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Patient selection for combined liver—kidney transplantation (CLKT) is a
current issue on the background of organ shortage. This study aimed to
compare outcomes and post-transplant renal function for patients receiv-
ing CLKT and liver transplantation alone (LTA) based on native renal
function using estimated glomerular filtration rate (eGFR) stratification.
Using the UK National transplant database (NHSBT) 6035 patients receiv-
ing a LTA (N = 5912; 98%) or CLKT (N = 123; 2%) [2001-2013] were
analysed, and stratified by KDIGO stages of eGFR at transplant (eGFR
group-strata). There was no difference in patient/graft survival between
LTA and CLKT in eGFR group-strata (P > 0.05). Of 377 patients undergo-
ing renal replacement therapy (RRT) at time of transplantation, 305 (81%)
and 72 (19%) patients received LTA and CLKT respectively. A significantly
greater proportion of CLKT patients had severe end-stage renal disease
(eGFR < 30 ml/min/1.73 m?) at 1 year post-transplant compared to LTA
(9.5% vs. 5.7%, P = 0.001). Patient and graft survival benefit for patients
on RRT at transplantation was favouring CLKT versus LTA (P = 0.038
and P = 0.018, respectively) but the renal function of the long-term sur-
vivors was not superior following CLKT. The data does not support CLKT
approach based on eGFR alone, and the advantage of CLKT appear to ben-
efit only those who are on established RRT at the time of transplant.
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The introduction of the model for end-stage liver disease
(MELD), which is a system used to decide liver transplant
allocation, has coincided with a rise in combined liver—
kidney transplantation (CLKT). A majority of the data
supporting this approach originates from database analy-
ses using the United Network for Organ Sharing
(UNOS)/Organ Procurement and Transplantation Net-
work (OPTN) [1]. Despite imprecise methods for classi-
fying severity of renal dysfunction [2], it is clear that the
degree and duration of renal insufficiency while in liver
pretransplant status have a major impact on post-trans-
plant survival and renal function recovery [3-5].

However, the incremental benefit solely attributable to
kidney transplantation in CLKT recipients is largely
unknown, and difficult to assess despite a growing evi-
dence base to support that there may be increased mor-
tality in combined organ transplant patients [6].
Opponents also argue that CLKT reduces availability of
donor kidneys for candidates awaiting kidney-only trans-
plantation resulting in suboptimal utilization of organs.
However, current guidelines devised by the OPTN liver
and kidney advisory committees recommend CLKT for
patients with chronic kidney disease (CKD), which is
defined by the National Kidney Foundation as individuals
demonstrating an estimated glomerular filtration rate
(eGFR) <40 ml/min for three consecutive months or with
acute kidney injury (AKI) lasting for >4 weeks [1]. A
more robust clinical workup algorithm for CLKT has
been proposed using GFR measured via the iodine-125
iothalamate test, duration of renal insufficiency and renal
biopsy findings, although this is yet to be validated [7].
There is limited consensus regarding a specific GFR
threshold that represents insufficient native functional
recovery for which CLKT is warranted. Meanwhile the
definitive need for CLKT in individuals undergoing
chronic renal replacement therapy (RRT) as well as for
patients with advanced polycystic disease is well recog-
nized, concerns are raised when RRT is temporary or
recently started [e.g. hepatorenal syndrome (HRS), those
with an eGFR < 40 ml/min and in the presence of
comorbidities such as diabetes] [1].

The aim of this study was to compare outcome in
terms of survival (patient and liver graft survival) and
renal function for patients receiving liver transplanta-
tion alone (LTA) with those receiving CLKT on the
basis of KDIGO stages of pretransplant eGFR [8].
Secondarily, because the data for this analysis came
from the National Health Service Blood and Transplant
(NHSBT) database of the United Kingdom, this study
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sought to identify predictor variables for such outcomes
for application to a European Transplant registry.

