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Aims. We aimed to summarize available evidence about intraoperative and postoperative donors’ and recipients’ outcomes
following stone surgery in renal grafts from living donors performed either before donation or as ex vivo bench surgery at the
time of living-donor nephrectomy. Methods. A systematic review of PubMed, ISI Web of Knowledge, and Scopus databases was
performed in September 2020. We included full papers that met the following criteria: original research, English language,
human studies, and describing the results of stone surgery in renal grafts from living donors performed either before
transplantation or as ex vivo bench surgery. Results. We identified 11 studies involving 106 patients aged between 22 and 72
years. Predonation and bench stone surgery was performed in 9 (8.5%) and 96 (90.6%) patients, respectively. Predonation stone
surgery involved extracorporeal shock wave lithotripsy, retrograde intrarenal surgery, and percutaneous nephrolithotomy in 8, 1,
and 1 patient, respectively. The overall success rate of predonation stone surgery was 78%, and the complication rate was 0%.
Bench stone surgery involved ureteroscopy, pyelolithotomy, or a combination of both in 79 (82.3%), 10 (10.4%), and 7 (7.3%)
cases, respectively, with an overall success rate of 95.8% and an overall complication rate of 9.37%. Conclusions. Predonation
and bench stone surgery in grafts from living donors represents efficacious and safe procedures. Further studies on wider series
with a longer follow-up are required.

1. Introduction

Renal transplantation (RT) from living donors provides sig-
nificant advantages compared to transplantation from
deceased donors including improved long-term survival,
immediate functioning of the transplant, better transplant
survival, and the possibility of transplanting preemptively

[1-5]. An ideal kidney donor has no renal disease, no active
infection, and no transmissible malignancy. Unfortunately,
although the total number of kidney transplants has
increased in the last years, the number of total living dona-
tions has remained stable with a subsequent decrease in the
proportion of living donor transplant procedures [2]. There-
fore, due to the shortage of living donors, centers have started
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using expanded criteria for donors, and RT from marginal
donors has been proposed as a potential solution for organ
shortage problems [6]. Historically, stone-bearing kidneys
have not been accepted for transplantation in many institu-
tions [7]. Indeed, stones located in the upper urinary tract
of kidney donors represent a relative contraindication to
RT because of complications like oliguria, hematuria, or ris-
ing creatinine in the receiver [8]. Moreover, the donor is
exposed to the risk of future stone formation in the remain-
ing kidney, which could lead to obstruction, infections, and
end-stage renal disease [9]. Currently, the asymptomatic
potential donor with a current single stone might be consid-
ered suitable for kidney donation in selected cases [10-12].
The need to cope with the living graft shortage together with
the development of minimally invasive surgery and ex vivo
bench surgery stimulated research toward the treatment of
stones either in the pretransplantation setting or during
back-table procedures [10]. In some institutions, the consid-
eration of donors with stones has led to about 5% more RT
than would otherwise have been possible [13]. Therefore,
stone surgery in the donor’s kidney before or during RT is
expected to be carried out in an increasing number of cases
in the next years. However, the optimal operative manage-
ment for such patients is still under debate. The present
review is aimed at summarizing available clinical evidence
about the outcomes of stone surgery performed either in
the predonation setting or as ex vivo bench surgery at the
time of living-donor nephrectomy.

