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Abstract

Introduction: The study aim was to analyze the pre-
sentation, management, and follow-up of renal
transplant patients developing bladder calculi.

Methods: Patients who underwent renal transplant
with postoperative follow-up at our institution were
retrospectively analyzed (1984-2023) to assess for the
development of posttransplant bladder stones. All
bladder stones were identified by computerized to-
mography imaging and stone size was measured using
this imaging modality. Results: The prevalence of
bladder calculi post-renal transplantation during the
study window was 0.22% (N = 20/8,835) with a median
time to bladder stone diagnosis of 13 years post-

transplant. Of all bladder stone patients, 6 (30%) re-
ceived deceased donor and 14 (70%) living donor
transplants. There were 11 patients with known
bladder stone composition available; the most com-
mon being calcium oxalate (N = 6). Eleven (55%) pa-
tients had clinical signs or symptoms (most commonly
microhematuria). Fourteen of the bladder stone co-
hort patients (70%) underwent treatment including
cystolitholapaxy in 12 subjects. Of these 14 patients, 9
(64%) were found to have nonabsorbable suture used
for their ureteroneocystostomy closure. Conclusions:
The prevalence of bladder stones post-renal trans-
plant is low. The utilization of nonabsorbable suture
for ureteral implantation was the main risk factor
identified in our series. This technique is no longer
used at our institution. Other factors contributing to
bladder stone formation in this population warrant

identification. © 2024 The Author(s).
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Introduction

The formation of bladder calculi (stones) is a rare
complication following renal transplantation, with a
reported prevalence of 1-3% [1, 2]. While kidney stones
in the transplant population are well described [3, 4],
there is a paucity of information regarding the devel-
opment of bladder stones in this group. In the general
population, bladder stones may be asymptomatic or
manifest with symptoms including abdominal pain,
gross hematuria, urinary frequency, dysuria, or with
urinary tract infection (UTI). However, symptomatol-
ogy for renal transplant recipients is not well charac-
terized. Moreover, the presence of bladder stones may
require surgical removal in the setting of immunosup-
pression, which may predispose patients to potential
complications. Thus, there is a need to better charac-
terize the natural history and risk factors of such stones
in this unique patient population. The study aims were
to determine the prevalence of bladder stones devel-
oping in this cohort at a single, high volume renal
transplant center, and characterize the presentation,
management, and follow-up of those afflicted.

Methods

This was a retrospective analysis of all patients who under-
went renal transplantation and follow-up at Atrium Health Wake
Forest Baptist Medical Center from 1984 to 2023, or had a kidney
transplant elsewhere and were followed at our institution during
this interval. After obtaining Institutional Review Board approval
(IRB00093774), patient information from an institutional renal
transplant database was used to identify those individuals who
developed bladder calculi following kidney transplantation.
Computerized tomography (CT) imaging was used to make the
diagnosis of bladder calculi and measure stone size which was
defined as maximal diameter of the stone(s). Follow-up CT scans
were used to track bladder stone size over time after initial di-
agnosis in those where observation was initially undertaken. The
majority of asymptomatic patients underwent CT imaging for
evaluation of peri-graft fluid collections, and hydronephrosis
detected with ultrasonography. Prostate volumes were calculated
from CT scans using the ellipsoid formula (length*width*height*
[1/6]). Patients with any known bladder stones before transplant
were excluded as were those with inadequate follow-up labo-
ratory data. Patients who had foreign body suture associated with
the development of bladder stones had it extracted at the same
time as stone removal. Lower urinary tract symptoms were
defined as obstructive symptoms, urgency, and frequency with
urination.

Symptoms/signs associated with bladder stone(s) were
classified as fever, costovertebral angle tenderness, micro-
hematuria, dysuria, abdominal pain, groin pain, and gross
hematuria. Microhematuria was defined as >3 red blood cells/
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high-powered field on urinalysis. The suture used during
ureteral anastomosis for each transplant was also recorded as
either nonabsorbable or absorbable. All bladder calculi were of
mixed composition and characterized by the predominant stone
type. Basic metabolic panel and complete blood count data were
analyzed with utilization of values closest to the date of stone
identification. All statistical analyses were descriptive to de-
termine medians, means, and frequencies of patient variables
which were carried out using IBM SPSS Statistics Version 28
(Armonk, NY, USA).

