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SUMMARY

Rates of simultaneous liver kidney (SLK) transplantation in the United States have progressively 

risen. On 8/10/17, the Organ Procurement and Transplantation Network implemented a policy 

defining criteria for SLK, with a “Safety Net” to prioritize kidney allocation to liver recipients 

with ongoing renal failure. We performed a retrospective review of the United Network for Organ 

Sharing (UNOS) database to evaluate policy impact on SLK, kidney after liver (KAL) and kidney 

transplant alone (KTA). Rates and outcomes of SLK and KAL transplants were compared, as 

was utilization of high-quality kidney allografts with Kidney Donor Profile Indices (KDPI) <35%. 

Here, SLK transplants comprised 9.0% and 4.5% of total post-policy liver and kidney transplants 

compared to 10.2% and 5.5% prior. Policy enactment did not affect 1-year graft or patient 

survival for SLK and KAL populations. Less post-policy SLK transplants utilized high-quality 

kidney allografts; in all transplant settings, outcomes using high-quality grafts remained stable. 

These findings suggest that policy implementation has reduced kidney allograft use in SLK 

transplantation, although both SLK and KAL rates have recently increased. Despite decreased 

high-quality kidney allograft use, SLK and KAL outcomes have remained stable. Additional 

studies and long-term follow-up will ensure optimal organ access and sharing.
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Introduction

Simultaneous liver and kidney (SLK) transplantation in the United States (US) has steadily 

increased since the Model for End-Stage Liver Disease (MELD) score became the primary 

determinant of liver allograft allocation [1,2]. Until recently, no policy existed regarding SLK 

use over liver transplant alone (LTA) in patients with end-stage liver disease (ESLD) and 

renal dysfunction. Instead, dual listing was determined by clinician preference and supported 

by data demonstrating a 6–7.4% increase in 5-year survival for ESLD patients receiving 

SLK compared to LTA [3]. With no regulation in place, SLK rates in the US increased from 

3% of all liver transplants in 2001 to 11% in 2017 [4,5].

Despite these trends, proposed regulations on SLK transplantation have been met with 

resistance. Those supporting more stringent kidney allocation noted that upwards of 15% 

of SLK transplants were performed in nondialysis-dependent patients with a pre-transplant 

creatinine of <2.5 mg/dl [6]. Additionally, primary non-function (PNF) of the kidney still 

occurred in up to 20.7% of SLK transplants [7] despite more frequent use of high-quality 

kidneys with Kidney Donor Profile Indices (KDPI) of <35% [1]. Proponents of standard 

practice, conversely, have cited an average waitlist time of 6 years for subsequent kidney 

transplantation in liver recipients with ongoing renal failure, additionally noting a threefold 

increase in waitlist mortality compared to those awaiting isolated kidney transplant [8].

In June 2016, after several years of ongoing revisions the United Network for Organ 

Sharing (UNOS) approved a policy officially regulating SLK transplantation [1]. Effective 

August 10, 2017, patients would have to meet one of three criteria to be listed for SLK 

trans-plant. The first is chronic renal insufficiency, defined by a glomerular filtration rate 

(GFR) <60 ml/min for 90 consecutive days with a GFR <35 ml/min or maintenance 

dialysis at time of listing. The second involves sustained acute kidney injury, defined 

by six consecutive weeks of dialysis dependence or documented GFR <25 ml/min. The 

third is the presence of a metabolic disease associated with development of renal failure 

including hyperoxaluria, atypical hemolytic uremic syndrome, familial non-neuropathic 

systemic amyloid, or methylmalonic aciduria. While these criteria serve to limit SLK 

recipients to patients with renal failure with-out likelihood of renal recovery, the new policy 

also recognizes that patients who may benefit from renal transplant may not meet initial 

criteria and would “fall through the cracks” [1]. To address this population, a “Safety Net” 

was implemented to allow priority listing of post liver transplant patients with persistent 

renal failure for kidney transplantation. Newly developed end-stage renal disease (ESRD) 

is highest 6 months after liver transplant [9]; to capture these patients and exclude those 

with early post-transplant renal recovery, the Safety Net allowed patients with ongoing renal 

failure to be prioritized for kidney transplantation if they met criteria and were listed 60–365 

days after liver transplant.

Post-implementation surveillance of the newly enacted policy requires consideration of liver 

and kidney allograft allocation and careful monitoring of post-transplant outcomes in ESLD 

and ESRD populations. While policy efficacy may be determined in a number of different 

contexts, this study evaluated success by its ability to improve overall kidney utilization 
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while pre-serving outcomes in patients with concomitant liver and renal failure. Here we 

evaluated the extent to which the SLK allocation policy has impacted these metrics.

