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ABSTRACT

These guidelines address the management of pa-
tients with autosomal dominant polycystic kidney
disease who are candidates for kidney and/or liver
transplantation. They include issues such as enlist-
ing for transplantation, indications for nephrectomy,
indications for simultaneous kidney and liver trans-

INTRODUCTION
Alicja Debska-Slizien, Roman Danielewicz

The principles of care for patients with
autosomal dominant polycystic kidney disease
(ADPKD), are in another document devel-
oped by the ADPKD Working Group of the
Polish Nephrology Society (PNS, pol. Polskie
Towarzystwo Nefrologiczne, PTN). They have
already published a guide for patients (Auto-
somalna dominujgca wielotorbielowatos¢ ner-
ek: poradnik dla pacjentow oraz ich rodzin,
Gdansk 2017), a position statement on mo-
lecular diagnosis and genetic counseling in
ADPKD. Diagnostyka molekularna i poradnic-
two genetyczne w ADPKD, 2018, as well as Za-
sady postepowania z chorymi na autosomalnie

plantation, qualification of a living donor, and qualifi-
cation for renal replacement therapy in a patient with
a failing transplanted kidney.

Renal Disease and Transplantation Forum 2022,
vol. 15, no. 2, 95-109

Key words: polycystic kidney disease, polycystic liver
disease, chronic kidney disease, transplantation,
dialysis

dominujqce wielotorbielowate zwyrodnienie ner-
ek (ADPKD) i inne torbielowate choroby nerek,
2019.

Autosomal dominant polycystic kidney
disease is the most common genetic kidney dis-
order with an incidence ranging from 1:1000 to
1:400 in the general population. Approximately
70% of patients develop chronic renal failure
at the average age of 58, which makes ADPKD
the fourth most common indication of renal
replacement therapy in the world. In Poland,
ADPKD patients constitute 8% of patients
starting renal replacement therapy each year.
The preferred form is a kidney transplant. AD-
PKD patients are one of the more often quali-
fied groups for kidney transplantation — they
account for 12-15% of kidney recipients an-
nually. In some ADPKD patients, cystic liver
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disease predominates, which is sometimes an
indication for liver transplant. The optimal
form of treatment in some patients may be si-
multaneous kidney and liver transplantation.
Many patients require their kidney to be re-
moved before qualifying for transplantation.
Qualification for nephrectomy is a complex
decision-making process and is usually based
on the experience of surgeons; however, the
current criteria are very subjective and differ
among centers. Additionally, there is a risk
of blood loss and a need for blood transfu-
sion, which immunizes the patient. All of this
extends the qualification process, postpones
transplantation, and prevents pre-emptive
transplantation. We encounter situations
where a relative of an ADPKD patient wants
to become a family kidney donor, which raises
dilemmas that we want to solve in this study.
We paid attention to radiological aspects of
kidney transplants in ADPKD patients. We
also want to dispel doubts regarding the quali-
fication of ADPKD patients for renal replace-
ment therapy using peritoneal dialysis. Those
and other issues have been addressed in the
guidelines by the expert group.

TRANSPLANT CANDIDATE EVALUATION
IN PATIENTS REQUIRING NEPHRECTOMY
BEFORE TRANSPLANTATION

Magdalena Jankowska, Alicja Dghska-Slizien

Due to their younger age and low co-
morbidity, ADPKD patients are very good
candidates for kidney transplants compared
to the general population of recipients. Nev-
ertheless, preparing a patient with ADPKD
for evaluation and adding them to the wait-
list is sometimes associated with difficulties
specific to this group of patients, including
the necessary removal of one or, rarely, both
of the patient’s kidneys (native nephrectomy,
NN). From our observations [1] and literature
data [2], it seems that it might be necessary
for nearly 40% of potential ADPKD recipi-
ents. Due to a lack of systematic objectifica-
tion of indications, this rate remains variable
depending on the experience of a given trans-
plant center. There is no doubt, however, that
this procedure should be individualized and
not dealt with routinely [3].

The risk of a potential need for NN
should be assessed before the phase of accel-
erated renal function loss when it is planned to
educate the patient about the available renal
replacement therapy options.
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RISK ASSESSMENT FOR RAPID DISEASE
PROGRESSION

There are a number of useful indicators
for risk assessment of rapid ADPKD progres-
sion which help estimate the time left to make
a decision about kidney transplantation and
possible NN. Those indicators include clinical,
genetic, radiological, biochemical, and environ-
mental factors, which are listed in Table 1 [4].
In Europe, the risk of rapid progression is also
assessed using the PROPKD (Predicting Re-
nal Outcomes in ADPKD) score [5], and the
indicators included in the guidelines by the
working group on tolvaptan therapy at ERA
(European Renal Association) [6]. In clinical
practice, it is helpful to use kidney size on ul-
trasound examination exceeding 16 cm in a pa-
tient younger than 45 and/or a documented
decrease in the estimated glomerular filtration
rate (¢GFR) of > 5 mL/min/1.73 cm? of the
body surface area over one year as an indicator
of rapid disease progression [7].

EVALUATION OF INDICATIONS
FOR NEPHRECTOMY

Evaluation of indications for nephrec-
tomy has been discussed in detail in section
Indications for nephrectomy.

From our experience, it seems that magne-
tic resonance imaging (MRI) without contrast

Table 1. Indicators of rapid autosomal dominant polycystic
kidney disease progression [4]

Genetic

Pathogenic variant of the gene PKD1
5’-truncating variant

Presence of modifying genes

Clinical

Male sex

Early age at symptom onset (including hypertension)
Early decline in the GFR

Large kidney size

Episodes of hematuria

Nephrolithiasis

Infected cyst

Radiological
Class 1C, 1D, or 1E according to Mayo classification
Large total kidney volume (TKV)

Environmental

Low water intake

High consumption of calories and sodium
Obesity

Tobacco smoking

Biochemical

High plasma copeptin concentration
Proteinuria

High urine osmolality




enhancement, recommended in the diagnosis
of ADPKD with eGFR < 60 mL/min/1.73 cm?,
is helpful for objectification of indications [8].
It allows assessing not only the total kidney
volume (TKV) but also the degree of cystic li-
ver enlargement, the presence (or the number)
of complicated cysts, and the enlarged kidneys
compressing venous vessels, mainly the infe-
rior vena cava.