Results

Data from 8,835 kidney transplant patients who met
inclusion criteria were reviewed. Of all patients, 20
(0.22%) were found to have developed bladder stone(s)
posttransplant (Table 1). The median time to bladder
stone diagnosis was 13 years after renal transplant. The
median number of bladder stones formed was 1, with a
mean maximum size dimension on CT scan of
10.6 mm per stone. Eleven of 20 (55%) patients had
symptoms or signs of bladder stones; most common
being microhematuria. Nine (45%) had nonabsorbable
suture used for their ureteral anastomosis, and 7 out of
9 (78%) were living donor transplants. Most patients
(14/20; [70%]) underwent surgical treatment for their
bladder stones; cystolitholapaxy and removal of any
foreign body suture being the most common proce-
dure. Calcium oxalate was the most common stone
composition (N = 6; 30%). There were 3/20 (15%) of
patients who developed renal graft failure after the
diagnosis of their bladder stone(s), at a median of
17.5 months following transplantation. At latest
follow-up, 14/20 (70%) of patients had died, at a
median of 2 years after bladder stone diagnosis and
18 years following renal transplantation.

Nineteen of 20 (95%) of patients had urologic eval-
uation after the identification of their bladder stone(s)
(Table 2). There were 3 (15%) with imaging confirmed
vesicoureteral reflux of their transplant graft. One patient
had a stricture of their transplant ureter. Looking at
micturition symptoms, 10/20 (50%) had obstructive
voiding symptoms, 9/20 (45%) urgency, 10/20 (50%)
increased urinary frequency, and 3/20 (15%) urinary
retention. Of note, 2 patients with a history of urinary
retention were males and 1 was female. The median
prostate volume of males in the study was 30 cc. Nine of
20 (45%) received medical therapy for management of
voiding symptoms, all males. Medical therapy was with
prescription medications, and all 9 patients were on
tamsulosin, with a minority also on combination therapy
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Table 1. Bladder stone demographics

Variable
Total patients 20
Age at transplant, years 32 (24-54)
Gender
Male 16
Female 4
Type of primary transplant, n (%)
Deceased 6 (30)
Living 14 (70)
More than 1 transplant, n (%) 12 (60)
Median time after transplant to stone identification, years 13 (5-18)
Mean number stone size (range) 10.6 (2-23)
Symptomatic stone, n (%) 11 (55)
Fever 0
Costovertebral angle tenderness 0
Groin pain, n (%) 1(9)
Nausea 0
Abdominal pain, n (%) 1(9)
Microhematuria, n (%) 5 (50)
Gross hematuria, n (%) 2 (20)
Dysuria, n (%) 4 (40)
Received treatment for stone, n (%) 14 (70)
Type of treatment, n (%)
SWL 0
Ureteroscopy 0
PCNL 0
Cystolitholapaxy 12 (86)
Other 2 (14)

Stone free after treatment, n (%)

12 of 14 (86)

Predominant stone composition, n (%)
Calcium oxalate
Calcium phosphate
Struvite
Uric acid
Other
Unknown
Developed graft failure (after stone), n (%)
Median time to graft failure after transplant, months
Mortality, n (%)
Median time to death after stone identification, years
Median time to death after transplant, years
Median magnesium, mg/dL
Median phosphorous, mg/dL
Median serum creatinine, mg/dL
Median hemoglobin, g/dL
Median platelet count
Median absolute neutrophil count
Median absolute lymphocyte count
Median monocyte count

6 (30)

2 (10)

2 (10)

1(5

0(0)

9 (45)

3 (15)

17.5 (9-26)

14 (70)

2 (0.75-5)

18 (8-22)

1.8 (1.6-1.9)

29 (2.5-3.5)

1.6 (1.3-2.5)

134 (11.5-15.2)
186,000 (128,750-255,750)
5,100 (3,500-8,500)
1,500 (900-2,000)
700 (400-700)

Suture, n (%)
Absorbable
Nonabsorbable
Missing data

5 (25)
9 (45)
6 (30)
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Table 1 (continued)

Variable

Immunosuppression, n (%)
Mycophenolate/tacrolimus, n (%)
Prednisone/tacrolimus, n (%)
Tacrolimus, n (%)