Data were collected from the NHSBT database of the
United Kingdom, which contained records of all liver
graft alone and combined liver and kidney transplanta-
tions from January 2001 to December 2013. Patients
were divided into groups of either LTA or CLKT.
Excluded from analysis are paediatric recipients (defined
as aged <16 years) and recipients of other solid organs
in combination with liver/kidney (e.g. lung, heart, intes-
tine). Demographics and clinical characteristics of the
participants included in this study were: age, gender,
ethnicity, body mass index (BMI), indication for liver
transplantation (LT), liver failure grading, hepatitis C
virus (HCV) status, diabetes mellitus and hypertensive
status, time spent on the transplant waiting list, indica-
tions for CLKT, RRT at time of transplantation, MELD,
United Kingdom End Stage Liver Disease (UKELD)
score and single laboratory elements (e.g. INR, bilirubin,
serum creatinine) and serum sodium concentration.
Other data collected included donor and organ charac-
teristics such as age, gender, donor-BMI, type of donor,
liver cold ischaemia time (CIT) and liver reperfusion
time. eGFR has been estimated on the basis of serum
creatinine using the MDRD formula [9].

Patients were stratified into groups (eGFR group-
strata) on the basis on pretransplant eGFR based on
Chronic Kidney Disease KDIGO guidelines [8] as fol-
lows: Stage 1 = eGFR > 90 ml/min/1.73 m* Stage
2 = eGFR 60-89 ml/min/1.73 m?% Stage 3a = eGFR 45—
59 ml/min/1.73 m?; Stage 3b = eGFR 30-44 ml/min/
1.73 m% Stage 4 = eGFR 15-29 ml/min/1.73 m? and
Stage 5 = eGFR < 15 ml/min/1.73 m”. Patients on RRT
were considered as a distinct group (Table 1). Renal
function outcome was evaluated at 1 year post-trans-
plantation with severe end-stage renal disease (sESRD)
defined as eGFR < 30 ml/min/1.73 m? [10].

Statistical analysis

Comparison of baseline patient characteristics between
LTA and CLKT groups were performed by a chi-square
or Fisher’s exact test when the actual number was <5
within a group, and Student’s ¢ test, Wilcoxon or
Mann—Whitney, as appropriate.

Patient and liver graft survival analysis was performed
via Kaplan—Meier with log-rank tests, after patient strat-
renal function at

ification on the basis of
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Table 1. Distribution of KDIGO [8] stages at transplantation in liver transplant alone and combined liver kidney patients

(total number of patients 6035).

Total no. of patients

KDIGO stage eGFR, ml/min/1.73 m? LTA (5907), % CLKT (123), % by KDIGO stage
Stage 1 >90 1988 (33.6) - 1988

Stage 2 60-89 2384 (40.3) = 2384

Stage 3a 45-59 794 (53.8) 6 (4.9) 800

Stage 3b 30-44 344 (5.8) 10 (8.1) 354

Stage 4 15-29 9(1.3) 22 (17.9) 101

Stage 5 <15 3(0.2) 13 (10.5) 26

RRT 305 (5.2) 72 (58.5) 377

eGFR, estimated glomerular filtration rate; RRT, renal replacement therapy.

The value of serum creatinine at transplantation was missing in five patients.

transplantation. Graft failure was defined both as graft included in the analysis, all patients with

failure or patient death irrespective of graft status at the
time of death. Death censored liver graft survival was
also performed.

Univariate Cox regression analyses were performed to
identify factors predicting patient and liver graft sur-
vival. All clinically relevant variables were included for
multivariate model [11].

Statistical analysis was performed with spss 20.0 (IBM
Corp., New York, NY, USA). Significance was deter-
mined using P < 0.05.

This study included a total of 6035 patients who under-
went organ transplantation between 2001 and 2013
recorded in the NHSBT database. Among these patients,
123 (2%) individuals received a CLKT and 5912 (98%)
underwent LTA. Of the retrieved records, there was a
variable percentage of missing data. For the variables
used in the multivariable analyses, the highest propor-
tion of missing data was 4.3%. Cases with missing data
have been excluded from the analysis.