KDIGO (Kidney Disease: Improving
Global Outcomes) experts recommend ab-
dominal and pelvic computed tomography
(CT) study without contrast enhancement to
determine whether it would be beneficial for
the patient to undergo one- or multiple-stage
nephrectomy [9].

CHOICE OF NEPHRECTOMY TIMING

It should be noted that NN excludes the
possibility of pre-emptive kidney transplanta-
tion, when the patient does not have a family
donor. If the transplant center has experience
in simultaneous NN and kidney transplanta-
tion, such an option is possible, but it is asso-
ciated with a higher complication rate (longer
duration of surgery, prolonged hospital stay,
necessary blood transfusion) [10, 11]. Some-
times, however, when the patient is informed
about such risks, they consciously decide to
choose this option if the quality of life is their
priority [12]. It also seems that long-term re-
sults of such procedures do not differ from
non-simultaneous operations [10-13].

Due to dialysis dependence of patients
undergoing NN, it should be postponed un-
til renal replacement therapy is initiated un-
less there are urgent indications for surgery.
Then, hemodialysis seems to be the option of
choice, however, peritoneal dialysis following
NN surgery is also possible. The issues relating
to peritoneal dialysis are discussed in the sec-
tion Peritoneal dialysis in a patient with AD-
PKD before transplantation or after the loss
of function of the kidney graft.

PREPARATION FOR NEPHRECTOMY

When NN is conducted due to emergency
indications (e.g. cancer) in a patient who has
not been dialyzed so far, the preparation for
the procedure includes a choice of the renal
replacement therapy method which will be
necessary after surgery and to ensure vascular
access. In patients receiving renal replacement
therapy, it seems reasonable to maintain an in-
terval of about 2-3 months from the initiation
of dialysis therapy, although there are insuf-

ficient data to support this practice. It results
from the observation that the first 90 days of
dialysis is a period with an increased risk of
complications, including death.

Unless there are contraindications, the
possibility of securing blood for autotransfu-
sion should be considered in the process of
preparing for the NN surgery, which is dis-
cussed in more detail in section Autotransfu-
sion in a candidate for nephrectomy.

PREPARATION FOR TRANSPLANT

The basic issue in preparing a patient re-
quiring NN surgery for a kidney transplant is
to provide them with enough time to run all
the tests necessary to be included on a waitlist
of potential recipients. Full preparation of the
patient waiting for NN helps avoid longer than
necessary delays in adding them to the wait-
list. In practice, it is possible even one month
after nephrectomy, therefore, the preparation
of a patient requiring NN does not differ from
cases when patients with ADPKD are pre-
pared for pre-emptive transplantation.

SUMMARY

It is recommended to assess the risk
of rapid progression of kidney failure in
patients with ADPKD. In clinical prac-
tice, it is useful to use kidney size exceeding
16 cm on ultrasound in a patient younger
than 45 years and/or a documented decrease
in eGFR > 5 mL/min/min/1.73 cm? body sur-
face area over a year as indicators of rapid kid-
ney progression.

Potential indications for NN should be
reviewed at the time the patient is planned to
be educated on the available options for renal
replacement therapy.

Securing blood for autotransfusion should
be considered in preparation for NN surgery
unless there are contraindications.

The fundamental issue in preparation for
transplant surgery in a patient who requires
NN surgery is to provide them with the right
amount of time to run all the necessary tests to
add them to the waitlist as a potential recipi-
ent.

REFERENCES

1. Jankowska M, Kuzmiuk-Glembin I, Skonieczny P et al.
Native nephrectomy in renal transplant recipients with au-
tosomal dominant polycystic kidney disease. Transplant
Proc. 2018; 50(6): 1863-1867, doi: 10.1016/j.transpro-
ceed.2018.02.100, indexed in Pubmed: 30056917.

Alicja DQbska-SIizieh et al., ADPKD — recommendations of PTT Working Group, part |

91



http://dx.doi.org/10.1016/j.transproceed.2018.02.100
http://dx.doi.org/10.1016/j.transproceed.2018.02.100
https://www.ncbi.nlm.nih.gov/pubmed/30056917

2. Kanaan N, Devuyst O, Pirson Y. Renal transplantation
in autosomal dominant polycystic kidney disease. Nat
Rev Nephrol. 2014; 10(8): 455-465, doi: 10.1038/nrne-
ph.2014.104, indexed in Pubmed: 24935705.

3. Rozanski J, Kozlowska |, Myslak M, et al. Pretransplant ne-
phrectomy in patients with autosomal dominant polycystic
kidney disease. Transplant Proc. 2005; 37(2): 666-668,
doi:  10.1016/j.transproceed.2004.12.115, indexed in
Pubmed: 15848495.

4. Messa P, Alfieri CM, Montanari E, et al. ADPKD: clinical
issues before and after renal transplantation. J Nephrol.
2016; 29(6): 755-763, doi: 10.1007/s40620-016-0349-7,
indexed in Pubmed: 27766568.

5. Cornec-Le Gall E, Audrézet MP, Rousseau A, et al. The
PROPKD score: a new algorithm to predict renal sur-
vival in autosomal dominant polycystic kidney dis-
ease. J Am Soc Nephrol. 2016; 27(3): 942-951, doi:
10.1681/ASN.2015010016, indexed in Pubmed: 26150605.

6. Miiller RU, Messchendorp AL, Birn H, et al. An update on
the use of tolvaptan for autosomal dominant polycystic
kidney disease: consensus statement on behalf of the ERA
Working Group on Inherited Kidney Disorders, the Euro-
pean Rare Kidney Disease Reference Network and Polycys-
tic Kidney Disease International. Nephrol Dial Transplant.
2022; 37(5): 825-839, doi: 10.1093/ndt/gfab312, indexed
in Pubmed: 35134221.

