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Abstract

Guidelines recommend restricting simultaneous liver-kidney (SLK) transplant to candidates with
prolonged dialysis or estimated glomerular filtration rate (eGFR) <30 ml/min/1.73m? for 90 days.
However, few studies exist to support the latter recommendation. Using SRTR and Medicare
dialysis data, we assembled a cohort of 4997 liver transplant recipients from 2/27/2002-1/1/2008.
Serial eGFRs were calculated from serum creatinines submitted with MELD reports. We
categorized recipients by eGFR patterns in the 90 days pre-transplant: Group 1 (eGFR always
>30), Group 2 (eGFR fluctuated), Group 3 (eGFR always <30) and Group 4 (short-term dialysis).
For Group 2, we characterized fluctuations in renal function using time-weighted mean eGFR.
Among liver-alone recipients in Group 3, the rate of end-stage renal disease (ESRD) by 3 years
was 31%, versus <10% for other groups (p<0.001). In multivariable Cox regression, eGFR Group,
diabetes (HR 2.65, p<0.001) and black race (HR 1.83, p=0.02) were associated with ESRD.
Among liver-alone recipients in Group 2, only diabetics with time-weighted mean eGFR<30 had a
substantial ESRD risk (25.6%). In summary, among liver transplant candidates not on prolonged
dialysis, SLK should be considered for those whose eGFR is always <30 and diabetic candidates
whose weighted mean eGFR is <30 for 90 days.
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Introduction

End-stage renal disease (ESRD) after liver transplantation is associated with a markedly
elevated mortality risk.(1-3) Although implementation of the Model for End-Stage Liver
Disease (MELD) score-based allocation for liver transplants has led to decreased waitlist
mortality, the priority assigned to candidates with renal dysfunction has led a rising
prevalence of liver transplant recipients who later develop ESRD.(2, 3) Provision of a
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simultaneous liver-kidney (SLK) transplant can protect a recipient from developing ESRD,
but the shortage of kidney allografts creates an ethical imperative to perform SLKs only
when the risk of ESRD with a liver transplant alone (LTA) is high. Due to a lack of data on
outcomes for liver transplant candidates with sustained renal dysfunction that is not severe
enough for dialysis, the decision about SLK transplantation is particularly challenging.

In 2008, the American Society of Transplant Surgeons, the American Society of
Transplantation, the United Network for Organ Sharing (UNOS), and the American Society
of Nephrology convened a consensus conference to devise guidelines for SLK
transplantation. The conference recommended SLK for patients with: A) ESRD with
cirrhosis and portal hypertension; B) acute kidney injury with creatinine >2.0 mg/dL and
dialysis =8 weeks; C) end-stage liver disease and chronic kidney disease (CKD) with a
kidney biopsy showing >30% glomerulosclerosis or 30% fibrosis; and D) end-stage liver
disease and CKD with a glomerular filtration rate (GFR) <30 mL/min/1.73m? for =12
weeks.(4)

Selecting liver transplant candidates who are not on dialysis but have evidence of CKD (the
focus of recommendations C and D) remains difficult because the consensus
recommendations do not address the common scenario of renal function that fluctuates
above and below the 30 mL/min/1.73m? cutpoint.(5) Notably, the guidelines’ cutoff of GFR
<30 mL/min/1.73m? for =12 weeks relied chiefly upon single-center data, with small sample
sizes.(6-9) Assessing renal prognosis among patients with advanced liver disease is
hampered by equations that often underestimate actual GFR, the risks of renal biopsy, and
the lack of availability of direct GFR measurement (e.g., with iothalamate) in clinical
practice.(10) Although diabetes and hepatitis C might predict renal prognosis after liver
transplant, the guidelines also do not address how to use these attributes to identify
candidates for SLK.

