ORIGINAL ARTICLE

Transplant International ISSN 0934-0874

Excellent survival after liver transplantation for isolated
polycystic liver disease: an European Liver Transplant

Registry study

Loes van Keimpema,' Frederik Nevens,? René Adam,? Robert J. Porte,* Panagiotis Fikatas,”
Thomas Becker,® Preben Kirkegaard,” Herold J. Metselaar® and Joost P. H. Drenth'
for the European Liver and Intestine Transplant Association (ELITA)

0 ~NOYU B WN =

Keywords
liver cyst, liver transplantation, polycystic liver
disease, treatment.

Correspondence

Joost P. H. Drenth, Department of
Gastroenterology and Hepatology, Radboud
University Nijmegen Medical Center, P.O. Box
9101, 6500 HB Nijmegen, The Netherlands.
Tel.: +31 24 3614760; fax: +31 24 3540103;
e-mail: joostphdrenth@cs.com

Conflicts of Interest
The authors have declared no conflicts of
interest.

Received: 18 March 2011

Revision requested: 13 April 2011
Accepted: 5 September 2011
Published online: 29 September 2011

doi:10.1111/.1432-2277.2011.01360.x

Introduction

Department of Gastroenterology and Hepatology, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands
Department of Hepatology, University Hospital KULeuven, Leuven, Belgium

Centre Hépato-biliaire, AP-HP Hopital Paul Brousse, Villejuif, France

Department of Surgery, University Medical Center Groningen, Groningen, The Netherlands

Department for General, Visceral and Transplant Surgery, Charite Campus Virchow, Universitdtsmedizin Berlin, Berlin, Germany
Department for General, Visceral and Transplant Surgery, Medizinische Hochschule Hannover, Hannover, Germany
Department of Surgery and Transplantation, Rigshospitalet, University of Copenhagen, Denmark

Department of Gastroenterology and Hepatology, Erasmus Medical Center, Rotterdam, The Netherlands

Summary

Patients with end-stage isolated polycystic liver disease (PCLD) suffer from
incapacitating symptoms because of very large liver volumes. Liver transplanta-
tion (LT) is the only curative option. This study assesses the feasibility of LT
in PCLD. We used the European Liver Transplant Registry (ELTR) database to
extract demographics and outcomes of 58 PCLD patients. We used Kaplan—
Meier survival analysis for survival rates. Severe abdominal pain (75%) was the
most prominent symptom, while portal hypertension (35%) was the most
common complication in PCLD. The explantation of the polycystic liver was
extremely difficult in 38% of patients, because of presence of adhesions from
prior therapy (17%). Karnofsky score following LT was 90%. The 1- and 5-year
graft survival rate was 94.3% and 87.5%, while patient survival rate was 94.8%
and 92.3%, respectively. Survival rates after LT for PCLD are good.

both ADPKD and PCLD, the genetic background of these
two disorders is clearly different, because a distinct set of

Isolated polycystic liver disease (PCLD) is characterized
by the presence of numerous cysts scattered throughout
the liver parenchyma without the presence of polycystic
kidneys. This last item leads to the difference between
PCLD and autosomal dominant polycystic kidney disease
(ADPKD) [1]. The majority of patients with a polycystic
liver suffers from ADPKD [2]. PCLD is a much more rare
disease [1]. Although polycystic livers are a feature of
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genes has been implicated [3].

Symptoms, such as abdominal pain, abdominal disten-
sion, postprandial fullness, and dyspnea, are dependent
on the volume of the polycystic liver, and develop
because of mass effect of the large liver [3]. The polycys-
tic liver retains its normal physiologic features even in
advanced stage synthesis, and excretion is preserved at all
times. The most severe complications, such as portal
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hypertension and inferior caval vein syndrome occur
rarely, but are notoriously difficult to treat [1,4].

In view of the rarity of PCLD, its therapeutic algo-
rithm is under debate [3]. Aspiration-sclerotherapy, open
or laparoscopic fenestration, and partial liver resection
are possible therapeutic options [2,5,6]. The main limi-
tation of these techniques is that they are only appropri-
ate in a very small proportion of patients, and offer
only temporary relief of symptoms [3,4,6-8]. More
recently, liver transplantation (LT) has surfaced as a last
resort alternative in patients with massive polycystic liv-
ers. In this respect, there are several important issues
that need to be addressed. The experience with LT for
polycystic liver is limited to a handful of cases preclud-
ing an adequate overview of the procedure-related mor-
bidity and mortality [9-20]. In addition, long-term
follow-up data on patient and graft survival are missing.
Furthermore, several studies report about LT in ADPKD,
but studies on PCLD are conspicuously lacking. To
address these issues, we assessed the outcome of LT in
PCLD from the European Liver Transplantation Registry
(ELTR).

