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Abstract: Background: Allograft urolithiasis is an uncommon, challenging, and potentially dangerous
clinical problem. Treatment of allograft stones includes external shockwave lithotripsy (SWL), flexible
ureteroscopy and lasertripsy (fURSL), or percutaneous nephrolithotomy (PCNL). A gap in the literature
and guidelines exists regarding the treatment of patients in this setting. The aim of this systematic
review was to collect preoperative and treatment characteristics and evaluate the outcomes of post-
transplant SWL for stone disease. Methods: A systematic search in the literature was performed,
including articles up to March 2023. Only original English articles were selected. Results: Eight articles
(81 patients) were included in the review. Patients were mainly male, with a mean age of 41.9 years
(±7.07). The mean stone size was 13.18 mm (±2.28 mm). Stones were predominantly located in the
kidney (n = 18, 62%). The overall stone-free rate and complication rates were 81% (range: 50–100%)
and 17.2% (14/81), respectively, with only one major complication reported. A pre-operative drainage
was placed in eleven (13.5%) patients. Five patients (6.71%) required a second treatment for residual
fragments. Conclusions: SWL is a safe and effective option to treat de novo stones after transplantation.
Larger studies are needed to better address allograft urolithiasis management.

Keywords: allograft; renal transplant; de-novo urolithiasis; SWL; shockwave

1. Introduction

Renal transplantation is a preferred and effective treatment for advanced renal
failure [1,2]. Over 2 million patients receive dialysis or renal transplants worldwide, and
this represents only 10% of patients who need treatment [2,3]. Allograft urolithiasis is an
uncommon clinical problem, affecting between 0.2 and 1.7% of the grafted population [4–7].
Despite their rare incidence, allograft stones can lead to significant morbidity, an increased
risk of infection, and deterioration of renal function, as transplanted patients have a solitary
functioning kidney [8,9]. Overall, stones can form de novo or be transplanted within the
donor kidney, which is called “donor-gifted renal stones” [8,9]. Due to the possible compli-
cations, donor lithiasis was until recently considered a contraindication to transplant [2].
A computed tomography (CT) scan of the donor prior to transplantation has increased
rates of diagnosis, and now stones are usually treated prior to transplant to increase the
donor pool [10].
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Urolithiasis in transplanted patients is challenging. In fact, due to denervation, patients
might be asymptomatic or present with mild abdominal discomfort due to the stretching
of the overlying fascia and abdominal musculature caused by hydrodistension, or they
might just present with acute deterioration of renal function [11,12]. To date, a gap in
Guidelines exists according to the best treatment option for donor or allograft lithiasis [13].
Therapeutic strategies include external shockwave lithotripsy (SWL), flexible ureteroscopy
and lasertripsy (fURSL), or percutaneous nephrolithotomy (PCNL), according to the
stone’s characteristics, anatomical conditions, surgeon preferences, and patient counseling.
However, endourological management is generally challenging and needs a high-volume
center. The principal challenges to URS relate to the anatomy of the kidney and ureter
and a higher risk of ureteral perforation [14]. With PCNL, the pelvic location might cause
adjacent organ injury, the presence of perirenal reactive tissue might cause difficulties in
tract dilation and decrease the nephroscope’s mobility, and finally, immunosuppression
might impair wound healing and be associated with postoperative sepsis [15]. SWL has
the advantage of being a less invasive procedure but nevertheless has some limitations due
to the possible masking of pelvic bones [16].

The aim of this systematic review was to collect preoperative and treatment character-
istics and evaluate the outcomes of post-transplant SWL for stone disease.

2. Methods
2.1. Evidence Acquisition: Criteria for Considering Studies

Inclusion criteria:

• English-language articles;
• Studies including at least five patients of any age;
• All articles report on allografts treated with SWL for de-novo urolithiasis.

Exclusion criteria:

• Non-English articles;
• Studies examining treatment for non-urolithiasis conditions;
• Studies reporting on donor (ex-vivo) urolithiasis;
• Studies reporting on transplant urolithiasis treated with other minimally invasive

procedures (URS or PCNL);
• Case reports, review articles, historical cohort studies, laboratory studies, and

animal studies.