Materials and methods

Patient population

We performed a retrospective review of the UNOS Organ Procurement and Transplantation 

Network (OPTN) database for adult (≥18 year-old) deceased donor liver and deceased donor 

kidney transplant recipients. Those receiving multiorgan transplants other than SLK were 

excluded. Patients were divided into six separate groups to compare transplant populations 

before and after policy implementation (Figure 1). The pre-policy SLK group was comprised 

of 1737 patients receiving SLK in the 2.5 years prior to policy implementation (2/ 10/15–

8/9/17), while 1702 patients in the subsequent 2.5 years (8/10/17–2/9/20) made up the 

post-policy SLK cohort. To compare outcomes related to the Safety Net, KAL patients were 

similarly compared before and after policy implementation. Prior to the Safety Net, few 

patients receiving KAL transplants would have fit the temporal requirements for KAL listing 

and even fewer would have been transplanted. The pre-Safety Net KAL group, then, was 

derived from KAL recipients from 2/ 27/02–8/9/17 who were listed for kidney transplant 

between 60 and 365 days after their liver transplant (n = 80). Safety Net KAL patients 

were comprised of those who met criteria for KAL transplantation according to the Safety 

Net and received a kidney transplant in the 2.5 years following policy implementation 

(10/ 10/17–2/9/20; n = 132). Deceased donor kidney trans-plant alone (KTA) patients were 

examined from the 2.5 years prior to policy implementation (n = 29 277) and the 2.5 years 

after (n = 34 676).

Ethical statement

In accordance with the ethical standards laid down by the 2000 Declaration of Helsinki and 

the 2008 Declaration of Istanbul, this study has been reviewed by the Thomas Jefferson 

Institutional Review Board, who have given approval to conduct this analysis. No informed 

consent was required as the data source utilized federally maintained de-identified patient 

information.

Study design

We evaluated the impact of the SLK allocation policy and Safety Net on allograft utilization 

through three hypotheses. The first asserted that SLK use would decrease as a proportion 

of total deceased donor liver and kidney transplants. The second was that the policy would 

not adversely impact outcomes for liver transplant recipients with chronic renal failure. 

Finally, we hypothesized that policy implementation would reduce rates of high-quality 

renal allograft use for SLK and improve overall utilization of these grafts in non-SLK 

settings.

To test the first hypothesis that policy implementation would decrease SLK use we 

compared pre and post-policy trends in SLK transplantation. Here we reported the net 

difference in total number of SLK transplants before and after policy implementation, the 
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proportion of SLK use relative to all liver transplants and the ratio of kidneys utilized for 

SLK transplantation relative to all deceased donor kidney transplants.

To test our second hypothesis that policy implementation would not adversely affect 

outcomes in liver trans-plant recipients with chronic renal failure, we compared both 

SLK and KAL populations before and after policy implementation. As post-policy KAL 

recipients were no longer in liver failure and represented a population similar to that of 

isolated renal failure, these patients were compared both to selected pre-Safety Net KAL 

recipients and to KTA recipients in the post-policy era. To reduce the impact of inherent 

variability between KAL and KTA patients, post-policy KTA patients were propensity 

score matched (PSM) to Safety Net KAL patients and com-pared. Here, primary outcomes 

assessed were patient survival, kidney allograft survival, and for SLK recipients liver 

allograft survival. Secondary outcomes included rates of PNF and acute rejection for both 

liver and kidney as well as kidney-specific delayed graft function (DGF). We analyzed 

utilization of highest quality kidney allografts across periods in SLK, KAL and KTA 

transplant settings, and outcomes related to kidney allograft quality in SLK transplantation. 

Primary outcomes in each analysis were patient survival as well as liver and kidney graft 

survival, while secondary outcomes included kidney-related outcomes.

Statistical analysis

Continuous variables were evaluated for normality using the Shapiro–Wilk test. Non­

normally distributed variables were compared with a Wilcoxon rank-sum test and were 

represented as median (interquartile range (IQR)). Categorical variables were compared 

using a v2 test and were represented as number (percentage of population). PSM of 

post-policy KTA to Safety Net KAL recipients was per-formed using 1:1 nearest-neighbor 

matching using a caliper width of 0.2. Variables used in the matching process were: recipient 

age, ethnicity, sex, renal failure diagnosis, body mass index (BMI), dialysis dependence, 

calculated panel reactive antibody (cPRA), waitlist duration, donor kidney donor profile 

index (KDPI) and cold ischemia time. Bias reduction was determined by graphical 

representation of each cohort’s propensity scores as well as by comparing standardized 

mean differences. Post-transplant survival was reported graphically with Kaplan–Meier 

curves and numerically by time-varying Cox proportional hazards ratios (HRs) and 95% 

confidence intervals (95% CIs). A P-value of <0.05 was considered statistically significant. 