Patients and methods

The ELTR database contains data on a total of 534
patients who underwent LT with main or associated diag-
nosis ‘polycystic liver’, between November 1985 and June
2007. We extracted demographic and outcome parameters
from this database.

Basis for selection

As we were interested in the outcome of LT for the indi-
cation PCLD, we introduced a stepwise search strategy.
This strategy was aimed to specifically select patients who
underwent a LT exclusively because of PCLD.

We excluded 193 patients because these patients under-
went a combined liver—kidney transplantation. We also
excluded 42 patients in whom the presence of polycystic
liver was not the main indication for transplantation.

We went on to collect additional data for the remain-
ing 299 patients. To this end, we used a standardized
questionnaire, which was sent to 75 European LT centers.
The questionnaire included items that focused on diagno-
sis, e.g., PCLD or ADPKD; family history; data on the
pretransplant period (including symptoms, complications,
laboratory results, and prior therapies); data on the peri-
transplant period (including indication of LT, with the
following three options: mechanical difficulties (defined
as expansion of the liver volume to such an extent that it
compromised function or location of adjacent organs),
invalidation (defined as impaired in daily life and quality
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534 patients with polycystic liver and
transplanted, extracted from ELTR

42 main disease other than ‘polycystic liver’
193 patients ADPKD and L-KT

| 299 questionnaires sent to 75 centers

108 no response
121 patients ADPKD
12 other diagnosis than ‘polycystic liver’

58 patients PCLD

Figure 1 Patient selection.

of life), and complications resulting directly from the
polycystic liver, such as portal hypertension); further peri-
transplant data included surgical aspects of transplant
procedure and weight of the excised liver); data about the
postoperative period (including length of admission, post-
operative complications) and quality of life after LT using
the Karnofsky score.

A total of 49 centers responded and returned question-
naires on a total of 191 patients. We further excluded 121
patients with ADPKD and 12 patients who received
another diagnosis, such as cystic fibrosis (n = 2), hepatic
hemangioma (n = 1), hepatic cellular carcinoma (n = 1),
Caroli’s disease (n = 2) hereditary amyloidosis (n = 1),
and polyadenomatosis (n = 1), or were unknown in the
center (n =4). The final data set contains 58 patients
with PCLD (Fig. 1).

Statistical analysis

Laboratory results were calculated in relation to the upper
limit of normal (ULN) of each individual LT center.
Descriptive statistics are given as total number and per-
centage for categorical variables. Continuous variables are
given as median with interquartile range (IQR) distribu-
tion. Kaplan—Meier analysis was used to estimate the
post-transplant patient and graft survival rate. All statisti-
cal analyses were performed with SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA).

Results

Demographics of the PCLD cohort

Fifty-eight PCLD patients (10 men, 48 women) were
transplanted in 25 LT centers from 11 European coun-
tries. Table 1 depicts the demographic characteristics of
the cohort. The median age at the time of diagnosis was
39.8 years (IQR 35-47), and 52.3 years (IQR 44-56) at
time of LT.

© 2011 The Authors
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Symptoms

Severe abdominal pain (38 patients; 75%), abdominal dis-
tension (39 patients; 75%), and dyspnea (27 patients;
53%) were among the most common symptoms. There
were 28 (55%) patients who had developed one or more
complications from their polycystic liver, with portal
hypertension as the most common clinical sequel (19
(35%) patients).

Table 1. Baseline characteristics of patients transplanted for PCLD.