2.2. Search Strategy and Study Selection

The systematic review was performed following the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) statement [17]. PubMed, Scopus, and
Web of Science were searched systematically for English-language articles published up to
March 2023 on SWL for the treatment of urolithiasis in allografts. The search terms used
included: “ESWL”, “shockwave”, “SWL”, “renal transplant”, “allograft”, “urolithiasis”,
“kidney calculi”, and “kidney stone disease”. Boolean operators (AND, OR) that were used
to refine the search. This review has been registered in PROSPERO (registration number
CRD42023437850).

2.3. Study Selection and Data Extraction

Two investigators (C.C. and V.J.) independently screened all titles and abstracts from
the literature overview to identify the eligible studies and then evaluated the full-text
manuscripts to determine the final selected articles. Any discrepancies were resolved by
consultation with the senior investigator (B.S.). The following variables were extracted from
each study: journal and year of publication, study type, number of included patients, patients’
demographics (male-to-female ratio, mean age), stone size and location, drain insertion rate,
stone-free rate (SFR), complications (rate, type, and grade according to the Clavien Dindo
classification [18], management), and stone recurrence. Data were collected using Microsoft
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Excel (Microsoft Corporation, Washington, DC, USA), version 16.71. The quality of evidence
was assessed, and bias was analyzed using the grading of recommendations, assessment,
development, and evaluation assessment tool [17]. MOOSE criteria were assessed for the
inclusion of observational studies (Supplementary Table S1).

3. Results
3.1. Study Selection and Characteristics

The PRISMA diagram shows the literature search results (Figure 1). After excluding
reports that were out of the scope of our systematic review or not in English, we identified
23 overall articles for screening. Of them, 15 full-text articles were reviewed and assessed
for eligibility. Eight articles met the inclusion criteria and were included in the final review.
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Figure 1. PRISMA flow diagram for the systematic review.

3.2. SWL for De-Novo Urolithiasis in Transplanted Patients

There were a total of 81 patients, with a mean age of 41.9 years (±7.07 years). Tables 1 and 2
show the summary and the outcomes of the stones of the included studies. Overall, for
the studies that reported it, there were more males, with a male-to-female ratio
(i.e., male:female) of 18:11 [9,12,13]. Preoperative imaging was either ultrasound (USS) [5,6,19–21],
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CT scan [5,6,22], USS and CT scan [23], or kidney, ureter, and bladder plane X-ray with
USS [22]. In most cases, the diagnosis was incidental, with the most commonly cited symp-
tom at presentation being macrohematuria, followed by urinary tract infection (UTI) and
deterioration of renal function. More rarely, patients are presented with hydronephrosis,
anuria, and/or pain. Stones were most commonly located in the kidney (n = 18, 62.1%),
followed by the ureter (n = 10, 37.9%). The mean stone size was 13.18 mm (±2.28 mm).
Only three studies reported the type of ultrasound generator used [19,20,24]. Eleven pa-
tients (13.5%) had a stent or nephrostomy placed before the procedure for hydronephrosis.
Post-operatively, one study reported the routine use of a ureteral stent for 1–3 post-operative
days [19], and another study reported the routine use of alpha-lytic therapy [23]. The overall
SFR was 81% (range: 50–100%) during the respective follow-up time frame. Five patients
(6.71%) required a second procedure, either URS (n = 1) [23] or PCNL (n = 4) [21,22].
Two studies reported recurrences in a total of three patients (3.7%) [6,20]. The overall
complication rate was 17.2% (n = 14), and complications reported were graded as follows:
seven Clavien I (transient hematuria, conservative management), six Clavien II (Urinary
tract infection requiring antibiotic therapy), and one Clavien IIIa (steinstrasse requiring a
nephrostomy placement and a subsequent reintervention).

Table 1. Summary of included studies.

Article Details Patient Characteristics

Author Year Journal Country Level of Evidence n Male:Female Age

Klinger 2002 Urology Austria 4 5 NS 42.6 (32–71)

Li 2011 Chinese Medical Journal China 4 7 5:2 34 (21–41)

Ferreira 2012 Transplantation Proceedings Brazil 4 6 NS 45.6 (32–63)

Mahdavi 2014 Experimental Clinical Trials Iran 4 10 7:3 37 (8–55)

Yuan 2015 World Journal of Urology China 4 6 6:6 34.7 (11–58)

Brancherau 2017 World Journal of Urology France 4 12 NS 48 (± 9)

Emiliani 2018 European Urology Spain 4 22 NS NS

Challacombe 2005 BJU International UK 4 13 NS 42.3 (16–63)

NS: not specified.

