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Abstract 

We aimed to identify the non-renal risk factors for simultaneous liver-kidney transplantation 

(SLKT) vs. liver transplantation alone (LTA) in end-stage liver disease (ESLD) patients with 

estimated glomerular filtration rate (eGFR) <60 ml/min, not on dialysis. Using organ 

procurement and transplantation network data, we studied adult ESLD patients who received 

deceased-donor SLKT or LTA in July 2002-Mar 2016 with a 4-point modification of renal 

disease (MDRD) equation-estimated glomerular filtration rate (eGFR) stratified into chronic 

kidney disease stage 3 (CKD-3): 30-59 ml/min, CKD stage 4 (CKD-4): 15-29 ml/min, and CKD 

stage 5 (CKD-5): <15 ml/min) and not on maintenance dialysis (NOD). The outcome of the 

study was identification of non-renal risk factors predicting likelihood of SLKT vs. LTA. We 

reported the odds ratio (OR) and 95% confidence interval (CI) for SLKT vs. LTA associated with 

important clinical variables. Strong non-renal (non-creatinine-associated) risk factors for SLKT 

were WL-time >2 yrs. and 1-2 yrs. (OR = 3.80, CI = 2.94-4.91; OR = 3.20, CI = 2.58-3.97; 

respectively), African American or Hispanic recipient race/ethnicity (OR = 2.93, CI = 2.45-3.51; 
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OR = 1.46, CI = 1.24-1.72; respectively), liver repeat transplant (OR = 1.66, CI = 1.39-1.99), and 

diabetes (OR = 1.53, CI = 1.36-1.72). Factors associated with lower likelihood of SLKT were 

donor age >60 years (OR = 0.25, CI = 0.19-0.32), female recipient sex (OR = 0.48, CI = 0.43-

0.54), hepatocellular carcinoma (OR = 0.53, CI = 0.35-0.81), and transplant center procedure 

volume tercile ranks 3rd (OR = 0.74, CI = 0.62-0.89) and 2nd (OR = 0.78, CI = 0.64-0.95). Model 

for end-stage liver disease scores have varying associations with SLKT vs. LTA, depending on 

calculation time: at wait listing or transplant. CKD-5 and -4 at wait listing (WL) and transplant 

were the risk factors with highest point estimates for SLKT vs. LTA. In patients with ESLD and 

CKD stage 3-5, not on dialysis, strong non-renal risk factors favoring SLKT versus LTA include: 

prolonged waitlist time, African American or Hispanic race/ethnicity, previous liver transplant, 

and diabetes. Some novel associations found between risk factors and likelihood of SLKT need 

further study for confirmation. Lack of uniform criteria for SLK allocation during the period 

studied is a major limitation of the study. 
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1. Introduction 

Simultaneous liver and kidney transplantation have been shown to provide a survival benefit to 

end-stage liver transplant patients who are dialysis-dependent or with advanced chronic kidney 

disease [1]. In the US, there were 11,143 simultaneous liver and kidney transplants (SLKTs) versus 

191,212 liver-alone transplants (LTAs) and 587,247 kidney-alone transplants between 1988 and 

2021 [2]. In patients with end-stage liver disease (ESLD) or cirrhosis and end-stage renal disease 

(ESRD), the decision to allocate kidney and liver from the same deceased donor is straightforward 

[3]. In liver transplant candidates with CKD, not on dialysis (CKD-NOD), the decision to perform a 

SLKT versus LTA has not been straightforward until the implementation of the United Network 