2. Evidence Acquisition

This analysis was conducted and reported according to the
general guidelines recommended by the Primary Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
statement [14]. To assess eligibility for the systematic review,
PICOS (participants, intervention, comparisons, outcomes,
study type) criteria were used [15]. PICOS criteria were set
as follows: participants—living kidney donors with urolithia-
sis involving the kidney selected for donation; interven-
tion—surgery for stones in kidney selected for donation
performed either before RT or as ex vivo bench surgery at
the time of living-donor nephrectomy; comparison—none;
outcome—intra- and postoperative surgical outcomes; study
type—prospective and retrospective studies and case reports.
Three databases (PubMed, Scopus, and ISI Web of Knowl-
edge) were searched for articles published in English up to
August 2020. The following combinations of keywords were
used to retrieve relevant articles: “renal transplantation”
AND “living donor” AND “urolithiasis”. Abstracts (with no
subsequent full-text publications) and articles that were not
journal articles (letter, book, conference proceeding) or were
not peer-reviewed studies were excluded. Two authors (GC
and LN) reviewed the records separately to select relevant
publications, with any discrepancies resolved by a third
author (MC). The following data were extracted from the
studies which included authors, year of publication, study
period, study design, sample size, donors’ age, gender, side
of the kidney, stone size and location, type of surgery, opera-
tion time (OT), success of stone surgery, surgical complica-
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tions during stone surgery, early (within 30 days) and late
(>30 days) donors’ and recipients’ complications, grade of
complication according to the Clavien-Dindo Classification
System [16], recipients’ age and gender, donors’ and recipi-
ents’ follow-up, and stone recurrence in the graft. The quality
of the studies was assessed using the Newcastle-Ottawa scale
(NOS) [17]. This scale measures three dimensions (selection,
comparability of cohorts, and outcome). We rated the quality
of the studies (good, fair, and poor) by awarding stars in each
domain following the guidelines of the Newcastle-Ottawa
Scale. A “good” quality score required 3 or 4 stars in selec-
tion, 1 or 2 stars in comparability, and 2 or 3 stars in out-
comes. A “fair” quality score required 2 stars in selection, 1
or 2 stars in comparability, and 2 or 3 stars in outcomes. A
“poor” quality score reflected 0 or 1 star(s) in selection, or 0
stars in comparability, or 0 or 1 star(s) in outcomes.

3. Results

The search strategy revealed 60 results. The screening of titles
and abstracts revealed 18 full-text articles eligible for inclu-
sion. Further assessment of eligibility, based on full-text
papers, led to the exclusion of 7 papers. Finally, 11 studies
involving 106 patients with a mean age ranging from 29.5
to 60 years who underwent stone surgery before or at RT
from 1996 to 2020 were included in the final analysis
(Figure 1) [8-11, 13, 18-23]. Specifically, seven studies
(64%) were retrospective observational, two (18%) were pro-
spective observational and two (18%) were case reports. The
characteristics of the studies included as well as the features
of donors and grafts are summarized in Table 1. The quality
of the included studies is depicted in Table 2.

3.1. Predonation Stone Surgery. Overall, 9 (8.5%) patients
underwent predonation stone surgery. Of them, 8 (88%), 1
(5%), and 1 (5%) underwent extracorporeal shockwave litho-
tripsy (ESWL), percutaneous lithotripsy (PCNL), and RIRS,
respectively. Overall, these procedures were successful in 7
patients (78%). Intraoperative, early and late postoperative
data about donors undergoing preoperative stone surgery
and their recipients are reported in Table 3.

3.2. Bench Stone Surgery. Overall, ex vivo bench stone surgery
was performed in 96 renal grafts. The surgical technique and
the intraoperative outcomes are reported in Table 4. Bench
ureteroscopy (URS), pyelolithotomy (PLT), and a combina-
tion of both were adopted in 79 (82.3%), 10 (10.4%), and 7
(7.3%) renal grafts, respectively. In patients undergoing
bench URS, the access to the pyelocaliceal system was
obtained through semirigid ureteroscopes, flexible uretero-
scopes, and pediatric cystoscopes in 51 (53%), 35 (36.4%),
and 8 (8.33%) cases, respectively. Stone fragmentation
involved laser lithotripsy and pneumatic lithotripsy in 17
(17.7%) and 3 (3.12%) cases, respectively. Stone basketing
alone was performed in 27 (28%) cases. The mean OT ranged
from 1 to 49 minutes. Overall, bench procedures were suc-
cessful in 92 (95.8%) cases and no complications were
recorded. Early postoperative complications were recorded
in 9 (9.37%) recipients. Mean recipients’ follow-up ranged
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F1GURE 1: Flow diagram of the systematic review.

from 1 to 110 months. Late complications were recorded in 3
(3.1%) recipients. No stone recurrence in the graft was
recorded. At a mean follow-up of 34.2 months (range: 1-
110), no donors’ complications were recorded.

