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Abstract

Background: The aging of liver transplant (LT) recipients, the weighting of the MELD score, 

and the increased prevalence of NASH has led to an increased number of older LT recipients 

with pre-LT chronic kidney disease (CKD). There are limited data on the impact of increased 

recipient age on postsimultaneous liver kidney (SLK) transplant outcomes among patients with 

CKD, leading some centers to employ subjective age cutoffs for potential SLK recipients.

Methods: We evaluated UNOS data of adult SLK recipients from 2/27/2002–12/31/2018, 

restricted to recipients with ≥90 days of waiting time and CKD (eGFR persistently <60 mL/min/

1.73m2 for ≥90 days using the MDRD-4 equation). We fit mixed-effects Cox regression models 

(center as random effect) to evaluate the association of recipient age and patient survival.

Results: Among 3146 SLK recipients with CKD, nearly two-thirds were 50–64 years of age, 

while 465 (14.8%) and 93 (3.0%) were 65–69 years and ≥70 years, respectively. Compared to 

nondiabetic SLK recipients aged 50–59 years, SLK recipients ≥70 years of age without diabetes 

(HR: 1.97, 95% CI: 1.20–3.23; p=0.007) and with diabetes (HR: 1.90, 95% CI: 1.16–3.09; p=0.01) 

had higher mortality compared to the reference group. In absolute terms, SLK recipients ≥70 years 

of age had 25% lower patient survival at 5 years compared to recipients aged 40–49 years.
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Conclusions: Although careful selection is required of any SLK recipient, especially those with 

increased comorbidities, there are no objective data to justify a specific age cutoff <70 years 

among potential SLK recipients with CKD.

Introduction

Liver transplant (LT) recipients in the US are getting older reflecting in part aging of 

hepatitis C virus (HCV)-infected baby boomers as well as an increased number of older LT 

recipients with nonalcoholic steatohepatitis (NASH) and alcoholic liver disease (ALD).1–9 

In addition recipient age restrictions have progressively eased at most centers. According 

to Organ Procurement and Transplantation (OPTN)/United Network for Organ Sharing 

(UNOS) data, the median age of LT recipients has increased from 50 years in 2002 to 

57 in 2018. The weighting of the Model for End-Stage Liver Disease (MELD) score10–12 

and the increased prevalence of NASH as an indication for LT2–9 has led to an increased 

number of LT recipients having pre-LT chronic kidney disease (CKD). Despite changes in 

allocation policies for patients evaluated for a simultaneous liver-kidney (SLK) transplant, 

the persistent organ scarcity and ethical imperative to optimize utilization of the scarce 

resource of donor organs continues to lead to debates about which candidates are best suited 

for LT alone, SLK, or no transplant at all.

Several studies have evaluated the impact of recipient age on post-LT outcomes. Despite 

consistent data demonstrating an increased mortality among older LT recipients (especially 

those >70 years), the survival benefit is not significantly different after accounting for 

the increased risk of pre-LT mortality in older patients.1,13–15 In contrast to the effect of 

increasing age on LT-alone recipients, the impact of recipient age on outcomes among 

SLK recipients has received less attention. A 2008 paper suggested that SLK outcomes 

were worse in SLK recipients ≥65 years of age, while a secondary analysis in a 2016 

manuscript suggested 70 years might be a more appropriate cutoff.16,17 Both studies had 

important limitations because: a) age was modeled using a binary cutoff of 65; and b) all 

SLK recipients were included, even those without CKD who would not be eligible for an 

SLK under current policies (limiting the internal and external validity).16,17

Concerns about increasing recipient age compromising SLK outcomes led to 

recommendations from a Consensus Conference that, “Given the unfavorable outcomes 

in older liver candidates on dialysis, selection of such patients for SLK warrants careful 

consideration.”18 No specific age cutoff was proposed, but the report suggested that a cutoff 

of 65 or 70 might be appropriate, despite limited empirical data. Given the knowledge gaps 

in this area, we sought to identify a cohort of SLK recipients with well-defined pretransplant 

CKD in order to: 1) evaluate the association between recipient age and patient survival 

among SLK recipients with CKD and; 2) determine whether there is an age threshold at 

which restricting SLK may be justified based on the concept of utility.