Organ System (UNOS) allocation criteria for SLK transplant in August 2017 [1, 4]. Prior to that period, 

there was no uniform national guidelines for SLK transplantation, and prevailing expert opinion on 

who should receive an SLK transplantation included: 1) an acute kidney injury criterion variably 

defined as estimated glomerular filtration rate (eGFR) ≤30 ml/min; creatinine ≥2 mg/dl and dialysis 

requirement ≥8 weeks; sustained acute kidney injury (AKI) requiring ≥6 weeks dialysis; eGFR ≤25 

ml/min for ≥4 or 6 weeks ; increase creatinine >3-fold from baseline or dialysis >4; 2) a chronic 

kidney disease (CKD) criterion defined as dialysis need; CKD (GFR <30 ml/min and proteinuria >3 

g/day); CKD with GFR ≤30 ml/min only; creatine clearance ≤30 ml/min for > 3 months; and 3) a 

pathologic criterion based on kidney biopsy showing >30% glomerulosclerosis or >30% interstitial 

fibrosis; evidence of irreversible damage; and 4) a proteinuria criterion of >2 gram/day combined 

with 1 or more of the other preceding criteria above [5-7].  

Despite the predominant use of renal function indicators (estimated glomerular filtration rate, 

dialysis status, and duration of acute or chronic kidney injury in making listing decision for SLKT 

versus LTA in ESLD patients [8-12]; non-renal risk factors are likely to indirectly influence the 

likelihood that a patient with ESLD and non-dialysis dependent CKD will receive a SLKT [7]. However, 
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the association of non-renal factors on the propensity of receiving a SLKT versus LTA in patients with 

non-dialysis dependent CKD has not been well studied and these risk factors to SLKT or LTA have 

just been typically mentioned perfunctorily in enumeration of baseline variables in transplant 

studies [9-10, 13-17].  

A formal analysis to determine the independent association of non-renal risk factors with the 

likelihood of SLKT or LTA in ESLD patients with CKD stage 3-5, NOD has been lacking. The purpose 

of this study was to determine the non-renal factors significantly associated with increased 

likelihood of SLKT vs. LTA in ESLD patients with CKD stage 3-5, NOD, Therefore, a retrospective 

observational study of SLKT and LTA between 2002-2016 was performed. Results of multivariable 

statistical analyses on the risk factors associated with CLK or LTA recipients with CKD stage 3-5 NOD 

both at waitlisting and transplant are presented. This study presents the strength of associations 

between non-renal risk factors and SLKT in ESLD patients with CKD stage 3-5, NOD, the identification 

of these associations would provide broader insight into the non-renal determinants of receiving an 

SLK transplant.  

2. Methods 

This research was conducted in accordance with both the Declarations of Helsinki and Istanbul. 

This study with approval from the University of Florida Institutional Review Board used data from 

the Organ Procurement and Transplantation Network Transplant Recipients (OPTN) for transplants 

between July 2002 and March 2016, based on OPTN data as of 17 June 2016. The study was granted 

an exempt approved status because the research involved the collection or study of existing data, 

documents, and records, and the information is recorded by the investigator in such a manner that 

subjects cannot be identified, directly or through identifiers linked to the subjects. 

The study period included the period when the model for end-stage liver disease (MELD) score 

has been in use [18] and the period shortly before the OPTN/UNOS Board approved a change to the 

way liver-kidney transplant combinations were allocated [18]. Using a retrospective design, we 

studied adult recipients of SLKT and LTA with estimated GFR <60 ml/min (based on the MDRD-4 

equation) and NOD both at the time of liver transplant listing and surgery [19, 20]. We excluded 

patients who received organ transplant/s other than liver-alone of simultaneous liver-kidney, had a 

previous non-liver organ transplant, had an estimated GFR of ≥60 ml/min, or were on maintenance 

dialysis at the time of liver transplant listing and surgery. The outcome of the study was 

identification of non-renal risk factors predicting likelihood of a simultaneous liver and kidney 

transplant (SLKT) from the same deceased donor or liver transplant alone (LTA).  