Cyclosporine, n (%)
Cyclosporine/prednisone, n (%)
Cyclosporine/mycophenolate, n (%)

Alemtuzumab/mycophenolate, n (%)

1
Cyclosporine/mycophenolate/tacrolimus, n (%) 1
1
1

Prednisone/mycophenolate/rituximab, n (%)

17 (85)
6 (32)

The above table lists all stone-relevant variables reviewed in the study population. Continuous variables
are reported as medians with interquartile ranges in parentheses with the exception of stone size which is a
mean with range. Categorical variables are reported as total numbers with percentages of the total in
parentheses. Complete blood count and basic metabolic panel laboratory data were taken as close to the

date of stone identification as possible.

Table 2. Urologic histories

Urologic variable Total number

Urologic follow-up 19 (95)
Reflux 3 (15)
Stricture 1(5)
Obstructive symptoms 10 (50)
Urgency 9 (45)
Frequency 10 (50)
Urinary retention 3(15)
Median prostate volume (cc) 30 (21-38)
Micturition medication 9 (45)
History of UTI 7 (35)
Urologic surgery 8 (40)
Radical nephrectomy 2 (25)

1(13)
1(13)
1(13)
1(13)
1(13)
1(13)

Mitrofanoff procedure

Laser vaporization of prostate
Orchiectomy and nephroureterectomy
Radical prostatectomy

Bladder augmentation

Inflatable penile prosthesis

The above table lists all urologic history reviewed in the
study population. Variables are reported as total numbers with
percentages of the total in parentheses with the exception of
prostate volume which is a median with interquartile ranges.

with finasteride. Seven patients had culture confirmed
UTIs. Eight patients had a prior history of urologic
surgery before bladder stone identification, and their
operations are listed in Table 2. The most common
operation was radical nephrectomy (N = 2). Seventeen of
20 (85%) patients were on immunosuppression at the
time of bladder stone identification. The most common
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regimen was mycophenolate and tacrolimus (N = 6), and
the total complement of immunosuppressive medications
is listed in Table 2.

Discussion

After analysis of a large renal transplant patient cohort,
we found a low prevalence of bladder calculi postoper-
atively (0.22%). Estimates of the prevalence of bladder
calculi in the general population vary, but are thought to
be approximately 8-19% in males and 3-5% in females in
Western nations [5]. Moreover, bladder stones account
for about 5% of all urinary tract stones formed [6]. While
no definitive answer exists as to why the prevalence is
much lower in those subjected to renal transplantation,
some have hypothesized that the lower glomerular fil-
tration rate in this cohort inhibits stone formation [3]. As
noted, bladder stones are more frequently identified in
males than females in the general population [7, 8], and
the prevalence in our transplant population was also
similar to the general population, 4:1 (male to female).
We did not find any patient or stone specific variables in
female patients that uniquely separated them from males
who also formed bladder stones. In addition to being
lower than the general population, our bladder stone
prevalence was lower than what has been previously
reported for renal transplant patients [1, 2, 4]. One po-
tential explanation for this discrepancy is the smaller size
of prior studies compared to the current study, which
included over 8,800 transplant patients. However, only
about one-half of the patients with bladder stones in our
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series were symptomatic at presentation. Therefore, in the
absence of routine CT imaging surveillance, the true
prevalence in our study population was likely higher.

Bladder stone diagnosis occurred at a median time of
13 years posttransplant. Publications by Kim et al. [4] and
Hahnfeld et al. [1] report shorter time to bladder stone
diagnosis, at a mean of 17.8 months and 50.3 months,
respectively, while others have reported an interval of
bladder stone detection in line with our findings [9]. All
bladder stones were of mixed composition; calcium ox-
alate being the most common which others have reported
[2, 10]. We also tracked immunosuppression regimens of
all patients with bladder stones. It has been reported that
the development of bladder stones is associated with
cyclosporine use and is higher in combined kidney
pancreas transplants compared to kidney transplants
alone [11]. All patients in our study underwent kidney
transplant only, but 25% of the cohort were on cyclo-
sporine at the time of stone identification.