Goldberg et al. Page 2

Transplantation. Author manuscript; available in PMC 2022 January 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Materials and Methods

Study subjects

We analyzed OPTN/UNOS data to identify adult SLK recipients ≥18 years of age who 

were transplanted between February 27, 2002 and December 31, 2018.19,20 The goal of this 

study was to specifically evaluate SLK outcomes only among patients with CKD, a more 

homogeneous cohort that is increasing in prevalence due to the NASH epidemic, rather 

than those with sustained acute kidney injury that might be due to hepatorenal syndrome (a 

potentially reversible condition) or less reversible diseases such as acute tubular necrosis. 

Furthermore, this restriction allowed us to focus largely (although not exclusively) on a 

group of patients who by and large meet the current SLK criteria for patients with CKD.

To create a more homogeneous cohort with CKD, we restricted our analysis to SLK 

recipients with: 1) ≥90 days of pretransplant waiting time (the minimum time period to 

define CKD); and 2) an estimated glomerular filtration rate (eGFR) that was <60 mL/min/

1.73m2 at every time point during the 90-day pretransplant period. We calculated the eGFR 

using the Modification of Diet in Renal Disease (MDRD)-4 equation that is based on the 

serum creatinine, race, age, and gender. This formula was used given its routine application 

in clinical practice to determine whether a patient is eligible for an SLK based on CKD 

criteria, and the available data in the OPTN/UNOS database (lack of BUN data prevents the 

ability to calculate the MDRD-6 equation).

Study outcomes and variables

The primary study outcome was posttransplant patient survival, based on coding in the 

OPTN/UNOS datasets, and additionally available death date data in the dataset. We included 

covariates potentially associated with posttransplant patient survival, pertinent to SLK 

among older recipients, including: age, race/ethnicity, sex, etiology of liver disease, diabetes 

(binary yes/no), prior transplant, laboratory values at transplant (eGFR, bilirubin, INR), 

calculated MELD score, allocation MELD score (accounting for MELD exception points), 

receipt of exception points, functional status (Karnofsky score), pretransplant dialysis (week 

prior to transplant, and chronic dialysis defined as dialysis at listing and transplant), body 

mass index, donor kidney donor risk index (KDRI), and donor age. Posttransplant length of 

stay was modeled as a secondary outcome.

Statistical analysis

Baseline clinical and demographic data were compared based on recipient age using 

previously evaluated and/or clinically interpretable cutpoints.16,17 Continuous variables were 

compared using the Kruskall-Wallis test given the nonnormal distribution of the data, and 

categorical variables were compared using chi-square tests.

Patient survival was thmodeled using Cox regression models in order to evaluate the 

time to death for SLK recipients. Given differences in transplant center decision-making 

about which SLK recipients to waitlist (especially before the current SLK policy was 

enacted),21,22 and baseline differences in center outcomes,23 transplant center was modeled 

as a random effect to account for correlated outcomes among centers (using the mestreg 
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function in STATA 15). Recipient age was modeled as either a continuous or categorical 

covariate (based on previously published cutpoints) in multivariable models, and included 

the recipient age variable in the final multivariable model that had the best model fit (based 

on the lowest Akaike Information Criterion [AIC]). The upper age cutoff was capped at 

70 given: a) the small number of recipients >70 years of age which limited applicability 

of the results; and b) the similar point estimates for the hazard of mortality among all 

recipients ≥70 years of age. We included other relevant covariates in univariable models, and 

considered those with a p<0.1 in univariable models for inclusion in the final multivariable 

model. In the final model, we retained variables with a p<0.05. We a priori evaluated the 

potential interaction of recipient age (categorical variable) and diabetes with a p<0.1 as 

the significance threshold for the interaction term given that increased age is associated 

with increased diabetes duration, and therefore an increase burden of diabetes related 

comorbidities (eg, cardiovascular disease) that could impact posttransplant mortality. In a 

secondary analysis, we fit age as a categorical variable, whereby each 1 year age increment 

was a distinct category. This allowed us to compare the point estimate of the multivariable 

adjusted hazard ratio for every 1-year age group to a reference point. A recipient age of 65 

was selected as the reference as this was the lower age limit suggested as a possible age 

cutoff for SLKs from prior studies, while it also allowed us to compare the upper limit of 