Distribution of renal function at transplantation

Table 1 presents the number of patients receiving LTA
or CLKT according to eGFR stratification. Understand-
ably, no patients demonstrating an eGFR > 60 ml/min/
1.73 m® underwent CLKT. Six patients demonstrating
an eGFR between 45 and 59 ml/min/1.73 m* underwent
CLKT, which accounted for <1% of transplant volume
within the Stage 3a KDIGO group; yet as this is the
deviation of common practice, these six individuals
were also excluded from comparative analyses. We

920

eGFR < 44 ml/min/1.73 m? [KDIGO Stage 3b; n = 858;
of whom n =741 LTA and n = 117 CLKT (Table 1)].
Current  consensus  suggests a  threshold of
eGFR < 40 ml/min/1.73 m® to consider a patient for
CLKT, a threshold that falls within the KDIGO CKD
Stage 3b (eGFR 44-30 ml/min/1.73 m?); a separate
analysis was conducted for patients with eGFR ranging
between 40 and 44 ml/min/1.73 m> that did not
demonstrate substantially different results (data not
shown); hence the aforementioned approach of treating
all patients on Stage 3b as a single group.

Three hundred and seventy seven (n = 377) patients
were undergoing RRT at time of transplantation. Of
these, 305 (80.9%) received LTA and 72 (19.1%)
received CLKT (Table 1).

Demographics stratified on the basis of eGFR at
transplantation

Demographic and clinical characteristics of patients
stratified on the basis of pretransplant eGFR, including
those on RRT, were compared and reported in Table 2.
These were significantly different between patients
receiving LTA compared to CLKT patients.

Both MELD and UKELD scores were higher in LTA
patients as well as INR and bilirubin at time of trans-
plant, indicating a higher severity of end-stage liver dis-
ease (ESLD) for these patients. Additionally, the LTA
group presented with a higher incidence of ascites and
variceal bleeding.

Indication for liver transplantation was also signifi-
cantly different in Stage 4 and RRT groups, with a pre-
dominance of congenital/inherited diseases in patients
receiving CLKT, whereas in patients receiving LTA a
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improved survival. Recipient age was the only signifi-
cant factor predicting mortality for CLKT patients,
although the statistical power of the latter analyses was
lower (Table 7).

In a multivariable model including all clinically rele-
vant variables, significant independent predictors of
mortality for patients undergoing LTA were recipient
age, HCV infection, higher MELD score, older donor
age and longer CIT (Table 7).

924

Time (days)

filtration rate group-strata) at
transplantation.

T T
3000 4000 5000

Risk factors for liver graft survival

In univariate Cox regression analyses, recipient age,
male gender, HCV infection, higher MELD score and
bilirubin at transplant, treatment with RRT at time of
transplant, older donor age and longer liver CIT were
all predictive of liver graft loss for patients receiving
LTA, while polycystic disease was associated with
improved liver graft survival. In the CLKT group, recip-
ient age and variceal bleeding were predictive factors for
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liver transplant alone compared to combined liver—kidney
transplantation for patients undergoing renal replacement therapy at
transplantation.
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reduced liver graft survival, although the statistical
power of this analysis was low (Table 8).

In a multivariate model including all clinically rele-
vant variables, recipient age, HCV infection, higher
bilirubin at transplant, treatment with RRT at time of
transplantation, older donor age and longer liver CIT
were significant predictors of liver graft loss (Table 8).
Polycystic disease was associated with reduced risk of
liver graft loss (Table 8).

To the best of our knowledge, this is the first data reg-
istry-based analyses focusing on CLKT performed in
Europe and outside of UNOS/OPTN. Recent evolving
trends for CLKT following MELD implementation sug-
gest that kidney grafts may be preferentially allocated to
critically ill recipients who may not benefit from such a
practice because of advanced disease stage [6]. Combin-
ing this understanding with reduced waiting-list time
survival for patients listed for kidney transplantation
after LTA [12,13] has led to increased number of listings
for CLKT. Concerns also continue to be raised regarding
the allocation of kidneys to patients who have the poten-
tial of renal function recovery following LTA alone. The
most recent proposed policy focusing on simultaneous
liver—kidney transplantation recommends CLKT for
patients with CKD (demonstrating eGFR < 40 ml/min
for three consecutive months) or AKI lasting for
>4 weeks [1]. While average listings for CLKT has
increased up to 11%, particularly in the US [14], this
does not seem consistent with our study, with only 2%
of the entire cohort of patients receiving CLKT in UK.

