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Abstract

It is unclear whether a concomitant kidney transplant grants survival benefit to liver transplant
(LT) candidates with renal dysfunction (RD). We retrospectively studied LT candidates without
RD (n =714) and LT candidates with RD who underwent either liver transplant alone (RD-LTA,;
n = 103) or simultaneous liver—kidney transplant (RD-SLKT; n = 68). RD was defined as renal
replacement therapy (RRT) requirement or modification of diet in renal disease (MDRD)-
glomerular filtration rate (GFR) <25 mL/min/1.73 m2. RD-LTAs had worse one-yr post-transplant
survival compared to RD-SLKTSs (79.6% vs. 91.2%, p = 0.05). However, RD-LTA recipients
more often had hepatitis C (60.2% vs. 41.2%, p = 0.004) and more severe liver disease (MELD
37.9+8.1vs.32.7+9.1, p=0.0001). Twenty RD-LTA recipients died in the first post-transplant
year. Evaluation of the cause and timing of death relative to native renal recovery revealed that
only four RD-LTA recipients might have derived survival benefit from RD-SLKT. Overall, 87%
of RD-LTA patients recovered renal function within one month of transplant. One yr after RD-
LTA or RD-SLKT, serum creatinine (1.5 + 1.2 mg/dL vs. 1.4 £ 0.5 mg/dL, p = 0.63) and
prevalence of stage 4 or 5 chronic kidney disease (CKD; 5.9% vs. 6.8%, p = 0.11) were
comparable. Our series provides little evidence that RD-SLKT would have yielded substantial
short-term survival benefit to RD-LTA recipients.
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Renal dysfunction (RD) is an important cause of morbidity and mortality following liver
transplantation (LT) (1-5). Pre-transplant RD is a well-recognized predictor of the quality of
post-transplant renal function as well as short- and long-term patient survival (2, 3, 6, 7). LT
candidates develop RD for many different reasons. In addition to hepatorenal syndrome
(HRS) (8-11), acute kidney injury (AKI) may result from bacterial infection/ sepsis or acute
hemorrhage/hypovolemia. LT candidates may also harbor chronic RD from etiologies
related or unrelated to their underlying liver disease. Finally, RD may also result from a
combination of acute and chronic etiologies (8, 10, 12, 13). The frequently multifactorial
nature of pre-transplant RD, in combination with the unpredictable intra-operative and post-
transplant courses, has rendered accurate prediction of native renal recovery after LT
difficult.

Since the incorporation of serum creatinine into liver allocation with the implementation of
the model for end-stage liver disease (MELD) priority system in 2002, the prevalence of RD
at LT has increased dramatically (14). Indeed, the annual number of simultaneous liver—
kidney transplants (SLKTSs) has nearly tripled (15). There has been vigorous debate as to the
most appropriate circumstances that justify the diversion of a kidney away from end-stage
renal disease (ESRD) patients. For ESRD patients, kidney transplantation, compared to
ongoing dialysis, is known to bestow a 68% reduction in long-term mortality (16, 17).
Moreover, the number of ESRD patients is ever increasing and their waits are ever
lengthening. The higher rate of early post-transplant mortality for SLKT compared to ESRD
recipients (15) exacerbates the sense that kidneys are unnecessarily lost. Finally, the debate
has been further fueled by reports documenting “three functioning kidneys” after SLKT
from several groups (18-20), including ours (21).

Several consensus conferences have been convened to standardize the evaluation algorithm
and to define appropriate listing criteria for SLKT candidates, focusing primarily on
glomerular filtration rate (GFR), duration of AKI/HRS, duration of renal replacement
therapy (RRT) and, when available, renal biopsy results (22—24). Although some centers
have reported that pre-transplant RRT or RD duration correlate with post-transplant renal
function (3, 6, 7), these factors are clearly not specific determinants of permanent post-
transplant chronic kidney disease (CKD) or ESRD. Indeed, determining if and when post-
transplant native renal function recovers in SLKT recipients has been inconsistent, requiring
nuclear medicine renal perfusion scans (18, 21, 23), which have typically not been done at
standardized times after transplantation.