3. Statistical Analysis 

Baseline cohort characteristics are presented using means with standard deviations for 

continuous variables and percentages for categorical variables. Differences in means and 

proportions were compared with the Student's t-test and Chi-square test, respectively. The odds 

ratio for the outcome of SLKT vs. LTA was assessed by univariable and multivariable logistic 

regressions followed by the purposeful selection of variables for the final models as previously 

described [21]. Covariates in the logistic regression analysis included the following: 1. recipient 

citizenship, non-US citizen (vs. US citizen), [22]; 2. repeat liver transplant; 3. wait-list duration >2 

yrs. ,1 yr. – 2 yrs., 0.5-1 yr.; vs. (vs. 0.5 yr.); 4. donor age 40-60 yrs., >60 yrs.; (vs. <40); 5. estimated 
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MDRD-4 equation GFR at the time of transplant listing: <15 ml/min, 15-29 ml/min; vs. (30-59 

ml./min), [18].; 6. estimated MDRD-4 equation eGFR at transplant: <15 ml/min, 15-29 ml/min; (vs. 

30-59 ml./min); 7. model for end-stage liver disease (MELD) score [17] at transplant listing: 21-30, 

31-35, >35 (vs. <21); 8. MELD score at transplant [17]: 21-30, 31-35, >35 (vs. <21); 9.primary 

Insurance private (vs. other); 10. recipient age at transplant 50-64 years, > = 65 years; (vs. <50 years); 

11. recipient on life support at transplant; 12. recipient race and ethnicity African American, 

Hispanic, Other/unknown; (vs. White); 13. Recipient diabetes mellitus history; 14. year of transplant 

2009-2016 (vs. 2002-2015); 15. end-stage liver disease diagnosis, HCV (hepatitis C virus), ALD 

(alcoholic liver disease), and HCC (hepatocellular carcinoma) vs. other diseases (primary biliary 

cirrhosis, primary sclerosing cholangitis, non-alcoholic steatohepatitis; hepatitis B; non-A non-B 

hepatitis; chronic active hepatitis, and autoimmune hepatitis); 16. liver transplant procedure partial 

or split (vs. whole); 17. recipient sex: male or female; 18. recipient history of previous abdominal 

surgery; 19. recipient body mass index (BMI) at wait-listing <21 kg/m2, 26-29 kg/m2, or ≥30 kg/m2; 

(vs. 21-25 kg/m2); 20. donor race, African American (vs. other); 21. organ from donation after cardiac 

death (DCD) donor; 22. liver cold ischemia time (CIT), 6-10 hr., ≥11 hr. (vs. <6 hr.); and 23. transplant 

center total liver transplant volume tercile rank, 2nd tercile or 3rd tercile; [vs. 1st tercile]. For the 

preceding variable, transplant centers were ranked based on total liver transplant volumes per year 

and stratified into terciles as high-volume centers (≥67th percentile of observations), middle volume 

(mid-volume) centers (34th-66th percentile of observations), and low volume centers (≤33rd 

percentile of observations). To account for variation in yearly volumes per center, transplant volume 

stratifications were determined for 12 months (January 1 to December 31) of each year during the 

study period, except for the year 2002, the year when the MELD classification system was first 

introduced, for which only the July to December data were included [19], and for the year 2016; 

only data from January 1 through March 31 were used (to avoid anticipatory bias from the 

announcement of the impending change in the SLKT allocation system approved by the UNOS in 

June 2016) [4, 17]. Results of logistic regression models are reported as odds ratio (OR), with the 

95% confidence interval (CI) for each covariate. Statistical significance was based on a p-value <0.05 

and all confidence intervals used a 95% threshold. All analyses were performed using SAS software, 

version 9.2 (SAS Institute, Inc., Cary, NC, USA). 

4. Results 

We studied 15,604 end-stage liver disease patients with eGFR of <60 ml/min and not requiring 

dialysis who received a deceased-donor liver transplant from July 2002 through March 2016; 13 588 

(87.08%) received a liver transplant alone (LTA) and 2016 (12.92%) received a simultaneous liver 

and kidney transplant (SLKT). The most frequent specific ESLD diagnoses in both the LTA and SLKT 

recipient groups were hepatitis C, alcoholic liver disease, and non-alcoholic steatohepatitis (Table 

1). Race/ethnicity distribution of overall liver (LTA and SLKT) vs. SLKT-only recipients were: White 

76.39% vs. 66.9%, African American 7.72% vs. 13.54%, and Hispanic 11.94 % vs. 15.53%. More than 

two-thirds of all transplant recipients were overweight or obese: 41.18 % and 26.75% of LTA vs. 