Total (n = 58)

39.8 (34.6-46.9)
52.3 (43.6-56.4)

Age at diagnosis* (years)
Age at LT* (years)

Gender, M/F 10/48
Symptoms
Abdominal paint 38/51 (75)
Abdominal distensiont 39/52 (75)
Dyspneat 27/51 (53)
Postprandial fullnesst 21/45 (47)
Weight losst 22/51 (43)
Anorexiat 13/48 (27)
Nauseat 8/47 (17)
Vomitingt 4/47 (9)
Any complicationt 28/51 (55)
Cyst infectiont 9/55 (16)
Cyst hemorrhaget 4/52 (8)
Cyst rupturet 3/53 (6)
Portal hypertensiont 19/55 (35)
Ascitest 18/54 (33)
Varicest 4/53 (8)
IVC syndromet 3/54 (6)
Laboratory results
Creatinine*, times ULN 1.00 (1.00-1.00)
AST*, times ULN 1.00 (1.00-1.19)
ALT*, times ULN 1.00 (1.00-1.17)
Alkaline phophatase*, times ULN 1.50 (1.00-2.45)
v glutamyl transferase*, times ULN 3.08 (1.26-6.07)
Bilirubin*, times ULN 1.00 (1.00-1.07)
Albumin*, times LLN 1.00 (1.00-1.00)
INR* 1.10 (1.00-1.18)
Prior therapyt 33/57 (58)
Aspirationt 14/33 (42)
Aspiration-sclerotherapyt 12/33 (36)
Open fenestrationt 12/33 (36)
Laparoscopic fenestrationt 7/33 (21)
Partial liver resectiont 7/33 (21)

Data for creatinine, aspartate transferase (AST), alanine transferase
(AST), alkaline phosphatase (AP), y glumatyl transferase (GGT), biliru-
bine, albumin, and INR were normalized and calculated as times of
the upper limit of normal (ULN).

LT, liver transplantation; IVC, inferior caval vein

*Data are median (IQR).

tn/N (%) Denominators depend on the number of provided answers
for a specific question in the questionnaire.
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Laboratory values

All reported laboratory results were within the normal
range except for alkaline phosphatase (AP) and y glutamyl
transferase (GGT) [AP median 1.50 ULN (IQR 1.00-
2.45); GGT median 3.08 ULN (IQR 1.26-6.07)].

Prior treatment

Thirty-four (59%) patients had prior therapy, such as
aspiration with (14 patients) or without (15 patients)
injection of a sclerosant. Twenty patients underwent cyst
fenestration via laparotomy (13 patients) or laparoscopy
(seven patients), whereas seven patients were subjected to
partial liver resection.

Peritransplant period

Primary reasons for LT in PCLD patients were mechani-
cal difficulties (for example, inability to sit or sleep
because of a sizable liver) in 35 patients (60%), invalida-
tion in 14 patients (24%), and pain in 11 patients (19%).
Transplant teams decided to perform LT in seven patients
(12%) because of the severity of complications such as
portal hypertension and cyst infection. Median operation
time was 6.6 h (IQR 4.8-8.3). Median blood loss with the
procedure was 1520 ml (IQR 500-4500). Median weight
of the explanted liver was 5890 g (IQR 3019-9858).
Furthermore, explantation of the polycystic liver was con-
sidered extremely difficult in 22/58 patients (38%) in
most part of adhesions because of prior therapy (n = 10;
17%), grossly enlarged liver (n =7; 12%), or miscella-
neous causes (1 = 3; 5%). Inability to explantation led to
premature termination of the LT procedure in one
patient.

Postoperative complications were more frequent than
intra-operative complications (46% vs. 17%) (Table 2).
Median stay at the intensive care unit was 5 days (IQR
2-9), while total hospital admission length was 23 days
(IQR 13-35).

Table 2. Operative complications.

Intra-operative Postoperative

complications nIN (%) complications nIN (%)
Vascular 6/58 (10) Rejection 8/56 (14)
Venous tear 2/58 (3) Vascular 8/56 (14)
Revascularisation problem  2/58 (3) Infection 6/56 (11)
Bleeding 2/58 (3) Nonfunctional graft  1/56 (2)
Hepatic vein thrombosis 1/58 (2) Death 1/56 (2)
Death 1/58 (2) Other 14/56 (25)
Other 3/58 (5) Total 26/56 (46)
Total 10/58 (17)

Transplant International © 2011 European Society for Organ Transplantation 24 (2011) 1239-1245 1241
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Survival after LT in PCLD

Two patients (3.6%) died during admission, one patient
during the LT procedure, and one patient 7 days after LT
as a result of sepsis. Median survival time in this study
was 6.0 years (IQR 2.5-11.8). The 1- and 5-year patient
survivals are 94.8% and 92.3%. Two patients were
retransplantated: one patient after 7 days because of pri-
mary liver dysfunction and the second patient after
2.2 years because of artery thrombosis and anastomotic
biliary stenosis. Graft survival was 94.3% at 1 year and
87.5% at 5 years.