Table 2. Outcomes and management of stones.

Author Location Size Lithotripter Stent or
Nephrostomy SFR Complications Management Clavien

Klinger 1 ureteral
4 renal 7–15 mm Piezolith 2500

(Wolf, Germany) 1 100.0% Transient
Hematuria (5/5) Conservative I

Li 5 ureteral
2 renal NS

Xinyuan
Company

(Suzhou, China)
0 100.0% 0 - -

Ferreira NS 2–15 mm NS 1 100.0% 0 - -

Mahdavi 1 ureteral
9 renal

10–18
mm NS NS 70.0% 0 - -

Yuan 3 ureteral
3 renal 12 NS 0 83.3% UTI (3/6) Antibiotics II

Brancherau NS 8–25 mm NS NS 50% 0 - -

Emiliani NS NS NS 0 52.9%

Transient
hematuria (2/22)

UTI (3/22)
Steinstrasse (1/22)

Conservative
Antibiotics
NFS tube

I
II

IIIa

Challacombe NS <15 mm Modulith
(Storz, Germany) 9 100.0% 0 - -

NS: not specified. UTI: urinary tract infection.
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3.3. Quality Assessment of Studies

Overall quality of evidence was graded as “very low” and the risk of bias was
“very serious”, as detailed in Table 3. All eight studies were retrospective in their de-
sign, with their inherent bias as shown.

Table 3. Risk of bias analysis.

Certainty Assessment
Certainty

n of Studies Study Design Risk of Bias Inconsistency Indirecteness Imprecision

8 Retrospective
observational studies Very serious Not serious Very serious Very serious Very low

4. Discussion

Renal transplants are commonly performed for an increasing number of patients to
treat end-stage renal disease. De-novo urolithiasis in this population usually develops
between 9 and 102 months after transplantation [21,25,26], with a median presentation
time of 30.5 months [6]. Urolithiasis has been considered a contraindication to transplant
and a cause of significant morbidity in the post-transplant setting [27]. Treatment options
include expectant management, SWL, fURS, and PCNL. SWL might be used for small
caliceal stones with minimal risk of complications. However, previous reports showed
lower stone-free rates [16]. In this systematic review, we wanted to assess the challenges
and outcomes of SWL in the setting of renal transplant patients.

In most cases, diagnosis was made by USS, found incidentally during follow-up [5,6,19–23]
or with mild abdominal discomfort due to kidney denervation [11,12,23,28]. According to
some authors, a CT scan might be useful, especially if a treatment is planned [23]. A plain
X-ray is not recommended since often the stone is situated over the pelvic bones [21,23].

As for urolithiasis in the general population, imaging plays a critical role in the
diagnosis, follow-up, and urological management. Even if USS is particularly helpful as
an initial diagnostic tool, a CT scan offers higher sensitivity and specificity (>95% and
>96%, respectively) [29–33]. Additionally, in the setting of an allograft, a CT scan might
offer important anatomical information with respect to the surrounding organs and to
the allograft itself. Some authors indeed recommend performing a CT scan before the
procedure, independent of the imaging used at the diagnosis [23].

Many of the clinical features of urinary stones after transplantation differ from those
of non-transplant patients. Due to ureteral and renal denervation, the typical renal colic
or pain is usually absent, and patients are usually asymptomatic or mildly symptomatic.
Additionally, in the transplanted population, there is an overall tendency for more stones
in the renal location than the ureteral location [22,24]. The frequent follow-up imaging
to which these patients are subjected may explain why these stones are more frequently
detected by chance in the kidney before their migration into the ureter.

When symptomatic, patients usually present with gross hematuria, acute renal failure
in the case of obstructive stones, or a UTI in the case of infection [27]. Mild symptoms
might be caused by the stretching of the nociceptors present in the overlying fascia, too.
Indeed, due to the pelvic location, the hydrodistension induced by obstruction causes
fascial stretching and subsequent abdominal discomfort. Alternatively, hydrodistension
may present as a painless mass at the transplant site. Rarely, the presentation resembles
acute rejection or acute tubular necrosis [25]. According to these findings and to the EAU
Guidelines [13], the most common symptoms were macrohematuria, followed by UTI, and
increased creatinine with or without anuria [5,6,19–22].