Validation of the guidelines about SLK transplant for patients with sustained renal
dysfunction would require a large cohort. We recognized that longitudinal data on MELD
score (which includes serum creatinine) provided to the Organ Procurement and
Transplantation Network (OPTN) for wait-listed patients would enable the creation of a
national cohort with estimated GFR (eGFR) at multiple time points. Therefore, our goals
were to: 1) assess ESRD risk after liver transplantation for a cohort of recipients with likely
CKD, stratified by severity and duration of renal function; 2) examine whether diabetes or
other attributes predict ESRD after liver transplantation; 3) identify subgroups that
commonly receive LTA for whom the risk of post-transplant ESRD is high enough to
warrant consideration of an SLK transplant.

This study used a linked dataset from the Scientific Registry of Transplant Recipients
(SRTR) and the Center for Medicare and Medicaid Services (CMS). The SRTR includes
outcomes of death determined through center reports and through the Social Security Death
Master File. The SRTR includes ESRD outcomes determined through kidney transplantation
reported to OPTN. We additionally ascertained ESRD outcomes by linking to CMS claims
for chronic dialysis. The Institutional Review Board at the University of Pennsylvania
deemed this study exempt under provisions of the Code of Federal Regulations 45 CFR
46.101, category 4.
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Study subjects

We assembled a cohort of adults (=18 years) who underwent liver transplantation from
2/27/2002 (when the MELD system was implemented) to 1/1/2008. The end date was
chosen so that all recipients had >3 years of follow-up. Subjects were on the liver transplant
waiting list for at least 90 days and had > two serum creatinine values reported to UNOS
during that period. We chose 90 days as the minimal duration of observation to compare
patterns of renal dysfunction to the SLK Consensus Guidelines and to National Kidney
Foundation guidelines for CKD.(4, 11) We excluded recipients whose eGFR at transplant
was >60 ml/min/1.73m?2 because they were unlikely to be eligible for SLK transplant at any
center (0/8,848 received an SLK during this period), and to be consistent with consensus
guidelines defining CKD in cirrhotic patients.(12) Subjects with known ESRD (defined as
dialysis for = 3 months or kidney transplant before liver transplant) were excluded. We also
excluded liver recipients with human immunodeficiency virus because their workup and
treatment were likely to be substantially different from other recipients.

End-stage renal disease and death

The primary outcomes were ESRD or death after LTA. ESRD after liver transplant was
defined as 1) initiation of chronic dialysis with submission of a 2728 form to the United
States Renal Data Systems or 2) kidney transplant. We also reported unadjusted rates of
ESRD and death by one and three years after transplantation. These time-points were chosen
for two main reasons. First, one and three year mortality are quality benchmarks for
transplant centers and made available to the public by the SRTR.(13) Second, if we found
that a large proportion of patients developed ESRD within these time frames, a strong
argument could be made to increase the rate of SLK transplants.

Primary exposure: Pre-transplant renal function

We calculated eGFR according to the Modification of Diet in Renal Disease Study
(MDRD). We created a longitudinal dataset by calculating eGFR from the MELD scores
(which include serum creatinine) submitted prior to transplant. In order to have a full 90
days of eGFR data for the entire cohort, we assigned each patient an eGFR at 90 days before
transplant that was calculated using the most recent MELD score submitted prior to the 90-
day period. For example, a patient with a creatinine submitted to UNOS at 100 days before
transplantation would have the eGFR calculated from this value, and assigned as the day 90
eGFR. The rationale was that UNOS allocates liver transplants on the basis of the most
recently-submitted MELD score; therefore, wait-listed patients can be considered to have
lab values similar to their last MELD.

As in Figure 1, cohort members were divided into three main groups with eGFR cutpoints
guided by the SLK Consensus Group recommendations. Group 1 recipients had eGFRs that
always remained =30 ml/min/1.73m2 for the 90 days; Group 2 recipients had eGFRs that
fluctuated above and below 30 ml/min/m2; Group 3 recipients had eGFR always <30 ml/
min/1.73m2. For comparison, we created a fourth group of recipients who received any
temporary dialysis during the 90 days prior to transplant.