Arguably, the most important benefit of SLKT compared to liver transplant alone (LTA)
may be to improve short-term (one yr) patient survival (23, 25, 26). In the absence of
randomized trials of SLKT vs. LTA, there is grave concern that strong selection bias likely
invalidates results of retrospective analyses. While there may be a subpopulation of LT
recipients whose immediate post-operative survival depends on concomitant kidney
transplantation, this subset has yet to be defined. Identification of such a subpopulation
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would provide the strongest justification for dual organ allocation, as survivors have the
opportunity to pursue kidney after LT for long-term survival benefit.

We have therefore performed an extensive retrospective cohort analysis of LTAs and
SLKTs performed at a single, high-volume center over a 10-yr period. Unlike previous
studies, our focus was to dissect the cohort of RD-LTA recipients to delineate, in detail, the
time course and quality of native renal recovery juxtaposed with causes of death within one
yr of transplantation. Using these data, we aimed to determine whether LT candidates with
RD would derive survival benefit from the addition of a kidney transplant.

Study cohort

Records of all adults (=18 yr) undergoing LT between January 1, 1998 and December 31,
2007, at the University of California San Francisco were retrospectively reviewed (n =
1025). Exclusion of 140 recipients resulted in a final study cohort of 817 LTA and 68 SLKT
recipients (Fig. 1). Recipient and donor information was obtained from medical records and
UNOS. Serum creatinine (Cr) was recorded longitudinally both prior to transplantation to
determine the onset of RD and after transplantation (at 3, 12, and 24 months post-
transplantation) to assess renal function. Criteria for SLKT were LT recipients on dialysis
>2 wk, recipients with modification of diet in renal disease (MDRD)-GFR <25 mL/min/1.73
m? for at least one month, or recipients with evidence of CKD in the setting of proteinuria
and other metabolic conditions such as diabetes mellitus or hypertension. During the era of
our study, there were no broadly accepted nor any published guidelines for SLKT listing.
These were local decisions made by the transplant nephrologist consulting with the LT
service and were not governed by set rules or protocols. In general, patients with RD at the
time of transplant received LTA if MDRD-GFR <25 mL/ min/1.73 m2 for <1 month in
patients without clinical evidence of CKD. SLKT recipients had longer pre-transplant RD
and more RRT than RD-LTA recipients. Kidney biopsies were not performed in our patients
with end-stage liver disease (ESLD) due to the risk of causing hemorrhagic complications.
LTs were generally performed using caval replacement and duct-to-duct biliary anastomosis
with the exception of recipients with primary sclerosing cholangitis, which underwent roux-
en-Y hepaticojejunostomy. Venovenous bypass was not used during surgery for either LTA
or SLKT recipients. Kidney transplants were performed immediately following completion
of the biliary anastomosis and were routinely implanted in the right iliac fossa with vascular
anastomoses to the external iliac vessels. Ureteral anastomoses were performed using the
Lich-Gregoir extravesical ureteroneocystostomy method without ureteral stents. The
immunosuppression protocol comprised an intravenous bolus of methylprednisolone (500
mgq) at the time of liver reperfusion. Maintenance immunosuppression for both LTA and
SLKT consisted of low-dose prednisone (5 mg/d), mycophenolate mofetil (MMF) (1 g twice
daily), and tacrolimus. The goal for tacrolimus serum levels was 5-8 ng/mL for the first 3-6
months. For patients with RD, lower tacrolimus levels were often used (4-6 ng/mL). Cause
of death was determined for all recipients with RD who died during the first post-transplant
year. This study was approved by the University of California Institutional Review Board
and conformed to ethical guidelines of the 1975 Declaration of Helsinki.
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Definition of pre-transplant RD and RD duration

The MDRD formula calculated using six variables (age, gender, African American race,
serum Cr, urea, and albumin) was used to estimate GFR. RD was defined as MDRD-GFR
<25 mL/min/1.73 m? or RRT requirement as logistic regression analysis demonstrated the
highest one-yr post-transplant mortality at this threshold. For candidates requiring RRT
during the week preceding transplantation, values of Cr were assigned as 4.0 mg/dL as used
in the MELD (27) and in previous studies (28), and values of GFR were assigned as 15 mL/
min/1.73 m2. The duration of MDRD-GFR <25 mL/min/1.73 m? inclusive of RRT was
defined as the duration of RD.