Once diagnosed, there are several treatment options, each with pros and cons (Figure 2).
Obstructive stones with fever, uremia, decreased urinary output, and refractory pain
should be promptly treated, as prompt removal of the stone causes no significant changes
in renal allograft function [25,34]. Non-obstructive stones can be treated conservatively,
as previous studies reported spontaneous passage with no change in renal function for
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stones <4 mm [6,23,35,36]. Conservative management could be divided into medical
treatment and expectant management. In the case of expectant management, follow-
up must be not only clinical but also laboratory and radiological due to the absence
of innervation of the transplant kidney [24,37,38]. Medical treatment for larger stones
seems feasible, even if few reports are available in the literature. Romero-Vergas et al.
have reported the complete resolution of a staghorn stone after adequate drainage of the
pelvicalyceal system with a ureteral stent and applying medical treatment, coupled to a
single SWL session [39]. When urate stones are identified, some patients might benefit
from urinary alkalinization both for prevention and treatment of stones [6,40]. In a series of
19 patients with uric acid nephrolithiasis after renal transplantation, it was reported that
patients were successfully treated with medical therapy, including daily water intake above
3000 mL to maintain the urine volume in the range of 2000–3000 mL/d, urine alkalinization
with sodium bicarbonate, oral allopurinol, analgesics, and antispasmodics [16]. When an
intervention is planned, any of the contemporary management options should be offered to
transplanted patients; as per guidelines, no treatment is superior to the other [13]. Indeed, all
techniques present their pros and cons, which must be discussed with the patients.
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For fURS, the new anatomy of the ureteroneocystostomy is not always compliant
for the insertion of the ureteroscope. The ureter is usually implanted at the dome of
the bladder, high in the posterior or anterior wall, with an angle between the ureteral
orifice and the scope that is often <120◦ [23]. For this reason, ureteral access might be
difficult, and once accessed, the lack of soft tissue architecture presents an additional risk
of perforation [23,27,41,42]. However, fURS might have an advantage in the treatment of
stones in difficult anatomical locations, like the middle or lower calyx [40]. In a prospective,
uncontrolled study, Timsit et al. compared the ureterocystostomy surgical technique to
pyeloureterostomy, which is usually considered a salvage procedure [43]. According to
their results, pyeloureterostomy may represent a valuable alternative to ureteroscystostomy,
allowing further endourological access to the allograft urinary system, avoiding vescicoureteral
reflux, and thus minimizing the risk for UTI [43]. Thus, in the event of a short native ureter or
as per the surgeon’s choice, this urinary anastomosis might be considered.

Relatively to PCNL, on the one hand, patients might have difficulties healing due
to immunosuppressants [19,44], and on the other, for surgeons, the procedure might
be challenging due to the formation of an inflammatory capsule around the transplant,
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limiting the pyelocaliceal dilation, with additional fibrosis limiting the range of nephroscope
movements [12,21]. However, PCNL is the technique that potentially offers the highest SFR
in a single procedure for larger stones [40,45].

SWL offers lower kidney manipulation and might be used for renal stones <1.5 cm
and for ureteral stones too, as reported by previous large cohort studies [5], with a SFR of
78.8% [46]. In our analysis, SFR was assessed at 80% (range: 50–100%) and the complication
rate at 17.2%. Most complications were minor and treated either conservatively [6,24] or
with antibiotics [6,23]. Only a single major complication (steinstrasse) requiring nephros-
tomy tube placement was reported [6].

Even if SWL shows good SFR and complications, it is not devoid of disadvantages.
Due to the anatomical location of the transplanted kidney, pelvic bones might interfere with
visualizing the stone and attenuating the shock waves generated by the machine. For these
reasons, some authors propose to use the prone position during the treatments [12,20,47].
However, even when managing factors that decrease SWL efficacy, multiple treatments
might be necessary since low-voltage, low-frequency SWL is recommended to have the
lowest impact on the kidney parenchyma [24]. The graft might also be left with stone debris
that might induce ureteral obstruction, occasionally silently, while passing through the
ureter [48]. In our cohort, patients who were not stone-free after a single or multiple SWL
underwent either PCNL (4/19) [21,22], fURS (1/19) [23]), or active surveillance for residual
fragments <4–5 mm (14/19) [6,21]. Since most non-stone-free patients had residual fragments
<5 mm and due to the variation in anatomy of the transplanted ureter, it is worth mentioning
that tamsulosin was routinely given post-operatively only in one study [23] and that a ureteric
stent was routinely placed only by another [19], suggesting therefore that adequate hydration
and close monitoring of blood tests might be enough as post-operative care.