37.30 % and 25.20% of SLKT recipients were obese and overweight, respectively. Diabetes afflicted 

27.55% of LTA vs. and 41.27% of SLKT recipients. The MELD scores at waitlisting were >35 in 14.2% 

and 9.2% of LTA and SLKT recipients, respectively; and at transplant were >35 in 23% and 24.1% of 

LTA and SLKT recipients, respectively. CKD stage 5 (eGFR <15 ml/min) was present at waitlisting in 
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5.8% and 17.1% of LTA and SLKT recipients, respectively; and at transplant in 9.1% and 32.8% of LTA 

and SLKT recipients, respectively.  

Table 1 Demographic and Clinical Characteristics of US Adults with CKD Stage 3-5 &Not 

on Dialysis at Liver-Alone or Liver-Kidney Transplant (July 20002-March 2016). 

Variables 

Total 
Liver Alone Simultaneous 

Transplant Liver-Kidney 

N = 15604 
N = 13588 Transplant 

-87.08% N = 2016 (12.92%) 

Recipient Age (Years) 

18-49 3254 (20.85) 2888 (21.25) 366 (18.15) 

50-65 9898 (63.43) 8585 (63.18) 1313 (65.13) 

65+ 2452 (15.71) 2115 (15.57) 337 (16.72) 

Recipient Sex 

Female  6360 (40.76) 5619 (41.35) 741 (36.76) 

Male 9244 (59.24) 7969 (58.65) 1275 (63.24) 

Recipient Ethnicity 

White 11920 (76.39) 10570 (77.79) 1350 (66.96) 

Black 1205 (7.72) 932 (6.86) 273 (13.54) 

Hispanic 1863 (11.94) 1550 (11.41) 313 (15.53) 

Other/unknown 616 (3.95) 536 (3.94) 80 (3.97) 

Donor Ethnicity 

African America 2593 (16.62) 2263 (16.65) 330 (16.37) 

Other (non-African American) 13011 (83.38) 11325 (83.35) 1686 (83.63) 

Donor Age 

>60 yr. 2101 (13.46) 2015 (14.83) 86 (4.27) 

40-60 yr. 6161 (39.48) 5414 (39.84) 747 (37.05) 

<40 yr. 7342 (47.05) 6159 (45.33) 1183 (58.68) 

MELD score at liver wait-listing 

>35 2114 (13.55) 1928 (14.19) 186 (9.23) 

31-34 1975 (12.66) 1752 (12.89) 223 (11.06) 

21-30 5435 (34.83) 4634 (34.10) 801 (39.73) 

≤20 5946 (38.11) 5163 (38.00) 783 (38.84) 

Unknown 134 (0.86) 111 (0.82) 23 (1.14) 

MELD score at transplant 

>35 3606 (23.11) 3121 (22.97) 485 (24.06) 

31-34 2615 (16.76) 2220 (16.34) 395 (19.59) 

21-30 5771 (36.98) 4893 (36.01) 878 (43.55) 

≤20 3599 (23.06) 3341 (24.59) 258 (12.80) 

Unknown 13 (0.08) 13 (0.10) 0 (0.00) 

Recipient BMI at listing 

≥30 kg/sq. m. 6348 (40.68) 5596 (41.18) 752 (37.30) 

26- <30 kg/sq m 4143 (26.55) 3635 (26.75) 508 (25.20) 
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21-25 kg/sq m 4157 (26.64) 3562 (26.21) 595 (29.51) 

<21 kg/sq m 891 (5.71) 736 (5.42) 155 (7.69) 

Unknown 65 (0.42) 59 (0.43) 6 (0.30) 

