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Abstract

Autosomal dominant polycystic kidney disease (ADPKD), the most common hereditary kidney disease, accounts for approxi-
mately 10% of the patients on kidney transplantation waitlists. High rates of complications including hemorrhage, infections,
nephrolithiasis and kidney size-related compressive complaints have been reported among ADPKD patients. Therefore, the
need for routine native nephrectomy and timing of such procedure in ADPKD patients being prepared for transplantation
are debated. Even though pre-transplant nephrectomy has the potential to provide fewer infectious complications due to
lack of immunosuppressive medication use, such procedure has been associated with longer hospital stay, loss of residual
kidney function and need for dialysis. Although simultaneous nephrectomy and transplantation could potentially lead to
longer perioperative duration, perioperative complications and need for blood transfusions, this was not confirmed in cohort
studies. Therefore, some institutions routinely perform simultaneous unilateral nephrectomy and kidney transplantation. In
this narrative review, our aim is to evaluate the current evidence regarding the need and timing of nephrectomy in ADPKD
patients in relation to kidney transplantation.
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Introduction

Autosomal dominant polycystic kidney disease (ADPKD),
the most common monogenic cause of end-stage kidney dis-
ease and most common hereditary kidney disease, is caused
by mutations in the polycystin-1 (PKD1) or polycystin-2
(PKD?2) genes, leading to the formation of fluid-filled cysts
mostly originating from distal tubules, due to abnormal cel-
lular proliferation, fluid secretion and production of extracel-
lular matrix [1, 2]. The prevalence of ADPKD is estimated
to be between 1:400 to 1:1000 live births, while patients
with ADPKD make up approximately 10% of all patients
on kidney transplantation lists [3, 4]. Total kidney volume is
an indicator of disease burden in patients with ADPKD and
correlates with pain, hypertension, hematuria, renal func-
tion and proteinuria, thus total kidney volume is utilized
as a tool to identify ADPKD patients at risk for progres-
sion to end-stage kidney disease [5, 6]. Ultrasonography,
computed tomography and magnetic resonance imaging are
all valid options for the assessment of total kidney volume,
along with the diagnosis of common renal complications of
ADPKD, including cyst infections and hemorrhage or neph-
rolithiasis [6]. Conventional therapeutic options include
restriction of sodium intake, increase of fluid intake and
blood pressure management and are recommended for all
patients, while high-risk patients with estimated glomeru-
lar filtration rate (¢eGFR) >25 ml/min/1.73m2 may be pre-
scribed tolvaptan, a vasopressin V2 receptor antagonist [2].
Nevertheless, most patients (up to 70% by the age of 70)
progress to kidney failure. In this relatively young popula-
tion, pre-emptive living kidney transplantation is probably
the best management option [7]. Native nephrectomy prior
to, simultaneously with, or after kidney transplantation is
occasionally performed, and indications include: [1] recur-
rent and/or severe cyst infections; [2] intractable pain unre-
sponsive to analgesic medications; [3] diagnosis or suspicion
of renal cell carcinoma; [4] symptomatic nephrolithiasis;
[5] anatomical space considerations for transplantation; [6]
recurrent and/or severe bleeding episodes [6]. In this nar-
rative review, our aim is to evaluate the current evidence
regarding the timing of nephrectomy in ADPKD patients in
relation to kidney transplantation.

Nephrectomy for ADPKD

Nephrectomy is limited to certain indications in ADPKD
patients, although prevalence of such indications vary
among studies. A single-center retrospective observational
study including 115 ADPKD patients undergoing kidney
transplantation, 68 of whom required native nephrectomy
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(59%), illustrated the most common indications for native
nephrectomy, including infections (36%), pain (27%),
hematuria (12%), suspicion of malignancy (4%), anatom-
ical space considerations for transplantation (15%), and
gastrointestinal or respiratory reasons (1%) [8]. On the
other hand, indications differ considerably with regard
to anatomical space considerations for transplantation
(59%), recurrent cyst infections (36%), hematuria (15%),
pain (24%) and suspicion of malignancy (3%). Another
important aspect is the timing of the procedure with regard
to kidney transplantation. Even though nephrectomy is not
indicated in most cases of ADPKD, observational cohort
studies illustrate high rates of nephrectomy after transplan-
tation, i.e., up to 40% of recipients [9]. The risk of septic
complications as a result of cyst infections following kid-
ney transplantation should not be overlooked. An observa-
tional cohort study involving 99 ADPKD patients under-
going kidney transplantation, among whom 25 underwent
unilateral (n=19) or bilateral (n=6) nephrectomy prior
to transplantation and 10 had native nephrectomy after
transplantation, showed that pre-transplant nephrectomy
is associated with higher one- and five-year patient (100%
vs. 92%; 100% vs. 84%) and graft survival rates (100% vs.
89%; 93% vs. 74%, p <0.05), while cyst-related urinary
tract infections appear to be the primary etiology [10].
Another retrospective observational study conducted on 73
ADPKD patients undergoing kidney transplantation illus-
trated higher rates of post-operative complications (34%
vs. 20%), although not reaching statistical significance,
in patients undergoing transplantation without nephrec-
tomy (n=43) compared to patients with pre-transplant
nephrectomy (n=30), while most of the complications
were related to cyst infections including three cases of
lethal sepsis [11]. Similar findings have been confirmed
in other observational studies [12—-15].