Definition of post-transplant RRT

Post-transplant RRT included any requirement for RRT initiated during the first post-
transplant week. The interval between the transplant date and last RRT treatment was
defined as duration of post-transplant RRT.

Statistical analysis

Descriptive statistics were compared according to pre-transplant RD status for the entire
cohort and according to transplant type (RD-LTA vs. RD-SLKT) for the RD subset. Discrete
and continuous variables were compared using Fisher’s exact and Mann-Whitney test,
respectively. One-yr patient survival was determined using Kaplan—Meier analysis and
compared using the log-rank test. All analyses were performed using SAS, version 9.1 (SAS
Institute, Cary, NC). A p-value <0.05 was considered significant.

Results

Prevalence of RD and frequency of SLKT prior to and after MELD allocation

Our study period encompasses a decade (January 1, 1998-December 31, 2007) during which
MELD allocation was instituted on February 27, 2002 (Table 1). As expected, the
percentage of recipients with RD at the time of transplant increased significantly (p = 0.002)
after MELD allocation from 13.5% (40 of 296) to 22.2% (131 of 589). In parallel, the
volume of SLKTs similarly increased; 19 (6.4%) were performed prior to MELD allocation,
while 62 (10.6%) were performed after MELD allocation. Notably, however, the frequency
with which candidates with RD underwent SLKT remained constant before and after the
institution of MELD allocation (38.0% [19 of 50] vs. 38.8% [62 of 160]).

Baseline characteristics of LT candidates with and without RD

Of 885 LTs that comprise the study cohort, 171 recipients (19.3%) entered transplantation
with RD (Fig. 1; Table 2). Several donor (age, gender, race, and BMI) and recipient (age,
gender, and BMI) demographic characteristics were similar for the RD and no-RD cohorts.
However, RD candidates were more commonly African American (9.4% vs. 5.5%; p =
0.027) and less likely to have hepatocellular carcinoma (HCC) (7.0% vs. 27.7%; p <
0.0001).

With respect to metrics of renal function, recipients with pre-transplant RD, compared to
those without, had higher pre-transplant serum Cr (3.2 + 1.3 vs. 1.1 £ 0.4 mg/dL; p <
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0.0001) and lower MDRD-GFR (16.3 + 3.9 vs. 74.9 + 30.0 mL/min/1.73 m2; p < 0.0001).
With respect to metrics of liver disease, recipients with pretransplant RD, compared to those
without, had higher total bilirubin (19.1 £15.6 vs. 6.8 £ 9.0 mg/dL; p < 0.0001) and
international normalized ratio (INR) (2.6 £1.7 vs. 1.8 £ 0.9; p < 0.0001), resulting in
dramatically different MELD scores (37.4 £ 8.5 vs. 18.5 £ 8.2; p < 0.0001).

After transplantation (either LTA or SLKT), recipients with pre-transplant RD were more
likely to require RRT (50.3% vs. 5.3%; p < 0.0001) and for longer duration (23.1 + 63.9 vs.
9.4 £ 14.6 d; p = 0.004) than recipients without pre-transplant RD (Table 2). Moreover,
post-transplant renal function was inferior in recipients with pre-transplant RD, as
demonstrated by higher serum Cr at 12 months (1.4 £ 0.9 vs. 1.1 + 0.4 mg/dL p < 0.0001)
and at 24 months (1.4 + 0.8 vs. 1.2 £ 0.5 mg/dL; p < 0.0001) after transplantation. All-cause
mortality one yr following transplantation was higher in recipients with pre-transplant RD
compared to those without RD (15.8% vs. 6.3%, p = 0.0001).