For recipients with fluctuating renal function (Group 2), we performed additional analyses
by subdividing the group according to time-weighted mean eGFR. The time-weighting
provided a quantitative method to distinguish between individuals with changes in eGFR of
different magnitudes and duration.(14, 15) For example, a patient with an eGFR of 50 ml/
min/1.73m? on day 90, 45 on day 60, and 28 at transplantation would have a weighted mean
eGFR of 46.5 ml/min/1.73 m?, reflective of 30 days with an eGFR of 50 (on days 90
through 61), 60 days with an eGFR of 45 (on days 60 through the day before
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transplantation), and 1 day with an eGFR of 28 ml/min/1.73m? (the day of transplantation).
Appendix 1 provides more detailed examples.

Statistical Analysis

Analyses were conducted using Stata 12.0. Outcomes were ascertained from the date of liver
transplantation until ESRD, death, or March 1, 2011, whichever occurred first. P-values are
two-sided.

For unadjusted comparisons of continuous variables between eGFR groups, we used the
ANOVA test for normally distributed variables and the Kruskal-Wallis test for non-normally
distributed variables. The chi-square test was used to compare categorical variables. We fit
separate multivariable Cox regression models for the outcomes of mortality and ESRD. We
inspected graphical displays to confirm the proportional hazards assumption for the eGFR
groups. On the basis of prior studies about clinical risks for ESRD and clinical judgment, we
identified independent variables for these models.(2, 16, 17) In addition to eGFR group,
recipient variables were assessed at transplant and included: age (categorized as <40, 240
and <50, =50 and <60, and =60 years), gender, race (black or non-black), diabetes,
hypertension, primary cause of liver disease (hepatitis C, hepatitis B, alcohol, non-alcoholic
steatohepatitis, cholestatic, autoimmune, hepatocellular carcinoma, cryptogenic, and other),
international normalized ratio of prothrombin time (categorized as <1.4, >1.4 and <1.7,
>1.7), total bilirubin (categorized as <2.2, 22.2 and <4.4, >4.4 mg/dL) serum albumin (<2.7,
>2.7 and 3.1, >3.1 g/dL), and serum sodium (<134, 134-138, >138 mEq/l).

Secondary analyses

Results

No subjects lacked creatinine data, but some lacked data on other variables, including
diabetes (n=112, 2%). To estimate the maximum effect of missing data on outcomes, we
performed sensitivity analyses in which extreme values were assigned to individuals with
missing data. In the example of diabetes, we categorized individuals for whom diabetes
status was missing as not having diabetes in our primary analysis, and then categorized these
individuals as having diabetes in a sensitivity analysis. Results were similar to the primary
analysis and not shown.

For Group 2, we undertook a secondary analysis in which we calculated the percentage of
time that each recipient had eGFR <30 ml/min/1.73 m2. Findings were similar to our
primary approach of calculating weighted mean eGFR and not shown.

A total of 29,266 adults without pre-existing ESRD underwent liver transplantation between
2/27/2002 and 1/1/2008, among whom 13,845 were on the waiting list for at least 90 days
and had = 2 serum creatinines reported. We excluded 8,848 recipients with a final eGFR >60
ml/min/1.73m2. As in Figure 1, the overall cohort comprised 4,997 liver recipients at 111
transplant centers.

The mean number of creatinine values per individual used to assess eGFR patterns in the 90
days prior to transplant was 7.9 (SD 4.8). Group 1 comprised 3,005 (60%) recipients with
eGFR always >30 ml/min/1.73m2. Group 2 comprised 1,455 (29%) individuals with eGFR
fluctuating above and below 30 ml/min/1.73m2. Group 3 comprised 156 (3%) individuals
with eGFR always <30 ml/min/1.73m2. Group 4 comprised 381 recipients (8%) who
received any dialysis during the 90 days before transplant.

Am J Transplant. Author manuscript; available in PMC 2013 November 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Ruebner et al.

Page 5

Subject characteristics

Table 1 shows subject characteristics. Group 3 recipients were less likely to be male, and
more likely to have diabetes and hypertension than Groups 2 and 1 recipients (p<0.001 for
each comparison). Cause of end-stage liver disease also differed between groups; in
particular, a lower percentage of Group 3 recipients had liver disease attributed to hepatitis
C (26%) compared to Group 2 (42%) and Group 1 (39%).