Recipient Citizenship 

US 15118 (96.89) 13185 (97.03) 1933 (95.88) 

Non-US 486 (3.11) 403 (2.97) 83 (4.12) 

Recipient Diabetes History 

Yes 4575 (29.32) 3743 (27.55) 832 (41.27) 

No 10767 (98.32) 9602 (70.67) 1165 (57.79) 

Unknown 262 (1.68) 243 (1.79) 19 (0.94) 

Cold Ischemia Time, Liver  

0-5 Hours 5870 (37.62) 5049 (37.16) 821 (40.72) 

6-10 Hours 7948 (50.94) 6978 (51.35) 970 (48.12) 

≥11 hours 1062 (6.81) 932 (6.86) 130 (6.45) 

Unknown 724 (4.64) 629 (4.63) 95 (4.71) 

Pre-transplant Wait list duration 

0- ≤ 6 months 12781 (81.91) 11421 (84.05) 1360 (67.46) 

6 months- ≤ 1 yr 1379 (8.84) 1072 (7.89) 307 (15.23) 

1 yr.- ≤ 2 years 891 (5.71) 678 (4.99) 213 (10.57) 

> 2 years 553 (3.54) 417 (3.07) 136 (6.75) 

Recipient on life support 

Yes 14254 (91.35) 12408 (91.32) 1846 (91.57) 

No 1350 (8.65) 1180 (8.68) 170 (8.43) 

GFR at wait-listing (MDRD, ml/min) 

0-14 1128 (7.23) 783 (5.76) 345 (17.11) 

15-29 3838 (24.60) 2990 (22.00) 848 (42.06) 

30-59 10638 (68.17) 9815 (72.23) 823 (40.82) 

GFR, transplant (MDRD, ml/min) 

0-14 1891 (12.12) 1230 (9.05) 661 (32.79) 

15-29 4916 (31.50) 3985 (29.33) 931 (46.18) 

30-59  8784 (56.29) 8360 (61.52) 424 (21.03) 

Missing 13 (0.08) 13 (0.10) 0 (0.00) 

Previous Liver Transplant 

Yes 1697 (10.88) 1386 (10.20) 311 (15.43) 

No 13907 (89.12) 12202 (89.80) 1705 (84.57) 

Primary liver disease b 

1. Hepatitis C virus 4111 (26.35) 3560 (26.21) 551 (27.33) 

2. Alcoholic liver disease 3017 (19.34) 2665 (19.62) 352 (17.46) 

3. Hepatocellular Carcinoma 380 (2.44) 347 (2.55) 33 (1.64) 

4. Other Diagnoses 6881 (44.11) 5964 (43.91) 917 (45.49) 

5. Missing/Unknown 1210 (7.76) 1047 (7.71) 163 (8.09) 

Transplant year  

2002-2008 6914 (44.31) 6119 (45.03) 795 (39.43) 

2009-2016 8690 (55.69) 7469 (54.97) 1221 (60.57) 
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Partial or Split liver transplant 149 (0.96) 125 (0.92) 24 (1.19) 

Whole liver transplant 15454 (99.05) 13462 (99.08) 1992 (98.81) 

Unknown 1 (0.01)   

Donation after cardiac death (DCD) 665 (4.26) 581 (4.28) 84 (4.17) 

Non-DCD Donor 14939 (95.74) 13007 (95.72) 1932 (95.83) 
a Based-on Organ Procurement Transplantation Network Data.  
b Other diagnoses include: PBC, Primary Biliary Cirrhosis; PSC, Primary Sclerosing Cholangitis, 

Non-alcoholic Steatohepatitis; hepatitis B; Non-A Non-B hepatitis; chronic active hepatitis, 

autoimmune hepatitis. 

Abbreviations: MELD, model of end stage liver disease: BMI, body mass index; US, United States; 

GFR, glomerular filtration rate MDRD, modification of diet in renal disease.  