70 from prior studies to a reference of 65.16–18 In a secondary analysis, we compared the 

unadjusted posttransplant survival of patients with CKD who received an SLK to recipients 

who received a liver transplant alone to frame the potential survival benefit of an SLK.

All analyses were performed using STATA 15.0. This study was deemed exempt by the 

Institutional Review Board at the University of Pennsylvania.

Results

During the study period, there were a total of 7581 SLK recipients. Of this total, 4435 

were excluded— 4156 had <90 days of waiting time and could not be classified as having 

pretransplant CKD, and an additional 279 had ≥90 days waiting time but did not have 

CKD based on having a pretransplant eGFR≥60mL/min/1.73m2 in the 90-day pretransplant 

period.

Among the 3146 included SLK recipients with pretransplant CKD, nearly two-thirds were 

50–64 years of age, while 465 (14.8%) and 93 (3.0%) were 65–69 years and ≥70 years, 

respectively. This distribution was similar to the SLK cohort with <90 days of waiting time 

(or with ≥90 days but did not meet CKD criteria): 13.0% and 2.6% were 65–69 years and 

≥70 years, respectively. SLK recipients in the non-CKD cohort were more likely to be white 

race (55.8% vs 44.2%; p=0.02), male gender (55.6% vs 44.5%; p=0.08), have a significantly 

higher calculated MELD score (median: 32 vs 25; p<0.001). The percentage of SLK 

recipients with CKD who had an eGFR <30 mL/min/1.73m2 at transplant (the threshold 

required under the current SLK policy) differed significantly by age group (p=0.002) and 

was highest in the youngest age group: a) 18–39: 96.5%; b) 40–49: 88.6%; c) 50–59: 91.7%; 

d) 60–64: 90.4%; e) 65–69: 87.1%; and f) ≥70: 88.2%. The number of SLK recipients 

increased each calendar year until 2017 (year new SLK allocation policy was implemented), 
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with the number of SLK recipients with CKD increasing the most (in absolute and relative 

terms) among those aged 60–69 years (Figure 1A).

Compared to SLK recipients aged 50–64 years, the most notable differences among SLK 

recipients with CKD 65–69 and ≥70 years of age were that they were more likely to be of 

white race, have NASH/cryptogenic cirrhosis as the etiology of their liver disease, and less 

likely to be on dialysis prior to transplant (Table 1). The unadjusted 5-year survival of SLK 

recipients ≥70 years of age with CKD was 57.8% (95% CI: 43.6–69.6%), as compared to 

68.8% (95% CI: 55.4–78.0%) in SLK recipients ≥70 years of age without CKD.

Based on OPTN/UNOS coding, the use of induction immunosuppression among SLK 

recipients differed by age group (p=0.01 for chi-square test comparing use of induction 

immunosuppression by age category). SLK recipients ≥70 years of age were significantly 

less likely to receive depleting immunosuppression (12.9% vs 17.0–22.8% in the other age 

groups). The maintenance immunosuppression regimen at discharge did not differ among 

the different age groups (p=0.70).

The rates of DGF were lowest in the ≥70 year age group (11.5%), compared to 26.3%, 

19.3%, 19.3%, 24.6%, and 20.7% in the 18–39, 40–49, 50–59, 60–64, and 65–69 year age 

groups, respectively (p=0.01).

Variability in center practices

During the study, there were 60 centers that had performed at least 20 SLKs among patients 

meeting inclusion criteria based on having CKD. Among those 60 centers, 28 (46.7%) only 

performed SLKs in patients <70 years of age (data not available on whether these centers 

declined to list or perform SLKs in patients ≥70 years of age), while only 4 (6.7%) had a 

maximum age of their oldest SLK recipient ≤65 (Figure 1B).