All statistical analyses were performed using Stata/MP 16.1 (Statacorp, College Station, TX, 

USA).

Results

Assessing relative SLK use before and after policy implementation

SLK transplants comprised 10.2% of liver transplants the 2.5 years prior to policy 

implementation (n = 1737). In the first year after implementation 9.0%of all deceased donor 

liver transplants were SLK trans-plants (n = 647); in the second year this was 8.7% (n = 

669), and in the first half of the third year was 9.6% (n = 386). Similarly, SLK transplants 

comprised 5.5% of all deceased donor kidney transplants in the 2.5 years prior to policy 
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implementation; this was 4.7%, 4.4% and 4.6% in each successive year after the policy was 

enacted.

Evaluating SLK and KAL outcomes before and after policy implementation

We first evaluated SLK recipient characteristics. In the post-policy era, recipients were less 

frequently trans-planted from the ICU (16.9% vs. 21.1%, P < 0.01; Table 1). Post-policy 

SLK recipients also demonstrated lower MELD scores (28 vs. 29, P < 0.01), were less 

likely to be functionally disabled requiring assistance with >50% of activities of daily living 

(53.8% vs. 57.6%, P = 0.03) and had a lower preponderance of hepatitis C virus (HCV; 

14.3% vs. 21.5%, P < 0.01). Transplants performed in the post-policy SLK setting also had 

shorter cold ischemia times for liver (5.8 vs. 6.0 h, P = 0.01) but longer for kidney (10.5 

vs. 10.2 h, P < 0.01). No other statistically significant baseline donor or transplant-related 

differences were noted between groups. Outcomes between SLK groups were largely similar 

(Table 2), with a 1-year patient survival of 90.0% in post-policy SLK recipients com-pared 

to 91.4% in the pre-policy group (HR = 1.12, 95% CI = 0.89–1.41, P = 0.30). Liver and 

kidney allograft survival were also comparable at 1 year across groups, as were incidences 

of liver and kidney PNF and DGF.

A total of 132 patients received kidney after liver transplant after implementation of the 

Safety Net, translating to an average of 4.7 KAL transplants per month in the first 2.5 years 

since policy implementation. These patients waited an average of 57 (IQR 19–149) days 

from time of listing to kidney transplant. Prior to the Safety Net, 80 KAL transplants were 

per-formed (0.4 per month) with an average waitlist time of 470 (IQR 105–932) days. KAL 

recipients since the Safety Net were less frequently diagnosed with acute tubular necrosis 

or hepatorenal syndrome and less likely to require dialysis (65.1% vs. 90.0%, Table 3). 

Coinciding with prolonged waitlist times, the interval from liver to kidney transplant was 

longer than the KAL pre-Safety Net group (737 vs. 314 days, P < 0.01). Safety Net KAL 

transplants also had shorter cold ischemia times (11.6 vs. 17.2 h, P < 0.01). Despite these 

differences, outcomes between KAL recipients remained comparable (Table 4). Comparing 

KAL before and after the Safety Net revealed that patient survival was similar at one year 

(92.7% vs. 93.1%, P = 0.54) as was graft survival (90.9% vs. 95.0%, P = 0.21). DGF 

incidence and rates of acute rejection within 1 year of transplant were also similar.

We identified 104 matched pairs after propensity score matching KTA patients after policy 

implementation to Safety Net KAL recipients. No significant differences were observed in 

relation to recipient or transplant characteristics (Table 5). Donors were also comparable and 

KDPI similar (KAL: 44% vs. KTA: 46%, P = 0.61). Outcomes, too, were largely similar 

(Table 6) – 1-year patient survival in the KAL group was 92.9% vs. 95.5% in KTA recipients 

(HR: 1.42, CI: 0.38–5.29, P = 0.60) while graft survival at 1 year was 89.7% vs. 94.2% (HR: 

1.85,CI: 0.60–5.68, P = 0.28). PNF rates were comparably low (1.9% vs. 0.0%, P = 0.50) 

as were rates of acute rejection within 1 year (7.5% vs. 10.3%, P = 0.73). DGF was more 

common in the KTA population (13.5% vs. 28.9%, P = 0.01).
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Comparing kidney allograft utilization