In this study, the stratification of renal function in
patients receiving LTA and CLKT was based on eGFR as
classified by KDIGO guidelines, which provided the basis
for analyses in terms of patient and graft survival and
recovery of renal function (eGFR > 30 ml/min/1.73 m?).

The main result from this study highlights no differ-
ences in terms of survival benefit for patients presenting
with severe KDIGO stages of renal function pre-LTA
(Stages 3b—5). Compared to the current consensus, it
seems that patients with eGFR < 44 ml/min/1.73 m?* do
not benefit of receiving CLKT in term of patient and
liver graft survival. Only those already receiving RRT
have a favourable survival outcome from CLKT.

As such, the advantage of CLKT in patients with
chronic RRT is well recognized, whereas doubts are still
raised when RRT is started because of recent onset of
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Table 4. Patients and graft survival rates 1, 3 and 5 years after transplant, stratified by stages (GFR < 44/ml/min/
1.73 m?) and RRT at time of transplantation (eGFR group-strata).

1 year 3 years 5 years
Survival estimate (%) Survival estimate (%) Survival estimate (%)
Patients Grafts Patients Grafts Patients Grafts
Stage 3b (eGFR 44-30 ml/min/1.73 m?)
LTA 88.8 82.8 81.8 76.7 76.9 71.7
CLKT 85.7 70.0 71.4 60.0 57.1 50.0
P 0.765 0.288 0.587 0.263 0.355 0.216
Stage 4 (eGFR 15-29 ml/min/1.73 m?)
LTA 89.9 84.8 88.1 77.2 81.4 72.2
CLKT 85.0 81.8 85.0 81.8 80.0 77.3
P 0.523 0.687 0.694 0.719 0.895 0.708
Stage 5 (eGFR < 15 ml/min/1.73 m?)
LTA 92.3 90.9 84.6 81.8 84.6 81.8
CLKT 92.3 91.7 84.6 83.3 84.6 83.3
P 0.977 0.895 0.932 0.863 0.932 0.863
RRT
LTA 85.2 77.6 79.2 70.2 71.0 63.0
CLKT 93.3 90.1 93.3 90.1 90.6 81.3
P 0.108 0.023 0.026 0.002 0.011 0.006

eGFR, estimated glomerular filtration rate; RRT, renal replacement therapy.

Significant differences are highlighted in bold numbers.

AKI [1]. Contradictory results have been reported for
those patients undergoing acute RRT prior to transplan-
tation to which a survival benefit appears to occur only
for those patients receiving RRT for intervals ranging
between 8 and 12 weeks [15,16]. Recent suggestions
have set up a minimum RRT period of >4 weeks for a
candidate patient awaiting CLKT [1].

Patients on RRT at time of transplantation undergoing
LTA compared to CLKT demonstrate more advanced
liver disease, as showed higher MELD and UKELD score,
mainly related to higher bilirubin and higher INR, that
were also associated with lower sodium and more fre-
quent incidence of bleeding varices and ascites in face of
lower creatinine. This strongly suggests the occurrence of
more severe decompensated cirrhosis in patients receiv-
ing LTA and probably a higher incidence of HRS, sug-
gesting the requirement of RRT related more to
haemodynamic alterations than to intrinsic renal disease.

Moreover, the indication for LTA or CLKT are dis-
similar among the different group-strata of eGFR, with
the majority of patients diagnosed with polycystic dis-
ease receiving CLKT despite eGFR value, and the major-
ity of patients on RRT before transplantation with
alcoholic cirrhosis receiving LTA. This strongly confirms
that the aetiology of renal dysfunction related to intrin-
sic renal disease or functional renal illness related to
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liver disease, address the decision to candidate patients
to LTA or CLKT.