Multivariable models

In multivariable mixed effects logistic regression models, there was a significant interaction 

between increasing recipient age and diabetes on post-SLK mortality (p=0.001). After 

accounting for this interaction, along with key donor and recipient variables, there were 

significant among center differences in posttransplant survival (likelihood ratio test for 

model including random effects p=0.004). Several covariates were significantly associated 

with posttransplant survival, with higher mortality: 1) being on dialysis immediately prior 

to transplant; b) lower serum albumin at transplant (higher albumin associated with lower 

mortality); c) being hospitalized or in the intensive care unit (compared to being transplanted 

from home); d) prior liver transplant; and e) transplantation from a donor with a higher 

KDRI (Table 2). Key clinical covariates that define increased severity of illness (eg, 

bilirubin, INR, ventilator status, Karnofsky score) or could be associated with survival (eg, 

use and type of inductin therapy) were not retained in the final multivariable model as they 

were not significantly associated with the outcome (p>0.1; Table 2). DGF was associated 

with increased mortality (HR: 1.49, 95% CI: 1.25–1.78) but was not included in the final 

model as it is in the causal pathway of mortality, rather than a confounder/covariate known 

pretransplant that should be adjusted for.
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Results of the multivariable model for recipient age and diabetes are presented for Figure 

2 in order to highlight the interaction of recipient age and diabetes (the hazard ratio for 

mortality among recipients of the same age group differed based on diabetes status but to a 

different degree based on the recipient age). Compared to SLK recipients without diabetes 

aged 50–59 years, nondiabetics aged 40–49 years had a significantly lower risk of mortality 

(HR: 0.74, 95% CI: 0.55–0.99; p=0.04), while SLK recipients ≥70 years of age without 

diabetes (HR: 1.97, 95% CI: 1.20–3.23; p=0.007) and with diabetes (HR: 1.90, 95% CI: 

1.16–3.09; p=0.01) both had higher mortality compared to the reference group, but did not 

differ from one another based on their diabetes status (Figure 2). When the study cohort 

was split into those transplanted before or after August 10, 2017 (the date of implementation 

of the current SLK policy), the HR for the oldest age groups was unchanged in the cohort 

transplanted prior to the current policy. However, for the cohort transplanted under the new 

policy, the point estimate for the HR increased, although it did not meet statistical significant 

due to smaller sample sizes: a) adjusted HR for nondiabetics ≥70 years of age: 2.44 (95% 

CI: 0.21–28.86); b) adjusted HR for diabetics ≥70 years of age: 2.97 (95% CI: 0.47–18.70).

The cause of death among patients who died did not differ among the different age 

categories (p=0.30; Supplemental Figure 1 aggregated together by age group). Notably, 

cardiovascular and malignancy as causes of death did not differ significantly in the different 

age groups. Patients with HCC were more likely to have malignancy as their cause of 

death (23.2% of deaths in HCC patients due to malignancy vs 7.4% in non-HCC patients; 

p<0.001). When stratified into those with vs without HCC, non-HCC patients ≥70 years of 

age were numerically (but not statistically) more likely to have malignancy as their cause of 

death (p=0.36), while HCC patients ≥70 years of age were numerically (but not statistically) 

less likely to have malignancy as their cause of death (p=0.16).

In absolute terms, the differences in post-SLK survival increased over time when comparing 

the cohort with the best survival (nondiabetics ages 40–49 years) to and the lowest 

(nondiabetics ≥70 years of age, although survival was nearly identical in diabetics ≥70 years 

of age; Figure 3A). At 1-year posttransplant, the absolute difference in adjusted survival was 

10.3%, which increased over time: 19.9% at 3 years, 25.0% at 5 years, to 31.5% at 10 years. 

The 5-year adjusted survival exceeded 60% for all age groups except those ≥70 years of 

age (54.6% for nondiabetics; 55.8% for diabetics). In Kaplan-Meier analyses, the unadjusted 

survival of transplant recipients with CKD in every age group was higher in those who 

received an SLK except for those ≥70, where the unadjusted 5-year survival was lower in 

SLK recipients (Figure 3B).