We then sought to determine whether implementation of both SLK allocation policy and 

the KAL Safety Net affected the usage of the highest quality (KDPI < 35%) deceased 

donor kidney allografts. This was performed on a transplant-specific basis, where trends 

and out-comes of SLK, KAL and KTA using <35% KDPI allografts were individually 

compared across policy implementation. Before policy implementation, 7.1% of KDPI < 

35% allografts were used in SLK compared to 6.2% after (P < 0.01); 0.2% of KDPI < 35% 

grafts were used for KAL before compared to 0.3% after (P = 0.39), while high-quality 

grafts were used in 92.7%of KTA compared to 93.5% after (P < 0.01).

We first compared baseline recipient characteristics in SLK, KAL and KTA in transplants 

using <35% KDPI allografts before and after policy implementation (Table 7). Similar to 

the aggregate, quality-independent analyses, outcomes in each setting remained comparable 

across policy eras (Table 8, Figure 2). SLK kidney graft survival at 1 year was 90.5% after 

policy implementation compared to 90.4% before (P = 0.55); in KAL transplants this was 

90.9% vs. 96.5% (P = 0.39) and in KTA 96.6% vs. 96.9% (P = 0.20). PNF and DGF rates 

were the same across time periods in all three settings.

Rates of acute rejection also remained comparable in the SLK and KAL populations, while 

they were lower in KTA in transplants performed since policy implementation (6.9% vs. 

8.1%, P < 0.01).

Discussion

The implementation of the OPTN SLK allocation policy and Safety Net set out to regulate 

SLK transplantation and improve overall kidney allocation. Now based on clearly defined 

criteria, simultaneous liver and kidney allocation and priority listing of liver recipients with 

ongoing renal failure intend to better prioritize both liver and kidney failure populations’ 

access to organs.

Recent studies have sought to define the specific ESLD population who best benefit from 

dual organ transplantation. These showed that SLK improved graft survival in patients 

with prolonged dialysis-dependent renal failure [6,10] but did not in non-dialysis-dependent 

patients [6,11,12]. The ongoing concern is that unregulated renal allograft allocation for SLK 

reduces organ availability for renal failure patients requiring isolated kidney transplant. This 

may ultimately increase waitlist times and waitlist mortality for patients in isolated renal 

failure and reduce their access to high-quality kidneys. Additionally, each kidney allocated 

for SLK effectively represents one less graft which carries a 7.2-year survival benefit 

when utilized in a patient with isolated renal failure [13]. With one in twenty pre-policy 

deceased donor kidneys allocated to SLK transplants, optimizing SLK allocation represents 

an epidemiologic priority in the transplant community.

Success of the OPTN policy depends on its overall, cumulative impact on patients in 

liver and renal failure. Before policy implementation, SLK transplant patterns were highly 

variable from center to center [14]. Previous Markov simulation models demonstrated the 

potential variability in SLK use after policy implementation –if widely accepted and more 
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commonly used in previously low-volume SLK centers, SLK use could actually increase 
[15]. While our overall findings that SLK trans-plantation represented a smaller proportion 

of both deceased donor liver and kidney transplants, we did observe two important temporal 

trends that require careful ongoing monitoring. The first is that SLK rates, after decreasing 

from 10.4% of all deceased donor liver transplants the year prior to policy implementation 

to 9.0% the year after, remained stable at 8.7% the following year but increased to 9.6% 

in the final 6 months of follow-up. The second is related to the increasingly common use 

of the Safety Net. A concern regarding early evaluation of policy efficacy is that transplant 

centers’ more comfort using the KAL Safety Net may effectively mitigate the reduced 

rates of SLK transplantation. Our study observed an overall rate of 4.7 KAL trans-plants 

performed per month after Safety Net implementation; while this number itself does not 

suggest that reduced SLK rates will be mitigated by KAL transplants, the trend in KAL 

usage does. When subdivided into successive 6-month intervals after introduction of the 

Safety Net, the KAL transplantation rate increased from 0.5 to 2.4 to 4.8 to 8.2 per month, 

although this decreased to 5.3 per month during the last 6 months of study follow-up. KAL 

waitlist additions continued to rise from 1.8 to 8.2 to 14.3 to 15.3 to 19.5 per month in each 

successive six-month period. These increases, however, have been partially balanced by a 

reduction in living donor KAL transplants, which represented 10.9% of all KAL transplants 

in the 2.5 years prior to Safety Net implementation compared to 3.8% after.