The prognostic outcome for patients from this study
appears acceptable in terms of long-term survival,
higher than 78% at 5 years. Single centre and US reg-
istry analysis challenge the indications for CLKT,
reporting controversial results on survival after CLKT,
with some reporting increased perioperative morbidity
and mortality [17] and others describing a survival ben-
efit at 1 year post-transplantation for patients receiving
CLKT compared to LTA [6,18]. No studies have per-
formed an analysis similar to the current study based
on stratifications of eGFR at time of transplantation. In
this national cohort of patients, no survival difference
was demonstrated at 1 year post-transplantation for all
stages of eGFR (3b—5 and RRT). Long-term survival
mirrors short-term outcomes for all eGFR group-strata,
except a survival benefit demonstrated at 3 years post-
transplantation for patients on RRT only. There is a
clear prevalence of infections and liver dysfunction as
cause of death in patients receiving LTA that further
confirms the important role of severity of baseline ill-
ness on the outcome of these patients.

Several studies have reported different degrees of
recovery of renal function post-CLKT, focusing in partic-
ular on those cases that would have three functioning

Transplant International 2019; 32: 918-932
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Table 5. Renal function outcome (eGFR ml/min/1.73 m?) at 1-, 3- and 5-year post-transplant, stratified by stages of

renal function at transplantation (eGFR group-strata).

LTA (no. patients) CLKT (no. patients) P
Stage 3b (eGFR 44-30 ml/min/m?)
1 year post-LT (294) (8) 0.381
49 [41-60] 45 [37-55]
3 years post-LT (207) (7) 0.416
46 [37-61] 40 [38-52]
5 years post-LT (146) (5) 0.567
49 [39-61] 38 [34-66]
Stage 4 (eGFR 15-29 ml/min/m?)
1 year post-LT (65) (18) 0.500
51 [34-68] 56 [48-61]
3 years post-LT (46) (14) 0.426
49 [31-65] 53 [47-61]
5 years post-LT (31) (10) 0.687
44 [29-67] 52 [38-55]
Stage 5 (eGFR <15 ml/min/m?)
1 year post-LT 9) (12) 0.219
41 [20-63] 60 [45-65]
3 years post-LT (8) 9) 0.321
39 [21-70] 62 [42-66]
5 years post-LT 4) (7) 1.000
54 [41-113] 53 [46-73]
RRT patients
1 year post-LT (244) (63) <0.0001
63 [50-80] 50 [37-67]
3 years post-LT (162) (47) <0.0001
60 [48-77] 46 [40-59]
5 years post-LT (105) (32) <0.0001
61 [49-78] 47 [37-56]

CLKT, combined liver—kidney transplantation; eGFR, estimated glomerular filtration rate; LT, liver transplantation; LTA, liver

transplantation alone; RRT, renal replacement therapy.

Values are expressed as median [interquartile range]; the number of patients reported in round brackets is the number of avail-
able data. Significant differences are highlighted in bold numbers.

kidneys [19]. On the other hand, reports have also
described the risk of transplanting a functioning kidney
to a high mortality risk patient with advanced liver dis-
ease and with limited survival as “futility” in transplanta-
tion [20]. Patients receiving CLKT demonstrated worst
outcome in terms of renal function after transplantation
when on RRT before transplant, compared to LTA, while
no significant differences were detected in renal function
outcome for other different level of pretransplant renal
function (Stages 3b—5) within the two groups of patients.
Moreover, recovery of renal function equally occurs after
transplantation in patients receiving LTA or CLKT. An
amount of native renal functional recovery may be sup-
posed in patients receiving LTA when the renal function
is not completely deteriorated (Stages 3b—5) probably
related to pretransplant dysfunction linked to haemody-
namic derangement like HRS, while the renal function

Transplant International 2019; 32: 918-932
© 2019 Steunstichting ESOT

resulting from a single kidney with the impact of donor
events and ischaemic injury may account for the reduced
eGFR in CLKT patients. Moreover, patients receiving
CLKT are recognized to receive higher percentage of
CNIs based immunosuppression that may account for a
certain degree of nephrotoxicity and deterioration of
eGER [21].

There is previously reported evidence suggesting
patient survival is inferior when preoperative renal dys-
function persists following LTA [22,23], but renal dys-
function as a cause of death is reported in a minority of
patients receiving both LTA and CLKT.

Several previous studies have considered survival of
kidney grafts and incidence of renal allograft rejection
following CLKT versus kidney transplant alone [24-26].
In the present study, satisfactory kidney graft survival is
reported, but unfortunately no data are available
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Table 6. Recovery of renal function 1 year post-transplantation stratified on the basis of stages of renal function at
transplantation.