Since no clear indications regarding the treatment of urolithiasis in transplanted pa-
tients are present, we look at some evidence-based tips. The included studies suggest
using SWL for stones <15 mm [5,19,20,23,24]. Stones should be treated as soon as possible,
since some studies showed an increase in complication rates for patients waiting for these
procedures [24]. During the procedure, patients should be placed in a prone position, and
a water bag should be used to avoid compression and injury to the renal allograft, as it is
usually superficial and pressed against the pelvic bone [19]. Low-voltage, low-frequency
SWL (1–3 times) should be preferred, minimizing the effect on the renal allograft and reduc-
ing postoperative complications, such as hematuria and renal functional deterioration [19].
Arguments exist on whether to place a drain or not after the procedure since graft impairment
is only transient and patients usually clear stones spontaneously [22,24]. However, all authors
suggest following up patients closely for early detection of complications and performing a
metabolic analysis of the stone for better surveillance monitoring and tailored management.

Our study has some limitations. First, all the included studies were retrospective
in design and conducted on small samples. This bias is difficult to overcome since large
prospective studies are difficult to perform because of the low incidence of allograft renal
stones. Additionally, according to our search, the most recent papers were published
in 2018, probably because, despite their clinical relevance, stones in allografts remain a
relatively rare condition, and the reporting and academic publishing were likely to be
affected due to the COVID pandemic. Second, we were not able to collect data on patients’
metabolic evaluation, nor were we able to stratify the stone analysis per procedure for
each study. Lastly, due to the nature of the narrative studies, we lack some granular
information, like the voltages and frequencies used to treat these patients, that might have
differently influenced outcomes like SFR, complication rates, or secondary procedure rates.
Nevertheless, the present study offers a good overview of the literature on a very specific
subset of patients and some practical pitfalls that might be used in everyday clinics.

5. Future Directions

Since allograft urolithiasis is a rare condition and SWL is not routinely performed in all
centers, centralization of care in specialized endourology centers where kidney transplan-
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tation is also carried out and these teams work collaboratively might improve treatment
outcomes. Guidelines and algorithms can also provide management guidance [49,50].
In many cases, for larger stones, several sessions are needed to treat the stone. In this
setting, better SWL machines with technological innovation aimed at optimizing stone
treatment and reducing parenchymal injuries and the number of sessions could make this
procedure more attractive. Finally, SWL in transplant is rare, and a central National or
International registry would help collect data and improve outcomes. Emphasis should
be placed on patient-reported outcome measures and the standardization of the stone-free
rate definition [51].

6. Conclusions

SWL is an effective treatment option for transplanted patients with de-novo urolithia-
sis, offering good SFR without a high risk of major complications. However, management
should consider patient and stone characteristics, the ability and expertise of the surgical
team, and offer patient counseling and shared decision-making for choosing the most
appropriate treatment.
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17. Schünemann, H.; Brożek, J.; Guyatt, G.; Oxman, A. GRADE Handbook for Grading Quality of Evidence and Strength of
Recommendations. 2013. Available online: https://gdt.gradepro.org/app/handbook/handbook.html (accessed on 4 May 2023).

18. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of Surgical Complications: A New Proposal with Evaluation in a Cohort of
6336 Patients and Results of a Survey. Ann. Surg. 2004, 240, 205–213. [CrossRef] [PubMed]

19. Li, S.D.; Wang, Q.T.; Chen, W.G. Treatment of Urinary Lithiasis Following Kidney Transplantation with Extracorporeal Shock-
Wave Lithotripsy. Chin. Med. J. 2011, 124, 1431–1434. [PubMed]

20. Challacombe, B.; Dasgupta, P.; Tiptaft, R.; Glass, J.; Koffman, G.; Goldsmith, D.; Khan, M.S. Multimodal management of
urolithiasis in renal transplantation. BJU Int. 2005, 96, 385–389. [CrossRef] [PubMed]

21. Branchereau, J.; Timsit, M.O.; Neuzillet, Y.; Thuret, R.; Gigante, M.; Tillou, X.; Codas, R.; Boutin, J.; Doerfler, A.; Sallusto, F.; et al.
Management of renal transplant urolithiasis: A multicentre study by the French Urology Association Transplantation Committee.
World J. Urol. 2018, 36, 105–109. [CrossRef]

22. Mahdavi, R.; Tavakkoli, M.; Taghavi, R.; Ghoreifi, A. Minimally Invasive Procedures for Treatment of Urolithiasis in Trans-planted
Kidneys. Exp. Clin. Transpl. 2014, 12, 200–204.