Timing of nephrectomy

The timing of nephrectomy is an area of ongoing debate and
research. Even though the polycystic kidney may expose
individuals to infectious and bleeding complications, bilat-
eral nephrectomy prior to kidney transplantation may have
deleterious effects including loss of endogenous erythro-
poietin production, metabolism of various hormones and
metabolites, and decline in quality of life with the loss of
diuresis [10, 16]. Currently, there is no consensus on when
or if native nephrectomy should be performed in ADPKD
patients being prepared for kidney transplantation [17].
Characteristics of the studies investigating the timing of
native nephrectomy in ADPKD patients undergoing kidney
transplantation are summarized in Table 1.
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Simultaneous approach

Unilateral native nephrectomy with simultaneous kidney
transplantation is a surgical approach aiming to minimize
complications such as loss of physiological function of the
native kidney along with infectious, bleeding or malignant
complications.

A single-center observational cohort study involving 100
simultaneous ipsilateral nephrectomies with kidney trans-
plantation demonstrated that such surgical approach is safe
and effective and achieved 97% one-year patient survival and
96% one-year graft survival rates. Moreover, 95% patient
survival and 80% graft survival rates were achieved along
with a mean serum creatinine level of 1.49 (range 0.8-2.8)
mg/dL at the five-year follow-up visit. The rate of surgi-
cal complications requiring re-operation was attributable
to unilateral nephrectomy in 12% (lymphocele 4%, hernia
4%, post-operative hematoma or bleeding 4%). The surgi-
cal procedure for nephrectomy in this study included an
extra-peritoneal curvilinear incision in the lower abdominal
quadrant (Gibson incision), and only 38 patients received
kidney allografts from living donors [18]. This study clearly
indicates the safety of kidney transplantation with unilateral
nephrectomy, reporting high graft and patient survival and
low rates of surgical complications, at least in experienced
hands.

Another retrospective cohort study conducted on 42
ADPKD patients aimed to compare the efficiency and safety
of ipsilateral nephrectomy with transplantation (n=16) to
transplantation alone (n=22) and unilateral (n=18) to
bilateral laparoscopic native nephrectomy (n=24). No sta-
tistically significant difference was reported between ipsi-
lateral nephrectomy with transplantation to transplantation
alone groups in terms of operative time (236 vs. 208 min,
p=0.104), estimated blood loss (250 vs. 200 ml, p=0.37),
serum creatinine at discharge (1.50 vs. 1.60 mg/dl, p=0.49)
or serious post-operative complications. On the other
hand, bilateral laparoscopic nephrectomy required greater
operative time (270 vs. 180 min, p <0.001) and estimated
blood loss (125 vs. 50 ml, p<0.001), without difference
in post-operative serum creatinine level (1.20 vs. 1.15 mg/
dl, p=0.55) or median hospital stay compared to unilateral
laparoscopic nephrectomy [19].