7. Debska-Slizien A, Jankowska M, Nowicki M, et al. Polish
Society of neprology working Group — Management of au-
tosomal polycystic kidney disease (ADPKD) and other cystic
kidney diseases [in polish]. Nefrol Dial Pol. 2019; 23: 1-15.

8. Banach-Ambroziak E, Jankowska M, Grzywinska M, et al.
Application of total kidney volume and its predictive value
in assessment of kidney transplant waitlist candidates with
autosomal dominant polycystic kidney disease. Transplant
Proc. 2020; 52(8): 2273-2277, doi: 10.1016/}.transpro-
ceed.2020.02.080, indexed in Pubmed: 32312534.

9. Chadban SJ, Ahn C, Axelrod DA, et al. Summary of the kid-
ney disease: improving global outcomes (KDIGO) clinical
practice guideline on the evaluation and management of can-
didates for kidney transplantation. Transplantation. 2020;
104(4): 708-714, doi: 10.1097/TP0000000000003137,
indexed in Pubmed: 32224812.

10. Skauby MH, @yen 0, Hartman A, et al. Kidney transplanta-
tion with and without simultaneous bilateral native nephrec-
tomy in patients with polycystic kidney disease: a com-
parative retrospective study. Transplantation. 2012; 94(4):
383-388, doi: 10.1097/TP0b013e31825812b9, indexed in
Pubmed: 22828736.

11. Neeff HP, Pisarski P, Tittelbach-Helmrich D, et al. One hun-
dred consecutive kidney transplantations with simultane-
ous ipsilateral nephrectomy in patients with autosomal
dominant polycystic kidney disease. Nephrol Dial Trans-
plant. 2013; 28(2): 466-471, doi: 10.1093/nd/gfs118,
indexed in Pubmed: 23042709.

12. Argyrou C, Moris D, Vernadakis S. Tailoring the ‘perfect fit’
for renal transplant recipients with end-stage polycystic
kidney disease: indications and timing of native nephrec-
tomy. In Vivo. 2017; 31(3): 307-312, doi: 10.21873/in-
vivo.11060, indexed in Pubmed: 28438856.

13. Janigen BM, Hempel J, Holzner P, et al. Simultaneous ip-
silateral nephrectomy during kidney transplantation in au-
tosomal dominant polycystic kidney disease: a matched
pair analysis of 193 consecutive cases. Langenbecks Arch

Renal Disease and Transplantation Forum 2022, vol. 15, no. 2

Surg. 2020; 405(6): 833-842, doi: 10.1007/s00423-020-
01939-3, indexed in Pubmed: 32705344.

AUTOTRANSFUSION IN A NEPHRECTOMY
CANDIDATE

Magdalena Jankowska, Hanna Suchanek

Autotransfusion (autologous transfu-
sion) is a blood transfusion procedure where
the same person is the donor and the recipi-
ent. Autotransfusion includes a preoperative
collection of the patient’s own blood, intraop-
erative hemodilution, and transfusion of the
intraoperative blood salvage. The discussed
recommendations apply only to the first of
those procedures.

An indication for autotransfusion is a po-
tential need for blood transfusion in a patient
who may require it due to a planned surgi-
cal procedure.

One basic benefit of autotransfusion for
a nephrectomy candidate is avoiding the risk
associated with alloimmunization. Other ben-
efits include avoiding the risk of viral trans-
mission, reduction of the risk of other trans-
fusion-related complications, and limiting
allogeneic transfusions [1].

Blood transfusions may be necessary for
up to 39% of open nephrectomies for multi-
cystic kidneys and in 12% of laparoscopic sur-
geries [2]. Blood transfusions and the associat-
ed alloimmunization constitute the most likely
cause of prolonged waiting on the waitlist of
potential recipients, which has been observed
in ADPKD patients undergoing nephrectomy
[3]. In individual cases, this may even be the
reason for disqualifying the patient as a kidney
transplant recipient, which has been described,
e.g. in cases of planned transplantations from
family donors [2].

The principles of blood collection for
autotransfusion in Poland are regulated by
the provisions of the Announcement of the
Minister of Health from March 6, 2019 on the
requirements for good practice of collecting
blood and its components, testing, prepara-
tion, storage, delivery, and transportation for
organizational units of the public blood ser-
vice [4].

Due to contraindications for autologous
blood collection listed in Table 2, patients
with chronic renal failure, particularly those
receiving renal replacement therapy, are not
ideal candidates for autotransfusion. Patients
with ADPKD, however, are usually younger
and with lower comorbidity compared to oth-
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Table 2. Contraindications to autologous blood collection

Absolute

Hemoglobin concentration < 10 g/dL
Active bacterial infection

Acute coronary syndrome

Severe aortic stenosis

Poorly controlled hypertension
History of myocardial infarction
Cerebral vascular insufficiency
Epilepsy

Brain tumor

Relative

Hemoglobin level 1011 g/dL

Positive viral infection markers for HBV, HCV, HIV, history
suggestive of HTLV I/Il infection

Age > 70

Pregnancy

No vascular access

HBV — hepatitis B virus; HCV — hepatitis C virus; HIV — human im-
munodeficiency virus; HTLV — human T-cell leukemia/lymphoma virus

er patients eligible for kidney transplants [5].
Additionally, to achieve target hemoglobin
levels, they often require small or no doses
of erythropoiesis-stimulating agents [6]. Also,
hemodialysis patients demonstrate good ad-
aptation to changes in intravascular volume,
which reduces the risk of donation-related hy-
potension.