Baseline characteristics of RD-SLKT and RD-LTA candidates

Of the 171 candidates who entered transplantation with RD, 103 underwent LTA (RD-LTA)
and 68 underwent SLKT (RD-SLKT). RD-LTA and RD-SLKT recipients were similar with
respect to all donor and recipient demographic factors (Table 3). A larger proportion of RD-
LTA recipients compared to RD-SLKT recipients was transplanted for hepatitis C virus
(HCV) infection (60.2% vs. 41.2%; p = 0.004). Prior to transplantation, RD-LTA candidates
had significantly higher total bilirubin (23.1 = 14.6 vs. 13.1 + 15.2 mg/dL; p < 0.0001),
higher INR (2.8 + 1.9 vs. 2.1 £ 1.0; p = 0.0017) and higher MELD scores (37.9 £8.1 vs. 32.7
+9.1; p = 0.0001) than RD-SLKT recipients. RD severity, as measured by serum Cr (3.3
+1.4vs. 2.8 £0.8 mg/dL, p =0.35) and MDRD-GFR (16.4 + 4.1 vs. 16.1 + 3.6 mL/ min/
1.73 m2, p = 0.51), was comparable between RD-LTA and RD-SLKT recipients. However,
RD-SLKT recipients had longer duration of pretransplant RD (306.0 + 505.0 vs. 23.8 £ 38.5
d; p < 0.0001) and required pre-transplant RRT more frequently (86.8% vs. 63.1%; p =
0.0008) and for a longer duration (188 + 359 vs. 11.1 + 9.5 d; p < 0.0001) than RD-LTA
recipients.

Short- and long-term renal outcomes for RD-LTA and RD-SLKT recipients

Immediately after transplantation, fewer RD-SLKT than RD-LTA recipients required post-
transplant RRT (36.8% vs. 59.2%; p = 0.0049) and for a shorter duration (6.9 £ 7.7 vs. 29.7
+74.9 d, p=0.035; Table 3). Of 103 RD-LTA recipients, 13 (12.6%) required RRT for >30
d and seven (6.8%) required RRT for >100 d post-transplantation. Only 1/68 SLKT
recipients (1.5%) required RRT >3 wk post-transplant (Fig. 2). There were, however, no
differences in serum Cr between RD-LTA and RD-SLKT survivors at either one yr (RD-
LTA 1.5+ 1.2 mg/dL vs. RD-SLKT 1.4 £ 0.5 mg/dL for SLKT recipients; p = 0.63) or two
yr (RD-LTA 1.3 + 0.4 mg/dL vs. RD-SLKT 1.5 + 1.0 mg/dL; p = 0.64) after transplantation.
At one yr post-transplantation, the prevalence of stage 4 or 5 CKD (MDRD-GFR <30
mL/min/1.73 m2 or RRT requirement; National Kidney Foundation Practice Guidelines
[29]), was also comparable (6.8% RD-SLKT vs. 5.9% RD-LTA; p = 0.11).
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RD duration prior to RD-LTA does not predict renal recovery following transplantation

Duration of pre-transplant RRT has been suggested as selection criterion for SLKT, with
previous recommendations of RRT for =8 wk (23), =26 wk (22), or =24 wk (24) prior to
transplantation. However, as the initiation of RRT in the setting of advanced liver disease is
not standardized, we questioned whether the duration and severity of RD (with or without
RRT) might be a better predictor of renal recovery following transplantation (3). The OPTN
Kidney Transplantation Committee and the Liver and Intestinal Organ Transplantation
Committee have proposed that sustained RD—estimated GFR <25 mL/min/1.73 m? by 6-
variable MDRD or direct measurement by iothalamate clearance, with or without RRT for
>6 wk for SLKT listing (OPTN Proposed Policy 3.5.10) (30). Currently the recommendation
for SLKT in the setting of hyperoxaluria is for GFR <25 for six wk or more for SLKT
listing, Policy 3.6.4.5.5. Therefore, we separately analyzed outcomes for RD-LTA recipients
who “violated” the six-wk rule to assess the rule’s discriminatory power.

Twelve candidates with RD for =6 wk underwent RD-LTA, rather than expected RD-SLKT.
These 12 candidates had a median (range) pretransplant Cr of 4.0 (2.3-7.3) mg/dL, with
corresponding MDRD-GFR of 13.0 (6.3-22.5) mL/ min/1.73 m2. Median (range) of RD
duration for these 12 candidates was 58.5 (43-290) d. Five of the 12 candidates received
RRT for a median (range) of 17 (3-45) d prior to transplant. After transplant, six of the 12
recipients with =6 wk of pre-transplant RD did not require any post-transplant RRT, four
required 5, 5, 7, and 8 d of post-transplant RRT (5, 5, 7, and 8 d) while two required 50 and
403 d of post-transplant RRT. Three patients died within one yr of transplantation from
graft-versus-host disease, metastatic cholangiocarcinoma, and metastatic hepatocellular
carcinoma. One yr after transplantation, median (range) serum Cr and GFR were 1.4 (0.8
2.4) mg/ dL and 34.7 (20.1-61.0) mL/min/1.73 m? for eight recipients (three deceased; one
remaining on RRT).