Stage 4 [65] [18] 0.060
[29-15] eGFR > 30 53 (81.5) 18 (100.0)
eGFR < 29 12 (18.5) -
Stage 5 [9] [12] 0.171
[<15] eGFR > 30 7 (77.8) 12 (100.0)
eGFR < 29 2 (22.2) -
RRT [244] [63] 0.132
eGFR > 30 230 (94.3) 56 (88.9)
eGFR < 29 14 (5.7) 7 (11.1)

CLKT, combined liver—kidney transplantation; eGFR, estimated glomerular filtration rate; LTA, liver transplantation alone; RRT,
renal replacement therapy.

Values are expressed as number of patients (percentage).

Table 7. Cox regression univariate and multivariable analysis of risk factors associated with patients’ death following
LTA and CLKT.

Recipient age (HR for increase of 10)

Male gender
Alcoholic cirrhosis
HCV infection
Polycystic disease
Hypertension
Diabetes

MELD-20 squared (HR for increase of 100)

INR at transplant

Log (bilirubin at transplant)

RRT at transplant

Serum sodium at transplant (HR for increase of 10)

Prior to tx ascites

Prior to tx no varices
Variceal no bleeding

Variceal bleeding

Time on the waiting list (HR for increase of 100)
Donor age (HR for increase of 10)
Liver CIT (HR for increase of 100)

1.18 (1.12-1.24)*
1.25 (1.11-1.41)*
1.13 (0.99-1.28)
1.32 (1.15-1.53)*
0.19 (0.05-0.75)*
1.00 (0.72-1.39)
1.22 (0.99-1.51)
1.12 (1.03-1.22)*
0.96 (0.89-1.03)
0.81 (0.71-0.91)
1.37 (1.08-1.73)*
0.95 (0.86-1.05)
1.15 (1.02-1.28)*
1
1.00 (0.87-1.14)
1.05 (0.91-1.21)
0.97 (0.93-1.02)
1.08 (1.04-1.13)*
1.04 (1.01-1.08)*

1.14 (1.07-1.21)*
1.12 (0.98-1.28)
1.15 (0.99-1.34)
1.39 (1.19-1.64)*
0.28 (0.07-1.14)
0.88 (0.61-1.25)
1.12 (0.89-1.42)
1.12 (1.01-1.24)*
0.96 (0.89-1.03)
0.92 (0.79-1.08)
1.23 (0.93-1.63)
0.98 (0.87-1.10)
1.11 (0.97-1.27)
1
0.94 (0.81-1.09)
0.96 (0.82-1.12)
0.98 (0.93-1.02)
1.07 (1.03-1.11)*
1.04 (1.00-1.08)*

2.65 (1.43-4.89)*
1.47 (0.59-3.66)
1.67 (0.61-4.56)
1.40 (0.39-5.01)
0.32 (0.07-1.38)
T

4.78 (0.61-37.36)
0.94 (0.42-2.08)
1.10 (0.43-2.82)
0.68 (0.24-1.92)
0.56 (0.23-1.32)
0.38 (0.13-1.11)
0.65 (0.26-1.61)

(0.21-2.10)
(0.63-4.70)
.01(0.84-1.22)
( )
( )

0.82-1.65

0.6
1.7
1.0
1.1
1.16 (0.91-1.49

1
6
2
1
6
6

The final model included all clinically relevant variables. Significant differences are highlighted in bold numbers.

Cl, confidence interval; CIT, cold ischaemia time; HR, hazard ratio; RRT, renal replacement therapy; tx, transplant.

*P < 0.05.

+tNo deaths were recorded among patients with hypertension receiving CLKT.

regarding the incidence of renal rejection. We identified
HCV infection as risk factors that negatively affect
recipient survival for patients receiving LTA. Similar to
previous studies [4,22], our results confirm the negative
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impact of HCV on patient survival, but this must be
regarded in the context of increasing use of new effica-
cious treatments against HCV infection [27]. Higher
MELD score is a well-recognized predictive factor for
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Table 8. Cox regression univariate and multivariable analysis of risk factors associated with graft loss following LTA and

CLKT.