Qualification for preoperative blood do-
nation is conducted by the physician qualifying
for nephrectomy up to 30 days before sched-
uled surgery. The qualifying physician issues
a referral to an appropriate blood donation
center, in which they specifies the date, type
of surgery, and the number of packed RBC
units ordered for collection. The final deci-
sion to collect autologous blood is made by the
physician of the Regional Center for Blood
Donation and Blood Treatment (pol. Region-
alne Centrum Krwiodawstwa i Krwiolecznictwa,
RCKIiK).

Typically, 450 mL of whole blood is col-
lected twice. This volume allows for prepara-
tion of 2 units of RBCs and 2 units of fresh
frozen plasma (FFP). Blood collections are
usually conducted 14 and 7 days before the
scheduled transfusion (nephrectomy). The lat-
est donation can be done 72 hours before the
scheduled transfusion. From our experience, it
seems that in dialysis patients, it is beneficial to
maintain a 10-day interval between donations,
which enables effective stimulation of erythro-
poiesis by administering erythropoiesis-stim-
ulating agents (ESA). Routine assessment of
iron metabolism and adequate iron supple-
mentation are also recommended.

Table 3. Complications and side effects of blood transfusion
and autologous blood transfusion

Hypervolemia

Infection

Non-immune-mediated hemolytic transfusion reaction
Immune-mediated hemolytic transfusion reaction
Hypotension

Fever

Chills

Skin redness

Allergic reaction

Disseminated intravascular coagulation (DIC)

Air embolism

Side effects of anticoagulant infusion and other preserva-
tives

Before autologous blood transfusion,
a blood compatibility test must be performed.

Each blood transfusion, also autologous,
is associated with potential complications
(Tab. 3) [7]. Nevertheless, the risk of such
complications is low (0.043%) compared to al-
logeneic blood transfusion [7].

Due to the risk of hypervolemia in di-
alysis patients, autotransfusion should not be
performed unless clinically indicated (periop-
erative blood loss, decline in the hemoglobin
level). Blood products (RBCs, FFP) that have
not been used for autotransfusion cannot be
used for other patients and should be dis-
posed of.

SUMMARY

The indication for autotransfusion, i.e.
a medical procedure when the donor and the
recipient are the same person, is necessary
blood transfusion in a patient who may require
it due to scheduled surgery.

The primary benefit of autotransfusion
for a nephrectomy candidate is avoidance of
risks associated with alloimmunization.
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INDICATIONS FOR NEPHRECTOMY

Maciej Kosieradzki, Alicja Debska-Slizien,
Marcin Matuszewski

The data on the benefits of pre-transplant
nephrectomy in ADPKD patients are conflict-
ing, and the indications and timing are heavily
discussed. It is usually reserved for two situa-
tions, i.e. when kidney transplantation could
be difficult or impossible due to the size of the
kidneys as they descend into the pelvis below
the iliac spine; or the presence of recurrent
complicated cysts which do not respond to
treatment. However, it should always be taken
into account that patients with ADPKD gener-
ally have preserved residual kidney function,
which prevents volume overload and heart
failure, and removal of even one kidney will
reduce the residual kidney function by about
half, which will require limited fluid intake
and hence reduce the patient’s quality of life.
Therefore, the decision to remove a polycys-

tic kidney should be made after reviewing all
those factors.

For the sake of our study, we adopted
the classification of medical evidence by the
Center for Evidence-Based Medicine, Oxford
(Tab. 4).

Only less than 20% of ADPKD patients
require native nephrectomy (uni- or bilateral)
for any indication. However in transplant re-
cipients the percentage may reach even 40%.
In the study at UCSF (University of California,
San Francisco), it was true for 32 out of 171 pa-
tients, half of whom underwent simultaneous
nephrectomy with transplantation, while in
7 patients nephrectomy preceded transplanta-
tion, and in 9 patients it was performed after
the transplantation over the 10-year study pe-
riod [3]. The authors of a relatively old study
in Innsbruck point out that in a group of 99 pa-
tients, nephrectomy proved necessary in 35 pa-
tients (25 — before transplantation, 10 — after
transplantation). The five-year survival of the
patients and the transplant was almost 20%
better in the nephrectomy group compared to
the group without nephrectomy. Patients who
required kidney removal after transplantation
had the worst 5-year transplant survival rate
(52% vs. 89% in patients who did not require
nephrectomy after transplantation) [4]. Never-
theless, the authors recommend nephrectomy
only for recurrent complicated cysts. In our
opinion, the only valid conclusion from this
study is that, when indicated, the nephrectomy
should be performed before transplantation
and not after transplantation although the
level of evidence is quite low: 4.

A recent study from Berlin compared
the outcomes of 89 nephrectomies performed
before transplantation and 32 nephrectomies
performed after transplantation in group 2,
both kidneys were 1 kg lighter on average!).

Table 4. Classification of medical evidence by the Centre for Evidence-Based Medicine