One-yr patient survival and causes of death for RD-LTA recipients

RD-SLKT recipients exhibited higher one-yr post-transplant survival rates than RD-LTA
recipients (91.2% vs. 80.5%, p = 0.05) (Fig. 3). Notably, patient survival for RD-SLKT
recipients was comparable to that of LTA recipients entering transplantation without RD
(93.7% vs. 91.2%, p = 0.43).

Cause and timing of death along with duration of post-transplant RRT for the 20 of 103 RD-
LTA recipients who died within one yr of transplant were evaluated to consider whether the
absence of concomitant kidney transplantation might have reasonably contributed to death
(Table 4). The 20 deaths occurred at a median (range) of 88.5 (3-286) d after transplant.
Seven RD-LTA recipients died from severe liver dysfunction / liver failure: two from
primary non-function (death on post-transplant days 4 and 10), one from inferior vena cava
and hepatic artery thrombosis (death on post-transplant day 3), one from hepatic infarction
(death on post-transplant day 243), and three from recurrent HCV or chronic rejection (death
on post-transplant days 105, 172, and 233). The remaining 13 RD-LTA recipients died of
cardiovascular causes (n = 3; death on post-transplant days 6, 29 and 184), neurologic
catastrophe (n = 1; death on post-transplant day 48), malignancy (n = 3; death on post-
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transplant days 76, 101 and 286), and multisystem organ failure (MSOF) (n = 6; death on
post-transplant days 52, 57, 64, 106, 106, and 256).

Post-transplant RRT duration relative to time of death was determined (Table 4). Among the
20 RD-LTA recipients who died, 12 recipients died after and eight recipients died before
recovery of native renal function. Among the 12 recipients who resolved RD prior to death,
six never required post-transplant RRT and died 64-253 d after transplantation (patients 11,
12, 14, 16, 18, and 19; Tables 4 and 5). These six RD-LTA recipients had nadir serum Cr
<1.5 mg/dL (Table 5), indicative of full native renal recovery and excellent renal function. It
is unlikely that concomitant kidney transplantation would have altered their outcomes. For
the remaining six who died of cardiovascular (n = 2), hepatic, neurologic, malignant, and
MSOF (n =1 each) etiologies, RRT was required for a median (range) of 7 (1-14) d and
discontinued 101 (25-278) d prior to death (patients 9, 10, 13, 15, 17, and 20; Tables 4 and
5). Similarly, five of these six RD-LTA recipients had nadir serum Cr <1.5 mg/dL, while the
remaining recipient had a nadir of 1.7 mg/dL. The causes of death, the modest duration of
RRT, the substantial interval between RRT cessation and death, the high quality of native
renal recovery, and renal function together suggest that concomitant kidney transplantation
would not have salvaged these recipients. Of the 68 patients that underwent SLKT, 27
(39.7%) required post-transplant RRT for an average of 8.0 + 7.0 d, median of 5 d, range (1-
39 d). During the follow-up period included in this study, no SLKT patients returned to
hemodialysis (HD) after being off HD.

Among the eight RD-LTA recipients who remained on RRT until death, four died early,
within 10 d of transplantation, of acute liver (n = 3) or cardiac failure (n = 1).
Transplantation of a kidney would unlikely have altered the outcome for these recipients
from death to survival as full RRT would have been available during the perioperative
period. Had these four patients not suffered early post-operative death, they may have
hypothetically obtained survival benefit from a renal graft, but this is unable to be
determined. The remaining four RD-LTA recipients died of MSOF 52-256 d after
transplantation while still requiring RRT. Ongoing RD may well have contributed to MSOF
and ultimately death for these recipients such that concomitant kidney transplantation may
conceivably offered survival benefit.