A formal policy dictating SLK transplant has succeeded in changing the overall composition 

of the SLK recipient population. While pre-policy SLK recipients were derived from ESLD 

populations suffering both acute and chronic renal failure and transplanted at the discretion 

of the surgeon and transplant center, the intent of the policy was to reduce kidney use for 

acute, reversable renal failure. Our findings indicate that the policy has succeeded in doing 

just that. We observed a post-policy SLK population composed of recipients less likely to 

be transplanted from the ICU, less frequently functionally disabled and with lower MELD. 

Addition-ally, more transplants in the post-policy era were performed for a diagnosis of 

nonalcoholic steatohepatitis (NASH), which is an increasingly prevalent ESLD etiology and 

carries a high rate of chronic renal failure [16,17] along with other systemic comorbidities 

in its recipient population [18]. In fact, the impact of policy implementation on SLK rates 

may be dampened given the increasing prevalence of NASH in the ESLD population [19] and 

ongoing analyses must consider the evolving liver failure landscape.

Ultimately, and regardless of pre and post-policy cohort characteristics, outcomes related 

to patient survival and liver and kidney graft function remained com-parable for patients 

meeting criteria for up-front SLK and KAL transplantation. Prior liver transplantation did 

not appear to affect early outcomes related to kidney transplantation either, as Safety Net 

KAL recipients per-formed equally to propensity matched KTA recipients of the same time 

period with regards to patient and graft survival. KAL patients also showed significantly 

lower rates of DGF than the matched KTA recipients even when transplanted with similar 

quality grafts and comparable cold ischemia times.

A significant point of contention in SLK practice is related to the quality of kidney allografts 

used in these transplants. Allocation of isolated renal allografts attempts to preserve 

kidneys with lowest KDPI for highly sensitized, pediatric patients, or those healthy listed 
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patients with Estimated Post-Transplant Survival score ≤ 20. SLK transplants, however, 

have historically drawn from this pool [17,20,21]. Prior to OPTN policy, median KDPI for 

SLK transplants was 36% vs. 46% for kidney transplant alone [17]. This practice has been 

justified by previous reports demonstrating inferior out-comes in SLK transplantation as 

KDPI increases [21,22]; in particular, lowest quality grafts with KDPI > 85% were associated 

a 1.83 hazard ratio related to patient mortality compared to those <85% [21]. Conversely, 

renal allograft survival in SLK transplantation was on average one year shorter than its 

paired organ used in an isolated kidney transplant setting [23].

The importance of kidney quality in KAL transplantation has been addressed in the tiered 

organ allocation system defined by the Safety Net, although OPTN policy does not regulate 

kidney allocation in SLK based off of renal allograft quality. It is critical, then, to assess the 

impact of policy implementation on kidney utilization in SLK and in the context of overall 

kidney allograft utility. Our analysis of overall kidney utilization before and after policy 

implementation demonstrated areduction in kidney transplants using allografts from donors 

with KDPI < 35%; this was observed both glob-ally and within the KTA population, and 

while not statistically significant, was similarly observed in SLK and KAL settings. While 

defining kidney quality on a binary scale oversimplifies nuances behind individual graft 

utility, previous large-scale analysis has noted improved allograft survival when comparing 

kidneys with < or >/= 35% KDPI [24]. Our study also noted improved kidney graft survival 

in SLK transplants with higher quality allografts after policy implementation, although 

out-comes in SLK and KAL using <35% KDPI allografts did not change from pre to 

post-policy eras.

Our study did suffer from several limitations. As our populations were derived only from 

patients who were transplanted, the effect of the policy of those in renal failure not receiving 

a transplant cannot be determined. This is due to the nature of our data source, which 

only tracks outcomes for patients listed for transplant or transplanted. Granularity within 

the database is also limited and provides patient information only at discrete time-points. 

Furthermore, our data did not provide specific information regarding transplant eligibility 

according to the OPTN policy and thus certain exceptions were not able to be tracked. 