276 subjects (6%) underwent SLK transplantation. The percentage receiving an SLK was
1% in Group 1, 7% in Group 2, 45% in Group 3, and 20% in Group 4 (p<0.001).

End-stage renal disease and death among recipients of liver-alone transplants

For ESRD and death, we focused analyses on LTA recipients (n=4,721, 94% of the overall
cohort). Table 2 shows that the rates of death far exceeded the rates of ESRD in each group
except Group 3. The rates of death by 3 years were 21%, 25%, 37%, and 32% among
Groups 1, 2, 3, and 4, respectively. By contrast, the rates of ESRD by 3 years were 5%, 6%,
31%, and 6% for Groups 1, 2, 3, and 4 respectively.

Multivariable Cox regression analyses of ESRD and death for liver-transplant-alone

recipients

In multivariable regression, lower pre-transplant eGFR was strongly associated with a
significantly increased risk of ESRD (HR=7.23 for Group 3 vs. Group 1, p<0.001; HR=1.66
for Group 2 vs. Group 1; p=0.003). By comparison, the HR associated with ESRD was 2.69
for the group receiving any dialysis compared to Group 1. Diabetes (HR=2.65, p<0.001),
black race (HR=1.83, p=0.02) and male gender (HR=1.51, p=0.009) were also
independently associated with reaching ESRD after liver transplant. Notably, as shown in
Table 3, neither age, nor hypertension, nor hepatitis C was significantly associated with the
outcome.

The pattern of renal dysfunction was also associated with mortality. Compared to Group 1,
the HR associated with death for Group 2 was 1.36 (CI 1.15 - 1.60, p=0.001) and for Group
4, the HR was 1.95 (CI 1.49-2.56, p<0.001). The HR for death associated with Group 3, the
group with the lowest number of patients, was 1.35 (CI 0.80-2.28, p=0.27) and did not reach
statistical significance.

ESRD among recipients with eGFR fluctuating above and below 30ml/min/1.73m?2 (Group

2)

As shown in Figure 2, the 1,357 LTA recipients in Group 2 were categorized by weighted
mean eGFR: >60 (Group 2a), 45 — 59 (Group 2b), 3044 (Group 2c), and <30 ml/min/
1.73m?2 (Group 2d). Among recipients with a weighted mean eGFR =30 ml/min/1.73m2, the
rate of ESRD by three years was <10%, with no statistically significant difference between
diabetic and non-diabetic recipients.

However, in subgroup 2d, the rate of ESRD by three years was 7.5% (7/93) in non-diabetics
versus 25.6% (21/82) among diabetic recipients (p<0.001). Of note, a substantial minority of
individuals was excluded from Group 2d because they received an SLK transplant: 20/113
(17.7%) of non-diabetic and 18/100 (18.0%) of diabetic recipients with a weighted mean
eGFR <30 ml/min/1.73m?.

We also fit a multivariable Cox regression model for the outcome of death-censored ESRD
among Group 2 recipients receiving LTA. This analysis confirmed that time-weighted mean
eGFR <30 ml/min/1.73m?2 (HR 5.28 versus reference mean eGFR >60 ml/min/1.73m?,
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p=0.002) and diabetes (HR 2.14, p=0.007) were independently associated with ESRD. Table
4 shows these results.

Discussion

In a national cohort of liver transplant recipients, severity and duration of pre-transplant
renal dysfunction were strongly associated with an increased risk of post-transplant ESRD.
This risk was most pronounced in recipients with sustained eGFR <30 ml/min/1.73m? for
the 90 days before transplantation. These findings validate the multi-society
recommendations to consider SLK transplant for this group.(4) We also found that diabetic
LTA recipients with a weighted mean eGFR <30 ml/min/1.73m? face an elevated risk of
post-transplant ESRD. Transplant centers caring for similar patients should consider listing
these candidates for SLK. Our novel approach to categorizing pre-transplant renal
dysfunction could be used to refine future consensus guidelines.