Discussion

Given the prevalence and diversity of RD in LT candidates and the inherent constraints to
maximize survival benefit for kidney transplant alone, LTA, and SLKT recipients, there
remains an urgent need to refine and validate indications for SLKT. Although the UNOS/
OPTN registry data are expansive, they lack the detail to delineate the etiology, severity and
duration of pre-transplant RD, the duration of post-transplant RRT, the quality of post-
transplant renal function, and, finally and importantly, the cause of death after
transplantation. We have therefore performed an extensive retrospective cohort analysis
focusing on RD-LTAs performed at a single, high-volume center over a 10-yr period using
granular data to optimally assess the potential injury imposed by LTA vs. the potential
benefit endowed by SLKT.
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In our study, 19.3% of adult LTs had documented pre-transplant RD, as defined by MDRD-
GFR <25 mL/min/1.73 m2 or RRT requirement. This prevalence is generally comparable to
previous reports based on national OPTN or SRTR data of 15.5% (RD defined by Cr >2.0
mg/dL or RRT requirement [1]) to 29.9% (RD defined by Cr >1.5 mg/dL or RRT
requirement [31]). As expected, the prevalence of RD increased after MELD allocation,
from 13.5 to 22.2%. Candidates with RD underwent either RD-LTA or RD-SLKT. Our data
clearly show that RD-LTA and RD-SLKT recipients differ in fundamental respects, with the
former characterized by high liver disease severity and the latter by high renal disease
severity. These fundamental differences epitomize the strong selection bias that imperils
comparisons of survival outcomes after RD-LTA and RD-SLKT. We contend that these
differences along with peri- and post-transplant events, rather than the choice of LTA vs.
SLKT, likely account for the survival differential between RD-LTA and RD-SLKT
recipients that we have observed at the single center level and that others have observed
using national registry data (25, 26). As a result, we do not believe that it is valid to directly
compare outcomes or to conclude that LTA recipients would have enjoyed superior results
had they undergone SLKT (25, 26).

Instead, to assess whether simultaneous transplantation of a kidney might have provided
survival benefit to RD-LTA recipients, we chose to determine the cause of all deaths within
one yr of transplant along with the timing of death relative to the requirement for RRT. We
contend that a simultaneous kidney transplant would not have altered the survival outcome if
the post-transplant RRT was never required (6 of 20 RD-LTA recipients), if RRT was of
short duration with recovery of excellent native renal function long before death (6 of 20
RD-LTA recipients), or if death was early after transplantation secondary to devastating
complications of primary non-function (PNF) or cardiovascular complications (4 of 20 RD-
LTA recipients). However, for four RD-LTA recipients who died of MSOF without native
renal recovery, it is possible that SLKT would have improved renal function and thereby
bestowed survival benefit. It is critical to remember, however, that this is a retrospective
assessment. It would likely be impossible to identify these four (of 103) RD-LTA recipients
prospectively.

Our examination of both survival and renal outcomes for the RD-LTA and RD-SLKT
cohorts suggests that our single center decision-making process for selecting transplant type
has been imperfect. There have been errors in both directions: A modest number of RD-LTA
recipients might have benefited from RD-SLKT as discussed above while a modest number
of RD-SLKTs were likely unnecessary as we have previously reported (21). In this study,
RD-SLKT recipients with a pre-operative diagnosis of type 1 HRS (baseline GFR =30
mL/min/1.73 m2) underwent technetium-99 m-mercaptoacetyltriglycine nuclear scans to
measure the native kidney contribution to the overall renal function. Only four of the 23
subjects (17.4%) demonstrated native renal function that consisted of a contribution >50%
of total renal function (21). We would argue that there are and that there will always be
insufficient data and knowledge for flawless decision making (32). Fundamentally, the liver
and kidney transplantation communities will need to determine the criteria for AKI in LT
candidates that merit diversion of a kidney away from ESRD candidates who derive clear
survival benefit from kidney transplantation. The likelihood and magnitude of enhanced
survival benefit for chronic liver disease candidates will need to be weighed against the
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demerits of producing RD-SLKT recipients with three functioning kidneys. Moreover,
consideration could be given to providing a safety net of preferred access to deceased donor
kidneys for those who meet criteria for RD-SLKT but undergo RD-LTA and fail to recover
adequate native renal function (24). A provision for, in essence, “rescue allocation” of
kidney after LT, may facilitate physicians and patients to choose RD-LTA in cases of
ambiguity with respect to the reversibility of native renal function.

