 0.7% and 1.7% went on to receive 

kidney transplants at 1 and 2 years, respectively, before the policy change, and this increased 

to 4.0% and 11.0% after the policy change (log-rank P < 0.001; Fig. 2).

Among the patients listed for kidney transplantation within 1 year after LT, the waiting 

time for a kidney decreased after the policy change (median, 171.5 days [IQR, 51–527 

days] versus 43.5 days [IQR, 13–152 days]; P < 0.001), as did the interval between liver 

and kidney transplant (median, 426 days [IQR, 313–721 days] versus 336 days [IQR, 

248–391 days]; P < 0.001). The median KDPI at transplant for patients receiving KAL 

transplantations who were listed within 1 year after LTA also increased from 40%(IQR, 24–

57) to 43% (IQR, 28–58; P = 0.59). Only 6 living donor kidney transplants were performed 

before the policy change, amounting to 0.11% of LTA recipients with ESRD, compared with 

2 after the policy change (0.09% of LTA recipients with ESRD; P = 0.76).
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To minimize the effect of limited follow-up in the most recent era, we additionally 

calculated kidney listing and transplant rates for patients receiving an LT 1 year before 

and 1 year after implementation of the SLKT policy. Of the 1127 patients with kidney 

dysfunction who received a liver in the year before the policy change, 32 (2.8%) were listed 

for a kidney within 1 year; 20 (62.5%) of those patients listed went on to receive kidney 

transplantations, with a median interval of 421 days (IQR, 329–476). Of the 1113 patients 

with kidney dysfunction receiving a liver in the year after the policy change, 73 (6.6%) 

were listed for kidney transplantation within 1 year, and 52 (71.2%) of those patients listed 

went on to receive a kidney transplantation, with a median interval of 327.5 days (IQR, 

266.5–483).

EARLY KAL TRANSPLANTATIONS FOR LT RECIPIENTS WITHOUT ESRD

We examined the incidence of KAL listings and transplantations among LTA recipients 

without ESRD. The cumulative incidence of KAL transplantations among LTA recipients 

without ESRD increased after the policy change (Cumulative Incidence 0.0005 [95% CI, 

0.0003–0.0009] before the policy change versus 0.003 [95% CI, 0.002–0.005] after the 

policy change; log-rank P < 0.001), as did the absolute number performed. After the 

policy change, 24.4% of KAL transplantation grafts were transplanted in recipients without 

ESRD at the time of LT versus 23.4% before the policy change. Finally, we calculated 

the total number of kidneys used per year for LT recipients, combining SLKT and KAL 

transplantations (indexed by year of LT), shown in Fig. 3.

PATIENT AND GRAFT OUTCOMES

Among all patients receiving SLKTs, there was no difference in patient survival rates 

following SLKT before versus after the policy change (log-rank P = 0.18). Among patients 

with ESRD, patient survival rates trended toward being higher with SLKT versus LTA 

before the policy change (log-rank P = 0.10), but was not different after the policy change 

(log-rank P = 0.82; Fig. 4). Kidney graft survival rates were not different between SLKTs 

and KAL transplantations after the policy change (log-rank P = 0.99), between SLKTs 

before and after the policy change (log-rank P = 0.71), or between KAL transplantations 

before and after the policy change (log-rank P = 0.23; Supporting Fig. 2).

Discussion

In this study, we describe the change in SLKT clinical practice and outcomes after the 

implementation of allocation policy that includes standardized metrics of kidney function. 

We find that after policy implementation, a higher proportion of SLKT recipients were on 

dialysis at either listing or transplant, and those not on dialysis had lower median GFRs at 

transplant. We also find increased utilization of the safety net for LTA recipients with ESRD, 

with a more than 2-fold increase in listing for deceased donor kidney transplant within the 

365 days following LTA. These findings suggest that the 2017 change in SLKT allocation 

policy has so far demonstrated its intended effects of standardizing SLKT allocation and 

facilitating KAL transplantations. Within the short-term follow-up available after the policy 

change, outcomes for SLKT versus LTA among patients with ESRD were comparable, 
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suggesting that LTA with the safety net may be a noninferior option for patients with 

end-stage liver disease with concomitant ESRD.