Evidence level Description
1A Systematic review (with homogeneity) of randomized controlled trials
1B Individual randomized clinical trials (with narrow confidence interval)
1C All or none
2A Systematic review (with homogeneity) of cohort studies
2B Individual cohort study or low-quality randomized controlled trials (< 80% follow-up)
20 Ecological studies, cross-sectional studies
3A Systematic review (with homogeneity) of case-control studies
3B Individual case-control study
4 Case-series (or low-quality cohort and case-control studies)
Expert opinion
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The indications were similar: 55% — pain,
30% — infections, 10% — urolithiasis, and
5% — bleeding. Cancer was found in over
3% of the removed tissues in the pathology
study. It seems that it was a slightly safer pro-
cedure to remove the kidney after transplan-
tation — only 1 patient developed complica-
tion of Clavien-Dindo grade III, while in the
pre-transplant nephrectomy group there were
3 complications grade III, 2 grade IV, and
3 deaths although the level of statistical signifi-
cance was not achieved [5]. Probably the larg-
est group described yet includes nearly 500 kid-
ney transplant patients at the University of
Wisconsin: 303 did not undergo nephrectomy
(group 1), 27 had both kidneys removed simul-
taneously before transplantation (group 2),
and in 161 both kidneys were removed at the
time of transplantation (group 3). During the
10-year follow-up, no differences were found
in survival of both patients and transplants be-
tween the groups. In the group where both kid-
neys were left intact, 16% of patients required
nephrectomy after transplantation during the
10-year follow-up period. Renal vein throm-
bosis was most common (4.4%) in the group
where nephrectomy was performed concur-
rently with transplantation (in groups 1. and 2.,
respectively 1.3 and 0%). In the pre-transplant
nephrectomy group, the surgical site infection
rate was the highest (26% vs. 11 and 5%, re-
spectively groups 1. i 3.). The best of the early
surgical complications occurred with a similar
frequency in each group [6]. In 47 patients who
did not undergo nephrectomy within 5 years
after transplantation, cyst infections that were
successfully treated with antibiotic treatment
developed in 3 patients, and 2 patients had he-
maturia that did not require aggressive treat-
ment. No other complications were observed
[7]- The authors found no rationale for routine
removal of polycystic kidneys prior to trans-
plantation (evidence level: 4). Despite leaving
the kidney, the risk of urinary tract infections
is only slightly increased in kidney transplant
patients with ADPKD (56% vs. 44% in the
group without ADPKD), and 5-year survival of
patients was slightly worse (67.5% vs. 80.1%),
but it should be noted that it is a disease that
affects not only kidneys but also other organs
[8]- Veroux et al. compared the outcomes of
40 unilateral nephrectomies performed con-
currently with kidney transplantation, 80 kid-
ney transplants in ADPKD patients without
nephrectomy, and 25 nephrectomies per-
formed before transplantation. The authors

found no differences in survival of transplants
and patients (mean follow-up: 5.6 years);
the perioperative complication rate was the
highest in the group where nephrectomy was
performed before transplantation. Patients
undergoing nephrectomy before transplanta-
tion also waited longer for a transplant and,
at the time of transplantation, had lower he-
moglobin levels and urine outputs [9]. The
authors believe that unilateral nephrectomy
can be safely performed simultaneously with
kidney transplantation in asymptomatic pa-
tients with no free space for transplant, and
that pre-transplant nephrectomy should be
limited to symptomatic cases only (strength of
evidence: 3B). The Freiburg Center routinely
used the technique of simultaneous ipsilateral
polycystic kidney removal during transplanta-
tion [10]. It prolonged the procedure by an
average of 30 minutes compared to the con-
trol (propensity score matching for the clo-
sest person at the time of transplantation), and
blood transfusions were also required more
often (23% vs. 7%, respectively). The mean
time prolongation appears small, but it may be
important given the organizational challenges
of a kidney transplant from a deceased donor.
Surgical and medical complications occurred
at the same frequency. The survival of the pa-
tient and the transplant was also comparable
(strength of evidence: 3B). Similarly, in the
study by Lucas et al., unilateral concurrent
nephrectomy with transplantation (n = 16)
extended the duration of surgery by an aver-
age of 30 minutes, without affecting blood loss
or intraoperative complications [11]. Fuller et
al. obtained similar results for nephrectomies
performed before transplantation, during
transplantation, and after kidney transplanta-
tion, while patients were most content with the
simultaneous approach. However, this proce-
dure takes significantly longer (160 min), and
patients stay in the hospital longer [3].

On the other hand, Sulikowski et al. stud-
ied a group of 21 patients after transplanta-
tion in whom the polycystic kidney(s) were not
removed and observed good long-term graft
function in 81% of cases, with 4 cases of asymp-
tomatic compression of the kidney transplant
by the patient’s own kidney cysts, and 1 death
due to generalized infection, 15 cases of cyst
or lower urinary tract infections and 1 hem-
orrhage from a cyst. Eight patients (38%) re-
quired nephrectomy after transplantation. For
comparison, in the group of 25 patients who
underwent nephrectomy before transplanta-
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tion, 3 of them (12%) required removal of the
second native kidney after transplantation,
8 (32%) had infections on the opposite side,
and 5 (20%) had surgical complications. [12].
In another publication by the same group of
researchers, nephrectomy of the second kid-
ney after transplantation was necessary in 16%
of patients compared to 14% of patients who
did not undergo nephrectomy; however, in the
group without nephrectomy, there were more
serious complications (28% vs. 17%) [13].

LAPAROSCOPIC NEPHRECTOMY

Overall, laparoscopic nephrectomy or
robotic laparoscopic nephrectomy shorten
the recovery period [14]; however, consider-
ing the size of the polycystic kidney, which
often reaches 30 cm, the use of this method
seems controversial. It should be remembered
that a skin incision will be necessary at some
point to get the kidney out anyway. The costs
of those procedures are significant, the rate
of postoperative hernias — although in a dif-
ferent location — is similar, and no studies
are comparing open, laparoscopic, or robotic
techniques. In a study on 13 patients from
India, injury to the spleen capsule or pleura,
intestinal obstruction, and trauma to the infe-
rior vena cava were reported for laparoscopic
access [15]. Chen et al. compared 16 patients
undergoing open surgery with 15 patients
undergoing laparoscopic surgery; in both
groups, some procedures were performed bi-
laterally, but the removed kidneys were rela-
tively small (mean < 1000 cm?®). Blood loss
and duration of stay in the hospital showed
in favor of laparoscopic nephrectomy in AD-
PKD, while other complications were similar
in both groups [16]. Pfister et al. recommend
that very large kidneys be removed using an
open technique because the number of com-
plications in such cases is lower although the
authors make this conclusion based on the
available literature and not on the data from
their own study [17].