In considering the weaknesses of our data and their analyses, clearly, the primary issue is
that it is a single center experience. As such, we are limited by modest numbers and a
center-specific culture of transplantation practice that might limit generalizability. We
however would extend that the granularity of available data is essential to answering the
questions that we posed. Moreover, our center may be ideally suited to study LT candidates
with pre-transplant RD for several considerations. First, we are located in a UNOS region of
relative organ scarcity, resulting in high MELD scores at transplant (33). Second, our center
has a representative prevalence of RD among LT candidates and a representative proportion
of candidates undergoing SLKT (14, 15). Third, our center has a high volume of not only
liver but also kidney transplantation. Moreover, our kidney transplant candidates experience
protracted wait times upwards of eight yr for a deceased donor kidney. The nephrologists
who consult on liver waitlisted candidates with RD and determine the appropriateness of
RD-LTA vs. RD-SLKT are none other than our transplant nephrologists. Their dual roles
almost certainly color their perspective, demanding a balanced consideration of the potential
benefit of SLKT and its impact on ESRD candidates.

Thus, in summary, we have shown that pretransplant RD is clearly associated with inferior
post-transplant survival and that this decrement is borne by RD-LTA recipients and not by
RD-SLKT recipients. We contend that the superior one-yr outcomes of RD-SLKT relative to
RD-LTA likely reflect inherent pre-transplant differences between these two cohorts that
drove the choice of transplantation. Moreover, we contend that the absence of a kidney
allograft does not account for the majority of deaths observed among RD-LTA recipients.
Beyond survival considerations, the quality of renal function for RD-LTA and RD-SLKT
recipients was comparable with a low prevalence of severe CKD. We believe that our data,
along with those of others recently reported (18, 19, 34), can further inform discussions
between the liver and kidney transplantation communities as to the optimal allocation and
utilization of precious deceased donor kidneys to maximize survival benefit for both ESLD
and ESRD patients.
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Adult Liver Transplants at UCSF
1/1/1998 - 12/31/2007

N=1025
( Excluded A
FHF (66), HIV (21), Non-primary
transplant (50), Intra-operative death (2),
L Multivisceral transplant (1) y
Study
Cohort
N=885

Renal Dysfunction (RD)
MDRD GFR<25 or RRT
N=171 (19.3%)

No RD
N=714 (80.7%)

RD-LTA
N=103 (60.2%)

Fig. 1.

[

RD-SLKT
N=68 (39.8%)

Study design and transplant cohorts. Records from all LTs performed at the University of
California San Francisco between 1/1/1998 and 12/31/2007 were retrospectively evaluated
and classified based on the presence or absence of pre-transplant RD. For those with pre-
transplant RD, recipients were divided into RD-SLKT or RD-LTA. SLKT, simultaneous
liver—kidney transplant; RD, renal dysfunction; LT, liver transplant; LTA, liver transplant

alone.
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Fig. 2.
Kaplan—Meier graph showing renal replacement therapy (RRT) requirement and duration

following LT in patients with pre-transplant RD. Compared to RD-LTA recipients, RD-
SLKT recipients recovered renal function more rapidly following LT (p < 0.0001). SLKT,
simultaneous liver—kidney transplant; RD, renal dysfunction; LT, liver transplant; LTA,
liver transplant alone.
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Fig. 3.
Kgplan—Meier graph of one-yr post-transplant survival for recipients without RD (No RD)
or with RD that received LTA (RD-LTA) or SLKT (RD-SLKT). One-yr survival was
comparable for No RD vs. RD-SLKT (93.7% vs. 91.2%; p = 0.43) but differed significantly
between No RD vs. RD-LTA (93.7% vs. 80.5%; p < 0.0001) and RD-LTA and RD-SLKT
(91.2% vs. 80.5%; p = 0.05). SLKT, simultaneous liver—kidney transplant; RD, renal
dysfunction; LTA, liver transplant alone.
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Characteristics of transplants according to the presence or absence of RD at time of transplantation