Similarly, patients eligible for the Safety Net priority listing were inferred based off of 

their meeting criteria listed by the OPTN as longitudinal monitoring of dialysis dependence, 

creatinine and eGFR are limited in the OPTN database. Measuring renal function itself is a 

controversial topic, and prior studies have noted that using creatinine as a marker of renal 

function in patients with anasarca and sarcopenia secondary to liver failure is not a reliable 

comparator to creatinine in patients with renal failure alone [25]. This serves a potential 

shortcoming both in the policy itself and data gathered for policy analysis. Additionally, 

assessing Safety Net KAL transplants required appropriately matched controls. Our study 

attempted to address this by comparing Safety Net KAL transplants to two distinct control 

groups – a propensity matched KTA population and a pre-Safety Net KAL cohort listed for 

transplant within the same window as the Safety Net. Ultimately, while these comparisons 

allowed for more equitable comparison of KAL Safety Net transplants, our findings must 

be taken in context of residual heterogeneity between groups. Finally, our findings were 

limited by the relatively short duration since policy implementation. This study there-fore 
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focused on analyzing early outcomes related to the policy, making further studies assessing 

longer-term follow-up necessary in assessing the full impact of the policy.

Overall, this study provides an early investigation into the utility of the OPTN SLK 

allocation policy and Safety Net. With an ongoing organ supply-demand mismatch, there 

are inevitable concessions that must be made to optimize global liver and kidney allocation. 

This analysis demonstrates that the OPTN policy has been able to reduce kidney use in 

SLK transplantation while maintaining SLK outcomes, although there has been a trend 

toward increasing rates of both SLK and KAL transplants of late. Additionally, kidney­

related outcomes were preserved in both SLK and KAL trans-plantation compared to 

pre-policy transplants despite using higher KDPI allografts. Finally, we found that policy 

implementation did not affect outcomes when using high-quality kidney allografts in any 

transplant setting. In order to better define and prognosticate renal dysfunction in patients 

with liver failure and ensure equitable access to organs across all patients with liver and 

renal failure, further longitudinal and granular studies are needed to determine the true 

impact of the allocation policy and the role for SLK transplantation itself. Early analyses 

reflect favorably on policy efficacy, although close monitoring is necessary and policy 

refinement inevitable.
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Figure 1. 
Composition of study populations. SLK Post = Postpolicy SLK transplant (8/10/17–2/9/20); 

KAL Post = Safety Net KAL transplant (10/9/17–2/9/20); KTA Post = Postpolicy kidney 

transplant alone (8/10/17–2/9/20); SLK Pre = Prepolicy SLK transplant (2/10/15–8/9/17); 

KAL Pre = Pre-Safety Net KAL transplant (2/27/02–8/9/17); KTA Pre = Prepolicy kidney 

transplant alone (2/10/15–8/9/17).
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Figure 2. 
Comparison of kidney graft survival in SLK, KAL and KTA using renal allografts with 

<35% KDPI before and after policy implementation.
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Table 1.

Baseline recipient, donor and transplant characteristics of SLK transplants before and after policy 

implementation.

SLK - Pre SLK - Post P-value

Number 1737 1702

Recipient characteristics

Age 59 (51–64) 59 (52–64) 0.10

Female Sex 667 (38.4%) 662 (38.9%) 0.78

Race 0.13

 White 1102 (63.4%) 1037 (60.9%)

 Black 266 (15.3%) 246 (14.5%)

 Asian 55 (3.2%) 66 (3.9%)

 Other 314 (18.1%) 353 (20.7%)

BMI 26.6 (23.1–31.2) 26.7 (23.5–31.3) 0.25

ICU status at transplant 367 (21.1%) 287 (16.9%) <0.01

Days on waitlist 69 (16–273) 88 (18–289) 0.07

MELD 29 (23–36) 28 (23–34) <0.01

Disabled functional status 1001 (57.6%) 916 (53.8%) 0.03

HCC 224 (12.9%) 185 (10.9%) 0.07

Diabetes mellitus 746 (43.0%) 735 (43.2%) 0.89

Portal vein thrombosis 207 (12.0%) 238 (14.1%) 0.08

History of SBP 189 (10.9%) 214 (12.6%) 0.12

TIPS 169 (9.7%) 138 (8.1%) 0.11

Hemodialysis 1194 (68.7%) 1191 (70.0%) 0.44

Previous liver transplant 113 (6.5%) 111 (6.5%) 0.99

Previous kidney transplant 53 (3.0%) 57 (3.3%) 0.63

Primary etiology of liver disease <0.01

 NASH 353 (21.2%) 400 (24.5%)

 HCV 359 (21.5%) 234 (14.3%)

 EtOH 475 (28.5%) 498 (30.5%)

 Other 480 (28.8%) 501 (30.7%)

Etiology of renal failure 0.77

 ATN/HRS 456 (26.3%) 458 (26.9%)

 Diabetes mellitus 824 (47.4%) 788 (46.3%)