23. Yuan, H.-J.; Yang, D.-D.; Cui, Y.-S.; Men, C.-P.; Gao, Z.-L.; Shi, L.; Wu, J.-T. Minimally invasive treatment of renal transplant
nephrolithiasis. World J. Urol. 2015, 33, 2079–2085. [CrossRef]

24. Klingler, H.; Kramer, G.; Lodde, M.; Marberger, M. Urolithiasis in allograft kidneys. Urology 2002, 59, 344–348. [CrossRef]
25. Kim, H.; Cheigh, J.S.; Ham, H.W. Urinary Stones following Renal Transplantation. Korean J. Intern. Med. 2001, 16, 118–122.

[CrossRef] [PubMed]
26. Verrier, C.; Bessede, T.; Hajj, P.; Aoubid, L.; Eschwege, P.; Benoit, G. Decrease in and Management of Urolithiasis After Kidney

Transplantation. J. Urol. 2012, 187, 1651–1655. [CrossRef] [PubMed]
27. Reeves, T.; Pietropaolo, A.; Somani, B. Donor and post-transplant ureteroscopy for stone disease in patients with renal transplant—

Evidence from a systematic review. Curr. Opin. Urol. 2019, 29, 548–555. [CrossRef] [PubMed]
28. Li, X.; Li, B.; Meng, Y.; Yang, L.; Wu, G.; Jing, H.; Bi, J.; Zhang, J. Treatment of recurrent renal transplant lithiasis: Analysis of our

experience and review of the relevant literature. BMC Nephrol. 2020, 21, 238. [CrossRef]
29. Senel, C.; Tuncel, A.; Balci, M.; Asfuroglu, A.; Aykanat, C.; Guzel, O.; Aslan, Y. Safety and reliability of fluoroscopy-free technique

in retrograde intrarenal surgery. Minerva Urol. Nefrol. 2018, 70, 606–611. [CrossRef]
30. Regan, F.; Kuszyk, B.; Bohlman, M.E.; Jackman, S. Acute ureteric calculus obstruction: Unenhanced spiral CT versus HASTE MR

urography and abdominal radiograph. Br. J. Radiol. 2005, 78, 506–511. [CrossRef]
31. Kambadakone, A.; Andrabi, Y.; Patino, M.; Das, C.; Eisner, B.; Sahani, D. Advances in CT imaging for urolithiasis. Indian J. Urol.

2015, 31, 185–193. [CrossRef]
32. Somani, B.; Bryant, T.; Drake, T.; Jain, N.; Wilson, I. Should low-dose computed tomography kidneys, ureter and bladder be the

new investigation of choice in suspected renal colic? A systematic review. Indian J. Urol. 2014, 30, 137–143. [CrossRef]
33. Breda, A.; Budde, K.; Figueiredo, A.; Lledó García, E.; Olsburgh, J.; Regele, H.; Associates, G.; Boissier, R.; Hevia, V.; Faba, O.R.;

et al. EAU Guidelines on Renal Transplantation. 2023. Available online: https://d56bochluxqnz.cloudfront.net/documents/full-
guideline/EAU-Guidelines-on-Renal-Transplantation-2022.pdf (accessed on 4 May 2023).

34. Rezaee-Zavareh, M.S.; Ajudani, R.; Binabaj, M.R.; Heydari, F.; Einollahi, B. Kidney Allograft Stone after Kidney Transplantation
and its Association with Graft Survival. Int. J. Organ Transpl. Med. 2015, 6, 114–118.

35. Harraz, A.M.; Zahran, M.H.; Kamal, A.I.; El-Hefnawy, A.S.; Osman, Y.; Soliman, S.A.; Kamal, M.M.; Ali-El-Dein, B.; Shokeir, A.A.
Contemporary Management of Renal Transplant Recipients with De Novo Urolithiasis: A Single Institution Experience and
Review of the Literature. Exp. Clin. Transpl. 2017, 15, 277–281.