Decisions about SLK impact both SLK recipients as well as patients waiting for a kidney
transplant. Approximately 30,000 adults were added to the kidney transplant waitlist in
2011, but only 9,700 received a deceased donor transplant, while 6,500 others were removed
for death or being “too sick to transplant.”(18) Given the scarcity of kidney allografts, there
is an ethical imperative that SLKs only be performed in those for whom inadequate renal
recovery is expected after LTA. Additionally, SLK recipients not on dialysis may not gain a
survival benefit.(19)

A recent decision analysis examined the net benefit of allocating a kidney allograft as part of
an SLK versus allocating the kidney separately to a renal transplant candidate. The analysis
demonstrated that while “combined” allocation of a kidney with an SLK transplant yields
more quality-adjusted life years in many scenarios, this net benefit is not seen when the liver
recipient has a high likelihood of being dialysis-free after LTA.(20) In these cases, split
allocation of the liver and kidney yields significantly more life-years. The threshold favoring
split allocation of a kidney was a >50% chance of renal recovery after LTA. While the
specific results of a decision analysis (in this case, a 50% chance of renal recovery) should
not be considered a definitive answer to a clinical problem, the study suggests that SLK
transplant will provide net benefit compared to a kidney-alone transplant only when the risk
of post-transplant ESRD after LTA is substantial.

As in Figure 2, the risk of ESRD among individuals with weighted mean eGFR <30 ml/min/
1.73m2 (Group 2d) was greatly increased by the presence of diabetes. Twenty-six percent of
diabetic patients in subgroup 2d reached ESRD by three years. The effect of diabetes may
have impaired recovery from acute kidney injury among these patients, or these patients
may have had pre-existing diabetic nephropathy that became evident while these patients
suffered clinical deterioration on the waiting list. Notably, among diabetic patients in Group
2 with weighted mean eGFR <30 ml/min/1.73m2, approximately 18% received an SLK. If
one makes the assumption that these 18% were at higher risk for ESRD (had they received
an LTA) than recipients who actually did receive an LTA, then the 25% risk of ESRD
shown in Figure 2 may understate the overall risk of ESRD after LTA in this group. For this
reason, we believe that carefully-selected Group 2d patients merit consideration for SLK.

It is important to recognize that the post-transplant mortality rate far outstrips the rate of
ESRD for patients in Group 1 and most patients in Group 2. Given this increased hazard of
post-transplant mortality relative to ESRD, the overriding goal in managing these patients on
the waiting list should be to obtain the optimal liver to minimize mortality risk. For these
patients, the decision to take the offer of a LTA versus waiting for an SLK may also depend
on the patient’s age and the likely waiting time for a combined organ offer.

Am J Transplant. Author manuscript; available in PMC 2013 November 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Ruebner et al.

Page 7

Black race and lower albumin at transplantation were associated with a greater hazard of
post-transplant ESRD. Black LTA recipients may develop ESRD at a more rapid rate than
others due to recently-described genetic factors as well as social reasons such as less
education and less access to medical care.(21, 22) Recipients with lower albumin
concentrations may be more chronically ill, thus having an eGFR that overestimates the true
GFR due to diminished muscle mass. Lower albumin may also be a sign of proteinuria.

Similar to prior research, our analyses showed that higher pre-transplant bilirubin was
associated with a lower risk of ESRD, even after adjusting for the degree of renal
dysfunction and primary diagnosis.(2) Interestingly, patients in the highest tertile of bilirubin
had the highest creatinine concentrations at transplantation (data not shown). We
hypothesize that the renal dysfunction among patients with the highest bilirubin levels was
more likely to be driven by acute illness and therefore, more likely to reverse after
transplantation. However, future research should explore other physiologic explanations.
Interestingly, we did not find that hepatitis C was associated with post-transplant ESRD, an
association that has been inconsistently reported.(2, 23) It is possible that the lack of
association between hepatitis C and ESRD in our study is because we limited the cohort to
individuals with evidence of pre-transplant renal disease.(2)