Secondary analyses

In a secondary analyses that modeled age as a categorical variable (each category 

represented each 1-year interval of recipient age), the risk of increased post-SLK mortality 

was only significant in recipients ≥70 years of age. Compared to a reference age group 

of 65, SLK recipients ≥70 years had a greater than 75% increased risk of posttransplant 

mortality (HR: 1.78, 95% CI: 1.08–2.93; p=0.02; cohorts not stratified by diabetes status 

given similar hazards of mortality for recipients ≥70 years with or without diabetes; Figure 

4).
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Posttransplant length of stay was significantly different based on recipient age, and was 

longest for SLK recipients ≥70 years of age (Kruskall-Wallis test p-value<0.001; Figure 5). 

Among SLK recipients ≥70 years of age, 25 (26.9%) had a posttransplant length of stay that 

exceeded 30 days, significantly higher than the 4 other age groups (p<0.001) which ranged 

from 10.0% (40–49 year age group) to 18.5% (18–39 year age group).

Although the sample size limited statistical testing, the unadjusted survival was numerically 

higher for SLK recipients <65 years of age who had acute on chronic kidney injury (mean 

eGFR ≥30 mL/min/1.73m2 during the 90-day pretransplant period) compared to those on 

chronic dialysis, but did not differ numerically among SLK recipients ≥65 years of age.

Discussion

In this analysis of SLK recipients with pre-LT CKD between 2002 and 2018, we found 

that increasing recipient age was only associated with increased mortality among recipients 

≥70 years of age. Although the posttransplant survival of diabetic SLK recipients ages 

50–59 and 65–69 was numerically worse than nondiabetic recipients ages 50–59, this did 

not meet statistical significance. The number of SLK recipients with pretransplant CKD 

that could be identified based on available data in the OPTN/UNOS database was small 

(<100 patients).Thus the number of SLK these high-risk SLK recipients is small relative 

to the entire pool of SLK recipients. However, these data are important nonetheless for 

several reasons. First, the clinical characteristics of the SLK recipients ≥70 years of age (eg, 

MELD score, Karnofsky score) surprisingly did not differ significantly from the younger 

groups, which suggests that this oldest cohort was likely highly selected, yet still had 

significantly worse survival. Second, the lack of significantly increased survival in SLK 

recipients ages 65–69, especially among nondiabetics who had survival curves that mirrored 

those of nondiabetics ages 60–64, would suggest that an upper age cutoff of 65 for SLK 

recipients, as suggested in the SLK Consensus Conference paper, would not be supported 

by empirical data.18 Third, the worse survival in the oldest cohort was not limited to early 

posttransplant mortality that would be attributable solely to operative-related mortality, but 

rather grew over time. This would suggest that a safety net protocol for eldely patients with 

CKD (eg, only allowing a kidney after liver rather than SLK after a certain period of time) 

may not mitigate the worse outcomes in this group. And even though patients in the oldest 

age group received kidneys with the relatively ‘worst’ kidney quality, as measured by the 

KDRI/KDPI, which independently was associated with increased mortality, this fact did not 

explain the worse survival in the oldest age group as their increased mortality persistent in 

multivariable models that adjusted for KDRI.

Despite multiple publications evaluated the impact of recipient age on post-LT outcomes, 

there are limited data on post-LT outcomes among SLK recipients. The 2 published studies 

evaluating outcomes among older SLK recipients provided conflicting data. Early data from 

the MELD era suggested that SLK outcomes were worse in SLK recipients ≥65 years of 

age, while a secondary analysis of a manuscript published in 2016 showed that a more 

appropriate age cutoff to define increased SLK risks was 70.16,17 Our study had important 

differences from these studies. First, we restricted our analyses to SLK recipients with at 

least 90 days of pretransplant waiting time in order to create a well-defined cohort with 
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CKD (which by definition requires renal function data for at least 3 months). Although this 

may have limited the external validity, it ensured internal validity to phenotyped cohort with 

CKD. Secondly, the 2 previous studies used age 65 as a binary cutoff, and the age cutoff of 

70 was only explored in a secondary analysis. Third, until recently there were no policies 

limiting access to an SLK, and thus patients may have received an SLK in the absence of 

CKD or prolonged acute kidney injury. This therefore limited the ability of these studies 

to address the question of recipient age among SLK recipients with CKD. It is for these 

reasons our study provides new data.