BILATERAL NEPHRECTOMY

Bilateral nephrectomy can be performed
simultaneously, including the laparoscopic ap-
proach, but the duration of such procedures can
sometimes be very long (nearly 4 hours) [18].
Our colleagues from Katowice reported on
a group of 18 patients who underwent bilat-
eral nephrectomy [19]. Surgical complications
occurred in 45% of patients (impaired wound
healing — 4, postoperative hernia — 3, chron-
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ic pain — 3, subhepatic hematoma — 2, stress
ulcer — 1, subileus — 1, AV fistula thrombosis
— 5). The authors concluded that this proce-
dure is associated with a high risk of complica-
tions (evidence level: 4). An experienced team
can perform bilateral laparoscopic nephrec-
tomy simultaneously with transplantation [20,
21], butin another study, nearly 64% of patients
after simultaneous bilateral nephrectomy and
kidney transplantation experienced severe
complications requiring reoperation [22] while
blood loss and the rate of urological complica-
tions were also higher [23]. Thus, it is difficult
to consider such procedures to be safe (level
of evidence: 4). Also, in the study by Bromberg
et al., simultaneous bilateral nephrectomy with
kidney transplantation was associated with
a significantly higher risk of severe intraopera-
tive complications (10% vs. 0%), longer dura-
tion of the procedure, greater blood loss, need
for transfusions and longer stay in the hospital
[24]. Similar results were presented by Lucas
et al. Bilateral laparoscopic nephrectomy was
associated with more than double blood loss,
operation time was prolonged by 2 hours, and
there was a much higher risk of intraoperative
complications [11]. Additionally, non-surgical
sequelae of bilateral nephrectomy should be
considered as well, including severe anemia,
chronic hypotension, or large volume fluctua-
tions.

The most common indications for pre-
-transplant nephrectomy were listed according
to their frequency and discussed in detail be-
low.

1. No free space for transplant

The space limit was the most common in-
dication for nephrectomy in the UCSF material
(50% of patients), and those procedures were
performed simultaneously with kidney trans-
plantation [3]. Renal artery embolization (level
of evidence: 3A) seems to be worth considering
as a treatment option. In a group of 15 patients
treated at the University of Lille, successful em-
bolization resulted in a reduction of the polycys-
tic kidney volume from 2550 cm® to an average
of 1680 cm? (by 1/3) after 3 months. There were
no serious complications. After the procedure,
13 patients were qualified for transplantation,
and 7 underwent transplantation by the end
of the study [25]. In a larger study from Bor-
deaux, endovascular surgery was successful in
90% of the 76 embolized kidneys, and 65 out
of 73 patients were put on the waiting list. After
3 months, volume reduction of the polycystic
kidney by 40% was observed, and it was reduced



by almost 60% in the long run. Post-emboliza-
tion syndrome occurred in 18.3%, and severe
complications in 5%, which is a significant num-
ber of cases [26]. In peritoneal dialysis patients,
there was no need for conversion to hemodialy-
sis, and the hospital stay was shorter compared
to the nephrectomy patients [27].

2. Kidney (area) pain poorly controlled
with analgesics

Chronic pain in the area of an enlarged
kidney was one of the most common indications
for nephrectomy performed before transplanta-
tion [3]. Renal artery embolization is also an ef-
fective method of treating pain associated with
renomegaly (level of evidence: 3A) [28].

3. Recurrent hematuria in patients in whom
arterial embolization is unfeasible
or not planned

Out of 7 patients reported by the UCSF
study, who underwent pre-transplant nephrec-
tomy, hematuria was one of the three main
indications (others included suspected cancer
and pain) [3].

4. Recurrent infections

Recurrent infections are the most com-
mon indication for post-transplant native
nephrectomy [3] (level of evidence: 4). In an
older study from Nantes (1993) on 39 patients
receiving kidney transplants, 3 patients died
as a result of infectious complications within
4 years of follow-up [29].

5. Suspicion of cancer

Suspicion of cancer in a polycystic kid-
ney was one of the most common indications
for nephrectomy in preparation for a kidney
transplant [3]. Among the observed 954 le-
sions Bosniak IIF, Schoots et al. identified
only 54 that ultimately required removal, and
in only 9 cases cancer was confirmed [30].
However, in another study, cancer risk in-
creased to 95% in the case of progression
from type IIF to III or IV. About half of Bos-
niak III lesions were malignant (25-100%)
[30-33]. Lesions classified as Bosniak IV
were malignant on average in 90% (56-100%
in individual publications).

6. Malnutrition, loss of appetite, fatigue, lim-
ited normal activity

7. Internal hernia caused by renomegaly

8. Blood transfusion

Patients, who require removal of the
polycystic kidney, often show low hemoglo-
bin levels. Due to the extensive scope of the
procedure, it is necessary to secure blood, and
sometimes they may require blood transfu-
sion postoperatively. To eliminate potential
immune-mediated complications associated
with blood transfusion, it seems beneficial to
prepare the patient’s own blood for autotrans-
fusion over a prolonged period, as described
in the section above: Autotransfusion in a ne-
phrectomy candidate.

Table 5. The most important challenges relating to nephrectomy which need to be considered in ADPKD patients

Recommendation Evidence level
Routine removal of polycystic kidneys is not recommended prior to transplantation 4
Such indication may be: lack of space for the transplant due to the very large volume of the polycystic

kidney, or clinically significant symptoms related to the changes in the kidney

If the decision is made to perform a nephrectomy, the procedure can be performed

a) during kidney transplantation 3B
b) before kidney transplantation 4
Renal artery embolization is a possible effective method of reducing the kidney volume when it can the 3A
size of the kidney is a contraindication to transplantation and reduces pain symptoms

Simultaneous bilateral nephrectomy is associated with a higher risk of complications. Indications for 4
such a procedure should be well defined, and the procedure itself should not be combined with kidney
transplantation

Laparoscopic or laparoscopic robotic surgery should be limited to cases where the size of the kidney is 4
not extremely large

In every patient with polycystic kidney disease, unless both kidneys are to be removed for other indica- 5
tions, a CT or MRI scan should be obtained at least once before transplantation to assess cancer risk

Bosniak IIF lesions require periodic re-evaluation, and transplantation should not be delayed 2A
Bosniak Il or IV lesions require nephrectomy 2A
Before the procedure, it is recommended to secure blood for autotransfusion
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SUMMARY