4. Discussion

The selection of an appropriate living donor is critical for a
successful RT. Given the improvements in minimally inva-
sive renal surgery observed in recent years, attempts have
been made to expand the donor pool by including so-called
marginal living donors such as patients with small renal mass
or urolithiasis [24, 25]. Urolithiasis affecting living kidney
donors represents a significant challenge. Historically,
patients wishing to donate their kidneys were deemed ineligi-
ble if preoperative imaging demonstrated nephrolithiasis due
to the risk of complications that may be related to the stone
itself or to the procedure of stone removal including infec-
tions, upper urinary tract obstruction, and graft loss [26].
The widespread use of computerized tomography angiogra-
phy in the diagnostic workup of living donors has increased
the detection of small asymptomatic renal stones with an
incidence reaching up to 10% [27]. Subjects with small
asymptomatic incidentally discovered stones represent a
considerable percentage that might increase the donor pool
[27, 28]. The guidelines developed in 1996 by the Ad Hoc
Clinical Practice Guidelines Subcommittee of the Patient
Care and Education Committee of the American Society of

Transplant Physicians stated that “nephrolithiasis is at least
a relative contraindication to living donor nephrectomy
because of the future risk that recurrent stones, obstructions,
and infections will injure the remaining kidney” and that
“nephrolithiasis not only places the donor at risk; inadvertent
transplantation of a kidney with stone places the recipient at
risk” [29]. In 2004, kidney transplant physicians and sur-
geons met in Amsterdam for the International Forum on
the Care of the Live Kidney Donor. During this forum, it
was clearly stated that an asymptomatic potential donor with
a current single stone might be considered suitable for kidney
donation if (a) there is no hypercalciuria, hyperuricemia, or
metabolic acidosis; (b) there is no cystinuria or hyperoxa-
luria; and (c) the current stone is <15 mm in size or poten-
tially removable during transplant [12]. In a more recent
nationwide survey, it has been shown that 84% of sharing
institutions accepted patients with a history of nephrolithia-
sis [27, 30].

Once the decision to proceed with RT has been made,
possible options include the donation of the non-stone-
bearing kidney, donation of the stone-bearing kidney with-
out stone removal, stone removal before RT, and bench stone
removal at the time of RT [13].

Typically, the use of the stone-bearing kidney is preferred
for donation because of the potential risk to the donor of
obstruction from a stone in a solitary remaining kidney [13].

Surgical management of urolithiasis after RT represents a
viable option. Indeed, several technological improvements
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TaBLE 1: Study features and baseline characteristics of living kidney donors and recipients.

Author. vear of Studv  Sample Donor’sage Donor’s Graft Stone  Stonesize, Recipient’s age Recipient’s
ublica;iz;n Study period desi z size Fﬂ) (years), mean gender side location mm mean (years), mean gender
P 8 (range) M:F Ri:Le (n) (range) (range) M:F
3UC
Rashid et al, [18]  1996-2000 R 10 450(27-58)  4:6  n/a 3™ 52(1-8)  41.5(18-72) 6:4
41c
Yigit et al., [21] 1999-2003 P 2 29.5(30-49) 2:0 n/a  n/a  60(57) n/a n/a
Trivedi et al., [19] 2007 CR 1 n/a n/a n/a 1 5.0 (n/a) n/a n/a
SU.C
Schade et al.,[23] 1996-2010 R 23 44.0 (24-67) 8:15 n/a 10™ 3.9 (3-6) 41.5 (3-72) 13:10
131c
mc
Vasdev et al,,[9] 2004-2008 R 3 47.6 (46-50)  n/a  0:3 Izk 36(3-5) 293 (22-51) n/a
SUC
Olsburgh et al., [13] 2005-2011 R 17 45.0 (22-67) n/a 8:12 gme 2.5 (2-12) 39.0 (1-66) n/a
1Olc
Ganpule et al., [20] n/a R 12 52.3 (38-71) 4:8 3:3 251c 49 (1.8-6) n/a n/a
uc
Pushkar et al,, [22]  2013-2014 P 14 448 (27-64)  5:9  4:10 5™ 6.3 (4-10) n/a n/a
4lc
Lin et al., [10] 2010-2015 R 10 48.8 (28-58) 4:6 0:10 3me 5.8 (2-9) n/a n/a
6lc
3UC
mc
Sarier et al., [11] 2009-2016 R 13 523(40-72) 6:7  nla 54 e 91(5-15) n/a n/a
1P
Barki et al., [8] 2020 CR 1 60.0 (n/a) 0:1 0:1 1% 9.0 (n/a) 22.0 (n/a) 1:0

CR: case report; F: female; Le: left; M: male; n/a: not available; P: prospective; R: retrospective; Ri: right; ““Upper calyx; ™middle calyx; “lower calyx; Ppelvis.