Even though there had been limited objective data on SLK outcomes among older transplant 

recipients, an SLK Consensus Conference recommended careful selection of older SLK 

recipients, without a specific age cutoff.18 Although our data should not necessarily be 

used as an absolute cutoff to restrict transplant, it should raise caution when evaluating 

potential SLK recipients aged 70 years or older. Furthermore, given the organ scarcity and 

the ethical imperative to maximize utilization of a scarce resource, these data should be 

taken into account given the loss of potential life-years in the setting of an SLK, which 

our data would suggest is magnified among older recipients.24 And although comparing 

SLK versus liver-alone recipients was not the focus of our analyses, the data suggests the 

survival benefit of an SLK was not seen among the oldest SLK cohort. Conversely, the 

lack of significantly worse survival in SLK recipients <70 may call into question center 

policies that restrict SLK to recipients ages 65–69 years of age. In 2017, the UNOS SLK 

allocation policy changed in order to provide minimal criteria needed for a patient to be 

eligible to receive an SLK. These policy importantly does not state that such a patient must 

get an SLK, but rather in order to receive one, he/she must meet the specific criteria. The 

decision whether to perform a liver transplant alone, with consideration of a ‘safety net’ 

kidney if renal dysfunction persists, is left to the individual transplant enter. At the patient 

level, centers must consider whether a kidney transplant will benefit the patient, or whether 

there is the potential for recovery, in spite of the SLK criteria. On the population level, 

the goal is to minimize the number of unnecessary SLKs when renal recovery is possible, 

especially given the shortage of transplantable kidneys. Our data can help to inform such 

decisions among older recipients, when the decision may be that the expected posttransplant 

survival is too low to justify a dual organ transplant (and maybe even a liver alone in the 

setting of CKD). And although the older SLK recipients did not die from causes of death 

that might be more attributable to renal disease (eg, cardiovascular disease), this may be 

due to greater scrutiny on these patients. Nevertheless, regardless of the cause of death, the 

higher mortality overall is of concern, especially as there is no apparent pattern that could be 

used to better identify lower-risk older patients.

This study had limitations. We restricted our cohort to those with CKD, and in doing so, 

excluded half of SLK recipients who had <90 days of waiting time. However, this ensured 

internal validity, and addressed the specific question of SLK among recipients with CKD. 

Also, out inclusion/exclusion criteria allowed us to restrict our analyses to patients who by 

and large would meet the current SLK criteria for those with CKD, despite these patients 

being transplanted prior to the recent changes in SLK allocation. Second, we used the 

MDRD-4 equation to calculate eGFR, which may overestimate renal function in patients 

with cirrhosis. This is unlikely to be substantial as only a small number of SLK recipients 
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with ≥90 days of waiting time were excluded based on our eGFR criteria. Third, we could 

not account for other predictors of survival such as frailty and could only on the Karnofsky 

score, or other medical factors that are not as well coded in OPTN/UNOS data (eg, 

hypertension requiring multiple medications). This may have prevented us from identifying 

older SLK recipients with better outcomes in the absence of frailty, and/or identifying other 

risk factors that can help to prognosticate outcomes in elderly SLK recipients. Fourth, we 

could not evaluate patients who were turned down for SLK, and/or evaluate data on time 

interval between the liver and kidney transplant (eg, liver transplant followed by a period 

of recovery of several hours prior to the kidney transplant). Lastly, while we could evaluate 

certain comorbidities (eg, presence/absence of diabetes), we could not evaluate the severity 

of comorbidities or other medical conditions that might impact survival (eg, coronary artery 

disease). It is therefore possible that the older patients were more highly selected. If this 

were the case, then the worse survival in the oldest recipients is even more noteworthy 

when compared to younger patients who may have had a greater burden of other medical 

conditions.