The most important challenges relating to

nephrectomy that need to be considered with
ADPKD patients are summarized in Table
5. Indications, duration of nephrectomy, and
the surgical technique should be chosen indi-
vidually.
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INDICATIONS FOR LIVER TRANSPLANT
IN CYSTIC LIVER DISEASE IN PATIENTS
WITH ADPKD INDICATIONS

AND QUALIFICATIONS FOR ONE-STEP
LIVER AND KIDNEY TRANSPLANT

Krzysztof Zieniewicz, Alicja Debska-Slizien,
Magdalena Durlik

Polycystic liver disease (PLD) may occur
in isolation or, more commonly, may be an ex-
tra-renal manifestation of ADPKD. This dis-
ease is the most common extra-renal symptom
of ADPKD and affects over 80% of adult AD-

PKD patients [1]. Regardless of this, isolated
liver cysts may be a symptom of autosomal
dominant polycystic liver disease (ADPLD),
which is a rare genetic disease not related to
mutations in the PKDI and PKD?2 genes.

The risk factors of PLD in ADPKD in-
clude the following: age, female sex, previous
pregnancies, exogenous estrogen replacement
therapy, and significant TKV [1, 2]. There is
a consensus that women with symptomatic
PLD should not use hormonal contraceptives
or hormone replacement therapy. Not only
estrogens are harmful, but so is progesterone
because, like estrogens, it promotes prolifera-
tion of cholangiocytes.

Most PLD patients do not experience
any symptoms, and even when PLD is sig-
nificantly advanced, liver function is not com-
promised. However, about 20% of patients
experience symptoms of abdominal compart-
ment syndrome. Severe hepatomegaly causes
compression of adjacent organs, i.e. stomach,
lungs, and intestines, which may cause back
pain, abdominal pain, vomiting, belching, feel-
ing of fullness, gastrointestinal reflux, loss of
appetite, weight loss, cachexia, sarcopenia,
and a significant reduction in the quality of
life. A large liver mass may cause compres-
sion of the portal vein, portal hypertension,
compression of the hepatic veins, and hence
Buddha-Chiari syndrome, compression of the
inferior vena cava leading to peripheral edema
and ascites [1]. Figure 1 shows the size of the
liver in a PLD patient.

Liver imaging assessing the severity of
PLD should be a part of the initial evaluation
of a patient with ADPKD. In the HALT study,
PLD was evaluated based on the liver volume
on MRI standardized by the patient’s height,
and further classified as: mild (< 1000 mL/m),
medium  (1000-1800 mL/m), or severe
(> 1800 mL/m) [3].

Hemorrhage or infection of the cysts oc-
cur in 5% of patients causing acute abdomi-
nal pain, and they require treatment similar to
that of corresponding renal complications.The
basic imaging examination in this situation is
ultrasound, which may be decisive in the case
of strongly expressed clinical symptoms and
good visualization conditions, enabling evalu-
ation. When a complicated cyst is suspected,
an abdominal CT or MRI is recommended.

In severe PLD cases (causing symptoms
of abdominal compartment syndrome), phar-
macotherapy is not used except for clinical tri-
als, in which attempts have been made to use
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Figure 1. Polycystic liver disease. The photo was taken before liver transplantation
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somatostatin analogs (octreotide, lanreotide)
and sirolimus [4-6]. The reduction in liver
weight was not sustained and treatment was
associated with side effects, which discouraged
further clinical trials. Treatment with tolvap-
tan is ineffective in PLD because liver cells
lack V2 receptors.

Therefore, the mainstay of therapy in pa-
tients with severe symptomatic PLD is surgery,
with the following surgical options: cyst fluid
aspiration, fluid drainage, sclerotherapy, fen-
estration, embolization of the branch of the
hepatic artery which provides blood supply to
the largest cysts, partial liver resection, and
liver transplant. Surgical interventions in PLD
may be associated with complications such as
bleeding, infection, bile leak, peritonitis, and
above all — when carried out incorrectly — it
may lead to the patient being disqualified from
a liver transplant. Therefore, those procedures
should be performed in experienced centers,
after a careful review of indications.

LIVER TRANSPLANT IN POLYCYSTIC
LIVER DISEASE

Orthotopic liver transplant (OLT) in
PLD is the ultimate therapeutic option. It ap-
plies to patients, in whom partial liver resec-
tion cannot be performed or proved unsuc-
cessful. In patients with severe PLD, the liver
function is usually normal; there is no increase
in liver dysfunction markers or clinical symp-
toms of cirrhosis. Neither the MELD (Model
for End Stage Liver Disease) system, in which
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the bilirubin, creatinine, international normal-
ized ratio (INR), and serum sodium levels are
used to calculate the score, nor the Child-Pugh
score (encephalopathy, ascites, bilirubin, INR,
albumin) reflect the severity of PLD. Hence
organ allocation based on those scores gives
little chance for OLT in PLD patients. As a re-
sult, most patient allocation systems with PLD
add exception points. This sometimes raises
ethical dilemmas as to whether it is justified to
expose patients to immunosuppressive treat-
ment for the rest of their lives just to improve
their quality of life.

However, indications for OLT in PLD
patients include massive hepatomegaly com-
bined with malnutrition, low serum albumin,
and sarcopenia, or recurrent serious complica-
tions such as infected or ruptured cysts, hem-
orrhage, and portal hypertension. Those symp-
toms not only reduce the quality of life but also
can be fatal in the long run. Liver transplanta-
tion corrects malnutrition or cachexia and im-
proves the patient’s quality of life. A concur-
rent kidney transplant is not necessary if there
is no evidence of kidney failure, and it can usu-
ally be postponed for many years.

In PLD patients, hepatectomy preceding
OLT may be difficult due to possible multiple
adhesions; this also applies to patients fol-
lowing previous partial hepatectomy. Figure
1 shows the situation before liver transplanta-
tion, and Figure 2 shows a picture taken intra-
operatively during hepatectomy.