36. Sarier, M.; Duman, I.; Callioglu, M.; Soylu, A.; Tekin, S.; Turan, E.; Celep, H.; Yavuz, A.H.; Demirbas, A.; Kukul, E. Outcomes of
Conservative Management of Asymptomatic Live Donor Kidney Stones. Urology 2018, 118, 43–46. [CrossRef] [PubMed]

37. Braren, V.; Mcnamara, T.C.; Johnson, H.K.; Teschan, P.E.; Richie, R.E. Urinary Tract Calculous Disease after Renal Transplantation.
Urology 1978, 12, 402–406. [CrossRef] [PubMed]

38. Cho, D.K.; Zackson, D.A.; Cheigh, J.; Stubenbord, W.T.; Stenzel, K.H. Urinary Calculi in Renal Transplant Recipients. Transplantation
1988, 45, 899–902. [CrossRef] [PubMed]

39. Romero-Vargas, L.; Abad, J.B.; Costa, D.R.; Piedrola, J.I.P. Staghorn stones in renal graft. Presentation on two cases report and
review the bibliography. Arch. Espanoles Urol. 2014, 67, 650–653.

https://doi.org/10.1111/j.1464-410X.2005.05481.x
https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-Guidelines-on-Urolithiasis-2023.pdf
https://doi.org/10.1016/j.transproceed.2015.06.020
https://www.ncbi.nlm.nih.gov/pubmed/26293048
https://doi.org/10.1016/j.juro.2008.08.032
https://www.ncbi.nlm.nih.gov/pubmed/18930500
https://gdt.gradepro.org/app/handbook/handbook.html
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://www.ncbi.nlm.nih.gov/pubmed/21740759
https://doi.org/10.1111/j.1464-410X.2005.05636.x
https://www.ncbi.nlm.nih.gov/pubmed/16042735
https://doi.org/10.1007/s00345-017-2103-8
https://doi.org/10.1007/s00345-015-1549-9
https://doi.org/10.1016/S0090-4295(01)01575-8
https://doi.org/10.3904/kjim.2001.16.2.118
https://www.ncbi.nlm.nih.gov/pubmed/11590898
https://doi.org/10.1016/j.juro.2011.12.060
https://www.ncbi.nlm.nih.gov/pubmed/22425102
https://doi.org/10.1097/MOU.0000000000000618
https://www.ncbi.nlm.nih.gov/pubmed/30855381
https://doi.org/10.1186/s12882-020-01896-5
https://doi.org/10.23736/S0393-2249.18.03228-9
https://doi.org/10.1259/bjr/22314006
https://doi.org/10.4103/0970-1591.156924
https://doi.org/10.4103/0970-1591.126884
https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-Guidelines-on-Renal-Transplantation-2022.pdf
https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-Guidelines-on-Renal-Transplantation-2022.pdf
https://doi.org/10.1016/j.urology.2018.04.035
https://www.ncbi.nlm.nih.gov/pubmed/29753848
https://doi.org/10.1016/0090-4295(78)90289-3
https://www.ncbi.nlm.nih.gov/pubmed/362669
https://doi.org/10.1097/00007890-198805000-00011
https://www.ncbi.nlm.nih.gov/pubmed/3285534


J. Clin. Med. 2023, 12, 4389 10 of 10

40. He, Z.; Li, X.; Chen, L.; Zeng, G.; Yuan, J. Minimally invasive percutaneous nephrolithotomy for upper urinary tract calculi in
transplanted kidneys. BJU Int. 2007, 99, 1467–1471. [CrossRef]

41. Sarier, M.; Duman, I.; Yuksel, Y.; Tekin, S.; Demir, M.; Arslan, F.; Ergun, O.; Kosar, A.; Yavuz, A.H. Results of minimally
invasive surgical treatment of allograft lithiasis in live-donor renal transplant recipients: A single-center experience of 3758 renal
transplantations. Urolithiasis 2019, 47, 273–278. [CrossRef]