 Hypertension 338 (19.4%) 348 (20.5%)

 Other 119 (6.9%) 108 (6.3%)

Donor characteristics

 Age 33 (24–45) 34 (25–46) 0.06

 Female Sex 667 (38.4%) 662 (38.9%) 0.78

 BMI 26.0 (23.0–29.9) 26.4 (23.1–30.4) 0.09

 Creatinine (mg/dL) 0.90 (0.70–1.20) 0.90 (0.70–1.25) 0.76

 Bloodstream Infection 182 (10.5%) 162 (9.5%) 0.36
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SLK - Pre SLK - Post P-value

 LDRI 1.81 (1.62–2.09) 1.84 (1.64–2.13) 0.07

 KDPI (%) 28 (12–50) 30 (13–53) 0.06

 DCD 108 (6.2%) 115 (6.7%) 0.53

 Cause of death - CVA 391 (22.5%) 337 (19.8%) 0.06

Transplant details

 CIT - Liver (hours) 6.0 (4.8–7.5) 5.8 (4.7–7.2) 0.01

 CIT - Kidney (hours) 10.2 (7.8–14.0) 10.5 (8.1–16.1) <0.01

Values are listed as median +/− interquartile range unless otherwise stated

BMI, body mass index; cPRA, calculated panel reactive antibodies; ATN, acute tubular necrosis; HRS, hepatorenal syndrome; CVA, 
cerebrovascular accident; KDPI, Kidney Donor Profile Index.
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Table 2.

SLK outcomes before and after allocation policy implementation.

SLK - Pre SLK - Post HR 95% CI P-value

Number 1737 1702

One-year survival 91.4% 90.0% 1.12 0.89–1.41 0.30

Liver-related outcomes

Primary non-function 12 (0.7%) 13 (0.8%) - - 0.84

Acute rejection within 1 year 90 (6.5%) 73 (8.1%) - - 0.16

One-year graft survival 90.4% 89.1% 1.24 0.92–1.43 0.22

Kidney-related outcomes

Primary non-function 40 (2.3%) 29 (1.7%) - - 0.22

Delayed graft function 467 (26.9%) 439 (25.8%) - - 0.49

Acute rejection within 1 year 63 (4.8%) 33 (3.8%) - - 0.29

Three-month graft survival 94.2% 93.1% 1.20 0.92–1.58 0.18

One-year graft survival 89.0% 88.9% 1.01 0.81–1.24 0.92

Values are listed as median +/− interquartile range unless otherwise stated.
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Table 3.

Baseline recipient, donor and transplant characteristics in pre- and post-Safety Net KAL transplants.

KAL - Pre-Safety Net KAL - Safety Net P-value

Number 80 132

Recipient characteristics

Age 59 (52–63) 58 (51–65) 0.59

Female Sex 28 (35.0%) 42 (31.8%) 0.26

Race 0.16

 White 64 (80.0%) 88 (66.7%)

 Black 6 (7.5%) 11 (8.3%)

 Asian 2 (2.5%) 3 (2.3%)

 Other 8 (10.0%) 30 (22.7%)

BMI 27.1 (23.5–30.7) 26.7 (23.1–31.0) 0.02

cPRA 0 (0–50) 0 (0–31) 0.77

Days on waitlist 470 (105–932) 57 (19–149) 0.01

Days between liver and kidney transplant 737 (349–1225) 446 (332–619) <0.01

Hemodialysis 72 (90.0%) 86 (65.1%) <0.01

Previous kidney transplant 2 (2.5%) 3 (2.3%) 0.14

Etiology of renal failure <0.01

 ATN/HRS 37 (46.2%) 36 (27.3%)

 Diabetes mellitus 23 (28.8%) 69 (52.3%)

 Hypertension 8 (10.0%) 22 (16.7%)

 Other 12 (15.0%) 5 (3.7%)

Donor characteristics

 Age 37 (24–47) 41 (34–48) 0.14

 Female Sex 29 (36.3%) 63 (47.7%) 0.56

 BMI 27.5 (23.3–30.6) 27.5 (23.5–32.2) 0.74

 Diabetes mellitus 7 (8.8%) 6 (4.6%) 0.52

 Hypertension 21 (26.2%) 27 (20.4%) 0.72

 Creatinine (mg/dl) 0.90 (0.70–1.35) 1.07 (0.80–1.41) 0.05

 Bloodstream infection 2 (2.5%) 15 (11.4%) 0.21

 KDPI (%) 41 (22–63) 44 (32–58) 0.21

 Cause of death - CVA 21 (26.3%) 36 (27.3%) 0.74

Transplant details

 Cold ischemia time (hours) 17.2 (10.4–21.5) 11.6 (8.2–15.8) <0.01

Values are listed as median +/− interquartile range unless otherwise stated.