Four patients died at follow-up between 4.7 and
12.4 years after LT. One patient died 5.9 years post-trans-
plantation because of metastasized malignancy with
unknown primary tumor, a second patient died after
8.7 years with chronic graft rejection and long-term
assisted ventilation. For the remaining two patients, rea-
son of death is unknown (death at 4.7 years and
12.4 years post-transplantation). We next investigated
whether the patient characteristics differed between those
who had died and the survivors. Both groups were com-
parable except that the deceased patients were older at
time of diagnosis and at time of LT: 48.0 years (IQR
36.4-63.5) vs. 39.2 years (IQR 34.0-45.9) and 57.4 years
(IQR 51.6-60.5) vs. 51.9 years (IQR 42.7-55.2), respec-
tively.

The median Karnofsky score for the surviving patients
was 90%, which indicates that they are capable of normal
activity, with only few symptoms or signs of disease.

Discussion

This study demonstrates that LT for PCLD leads to excel-
lent patient and graft survival.

We evaluated LT in a large cohort of PCLD patients
and demonstrated an excellent 1- and 5-year patient
and graft survivals (Fig. 2). Comparison of the LT
results for polycystic liver compared with other indica-
tions suggests that these patients run a favorable course.
The collective survival data from the ELTR database,
which comprises patients with a wide spectrum of
liver diseases, shows a 5-year patient survival of 75%
for all indications compared with 92% of that in PCLD
[21].

There are a number of smaller LT series retained in the
literature. The demographic features of included patients
and peri-operative data are in line with our series, with
the exception that PCLD patients have been rarely
included [9-20,22,23]. Only a few studies report patient
and graft survival rates of LT in patients with polycystic
liver. One study of 36 patients (15 patients of whom
underwent combined liver—kidney transplantation) found
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Patient and graft survival

1004

Survival (%)
g

304 —— Patient
20 --- Craft

0 2 4 6 8 10 12 14
Time (years)
5 1

Patients at risk 1 3 0 15
Patient| 51 40 36 19 5
Graft| 50 38 34 18 4

Figure 2 Patient and graft survival. In one patient, the transplantation
procedure was prematurely terminated. This patient is included in the
survival analysis as an intra-operative dead. Patient survival: 94.8%
(1 year), 92.3% (5 years). Graft survival: 94.3% (1 year), 87.5%
(5 years).

a l-year patient survival rate of 86% including both
ADPKD and PCLD [23].

We found substantially higher survival rates compared
with the ELTR report in 2003 [24]. The main difference
between these studies is that we excluded all patients with
ADPKD. It is possible that combined liver—kidney trans-
plantation results in poorer survival than LT alone, but
with the dataset from this study, it is not possible to
address this issue.

The most important problem encountered during LT
was the explantation of the polycystic liver, mostly
because of adhesions from previous surgical procedures.
Extensive adhesions might preclude successful execution
of the procedure and others report on similar issues
[10,13,15]. These experiences suggest that reluctance to
subject polycystic liver patients who are potential LT can-
didates to other invasive liver volume reducing proce-
dures, is warranted.

The place of LT in treatment of PCLD is subject to
ethical discussion, as the polycystic liver has a normal
synthesis capacity, and the disorder appears not to be
associated with excess mortality. Is it justified to allocate
a liver to a patient with PCLD during a shortage of donor
organs? Do we want to give otherwise healthy patients
life-long immunosuppression, while also exposing them
to a higher risk of infections and malignancies? In an
effort to address this issue, Kirchner et al. evaluated the
outcome and quality of life in patients with polycystic liv-
ers after LT or combined liver—kidney transplantation
[23]. Transplantation improved actual health status,

© 2011 The Authors
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symptoms, and quality of life to a level comparable with
that of an age-matched general population which accords
with our data. This improvement of quality of life after
transplantation supports the choice of LT as a therapeutic
option in PCLD.

Are there any medical options left? Several clinical trials
performed in the last 2 years indicate that somatostatin
analogs when given for 6-12 months in patients with AD-
PKD and PCLD decrease total polcystic liver volume,
attenuate polycystic kidney volume, and improve percep-
tion of health. However, the effect size (ca 5% decrease of
total liver volume after 6-12 months) is probably too low
to be of benefit for patients who are listed for transplan-
tation [25-27].