Annual SLKTs as a percent of total liver transplants are depicted in Figure 1. Transplant centers 

in the lowest tercile had the highest percentage of SLKTs in 11 of the 14 years studied. Mid-tercile 

centers had the highest percentage of SLKTs in three (2006, 2010, and 2011) and the highest tercile 

centers had the highest percentage of SLKTs in one (2014) year. Linear trend analysis showed that 

mid-tercile centers are 22% less likely, and high tercile centers 28% less likely to perform SLKT vs. 

LTA than low tercile centers, respectively (Mantel-Haenszel Chi-square for linear trend p < 0.0001, 

Figure 1). Univariable and multivariable regression analyses consistently showed that (relative to 

low-tercile centers) mid-and high-tercile centers were associated with lower odds of SLKT in ESLD 

patients with CKD stage 3-5, NOD (Figure 2 and Figure 3). 

 

Figure 1 Annual Simultaneous Liver-Kidney Transplant Rates Depicted as Percent of 

Total Liver Transplants in Surgical Volume Terciles.  
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Figure 2 Crude Association of Risk Factors with Odds of Simultaneous Liver and Kidney 

Transplantation. OR, odds ratio; CI, confidence interval Liver and Kidney 

Transplantation; CIT, cold ischemia time; HCV, hepatitis C virus; ALD, alcoholic liver 

disease; HCC, hepatocellular carcinoma; DCD, donation after cardiac death. 

 

Figure 3 Adjusted Association of Non-Renal Factors with Odds of Simultaneous Liver and 

Kidney Transplantation. OR, odds ratio; CI, confidence interval Liver and Kidney 

Transplantation; BMI, body mass index.  

Factors not significantly associated with SLKT or LTA on univariable analysis (Figure 2) included 

repeat transplant, life support, other recipient race/ethnicity, partial or split liver transplant, donor 

race/ethnicity, DCD donor, liver cold ischemia time ≥11 hours (vs. <6 hours), and ESLD due to 

alcoholic liver disease or unknown cause. Factors with significant association with SLKT or LTA on 
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univariable but not on multivariable analysis were recipient age and ESLD due to hepatitis C virus 

(Figure 2 and Figure 3).  

Significant predictors of SLKT vs LTA based on a single multivariable logistic regression analysis 

are separately presented as 1. renal (creatinine-related) risk factors (Figure 4), and 2. non-renal risk 

factors (Figure 3). The renal (creatinine-related) risk factor associated with a higher likelihood of 

SLKT vs. LTA were eGFRs at wait listing and transplant of <15 ml/min (OR = 8.25, 95% CI = 6.59-10.32 

and OR = 6.60, 95% CI = 5.50-7.93; respectively) and 15-29 ml/min (OR = 4.78, 95% CI = 4.11-5.51 

and OR = 3.26, 95% CI = 2.82-3.77; respectively), (Figure 4). The association of the MELD score (also 

a creatinine-related risk factor) with SLKT or LTA depended on the time of its determination. MELD 

score categories equal or above 21 at liver transplant waitlisting were associated with a lower 

likelihood of SLKT, while the same (MELD ≥ 21) score categories at the time of liver transplant were 

associated with a higher likelihood of SLKT (Figure 4). 

 

Figure 4 Adjusted Association of Renal Factors with Odds of Simultaneous Liver and 

Kidney Transplantation. OR, odds ratio; CI, confidence interval Liver, and Kidney 

Transplantation; eGFR, estimated glomerular filtration rate; MELD, model of end-stage 

liver disease score. 

Non-renal risk factors with strong association to SLKT were time spent on the transplant waitlist 

[>2 years (OR = 3.80, 95% CI = 2.94-4.91), 1-2 years (OR = 3.20, 95% CI = 2.58-3.97) and 0.5-1-year 

(OR = 2.77, 95% CI = 2.32-3.10)]; recipient’s African American or Hispanic (vs. White) race/ethnicity 

(OR = 2.93, 95% CI = 2.45-3.51 and OR = 1.46, 95% CI = 1.24-1.72; respectively); previous liver 

transplant (OR = 1.66, 95% CI = 1.39-1.99); and history of diabetes (OR = 1.53, 95% CI = 1.36-1.72). 