A further retrospective cohort study involving 159
ADPKD patients undergoing kidney transplantation evalu-
ated the surgical and medical outcomes of patients requir-
ing simultaneous unilateral native nephrectomy (n=143) or
not (n=16). Patients requiring unilateral native nephrectomy
showed longer surgical time (4.23 vs. 3.01 h, p <0.001),
higher crystalloid infusions (2.76 vs. 1.84 L, p<0.001)
and blood transfusions (2.93 vs. 2.07 units, p <0.05),
however, there was no difference in terms of hospital stay
(16.5 vs. 12.7 days). No statistically significant difference

was reported in terms of delayed graft function (12.5% vs.
19.9%), acute rejection (33.3% vs. 25.5%) or chronic allo-
graft dysfunction (28.6 vs. 15.8%). Serum creatinine meas-
urements were similar at one-month (1.60 vs. 1.79 mg/
dl), one-year (1.39 vs. 1.38 mg/dl) and five-year follow-up
visits (1.47 vs. 1.29 mg/dl). Moreover, no differences were
detected in terms of allograft survival at one-year (93.3% vs.
91.6%) or five-year follow-up (86.4% vs. 79.4%) in patients
with similar etiologies for graft loss [20]. The interest of this
study resides in the comparison between two approaches for
the management of ADPKD with a long follow-up period
(8.53 vs. 6.36 years) and high number of patients (n=159),
while the limitation is the relatively low number of patients
not undergoing native nephrectomy [20].

Additionally, Jénigen et al. showed that simultaneous
ipsilateral nephrectomy had comparable morbidity in end-
stage kidney transplant recipients with ADPKD. However,
it resulted in higher blood transfusion rates (22.8% vs. 6.7%,
p <0.0001), prolonged surgery time (169 min vs. 139 min,
p<0.0001), and increased early postoperative urinary tract
infections (40.4% vs. 29.0%, p=0.0246) [21]. Five other
retrospective observational cohort studies with small sample
size reported similar outcomes with unilateral nephrectomy
performed simultaneously with transplantation [22-26].
Moreover, the safety of simultaneous unilateral native
nephrectomy in terms of perioperative and post-operative
complications has been reported in several other cohort
studies [21, 27, 28]. Furthermore, the simultaneous surgi-
cal approach has proven to be more cost-effective mostly
due to the shorter hospital stay compared to the staged sur-
gical approach [29]. On the other hand, in comparing two-
staged versus simultaneous native nephrectomy and kidney
transplantation in ADPKD patients, analysis of seven retro-
spective cohort studies (385 patients) revealed that staged
procedures were linked to a significantly longer cumulative
operative time (RR 1.86; p=0.01) and an elevated risk of
blood transfusions (RR 2.69; p <0.00001) [30]. Neverthe-
less, there were no notable differences in hospitalization
length, major complications, or vascular thromboses during
the transplant procedure [30]. These findings underscore the
importance of individualized decision-making for ADPKD
patients undergoing kidney transplantation.

Another crucial consideration is whether unilateral or
bilateral native nephrectomy should be performed. Experi-
ence on bilateral native nephrectomy is highly limited. A
single-center retrospective cohort study evaluated the effi-
ciency and safety of simultaneous bilateral native nephrec-
tomy (n=161) in comparison with either transplantation
alone (n=303) or pre-transplant bilateral nephrectomy
(n=27) in 569 ADPKD patients. Ten-year graft survival
rates were 68.5% for the transplantation alone group, 63.6%
for the simultaneous procedure and 65.7% for the pre-trans-
plant nephrectomy group, with no statistically significant
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g . difference among them. No significant difference was found
oy g gléb in terms of post-operative complications, including delayed
28 2528 graft function, while wound infections were more com-
; § % % ‘—5_ E monly encountered in the pre-transplant nephrectomy group
o § ‘é%g § ; § Fp:0.0?a), and lymphocele was less likely to be detected
S %’D 2 E %‘) S = § in the simultaneous procedure group (p =0.002). NF:ver—
3 F oo 5o theless, the simultaneous procedure group showed higher
5 rates of renal vascular thrombosis (4.4% vs 1.3% transplant
=) alone, 0% pre; p=0.04) [31]. Moreover, a cohort study
° _EJ involving 148 ADPKD patients receiving kidney transplan-
S 5 tation showed that patients undergoing simultaneous bilat-
s _;E o eral native nephrectomy (n=51) experienced longer cold
;O § % ischemia time and longer intensive care unit and hospital
stay compared to patients undergoing transplantation alone
o (n=97). Nevertheless, surgical complications, hospital
§ re-admissions or renal function over the one-year follow-
8 up period were similar between the two groups [32]. Both
E - ~ the safety and efficiency of such surgical procedure were
\g = - compared with transplantation alone and staged-approach
< = = for transplantation and nephrectomy in another retrospec-
tive cohort study involving 23 ADPKD patients. Higher
operative time and intraoperative blood loss were observed
-~ in patients undergoing the simultaneous procedure compared
;‘i% to patients undergoing transplantation alone, but not to the
E g o e staged-approach [33]. Such findings have been confirmed in
F2 @ el g other observational studies with small sample size [34, 35].
k= Within the field of nephrectomy, recent advances include
-°§ robotic surgery. As highlighted by Masterson et al., this
2 2o E approach demonstrates favorable operative times and out-
2 E 5 = g g comes, notably contributing to increased graft survival and
69: z LY g 8 a Q reduced mortality rates when compared to traditional open
8 § % 2 f §~ g 2 procedures [36].
£ |EFTE5C |2
% Pre- or post-transplant nephrectomy
]
g § The main disadvantages of pre-transplant nephrectomy com-
E k) pared to the post-transplant procedure include [1] longer
z 2 § hospital stay, most likely due to the need for dialysis; [2]
22 |g g lower quality of life, either due to more intense dialysis
& 8 schedules or fluid intake restrictions; [3] loss of the physi-
- : ological function of native kidneys including production
% z and secretion of various hormones and cytokines, includ-
§ g ing erythropoietin. Moreover, the native kidney may remain
é § = stable or diminish in size after kidney transplantation which
t 2‘ 2 could reduce the need for native nephrectomy due to ana-
é § .}Ez tomical space-related or compression-related causes (i.e.
[:, respiratory or gastrointestinal complaints, pain) [37]. Even
=) o % though these factors may advocate for a restricted pre-
E § g transplant nephrectomy approach, infectious complications
g g § can predispose to sepsis or urgent nephrectomy, possibly
= P ﬁ impairing allograft function. Few observational studies have
@ o = § investigated and compared such approaches, and there is a
Bz 127 5
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Timing of nephrectomy in comparison with kidney transplantation