No. patients [no. events]

LTA

HR (95% Cl)

Univariate
5906 [1644]

Multivariable
5152 [1430]

CLKT

HR (95% Cl)
Univariate
122 [31]

Recipient age-45 squared (HR for increase of 100)

Male gender
Alcoholic cirrhosis
HCV infection
Polycystic disease
Hypertension
Diabetes

MELD-20 squared (HR for increase of 100)

INR at transplant

Logqq (bilirubin at transplant)-1.7 squared

RRT at transplant

Serum sodium at transplant (HR for increase of 10)

Prior to tx ascites

Prior to tx no varices
Variceal no bleeding

Variceal bleeding

1.04 (1.01-1.07)*
1.12 (1.01-1.24)*
0.98 (0.87-1.10)
1.18 (1.03-1.34)*
0.30 (0.11-0.81)*
0.81 (0.60-1.09)
1.04 (0.86-1.25)
1.13 (1.05-1.21)*
0.95 (0.90-1.01)
1.34 (1.16-1.54)*
1.42 (1.17-1.72)*
1.00 (0.91-1.09)
1.01 (0.92-1.12)
1
0.97 (0.87-1.09)
0.98 (0.87-1.11)

1.04 (1.01-1.07)*
1.07 (0.96-1.20)
1.10 (0.96-1.26)
1.31 (1.14-1.52)*
0.18 (0.04-0.72)*
0.78 (0.57-1.08)
1.08 (0.88-1.32)
1.01 (0.93-1.11)
0.95 (0.89-1.01)
1.54 (1.29-1.85)*
1.38 (1.10-1.74)*
1.06 (0.95-1.18)
1.02 (0.91-1.14)
1
0.95 (0.84-1.08)
0.96 (0.83-1.10)

1.23 (1.00-1.52)*
1.42 (0.67-3.02)
1.48 (0.60-3.61)
0.91 (0.27-3.07)
0.39 (0.12-1.29)
T

2.00 (0.24-16.67)
1.21 (0.83-1.77)
1.28 (0.62-2.64)
1.51 (0.71-3.21)
0.75 (0.37-1.52)
0.78 (0.33-1.89)
0.82 ( )

1

1.16 (0.48-2.81)
2.44 (1.06-5.58)*

0.40-1.70

Time on the waiting list (HR for increase of 100)
Donor age (HR for increase of 10)
Liver CIT (HR for increase of 100)

0.98 (0.94-1.01)
1.05 (1.02-1.09)*
1.06 (1.03-1.09)*

0.98 (0.94-1.02)
1.06 (1.03-1.10)*
1.06 (1.02-1.09)*

1.05 (0.91-1.21)
0.94 (0.70-1.25)
1.13 (0.92-1.39)

Cl, confidence interval; CIT, cold ischaemia time; HR, hazard ratio; RRT, renal replacement therapy; tx, transplant.

The final model included all clinically relevant variables. Significant differences are highlighted in bold numbers.

*P < 0.05.

tNo deaths were recorded among patients with hypertension receiving CLKT.

reduced post-transplant patient survival that confirm
how the baseline liver disease affects the outcome of
patients undergoing LTA [28]. Moreover, we confirmed
the negative role of liver graft quality on the outcome
of LTA patients, in particular older donor age and pro-
longed CIT confirm to be factors that negatively affect
patient and graft survival, probably linked to the severe
ischaemia reperfusion injury suffered by these organs
[29].

Few studies have analysed liver graft survival following
CLKT compared with LTA [6,30-32]. We observed an
advantage for composite outcome of patient and long-
term liver graft survival following transplantation only
for patients undergoing RRT at time of transplantation
receiving CLKT. No differences were detected for death
censored liver graft survival in any of KDIGO stages and
RRT, suggesting, in accordance with patient survival
results, that the prevalence of liver graft failure in LTA
when on RRT is more correlated with patient mortality
than to liver graft dysfunction itself. The present results
are consistent with one of the larger studies on CLKT

Transplant International 2019; 32: 918-932
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where a significant decrease of liver graft loss occurred in
recipients of CLKT in comparison to LTA [30]. Less posi-
tive results have been reported by others [6,31]. Factors
associated to increased risk of graft loss are mainly related
to the aetiology of cirrhosis such as the HCV infection,
the severity of liver disease, that is higher bilirubin level,
and to the ischaemia suffered by the graft, in particular
grafts from older donors. Polycystic disease, otherwise,
often associated with less severe liver disease, was associ-
ated with superior graft survival and this further confirm
the pivotal role of liver disease aetiology on patient out-
come [33], amongst other known donor characteristics,
such as donor age and CIT [29].