Table 2

NoRD (n=714)@8 RD(n=171) p-Valueb
Donor factors
Age (yr) 41.4+162 406 +15.2 0.60
Male 355 (49.7%) 99 (57.9%) 0.73
Black 39 (5.5%) 8 (4.7%) 0.79
BMI 26.2+5.2 26.4+5.6 0.68
Recipient factors
Age (yr) 53.6+9.4 54.9+8.7 0.11
Male 489 (68.5%) 109 (63.7%) 0.32
Black 39 (5.5%) 16 (9.4%) 0.027
BMI 272+53 27.0+6.0 0.41
HCV 359 (50.3%) 87 (50.9%) 0.88
HCC 198 (27.7%) 12 (7.0%) <0.0001
MELD 185+8.2 37.4+85 <0.0001
Pre-tx total bilirubin (mg/dL) 6.8+9.0 19.1+15.6 <0.0001
Pre-tx INR 1.8+0.9 2617 <0.0001
Pre-tx Cr (mg/dL) 11+04 32+13 <0.0001
MDRD-GFR (mL/min/1.73 m?)  74.9+30.0 16.3+3.9 <0.0001
Transplant factors
Cold ischemia time (h) 9.7+29 92+23 0.40
Warm ischemia time (min) 452 +10.0 444+91 0.57
Post-transplant factors
RRT requirement 38 (5.3%) 86 (50.3%) <0.0001
RRT duration 9.4+ 14.6 23.1+63.914+0.9 0.0044
12-mo Cr 11+04 <0.0001
24-mo Cr 1.2+05 1.4+08 <0.0001
One-yr mortality 45 (6.3%) 27 (15.8%) 0.0001
Days to death 723 £504 392 + 591 0.0010

Page 16

RRT, renal replacement therapy; RD, renal dysfunction; MELD, model for end-stage liver disease; MDRD, modification of diet in renal disease;
GFR, glomerular filtration rate; INR, international normalized ratio.

a\/alues shown are n (%) or means * standard deviation

bBold type indicated statistical significance.
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Table 3

Characteristics of transplants with RD according to LTA vs. simultaneous liver—kidney transplant

RD - SLKT RD - LTA
(n=68)a (n=103) p-Valueb
Donor factors
Age (yr) 39.4+17.4 413+13.6 0.42
Male 35 (51.5%) 64 (62.1%) 0.16
Black 2 (2.9%) 6 (5.8%) 0.88
BMI 26.3+5.7 26.5+5.6 0.67
Recipient factors
Age (yr) 55.1+7.6 54.7+9.4 0.87
Male 42 (61.8%) 67 (65.1%) 0.75
Black 16 (23.5%) 8 (7.8%) 0.46
BMI 26.7+5.9 27.3+6.1 0.55
HCV 28 (41.2%) 62 (60.2%) 0.0040
HCcC 5 (7.4%) 7 (6.8%) 1.00
MELD (mean) 32.7+9.1 379+81 0.0001
MELD (median, range) 31.7(15.9-50.3) 38.1(15.4-62.3) <0.0001
Pre-tx total bilirubin (mg/dL) 13.1+15.2 23.1+14.6 <0.0001
Pre-tx INR 21+10 28+19 0.0017
Pre-tx Cr (mg/dL) 28+038 33+14 0.35
MDRD-GFR (mL/min/1.73m?) 16.1+3.6 16.4+4.1 0.51
Pre-tx 306 + 505 23.8+385 <0.0001
RD duration (d)
Pre-tx RRT 59 (86.8%) 65 (63.1%) 0.0008
Pre-tx 188 + 359 11.1+9.5 <0.0001
RRT duration (d)
Transplant factors
Cold ischemia time (h) 92+23 93%23 0.96
Warm ischemia time (min) 432+72 453+10.3 0.14
Post-transplant
RRT 25 (36.8%) 61 (59.2%) 0.0049
RRT duration (d) 6.9+7.7 29.7+74.9 0.035
RRT >14 d 2 (3.3%) 18 (17.5%) 0.0005
12-mo Cr (mg/dL) 14%05 15+1.2 0.63
12-mo 50.7 + 6.6 459+54 0.38
MDRD-GFR (mL/min/1.73 m?)
24-mo Cr (mg/dL) 15+1.0 1.3+04 0.64
One-yr mortality 6 (8.8%) 20 (19.4%) 0.060
Days to death 589 + 567 293 + 589 0.020
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aValues shown are n (%) or means * standard deviation

bBold type indicated statistical significance.
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