Since December 2006, the allocation of liver grafts in
Europe is based on the Model for End-stage Liver Dis-
ease (MELD). As PCLD patients do not have a renal or
liver impairment, the MELD score will be low. Indeed,
the calculated median MELD score in our PCLD cohort
was 6 (data not shown). This suggests that the MELD
score does not accurately select those PCLD patients
who benefit most from LT. There has been an attempt
to design criteria for patients with a polycystic liver
which should be met for them to be listed [28]. These
criteria include: a massive polycystic liver and complica-
tion of polycystic liver which is likely to resolve after LT;
not a candidate for, or failed to respond to, nontrans-
plant interventions for relief of symptoms; clinically sig-
nificant manifestations of liver disease that can be
attributed to massive polycystic liver: cachexia, ascites,
portal hypertension, hepatic venous outflow obstruction,
biliary obstruction, cholestasis, recurrent cyst infection;
severe malnutrition; serum albumin <2.2 mg/dl; lean
body mass, reflected by decreased midarm circumference,
measured in the nondominant arm midway between
acromion and the olecranon process: <23.1 cm in female
patients and <23.8 cm in male patients. Patients who
meet these criteria should be granted a MELD score
exception: patients with and without renal insufficiency
(glomerular filtration rate or creatinine clearance
<30 ml/min) may receive a MELD score of 15 and 20,
respectively. The score may be increased by an additional
3 points every 3 months upon reapplication. The mid-
arm circumference measured in the nondominant arm
has been added as an additional criterion for MELD
score exception, probably as it might reflect malnourish-
ment. We have analyzed a set of 13 female patients with
severe PCLD (median liver volume of 4648 ml) and
found that the median midarm circumference of the
nondominant arm was 27 c¢m, higher than the maximum
threshold of 23.1 cm that is required for MELD excep-
tion (unpublished data). This suggests that the utility of
this parameter is rather limited [12,13,15,29,30]. Unfor-
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tunately, it is very difficult to define exact selection crite-
ria for LT for polycystic livers. The ideal way to
compose a list of the best selection criteria is to execute
a study in which patients will be randomly selected to
either receive or not receive a transplant liver and with
the primary end point being survival. It is possible that
the patients with a transplant will have a lower survival
rate, but gain a better quality of life. However, such a
hypothetical randomized trial would be ethically unac-
ceptable.

In our view, the only objective measurement of disease
in polycystic livers is total liver volume, and a minimum
threshold (for example, 5000 ml) would clarify the issue.
The minimum threshold is not strict and we just give this
as an example, as our experience shows that the majority
of patients with polycystic livers smaller than 5000 ml still
have a good quality of life and become more handicapped
as the liver gets larger. In addition, the hepatic anatomy,
the severity of symptoms, and the presence of complica-
tions, together with the general health status, should be
considered in the selection of LT [31].

There are several limitations inherent to this study. We
cannot exclude selection bias. We excluded 108 patients
on the basis that we were not able to retrieve additional
clinical information from these transplant centers. It is
possible that this has introduced systematic selection bias,
as we cannot exclude that centers with worse or better
results did not respond. However, the sample we collected
from 49 other centers coming from 11 different countries
is representative for the ELTR region, limiting the possi-
bility of systematic selection bias.

Another limitation is that the observation period was
between 1985 and 2007. We now know that results from
LT in terms of patient and graft survival have improved
over time [21]. On the contrary, the relatively good survival
data from our cohort study suggest that the space for
improvement is limited. In addition, there was no temporal
effect of patient and graft survival observed in our cohort.

Third, we pooled results from multiple LT centers that
have different surgical and therapeutic protocols, includ-
ing immunosuppressive therapy. Indeed, this suggests that
the success of LT in PCLD is independent from the treat-
ment center, which helps in interpreting the general
applicability of this procedure.

Lastly, the indication for LT was based on the opinion
of the transplant team. This may have introduced bias. As
indicated, the criteria for LT in PCLD are rather arbitrary
and might be interpreted differently among transplant
centers.

Despite the listed limitations, LT for patients with
PCLD is associated with good patient and graft survival,
and should be provided as a therapeutic measure in care-
fully selected cases.

Transplant International © 2011 European Society for Organ Transplantation 24 (2011) 1239-1245 1243
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