Our approach to categorizing LTA recipients by eGFR patterns should be validated in other
populations, such as multi-center prospective cohorts. If validated, the results have
important implications for clinical practice. Ideally, the findings would influence clinicians,
when considering liver transplant candidates who were not on dialysis, to limit SLK
transplant to those with either eGFR always <30 ml/min/1.73 m? or carefully-selected
diabetic candidates with a weighted mean eGFR <30 ml/min/1.73m2. Only a small
proportion of LTA recipients in our cohort meet these criteria. Specifically, even if all of
Group 3 (86 patients) and all diabetic recipients in Group 2d (82 patients) instead received
SLK, the burden (168 over 6 years; 3.4% of 4997 patients in the whole cohort) on the pool
of deceased donor kidneys would be moderate. However, in listing patients for SLK,
transplant staff should use the full range of available clinical information, as well as the
pattern of renal dysfunction, to select only those liver transplant candidates who have the
most evidence of severe and durable kidney injury.

Our study has multiple limitations. First, our inclusion criteria required a minimum of 90
days on the waitlist to allow for calculation of longitudinal eGFR patterns. This criterion
allowed us to validate consensus guidelines. Additionally, our results may prove useful to
clinicians evaluating candidates with 90 days of data on pre-transplant renal function,
regardless of waiting list duration. However, it is possible that our findings may not be
generalizable to otherwise similar liver transplant recipients listed for <90 days, who often
have greater severity of illness. A second limitation is that eGFR may overestimate actual
GFR in liver transplant candidates due to decreased muscle mass.(1, 10) However, eGFRs
are likely to represent the highest GFR these patients could have; therefore, recipients would
likely have a “true” GFR <60 ml/min/m? at transplant. Further, using the MDRD equation to
estimate GFR conforms to mainstream clinical practice and the MDRD eGFR was a major
point of reference in the 2008 Consensus Guidelines.(4) We also used this equation to
ascertain changes in renal function within each patient over time.(24). A third limitation is
that the SRTR dataset does not include proteinuria, urine sodium concentration, or
inflammatory biomarkers such as neutrophil gelatinase-associated lipoprotein (NGAL);
these values might be useful predictors of renal prognosis. Prospective studies of liver
transplant candidates should be performed that compare a range of injury biomarkers to
relevant renal outcomes including biopsy and renal recovery. A fourth limitation is that our
results will not provide much guidance to clinicians caring for liver transplant candidates
needing prolonged dialysis. However, liver transplant recipients requiring dialysis have been
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studied extensively.(2, 16, 19) The novelty of this analysis lies in the creation of a national
cohort of liver recipients with pre-transplant, non-dialysis-dependent CKD.

Our outcomes were limited to ESRD and death. We acknowledge that CKD after transplant
is also associated with mortality and merits study in other settings.(25) On the other hand,
the SRTR-CMS database offers advantages. It allowed us to create a cohort at over 100
centers. Also, the SRTR accurately ascertains ESRD outcomes because all U.S. renal
transplants are reported to the SRTR, while ESRD defined as chronic dialysis is captured by
CMS. Lastly, it is impossible to know the potential renal outcomes had the SLK recipients
received a LTA and thus, we are not able to confidently identify cases of SLK that were not
warranted. This dataset only allows us to characterize subgroups that received LTA in
practice and were at highest risk for ESRD.

In summary, we have demonstrated that the rate of post-transplant ESRD is significantly
greater in liver recipients with evidence of advanced CKD for at least 90 days before
transplant. Our results support consensus guidelines that liver transplant candidates with
eGFR always <30 ml/min/1.73 m? —corresponding to stage 4 or 5 CKD — should receive
SLK. We provide new data showing that diabetic liver candidates with a time-weighted
mean eGFR <30 ml/min/1.73 m? for at least 90 days before transplant should be considered
for SLK. Subsequent studies should examine other potential pre-transplant risk factors, such
as proteinuria or other biomarkers, to better determine which patients with end-stage liver
disease and renal dysfunction derive the most benefit from dual organ transplants.
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SLK Simultaneous Liver-Kidney transplant

eGFR Estimated Glomerular Filtration Rate

ESRD End-Stage Renal Disease

MELD Model for End-Stage Liver Disease

LTA Liver Transplant Alone

GFR Glomerular Filtration Rate

CKD Chronic Kidney Disease

OPTN Organ Procurement and Transplantation Network
SRTR Scientific Registry of Transplant Recipients
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CMS Center for Medicare and Medicaid Services
UNOS United Network for Organ Sharing
MDRD Modification of Diet in Renal Disease Study
NGAL Neutrophil Gelatinase-Associated Lipoprotein
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Table 4