v

Simultaneous
nephrectomy

Pre-transplant
nephrectomy

Post-transplant
nephrectomy

» Severe or persistent pain, unresponsive to

analgesics » Recurrent infections including UTI,
Proposed » Renal cell carcinoma, tumor suspicion or benign pyelonephritis, cyst infections, sepsis
indications of masses > Hypertension
Nephrectomy > Symptomatic nephrolithiasis > Enlarged_ Kidneys
» Bleeding episodes, cyst hemorrhages > Hematuria
> Anatomical space > Minimized operative > Preservation of native
Potential Benefits considerations time and blood Loss kidney function prior

> Prevention of post- > Faster overall to transplant
transplant cyst- recovery time > Shortened
related > Immediate hospitalization for
Complications resolution of nephrectomy

> Enhanced post- anatomical space > Avoidance of delay in

transplant recovery constraints transplantation

process

Possible > Loss of native kidney > Possibility of > Higher cost for
Drawbacks function prior to increased hospitalization and per
transplant intraoperative surgery
> Extended complications > Higher risk of hospital-
hospitalization >  Challenges in acquired infections
»  Risk of surgical managing during the immune-
Complications immediate suppression
»  Delayinthe postoperative care »  Lower quality of life
transplantation > Patient selection between two surgeries
process variability
Outcomes 5

Majority of the studies suggest no significant difference in graft survival, graft function,
and patient mortality. The information presented in this table is based on available
evidence and observations.

Suggestions ] ) )
Unilateral nephrectomy is suggested over bilateral

nephrectomy because of;

Post-transplant seems superior to pretransplant
surgery because of;

Reduced operative time and blood loss .
Lower risk of complications °

Preservation of native kidney function
Avoidance of prolonged dialysis prior to

Faster recovery time

Preservation of renal function
Decreased risk of erythropoietin
deficiency

Lower probability of hormonal and
metabolic disruptions

Potential for simultaneous kidney
transplantation

Less impact on fluid and electrolyte
balance

Feasibility for living donor transplantation

transplant

More time for patient preference
Avoidance of additional surgical trauma
pre-transplant

Reduction in pre-transplant morbidity
Minimization of pre-transplant
hospitalization

Risk assessment after transplantation
Optimization of post-transplant medication
management

Avoidance of delay in transplantation

Fig.1 Comparison of pre-transplant, simultenous and post-transplant nephrectomy approaches for patients with autosomal dominant polycystic
kidney disease
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need for large-scale future studies in order to better under-
stand this issue.

A retrospective cohort study including 87 patients with
ADPKD undergoing kidney transplantation, 27 (30%) of
whom underwent pre-transplant nephrectomy, showed no
statistically significant difference in terms of one-year (98%
vs. 95%) or five-year (95% vs. 80%) allograft survival and
post-operative complications. On the other hand, serum cre-
atinine levels at three- (1.57 vs. 2.03 mg/dl) and six-month
(1.50 vs. 1.83 mg/dl) follow-up showed some differences,
favoring pre-transplant nephrectomy, despite not reaching
statistical significance [38].