Other non-renal risk factors associated with SLKT were non-US citizen status, BMI <21 kg/sq. m.; 

and transplantation during the 2009-2016 (vs. 2000-2015) inclusive period (Figure 3).  
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Non-renal risk factors associated with a lower likelihood of SLKT (and conversely, higher 

likelihood of LTA) included donors aged 40-60 years and >60 years; female recipient sex, obese or 

overweight recipient BMI, and ESLD due to hepatocellular carcinoma; private insurance payer; and 

high-or mid-tercile liver transplant volume of transplant center (Figure 3). 

5. Discussion 

The number of SLKTs performed in the USA has been increasing and the relative proportion of 

liver transplants performed as part of an SLKT has increased steadily, from 2.7% in 2000 to 9.3% in 

2016 [4]. This study was conducted to identify non-renal risk factors associated with increased 

likelihood of SLKT vs. LTA in liver transplant recipients with CKD stage 3-5 and not on maintenance 

dialysis (NOD) at the time of waitlisting and transplant. Non-renal risk factors associated with 

increased likelihood of SLKT were duration of time on the transplant waitlist; recipient’s African 

American or Hispanic race /ethnicity, previous liver transplant, diabetes, non-US citizenship, low 

BMI (<21 kg/sq. m.); and later transplantation era (Figure 3). The renal (creatinine-related) risk 

factors associated with a higher likelihood of SLKT vs. LTA were eGFR categories <30 ml/min at wat-

listing and transplant and high MELD score at transplant (Figure 4).  

The higher likelihood of SLKT vs. LTA in African American and Hispanic vs. White liver transplant 

candidates with CKD stage 3-5, not on dialysis could be due to the higher incidence of advanced 

kidney disease [23-25], uncontrolled hypertension [26], diabetes [27], and obesity [28] in the former 

vs latter racial/ethnic groups. Non-Hispanic African American and Hispanic patients were more likely 

to receive a SLKT than non-Hispanic White patients due to their listing at more advanced liver 

disease stages stemming from barriers to early referral as well as lower eGFR [29]. In a study where, 

African American race/ethnicity was associated with higher rates of SLKT vs. LTA, the authors raised 

the concern of potential bias towards African American patients due to the perception that they 

have a faster decline of renal function and progression of CKD following LTA [30]. Consistent with 

findings in other studies, the current study also found that diabetes, male sex, or previous liver 

transplant were associated with a higher likelihood of a SLKT vs. LTA [15, 16, 30, 31]. The findings 

may be explained by the association of diabetes with chronic kidney disease [28], male sex with 

faster decline of GFR and progression in CKD [30], and previous liver transplant with calcineurin-

inhibitor associated nephrotoxicity [32]. 

A previous study encompassing the period 1992-2005 found that non-US citizen liver transplant 

recipients (LTRs) had superior outcomes compared to US citizen LTRs [22]. A novel finding of the 

current study is the association of non-US citizen status of LT candidates with a higher likelihood of 

SLKT than US citizens. In the 14-year study period, 3.1% of the overall LT recipients were non-US 

citizens while 96.9% were US citizens. However, SLKT was proportionally higher in non-US citizens 

(17.1%) compared with US citizens (12.8%), (Table 1). Crude and adjusted analyses showed that 

non-US citizens had 41% and 38% higher odds, respectively than US citizens to receive SLKT (Figure 

2 and Figure 3, respectively). The results could be related to the higher prevalence of comorbid 

advanced CKD in non-US citizens with ESLD due to higher incidence of diabetes [33], lower private 

insurance coverage rates [34-36], and delayed access to dialysis [37].  

Characteristics associated with decreased likelihood of an SLK transplant on adjusted 

multivariable analyses including donor age >60-year, female recipient sex, HCC diagnosis, 
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overweight or obese BMI, private payer, and prolonged cold liver ischemia time were present in a 

higher proportion of LTA recipients (Figure 3).  