In conclusion, this study demonstrates significantly worse posttransplant survival in SLK 

recipients ≥70 years of age. These data should help to inform clinical decisions to transplant 

older SLK recipients, while at the same time, should provide a level of reassurance that 

patients ages 65–69 years of age do not have significantly worse outcomes. Further studies 

are needed to evaluate additional clinical data that can help guide decision-making in 

making decisions about SLK in older patients.
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Abbreviations page

LT Liver transplant

HCV Hepatitis C virus

NASH Nonalcoholic steatohepatitis

ALD Alcoholic liver disease

OPTN Organ Procurement and Transplantation

UNOS United Network for Organ Sharing

MELD Model for End-Stage Liver Disease
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CKD Chronic kidney disease

SLK Simultaneous liver-kidney

MDRD Modification of Diet in Renal Disease

AIC Akaike Information Criterion
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Figure 1 (2 panels): 
Figure 1A: Age distribution of SLK recipients with CKD by calendar year from 2002–2018

Figure 1B: Maximum age of SLK recipients with CKD per center from 2002–2018 among 

center performing >20 SLKs in patients with CKD

Goldberg et al. Page 13

Transplantation. Author manuscript; available in PMC 2022 January 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
Multivariable hazard ratios for recipient age categories
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Figure 3 (2 panels): 
Figure 3A: Adjusted survival curve stratified by recipient age and diabetes

Figure 3B: Unadjusted posttransplant survival for recipients with CKD based on receipt of a 

liver transplant alone versus simultaneuous liver-kidney transplant from 2002–2018

Abbreviations: LTA=liver-transplant alone; SLK=simultaneous liver-kidney transplant
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Figure 4: 
Multivariable hazard ratio per 1-year age increments among SLK recipients ≥60 years of age
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Figure 5: 
Posttransplant length of stay for SLK recipient by receipint age category
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Table 2-

Multivariable mixed-effects Cox regression model evaluating factors associated with posttransplant survival of 

adult SLK recipients with CKD*

Variable Multivariable HR P-value

Dialysis in week prior to transplant 1.28 (1.11–1.48) 0.001

Serum albumin at transplant 0.81 (0.74–0.89) <0.001

Etiology of liver disease

 HCV Reference <0.001

 NASH/cryptogenic 0.79 (0.65–0.95)

 Alcohol 0.73 (0.59–0.90)

 Autoimmune‡ 0.88 (0.66–1.16)

 HBV 0.47 (0.28–0.78)

 PCLD/PCKD 0.38 (0.25–0.60)

 Other 0.85 (0.63–1.13)

Location at transplant 0.04

 Home Reference

 Hospitalized, not ICU 1.21 (1.01–1.45)

 ICU 1.36 (1.10–1.68)

Prior liver transplant 1.31 (1.02–1.66) 0.03

KDRI 1.42 (1.07–1.87) 0.02

Donor age 1.01 (0.99–1.02) 0.06

Abbreviations: HCV=hepatitis C virus; NASH=nonalcoholic steatohepatitis; HBV=hepatitis B virus; PCLD=polycystic liver disease; 
PCKD=polycystic kidney disease; ICU=intensive care unit; KDRI=kidney donor risk index

*
Model also included age, diabetes, and interaction of age and diabetes, shown in Figure 2. Other variables tested for inclusion but were 

found not to be significant in univariable or multivariable models (p>0.1) included: pretransplant ventilation, donation after cardiac death donor, 
recipient bilirubin at transplant, recipient INR at transplant, recipient estimated glomerular filtration rate at transplant, recipient gender, recipient 
race/ethnicity, recipient BMI, exception type, functional status, use of chronic dialysis, liver DRI, kidney cold ischemia time, and use and type 
of induction therapy. Data for model with age as a categorical variable shown because of similar model fit using fitting age as continuous vs 
categorical.

‡
Primary sclerosing cholangitis, primary biliary cholangitis, or autoimmune hepatitis
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