TaBLE 2: Risk of bias assessment based on the Newcastle-Ottawa Quality Assessment Scale criteria.

Study Selection Comparability Outcome Total score Quality score
Rashid et al., [18] * % — * * % K Poor
Yigit, [21] *k — * * % % Poor
Trivedi et al., [19] — — * * Poor
Schade et al., [23] * % * — * * * % Kk k * Poor
Vasdev et al., [9] * Kk — * K * Kk Kk * Poor
Olsburgh et al., [13] * Kk Kk — * * Kk Kk K Poor
Ganpule et al., [20] * % % — * * Kk Kk K Poor
Pushkar et al., [22] * % K — * * Kk Kk K Poor
Lin et al., [10] * * — * * * * Poor
Sarier et al., [11] * %k * * * * * * % Kk k Kk Kk Kk Good
Barki et al., [8] — — * * Poor

have been introduced and are rapidly evolving to manage
urolithiasis in a minimally invasive fashion in the general
population as well as in patients who underwent RT [31-
33]. Current European Association of Urology guidelines
recommend considering conservative treatment for small
asymptomatic stones only in absolutely compliant trans-

planted patients and to offer ESWL, flexible URS, and PCNL
in other cases. Some authors propose a watchful waiting pro-
tocol for stones < 4 mm as the spontaneous stone-free rate in
these cases varies between 60% and 100% [7, 11, 27, 34].
ESWL or antegrade/retrograde URS are strongly recom-
mended for stones< 15mm [32, 33]. Stone-free rates
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following ESWL vary between 40 and 80% and can reach
67% following URS. PCNL is recommended for stones > 20
mm, although the strength of the rating is weak [32, 33].
Overall, selecting the appropriate technique for stone
removal in a transplanted kidney is difficult and stone surgery
is more challenging when compared to nontransplanted
patients [32, 33]. Moreover, the risk of surgery and stone-
related complications could be significantly increased, mainly
in recipients with increased comorbidity status [32, 33, 35].

Available technologies have made it possible to obtain
stone clearance in the kidney from living donors either before
donation or at the time of living-donor nephrectomy through
bench surgery. To date, however, no clear recommendations
exist about the operative management of urolithiasis in renal
grafts from living donors.

The results from the present systematic review show that
stone surgery is performed in living donors with mainly
asymptomatic stones with a diameter ranging from 1 to
15 mm involving the whole pyelocalyceal system.

Operative management options include predonation
stone surgery and ex vivo bench stone surgery. Criteria for
selection of treatment modality have been reported by Gan-
pule et al. [20]. Authors treated hard stones with higher
Hounsfield units (>1200) with ex vivo URS or PLT or preop-
erative RIRS with the choice between the two based on the
pelvicalyceal anatomy (infundibular width, infundibular
length, and pelvicalyceal angle) [20]. On the other hand, soft
stones (<1200 Hounsfield units) were managed with pre-
transplant ESWL performed with low energy, frequency,
and power parameters [20]. Most published series describe
grafts treated through ex vivo bench surgery, and therefore,
it represents the recommended treatment option for stones
<15mm in size or potentially removable during RT [11,
12, 27]. Potential advantages of ex vivo bench procedures
include reduced donors’ morbidity, shorter waiting times
for donation, and lower costs [21]. Ex vivo bench removal
of upper urinary tract stones may be achieved by URS,
PLT, basket retrieval, or a combination of them. The choice
of surgical procedure depends on the size and location of
stones. Available literature shows that URS represents the
preferred option in most cases. Great diversity in the
methods of bench URS exists that mostly reflects the wide
variety of surgical devices used. Indeed, the procedure may
be performed with cystoscopes and semirigid and flexible
ureteroscopes. Moreover, stone clearance may be obtained
through forceps, pneumatic, or laser lithotripsy. Finally, bas-
kets can be used for the extraction of stones or fragments
[27]. Semirigid ureteroscopes are preferred over flexible ones
for bench URS because of easier handling [22]. Indeed, most
calyces can be accessed on the bench using a semirigid scope
due to ureteral mobility [22]. Flexible scopes are useful when
a stone needs to be extracted from a lower calyx with acute
angulation [22]. Pediatric cystoscopes have the advantage of
better stability and maneuverability due to the short length
of the shaft [20]. Holmium laser is considered a better option
than pneumatic energy thanks to the lower risk of mucosal
injury in a kidney that is completely flaccid with a stone that
lacks firm support [22]. PLT is considered by some authors
an excellent method for extracting intact stones during bench