There are several limitations of this study that may
affect the interpretability of these data. As a retrospective
study where data input comes from different National
centres, data were not collected for the specific aim of this
study hence certain amount of missing data reduces the
power of statistical analysis. Unfortunately, some data on
renal function prior to transplantation was lacking. For
example, data for length of dialysis pretransplantation,
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data on pretransplant AKI and delayed graft function
post-transplantation were missing. The estimation of
renal function for these patients may be questioned
because data are based on a single pretransplant measure-
ment of serum creatinine, and inaccuracy of serum crea-
tinine in estimating renal filtration rate in liver disease
patients. The exact cause of kidney disease was not always
accurately reported and the diagnosis of HRS was also
not always available. Data are also missing regarding
long-term dialysis status post-transplantation, whereas
only serum creatinine values were available. Immunosup-
pressive medications, such as induction therapy, thera-
peutic levels of CNI and delayed introduction of CNI
immediately post-transplantation were also incomplete.
Important limitations regard the small number of CLKT
patients. Because of this, a confounder-adjusted compar-
isons or methods for causal inference were not used and
cautions in overinterpret results may be considered.

However as study of varied transplant units across
the UK with different policies and protocols, this study
represents a real world assessment of CLKT practice, in
terms of allocation of the organs and national alloca-
tion policy was followed. It is somewhat concerning
that a number of patients with elevated eGFR (45—
59 ml/min/1.73 mz) were listed and received CLKT,
and this merits further investigation. In the UK the
allocation system does not give any priority to patient’s
with a prior liver transplant. It is noteworthy that both
in the United States and Eurotransplant program those
patients undergo LTA with borderline renal function
are prioritized to receive priority renal transplant
within the first year [34,35]. This pragmatic approach
enables selecting the group of patients who do not
demonstrate renal function recovery, fair allocation of
organs based on actual need than perceived demand
for a combined simultaneous organ transplant and fur-
thermore opens the avenues for living donor renal
transplant options [36]. Interestingly, the paediatric
transplant community is adopting a similar approach
of a sequential rather than simultaneous approach per-
haps it important to revisit the listing criteria for
CLKT in the adult population.

In conclusion, this is the first study based on a national
European registry focused on CLKT. Our primary obser-
vations highlight equivalent outcomes in terms of patient
and graft survival and renal function post-transplant for
patients undergoing LTA or CLKT when stratified by
stages of renal function prior to transplantation. These
data suggest that the only patients that benefit from
CLKT in terms of patient and graft survival are those
already receiving RRT prior to transplant. For patients
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who are not on RRT receiving LTA did not show reduced
survival and or worse post-transplant renal function. The
aetiology of liver disease seems to better address the deci-
sion process, as this strongly influences the aetiology of
renal dysfunction and helps to predict post-transplant
recovery of renal function. These results confirm the
importance of single patient evaluation, in particular
when comorbidities are existing. For those patients with
renal dysfunction the decision to list for CLKT rather
than LTA appear to be opportunistic as both organs can
be transplanted with the kidney as an insurance against
future native dysfunction. This study demonstrates that
this is unnecessary and actually results in significantly
longer wait times for a liver transplant. In addition, it
appears that this approach will result in unnecessary kid-
ney transplantation and reduce organ utilization. This
has an even greater effect on beneficent and utilitarian
organ allocation as donors of CLKT tend to be younger.
It may be that a scheme of kidney after liver transplant
for those who require it would be a more equitable and
effective approach. To better define the indications for
CKLT further prospective validation studies are proposed
as these may allow better allocation and utilization.
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