In our study, the graft failure rate in bladder calculi
patients was 15%, which is slightly higher than prior
reports of graft failure for renal transplant patients with
bladder calculi [10], but in line with graft failure rates
overall for renal transplant recipients [12, 13]. The time
to graft failure was short at a median of 17.5 months after
transplant, whereas accepted times for graft failure are
often longer for both deceased and living donor recip-
ients, many times over 10 years [14]. While we cannot be
certain as to the cause of the short time to graft failure, it
is possible that bladder calculi or associated factors for
their generation have a negative effect on renal graft
function.

A variety of laboratory parameters were also col-
lected. Prior work has shown that hyperparathyroidism,
hypocitraturia, hypercalciuria, and a prior history of
stones in the transplant recipient are risk factors for the
subsequent development of bladder and kidney stones
[4, 15]. For our study, the median values for all basic
metabolic panel and complete blood count data were
within normal limits aside from creatinine. Being that
these were transplant patients it is unsurprising that the
median creatinine level in the study population would
be elevated and we do not feel any definitive conclusions
can be drawn from the laboratory data analyzed. We
also noted that 9 bladder stone patients had nonab-
sorbable suture used to anastomose the transplant
ureter to the bladder. It is well established that patients
who have nonabsorbable suture used for ureteral
anastomoses during renal transplant have a higher
incidence of bladder calculi, with these sutures acting as
nidus for both UTIs and calculi [1]. In our series, this

Bladder Stones in Kidney Transplant
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was performed by only one surgeon who eventually
discontinued this practice. Others have reported this
occurrence, but also the development of bladder calculi
on absorbable suture [2]. Other factors associated with
development of bladder calculi following transplant
include the presence of retained ureteral stents which
was not a factor in our series [16].

In terms of presentation, symptoms/signs varied, but
microhematuria and dysuria were most often seen. In
their study, Lipke et al. [2] reported hematuria, UTI, and
dysuria as symptoms associated with bladder calculi in
renal transplant patients. An assessment for UTI was not
uniformly done at the time of stone identification in our
series. Seven patients had a history of UTI, indicating
there may be an association between UTI and bladder
stone formation in renal transplant recipients. Due to the
low number of patients with urinary symptoms included
in our analysis, a valid assessment for associations cannot
be made. In prior studies as in ours, the most common
approach for removal of bladder calculi associated with
foreign body suture was cystolitholapaxy with lithotripsy
and endoscopic suture removal [1, 16]. Only 2 patients
who received treatment had a recurrence of their bladder
stones during the study window. Risk factors for recur-
rence were not identified.

A strength of our study was the inclusion of a com-
prehensive urologic history on each patient. There were
10 patients with obstructive voiding symptoms and three
who had documented urinary retention. It is well es-
tablished that urinary stasis is a risk factor for stone
formation [17, 18]. Thus, it makes sense then that our
population would have such a high rate of obstructive
symptoms. There were 3 patients with documented
vesicoureteral reflux involving their transplant graft,
another known risk factor for stone formation [19]. The
types of prior urologic surgery varied. Two of the pro-
cedures (Mitrofanoff, bladder augmentation) could have
placed these patients at risk for developing bladder stones.
Lastly, as noted, 35% of patients had a history of UTI, and
multiple studies have reported associations between UTI,
and the development of bladder calculi and upper tract
urinary calculi [20, 21].

Our study has several limitations. First, it is subject to
the inherent biases of any retrospective review, most
notably selection bias. In addition, we included those who
had transplants at another institution. We recognize that
a full set of patient variables were not available on each
patient included in the study, limiting analysis. Moreover,
the true prevalence of bladder calculi in our transplant
population may be higher given that surveillance imaging
of the bladder was not routinely performed.
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Conclusions

In summary, the prevalence of bladder stones after
renal transplantation is quite low. The majority of pa-
tients who are diagnosed have signs and symptoms of
such stones. The most common driving factor for stone
formation in our series was utilization of nonabsorbable
suture for the ureteral anastomosis; a practice that we do
not endorse and has been discontinued at our institution.
We found a high rate of bladder stones in those who
received a living donor graft, but of these 50% had
nonabsorbable suture used on their anastomosis. In
addition, we saw a high rate of lower urinary tract
symptom, in particular obstructive voiding symptoms
and prior UTT in our cohort. The reasons for these as-
sociations are unclear and warrant further investigation.
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