Historically, kidneys for SLKT candidates were allocated according to center-level 

protocols, intrinsically prioritizing SLKT recipients over the majority of patients on the 

kidney waiting list. This raised concerns about equity, as high-quality kidneys were being 

allocated to liver candidates who may regain renal function after LT while bypassing highly 

prioritized kidney candidates.(13,14) In addition, SLKT eligibility criteria were inconsistent 

among centers, with no consensus on a threshold for GFR or duration of dialysis. This 

resulted in large variations in the use of SLKT across centers and regions.(6,7) The 2017 

change in SLKT allocation policy was developed to add consistency to the kidney graft 

distribution process and therefore be in closer compliance with the OPTN Final Rule.
(5) In the following discussion, we address our findings regarding the success of policy 

implementation.

POLICY OBJECTIVE 1: ESTABLISH MEDICAL ELIGIBILITY CRITERIA FOR ADULT 
CANDIDATES SEEKING SLKT

Following the standardization of metrics of kidney function required for SLKT prioritization 

on the kidney waiting list, we find that the proportion of SLKT recipients on dialysis while 

on the waiting list did not change. However, the median GFR at transplant among those not 

on dialysis decreased, as did the variability of GFR at transplant (Table 1). The proportion 

of SLKT allocated to recipients with a GFR >50 mL/min, although small to begin with, also 

decreased. Center-level and regional variability in GFR at SLKT decreased as well. After 

the policy change, 2 regions were found to no longer perform SLKTs on recipients with 

GFR >50mL/min. Together, these results indicate an increasing standardization of SLKT 

eligibility criteria.

POLICY OBJECTIVE 2: CURTAIL ALLOCATION OF HIGH-QUALITY KIDNEYS TO LIVER 
CANDIDATES ABOVE HIGHLY PRIORITIZED KIDNEY CANDIDATES

We find that kidneys allocated to SLKT recipients trended toward higher KDPI after the 

policy change, whereas the utilization of kidneys with KDPI >85% decreased (Table 1). 

Similar to before the policy change,(15) >50% of kidney grafts allocated to SLKT recipients 

after the policy change had KDPI <35%. However, the total number of kidneys used for 

SLKTs and KAL transplantations combined may be decreasing (Fig. 3). We did not evaluate 

kidney-alone allocation and therefore do not fully address this policy objective.

POLICY OBJECTIVE 3: CLARIFY THE RULES ABOUT REGIONAL AND NATIONAL SLKT 
ALLOCATION TO BE CONSISTENT WITH DDLT

Compared to a discrepancy in prepolicy regional and national sharing of SLKT grafts when 

compared with DDLT grafts, we find that regional and national sharing are no longer 

significantly different between SLKT and DDLT grafts after the policy change (Table 2). 

Although travel distance for SLKT grafts increased, cold ischemic time did not.
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POLICY OBJECTIVE 4: ESTABLISH A “SAFETY NET” TO ADDRESS CONCERNS ABOUT 
LIMITATIONS OF SLKT ELIGIBILITY CRITERIA

We demonstrate an increased rate of KAL listing since the policy change in 2017 (2.9% 

versus 8.8% within 1 year; log-rank P < 0.001). We similarly demonstrate a dramatic 

increase in the number of KAL recipients (Fig. 4) and a decreased waiting time for those 

kidneys. We believe these findings reflect successful implementation of the safety net. 

Although the safety net was designed to allow early access to KAL transplantation for those 

liver recipients who did not meet the new SLKT listing criteria, the policy has only the 2 

following requirements: (1) registration on the waiting list prior to 1-year anniversary of LT 

and (2) at a date 60 to 365 days after LT, the candidate is on dialysis or has an eGFR <20 

mL/min. As such, it is possible that an LT recipient may qualify for the safety net with de 

novo kidney failure arising after his or her LT. We demonstrate a significant increase in KAL 

transplantations for de novo kidney failure after policy implementation, with 24.4% of KAL 

transplantations performed in LTA recipients without pre-LT ESRD.