The results of OLT in patients with PLD
are comparable to the results in recipients
with hepatic failure of other etiologies [7-15].
Based on the data from the European Liver
Transplant Registry (ELTR) and American
registries, as well as reports from the litera-
ture from Asian countries, OLT is an effective
method of treatment in patients with PLD,
with very good long-term survival — from over
90% (one year) through 85-90 % (5 years) to
77% (10 years) [10, 13].

INDICATIONS AND QUALIFICATION FOR
SIMULTANEQUS KIDNEY-LIVER TRANSPLANT

Qualification for simultaneous liver-
-kidney transplantation (SLKT) should be in-
terdisciplinary and include consultation with
a hepatologist, nephrologist, and transplant
surgeon. Submission to the national waiting
list should include medical data on eligibility
for transplantation of both organs.

The indication for a kidney transplant in
ADPKD is end-stage renal failure. A pre-emp-



tive kidney transplant together with a liver
transplant is an optimal approach if the latter
is also indicated. The eGFR value at which
the patient should be considered for SLKT
is < 30 mL/min/1.73 cm? The SLKT can also be
performed in an already dialyzed patient. The
assessment of all systems and organs is the same
as in the case of only kidney transplant. Abdom-
inal imaging is essential, ideally with MRI.

The Organ Procurement and Transplant
Network (OPTN) suggests that the following
rules should be taken into account when quali-
fying a patient with cirrhosis for SLKT [16]:

1. chronic kidney disease (defined as
eGRF < 60 mL/min/1.73 cm? for at least
90 days) and at least one of the following:
— the last eGFR value
<30 mL/min/1.73 cm?,
— commencing dialysis due to end-stage
renal failure.
2. acute kidney injury (AKI) documented
by one of the following events lasting for
6 successive weeks (documented every se-
ven days):
— necessary dialysis,
— eGFR <25 mL/min/1.73 cm?.

PLD patients have been included in the
first point provided that the indication is not
liver cirrhosis but rather severe symptoms of
abdominal compartment syndrome. As PLD
patients do not show signs of liver failure, ab-
dominal imaging and determining the abso-
lute indications for hepatectomy are of great
importance. Removal of a kidney in a patient
qualified for SLKT may change the topogra-
phy inside the abdominal cavity and amelio-
rate symptoms of abdominal compartment
syndrome. However, the presence of addition-
al serious complications of PLD such as recur-
rent cyst infections, cyst ruptures, hemorrhage,
and portal hypertension, favor SLKT.

In the case of SLKT, according to the al-
location rules, the liver recipient receives the
kidney from the same donor.

In accordance with the rules of kidney al-
location of January 1, 2016 by Poltransplant,
the parameters for selecting the kidney recipi-
ent are as follows: recipient of a simultaneous
kidney and other organ transplants; selection
of the recipient according to the rules of the
transplant center, no cross-match is required;
the transplant is obligatory.

Human leukocyte antigens (HLA) are
determined in the recipient added to the kid-
ney transplant waitlist, and possible immuniza-
tion is evaluated with PRA (panel reactive an-

Figure 2. Polycystic liver disease. Intraoperative photo during hepatectomy

tibody) testing, and, finally, anti-HLA is tested
as well, but cross-matching with a serological
method (CDC-CM, complement-dependent
cytotoxicity crossmatch) is left optional for the
transplant center. SLKT is most commonly
performed based on blood group compatibi-
lity without crossmatching. However, a virtual
crossmatch is also possible where the results
are obtained almost immediately.

IMMUNOSUPPRESSION FOLLOWING SLKT
The SLKT procedure is most often per-
formed based on the compatibility of blood
groups without taking into account the cross-
match and the degree of immunization of the
recipient. However, retrospective immunologi-
cal evaluation of the recipient is possible when
pre-transplant recipient serum samples are
preserved. The liver exerts an immunosuppres-
sive effect, which reduces the risk of kidney re-
jection. After SLKT, the disappearance or de-
crease of the donor-specific antibodies (DSA)
can be observed (applies to DSA class I). The
protective effect of the liver is related to the ab-
sorption of the preformed DSA by its reticulo-
endothelial system. However, an increased risk
of antibody-dependent renal rejection, liver re-
jection, and death has been reported in recipi-
ents with class II preformed or de novo DSA
antibodies [17]. The protective effect of the
liver is also not observed in the case of kidney
transplantation in a previous liver recipient.
No specific recommendations have been
made regarding the immunosuppressive regi-
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men in SLKT recipients. As delayed graft
function (DGF) is one of complications ob-
served after SLKT, it has been proposed to use
induction therapy with monoclonal antibodies
(anti-IL2R), mycophenolate mofetil, and gli-
cocorticoids and to postpone the initiation of
tacrolimus by 2 days. In patients undergoing
elective transplantation, when it is possible to
determine the degree of recipient immuniza-
tion and, in immunized patients, polyclonal
antibodies (ATG, anti-thymocyte globulin)
should be considered instead of anti-IL2R an-
tibodies [18].

The patient’s survival was better in SLKT
compared to OLT [19, 20]. However, in pa-
tients with significant comorbidity, cardiovas-
cular risk, previous history of sepsis, prolonged
OLT surgery, or instability during OLT, the
risk associated with SLKT is significant and
treatment should be limited to liver transplan-
tation.

SUMMARY

Polycystic liver disease is the most com-
mon extra-renal symptom of ADPKD and
occurs in over 80% of adult ADPKD pa-
tients. Isolated liver cysts can also be a symptom
of another rare genetic disease called ADPLD.
In patients with severe PLD, liver function is
usually normal; there is no increase in mark-
ers of liver dysfunction or clinical symptoms of
cirrhosis. Nevertheless, OLT in PLD patients
with symptoms of abdominal compartment
syndrome can be a life-saving procedure and
can improve the patient’s quality of life.

In PLD patients with renal failure, SLKT
should be considered.
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