Time on the waitlist ≤6 months or a high MELD score (>35) was associated with an increased 

likelihood of LTA, while time on the waitlist longer than 6 months or a lower MELD score was 

associated with an increased likelihood of SLKT. Taken together, these findings suggest that sicker 

and more acutely ill patients who received life-saving liver transplants might have been deemed too 

decompensated to be able to tolerate a prolonged and complicated dual-organ transplant surgery. 

Additionally, the decision to proceed with LTA rather than SLKT could have been biased by 

previously reported increased risks of both post-transplant mortality and need for renal 

replacement therapy in high MELD SLKT recipients [23]. 

The association of transplant recipient’s obesity with a reduced likelihood of SLKT may be related 

to clinicians’ concerns regarding post-transplant complications of infections, wound dehiscence, 

biliary leak, and metabolic syndrome [38]. Similarly, a history of hepatocellular carcinoma reduced 

the likelihood of SLKT probably due to considerations of projected decreased recipient longevity 

and ability to tolerate immunosuppression [39, 40]. This study also confirmed that gender and racial 

disparities negatively impact access to SLKT as seen by other authors [29, 41, 42]. The lower 

likelihood of SLKT in female versus male ESLD patients correlated with the higher proportion (63.2%) 

of male SLKT recipients. This finding is consistent with a UNOS OPTN analysis showing that 54%-64% 

of SLKT recipients were male [42]. Unfavorable donor and organ characteristics of older age and 

cold ischemic time respectively were also associated with a lower likelihood of SLKT in the current 

study. 

The association of the transplant center’s high overall liver transplant volumes with a lower 

likelihood of SLKT in non-dialysis dependent CKD stage 3-5 patients while a novel finding was not 

inconsistent with the findings of Nadim et. al [7] that high-volume liver transplant centers were not 

lenient in using a shorter acute kidney injury duration or higher CKD eGFR threshold for SLKT. 

Although not the focus of this study, it must be mentioned for completeness of study analysis 

that renal function reflected by eGFR of liver transplant candidates was the strongest risk factor 

associated with SLKT. Indeed, compared with CKD stage 3, CKD stage 5 at transplant listing and 

transplant surgery was associated with 8.25-and 6.60-times as high likelihood of SLKT compared 

with LTA, respectively; while CKD stage 4 at transplant listing and transplant surgery were associated 

with 4.78-and 3.26-times as high likelihood of SLKT compared with LTA respectively.  

On the other hand, the MELD score, a combination of renal and liver-related laboratory test 

results, had disparate associations with the likelihood of SLKT or LTA depending on the time when 

it was derived. A higher MELD score at the time of listing for liver transplant was associated with a 

lower likelihood of SLKT in LT candidates not on dialysis probably because the high MELD score 

reflected poorer health and more debility that made a prolonged surgery untenable. However, the 

results may have been biased by study design as LT candidates requiring dialysis were excluded from 

the analyses so that potentially in the patients included in the analysis, the major drivers of their 

high MELD score at waitlisting were liver-rather than kidney-related parameters. 

Limitations inherent on a database analysis apply to our study including incomplete data 

reporting and non-uniform definitions of clinical conditions including diagnoses. Some of our 

findings are novel and would require validation by future studies to be generalizable to transplants 

under the SLK allocation system implemented since late 2017. Due to the retrospective nature of 
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our study, our findings can only establish associations and not causality, can only be considered as 

hypothesis generating, and cannot be the basis for changing clinical practice. 

In conclusion, in patients with ESLD and CKD stage 3-5, not on dialysis, strong non-renal 

predictors of SLKT were candidate’s longer waitlist time, previous liver transplant, diabetes mellitus, 

African American or Hispanic race/ethnicity, non-US citizenship, and low BMI. The unexpected 

association of the center’s overall liver transplant volume and recipient’s citizenship status to the 

likelihood of SLKT need further study for confirmation.  
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