42. Swearingen, R.; Roberts, W.W.; Wolf, J.S. Ureteroscopy for nephrolithiasis in transplanted kidneys. Can. J. Urol. 2015, 22, 7727–7731.
43. Timsit, M.-O.; Lalloué, F.; Bayramov, A.; Taylor, M.; Billaut, C.; Legendre, C.; Kreis, H.; Badet, L.; Méjean, A. Should Routine

Pyeloureterostomy be Advocated in Adult Kidney Transplantation? A Prospective Study of 283 Recipients. J. Urol. 2010, 184, 2043–2048.
[CrossRef]

44. Lu, H.-F.; Shekarriz, B.; Stoller, M.L. Donor-gifted allograft urolithiasis: Early percutaneous management. Urology 2002, 59, 25–27.
[CrossRef]

45. Wyatt, J.; Kolettis, P.N.; Burns, J.R. Treatment Outcomes for Percutaneous Nephrolithotomy in Renal Allografts. J. Endourol. 2009,
23, 1821–1824. [CrossRef]

46. Srivastava, A.; Zaman, W.; Singh, V.; Mandhani, A.; Kumar, A.; Singh, U. Efficacy of extracorporeal shock wave lithotripsy for
solitary lower calyceal stone: A statistical model. BJU Int. 2004, 93, 364–368. [CrossRef] [PubMed]

47. Markic, D.; Valencic, M.; Grskovic, A.; Spanjol, J.; Sotosek, S.; Fuckar, Z.; Maricic, A.; Pavlovic, I.; Budiselic, B. Extracorporeal Shockwave
Lithotripsy of Ureteral Stone in a Patient with En Bloc Kidney Transplantation: A Case Report. Transpl. Proc. 2011, 43, 2110–2112.
[CrossRef] [PubMed]

48. Harraz, A.M.; Kamal, A.I.; Shokeir, A.A. Urolithiasis in renal transplant donors and recipients: An update. Int. J. Surg. 2016, 36, 693–697.
[CrossRef] [PubMed]

49. Geraghty, R.M.; Davis, N.F.; Tzelves, L.; Lombardo, R.; Yuan, C.; Thomas, K.; Petrik, A.; Neisius, A.; Türk, C.; Gambaro, G.; et al.
Best Practice in Interventional Management of Urolithiasis: An Update from the European Association of Urology Guidelines
Panel for Urolithiasis 2022. Eur. Urol. Focus 2023, 9, 199–208. [CrossRef] [PubMed]

50. Jones, P.; Pietropaolo, A.; Chew, B.H.; Somani, B.K. Atlas of Scoring Systems, Grading Tools, and Nomograms in Endourology:
A Comprehensive Overview from the TOWER Endourological Society Research Group. J. Endourol. 2021, 35, 1863–1882. [CrossRef]
[PubMed]

51. Mehmi, A.; Jones, P.; Somani, B.K. Current Status and Role of Patient-reported Outcome Measures (PROMs) in Endourology.
Urology 2021, 148, 26–31. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1464-410X.2007.06768.x
https://doi.org/10.1007/s00240-018-1051-0
https://doi.org/10.1016/j.juro.2010.06.144
https://doi.org/10.1016/S0090-4295(01)01490-X
https://doi.org/10.1089/end.2008.0115
https://doi.org/10.1111/j.1464-410X.2003.04618.x
https://www.ncbi.nlm.nih.gov/pubmed/14764139
https://doi.org/10.1016/j.transproceed.2011.03.031
https://www.ncbi.nlm.nih.gov/pubmed/21693338
https://doi.org/10.1016/j.ijsu.2016.11.032
https://www.ncbi.nlm.nih.gov/pubmed/27856353
https://doi.org/10.1016/j.euf.2022.06.014
https://www.ncbi.nlm.nih.gov/pubmed/35927160
https://doi.org/10.1089/end.2021.0124
https://www.ncbi.nlm.nih.gov/pubmed/33878937
https://doi.org/10.1016/j.urology.2020.09.022
https://www.ncbi.nlm.nih.gov/pubmed/32991909

	Introduction 
	Methods 
	Evidence Acquisition: Criteria for Considering Studies 
	Search Strategy and Study Selection 
	Study Selection and Data Extraction 

	Results 
	Study Selection and Characteristics 
	SWL for De-Novo Urolithiasis in Transplanted Patients 
	Quality Assessment of Studies 

	Discussion 
	Future Directions 
	Conclusions 
	References