A large-scale, retrospective, observational, single-center
cohort study involving 391 ADPKD patients undergoing
kidney transplantation evaluated the role of either pre-
(n=114) or post-transplant (n =30) nephrectomy compared
to no nephrectomy (n=257). The most common indication
for pre-transplant nephrectomy involved anatomical space
considerations for the transplantation procedure (49.6%),
followed by cyst infections (28.1%), cyst hemorrhage
(23%) and pain (20%), while the most common indications
for post-transplant nephrectomy were infectious complica-
tions (59.5%), followed by pain (24.3%) and gastrointestinal
complaints (18.9%). No statistically significant difference
was detected in terms of the size of the removed kidney
(p=0.50), type of surgical approach (open vs. laparo-
scopic, p=0.10), or rates of surgical complications (38.3%
vs. 27.0%, p=0.20). However, nephrectomy performed in
the post-transplant period showed shorter length of hospital
stay (6.0 vs. 10.0 days, p <0.001). No statistically signifi-
cant difference was found between pre- and post-transplant
nephrectomy in terms of delayed graft function (22.5% vs.
20.0% p=0.90), graft failure (11.4% vs. 10.0%, p=0.90),
eGFR at follow-up (49 vs. 47 ml/min/1.73 m2, p=0.80) or
mortality (31.9% vs. 20.0%, p=0.30) over a median follow-
up of 83 months. Similarly, no difference was detected when
compared to the no nephrectomy group [39].

Another retrospective observational cohort study involv-
ing 157 ADPKD patients undergoing kidney transplanta-
tion with 31 patients requiring native nephrectomy reported
similar rates of surgical complications for native nephrec-
tomy performed in the pre- (10 patients) or post-transplant
(20 patients) period, however, severe complications mostly
occurred in the post-transplant group. Moreover, the laparo-
scopic procedure has been linked to lower rates of surgical
complications (20%) compared to the open procedure (73%)
in a statistically significant manner, and the laparoscopic
procedure has been associated with shorter hospital stay (5
vs. 12 days, p=0.003) [40].

Conversely, another retrospective cohort study involving
121 ADPKD patients undergoing kidney transplantation
with either pre-transplant (n=89) or post-transplant (n=32)
nephrectomy reported contradictory findings, with higher
rates of serious post-operative complications and longer hos-
pital stay in the pre-transplant nephrectomy group. However,
no effect on graft function was detected [41].

Considerations and suggestions for
the future

Prospective studies with larger cohorts and extended follow-
up periods are imperative to establish more conclusive evi-
dence regarding the timing of nephrectomy and its impact on
long-term patient and graft outcomes. Comparative analyses
between different surgical approaches, particularly assessing
the safety of simultaneous nephrectomy with transplantation,
could further guide clinicians in selecting the most appropri-
ate interventions.

Exploring the functional outcomes of nephrectomy,
including its influence on renal function, is crucial for under-
standing the physiological consequences of surgical inter-
ventions. Moreover, incorporating measures of quality of
life will provide valuable insights into patients' experiences,
helping tailor interventions to enhance overall well-being.

Given the limited clinical experience with bilateral native
nephrectomy, future studies should specifically focus on
evaluating the safety and efficiency of this approach, com-
paring outcomes with unilateral nephrectomy. Patient-cen-
tered outcomes, including pain reduction, symptom relief,
and overall satisfaction, should be emphasized in future
studies to provide a comprehensive understanding of the
impact of nephrectomy.

Health economics analyses comparing cost-effectiveness
of different nephrectomy approaches are needed for inform-
ing healthcare policies and resource allocation.

Conclusions

ADPKD, the most common monogenic cause of end-
stage kidney disease, accounts for approximately 10% of
the patients waitlisted for kidney transplantation. Cur-
rently, there is no consensus on whether or when native
nephrectomy should be performed in such patients in
relation to the transplantation procedure [42]. Potential
advantages and disadvantages of such therapeutic options
are depicted in Fig. 1. In the review of optimal timing
for native nephrectomy in individuals with ADPKD, the
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absence of a consensus underscores the need for a patient-
tailored approach. Future large-scale prospective clinical
trials are needed in order to achieve a better understanding
of this issue.
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