BMI, body mass index; cPRA, calculated panel reactive antibodies; ATN, acute tubular necrosis; HRS, hepatorenal syndrome; CVA, 
cerebrovascular accident; KDPI, Kidney Donor Profile Index.
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Table 4.

Kidney-related outcomes in pre- and post-Safety Net KAL transplants.

KAL - Pre-Safety Net KAL - Safety Net HR 95% CI P-value

Number 80 132

Primary non-function 0 (0.0%) 2 (1.5%) - - 0.53

Delayed graft function 16 (20.0%) 19 (14.4%) - - 0.34

Acute rejection within 1 year 5 (7.5%) 4 (7.5%) - - 0.99

Three-month graft survival 97.50% 93.50% 2.56 0.53–12.33 0.24

One-year graft survival 95.00% 92.70% 1.85 0.56–6.06 0.31

One-year patient survival 93.10% 92.70% 1.46 0.43–5.10 0.54

Values are listed as median +/− interquartile range unless otherwise stated.
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Table 5.

Baseline recipient, donor and transplant characteristics in Safety Net KAL transplants and propensity matched 

postpolicy KTA transplants.

KTA KAL - Safety Net P-value

Number 104 104

Recipient characteristics

Age 61 (50–66) 57 (49–66) 0.23

Female Sex 33 (31.7%) 33 (31.7%) 0.99

Race 0.21

 White 72 (69.2%) 64 (61.5%)

 Black 13 (12.5%) 11 (10.6%)

 Asian 0 (0.0%) 3 (2.9%)

 Other 19 (18.3%) 26 (25.0%)

BMI 27.7 (24.0–32.6) 27.2 (23.7–31.7) 0.60

cPRA 0 (0–25) 0 (0–37) 0.73

Days on waitlist 61 (16–175) 59 (19–164) 0.91

Hemodialysis 71 (68.3%) 72 (69.2%) 0.99

Previous kidney transplant 5 (4.8%) 3 (2.9%) 0.72

Etiology of renal failure 0.86

 ATN/HRS 32 (30.8%) 36 (34.6%)

 Diabetes mellitus 41 (39.4%) 41 (39.4%)

 Hypertension 27 (26.0%) 22 (21.1%)

 Other 4 (3.8%) 5 (4.8%)

Donor characteristics

 Age 41 (26–53) 41 (33–48) 0.59

 Female Sex 39 (37.5%) 48 (46.1%) 0.26

 BMI 27.1 (24.2–31.1) 28.5 (23.7–33.5) 0.10

 Diabetes mellitus 12 (11.5%) 6 (5.8%) 0.22

 Hypertension 29 (28.4%) 22 (21.1%) 0.26

 Creatinine (mg/dl) 1.00 (0.73–1.41) 1.01 (0.79–1.50) 0.46

 Bloodstream infection 6 (5.8%) 11 (10.6%) 0.31

 KDPI (%) 46 (20–72) 44 (32–58) 0.61

 Cause of death - CVA 27 (26.0%) 29 (27.9%) 0.88

Transplant details

 CIT (hours) 12.6 (8.5–16.3) 13.0 (8.9–16.2) 0.54

Values are listed as median +/− interquartile range unless otherwise stated.

BMI, body mass index; cPRA, calculated panel reactive antibodies; ATN, acute tubular necrosis; HRS, hepatorenal syndrome; CVA, 
cerebrovascular accident; KDPI, Kidney Donor Profile Index.
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Table 6.

Kidney-related outcomes in Safety Net KAL and propensity matched postpolicy KTA transplants.

KTA KAL - Safety Net HR 95% CI P-value

Number 104 104

Primary non-function 0 (0.0%) 2 (1.9%) - - 0.50

Delayed graft function 30 (28.9%) 14 (13.5%) - - 0.01

Acute rejection within 1 year 6 (10.3%) 3 (7.5%) - - 0.73

Three-month graft survival 97.8% 93.0% 3.21 0.65–15.89 0.15

One-year graft survival 94.2% 89.7% 1.85 0.60–5.68 0.28

One-year patient survival 95.5% 92.9% 1.42 0.38–5.29 0.60

Values are listed as median +/− interquartile range unless otherwise stated.
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