surgery mainly in the case of the extrarenal pelvis [22]. It can
be performed in combination with URS for stone extraction
or if the ureter is tight [20]. OT represents a critical variable
to be addressed. Indeed, cold ischemia time > 8 h can poten-
tially jeopardize renal function, increase acute rejection rates,
or affect long-term graft survival [11]. Interestingly, the mean
OT reported by most available studies was within 30 minutes.
Opinions about the technical complexity of bench stone sur-
gery are controversial. Pushkar et al. consider bench URS a
challenging procedure to be done by expert hands only as
the kidney is unstable and avascular, and the intrarenal ori-
entation can change with movements [22]. Other authors
consider bench surgery an easy-to-learn procedure with a
short learning curve, as it is easier to handle and maneuver
the kidney on the back table [11, 13]. The success rate with
bench procedures is high in most series. Surgical failures
may be due to anatomical abnormalities [22]. For example,
if stones are located in calyces with narrow infundibulum,
they can be left in situ and transplantation can proceed as
the risk of stone dislodgement is negligible [22]. RT repre-
sents a complex surgical procedure that may be associated
with several medical and surgical complications [36-39].
Predonation and bench stone surgery may potentially
increase the complication rate of RT both in the early and late
postoperative stages.

Interestingly, none of the recipients who received graft
from living donors undergoing predonation stone surgery
reported early postoperative complications.

Short-term concerns with bench surgery include ureteric
injury, hematuria, urine leak, and graft dysfunction [22].
Notably, evidence demonstrates a low incidence of short-
term complications in recipients of grafts undergoing bench
stone surgery. Indeed, early postoperative complications
were recorded in 9 cases and in only two cases, these compli-
cations were attributed to bench stone surgery. One patient
developed a urinary leakage after PLT that was repaired with
primary suture [11]. The second one involved a complete
occlusion of the ureteroneocystostomy after bench URS and
was treated with exploration and revision of the ureteroneo-
cystostomy [23].

Several risk-reduction strategies have been proposed to
prevent ureteral injury during ex vivo endourologic manipu-
lations: minimal handling of the ureter, a minimum influx of
irrigant fluid to prevent the potential for pyelovenous and
pyelolymphatic backflow, adoption of small instruments,
and placement of a double-] ureteral stent [20].

Stone recurrence in grafts is a potential long-term con-
cern. Of note, none of the grafts undergoing stone surgery
showed evidence of stone recurrence at the follow-up
examination.

Taken together, data synthesized in the present review
support the role predonation and bench stone surgery in
the case of urolithiasis involving renal grafts from living
donors and emphasize the feasibility to extend the pool of liv-
ing donors to subjects with stone bearing kidneys.

However, potential limits of available literature must be
acknowledged: available studies are few, of low methodolog-
ical quality, and with short follow-up. They enroll a small
number of patients, and often, populations and surgical



techniques employed are different. Moreover, only a few
studies reported complications according to the Clavien-
Dindo Classification System. Therefore, available level of evi-
dence is low and still inadequate to provide definitive recom-
mendations. Further well-designed studies on wider series
with long-term follow-up are strongly advocated to confirm
these preliminary data.

5. Conclusions

Surgical treatment of urolithiasis in kidney grafts from living
donors can be efficiently and safely addressed through both
predonation and ex vivo bench procedures. These proce-
dures are associated with a high success rate and low compli-
cation rate. No cases of stone recurrence in the graft have
been reported. Data from larger studies with long-term
follow-up are advocated.
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