EFFECT OF SLKT POLICY ON RECIPIENT OUTCOMES

Despite an initial concern that the policy change would result in sicker SLKT recipients 

at time of transplant and poor outcomes, short-term outcomes are similar prepolicy and 

postpolicy implementation.(10,16,17) Among patients with ESRD, there was no difference 

in 2-year survival rates between SLKT versus LTA after the policy change (Fig. 4). One 

prior study estimated lower survival rates in the LTA-ESRD group compared with SLKT,(18) 

although the study was performed using data from 2007 to 2014, which largely precedes 

the cohort currently under discussion. In contrast, a recent single-center report of LTA 

performed from 2006 to 2015 suggests that the majority of LTA patients who would have 

been eligible for SLKT under the 2017 criteria experienced similar posttransplant graft 

and patient survival rates to patients with normal renal function.(19) We do not attempt to 

address the predictors of SLKT versus LTA benefit as previously described,(20) although we 

highlight this as an important area of future investigation.

LIMITATIONS

There are several important limitations to this study. Prior attempts at recreating SLKT 

eligibility criteria have used a creatinine cutoff value of 1.5 mg/dL(21) and extrapolated 

dialysis duration based on time spent on the waiting list.(10) We used conservative selection 

criteria, although this approach likely results in the inclusion of patients with transient 

renal dysfunction who were not being considered for SLKT. Although this approach 

decreases the calculated proportion of patients falling into the safety net, we anticipate 

its effect to be randomly distributed across our comparison groups and therefore unlikely 

to bias our findings. We are limited by the follow-up available after the recent policy 

change, compounded by delays in data reporting to UNOS: true rates of safety net kidney 

transplants will likely not be evident for another few years because of this intrinsic lag time 

and therefore may be higher than what we report. Finally, without a reliable method of 

identifying the cohort of LT candidates who would be eligible for SLKT allocation under 

the 2017 policy change, it is impossible to accurately model the outcomes of the comparable 

group who would receive LTA with intent to list for KAL transplantations. Although prior 
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work has attempted a calculation of the benefit of SLKTs versus KAL transplantations for 

LT candidates with kidney dysfunction, these studies are limited by the statistical approach 

and the use of historical cohorts.(22,23) A more nuanced understanding of this benefit is 

essential for further discussion of utility versus beneficence and equity.

In conclusion, we demonstrate that following the 2017 change in SLKT listing criteria, there 

has been a noticeable standardization in SLKT recipient kidney function, and the rate of 

SLKT for high-GFR patients has fallen significantly. Although long-term outcomes are not 

yet available, short -term outcomes for SLKT before and after the policy change are similar, 

as are outcomes for LTA-ESRD and SLKT after the policy change. There is widespread 

and effective utilization of the safety net, with concomitantly higher rates of KAL 

transplantations. The total number of kidneys used for SLKTs and KAL transplantations 

has plateaued. These preliminary data suggest that LTA and safety net prioritization may 

be a noninferior alternative to SLKT in the LT candidate with ESRD. Additional work is 

necessary to verify this hypothesis and in the interest of optimally allocating scarce and 

quality resources.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMI body mass index

CI confidence interval

DDLT deceased donor liver transplantation

ECD extended criteria donor

eGFR estimated glomerular filtration rate

ESRD end-stage renal disease

GFR glomerular filtration rate

HCC hepatocellular carcinoma

HCV hepatitis C virus

IQR interquartile range

LT liver transplantation

LTA liver transplantation alone

Samoylova et al. Page 8

Liver Transpl. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



KAL kidney after liver

KDPI Kidney Donor Profile Index

KDRI-Rao Kidney Donor Risk Index - Rao

MDRD Modification of Diet in Renal Disease

NASH nonalcoholic steatohepatitis

OPTN Organ Procurement and Transplantation Network

SLKT simultaneous liver-kidney transplantation

STAR Standard Transplant Analysis and Research

UNOS United Network for Organ Sharing
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FIG. 1. 
Postpolicy progression of LT candidates with ESRD.
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FIG. 2. 
Cumulative incidence of KAL (A) listings and (B) transplantations among LTA recipients 

with ESRD.
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FIG. 3. 
Total number of kidneys used for SLKTs and KAL transplantations by year. Data for 2020 

are available only through June 11, 2020.
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FIG. 4. 
Posttransplant patient survival rates of LTA recipients with and without ESRD and SLKTs 

(A) before the policy change and (B) after the policy change.
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