Multivariable Cox Regression Analysis of End-Stage Renal Disease among 1357 liver-alone recipients in
Group 2 (eGFR fluctuates above and below 30 ml/min/m2) *

Characteristic Hazard Ratio | Confidence Interval P
Time-weighted mean eGFR
>60 ml/min/m? Reference Reference Reference
45-59 ml/min/m?2 1.53 (0.53, 4.48) 0.43
30-44 ml/min/m? 2.35 (0.90, 6.15) 0.08
<30 ml/min/m?2 5.28 (1.83,15.3) 0.002
Pre-transplant diabetes 2.14 (1.24,3.72) 0.007

*

Model also adjusted for age-strata, race, gender, pre-transplant hypertension, cause of liver disease, as well as albumin, serum sodium, serum
bilirubin and international normalized ratio of prothrombin time at transplant. None of these variables were significantly associated with the
outcome.

Am J Transplant. Author manuscript; available in PMC 2013 November 01.



1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Ruebner et al. Page 19

Appendix 1

Example of time-weighted estimated glomerular filtration rate (eGFR) calculations

Days between MEL D updates
(days before transplant - days

eGFR&in ml/min/1.73 until next creatinine submitted eGFR weight (eGFR * days
eGFR number  m? Daysbeforetransplant  with MELD) with eGFR)
1 50 90 90 - 60=30 50 * 30=1500
2 45 60 60 - 50=10 45 * 10=450
3 40 50 50 - 20=30 40 * 30=1200
4 30 20 20-0=20 30 * 20=600
56 20 0 1 20 *1=20

Time-weighed eGFR=(1500+450+1200+600+20)/ 91 days=41.4 ml/min/1.73m?

The individual was categorized as belonging to Group 2 (fluctuating eGFR).

aeGFR calculated from serum creatinine submitted with MELD score

bThe eGFR value calculated on the day of transplantation was given a weight of 1 day, since the patient had that lab value only on the day of

transplantation.

We weighted a patient’s eGFR over the 90 days prior to transplantation. (Note: since patients have an eGFR value on the day of transplantation,
this value was assigned a weight of 1 day, as it contributes 1 day of follow-up. The data points were thus weighted over 91 days). The example
shown in Supplementary Table A reflects five eGFR calculations obtained with sequential MELD updates in the interval prior to liver transplant

(eGFR numbers 1 through 5). In this example, the eGFR of 50 ml/min/m2 at 90 days prior to transplantation contributes 30 days to the eGFR
weight, since the next eGFR is updated on day 60 before transplant. Without any intervening eGFR values reported through a MELD score, it is

assumed that the patient’s eGFR remains at 50 ml/min/m2 for those 30 days. The subsequent eGFR of 45 ml/min/m2 contributes 10 days to the
eGFR weight, since the next update occurs on day 50 before transplant.

The time-weighting approach has important advantages over other approaches, such as categorizing eGFR as a simple arithmetic mean of eGFR
values. Two further examples of liver-alone transplant candidates in Group 2 illustrate the point. For example, if patient A has an eGFR of 60 for

forty-five days and 20 for forty-five days, the arithmetic mean of the two eGFR data points is 40 and the weighted mean is 40 ml/min/1.73 m2
(since each eGFR value contributes to 50% of the follow-up time of 90 days). On the other hand, if patient B has an eGFR of 60 for thirty days and
20 for sixty days, the arithmetic mean of the two eGFR data points is 40, while the weighted mean equals 33.3 ml/min/1.73 m2 (the eGFR is 60 for
1/3 of the time, and 20 for 2/3 of the time). The weighted mean reveals that patient B’s renal dysfunction has a longer duration and may be more
likely to persist after transplantation.
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