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ABSTRACT

Background. Nephrolithiasis in allograft kidneys is rare, but this diagnosis may lead to allograft complications and
patient morbidity. Previous studies that have evaluated nephrolithiasis posttransplant have focused on surgical stone
management, with limited data on urine metabolic risk factors and the presence of stones after follow-up.

Methods. We retrospectively evaluated kidney transplant recipients who were diagnosed with transplant nephrolithiasis
between 2009 and 2019. Computed tomography and ultrasound imaging were used to confirm stone presence.

Results. The incidence of allograft kidney stone formation was 0.86% of 6548 kidney transplant recipients. Of the 56
cases identified, 17 (30%) had a pretransplant history of nephrolithiasis. Only four (7%) patients received a known kidney
stone at the time of allograft implantation. Of the 56 cases, 34 had a 24-h supersaturation study. The urine
supersaturation study showed 32 patients (94%) had a urine citrate of <450 mg excreted in 24 h (median 124.5 mg/24 h,
reference range >500 mg/24 h), along with 22 patients (61%) having a urine oxalate excretion of ≥30 mg in 24 h (median
34.4 mg/24 h, reference range <30 mg/24 h). Calcium oxalate composition was most common (91% with >1
supersaturation for calcium oxalate crystals), with normal median urine calcium levels (median urine calcium 103.5
mg/24 h, reference range <200 mg/24 h). After a 4-year follow-up, 50% (n = 28) required surgical intervention and 43
(77%) patients continued to have evidence of transplant nephrolithiasis on imaging.

Conclusions. This is the largest study of transplant nephrolithiasis confirming that hypocitraturia and hyperoxaluria
were the most significant urine metabolic risk factors associated with allograft nephrolithiasis and that hyperoxaluria
was the most prevalent driver for calcium oxalate stone composition. Our study is first to show low stone-free rates at
the last follow-up and a significant proportion requiring surgical intervention.
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GRAPHICAL ABSTRACT
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INTRODUCTION

Renal transplant allograft nephrolithiasis has been repeatedly
broached in the literature in small, mostly single-center trials,
and reported rates range from 0.4 to 4.4% [1–5]. A large meta-
analysis recently estimated the overall rate of nephrolithiasis in
kidney transplant (KTx) recipients at 1%, though a significant
proportion of stones contained in the analysis were found in
the bladder and could not definitively be attributed to either the
transplant or native kidney(s) [1].Whilemost studies have found
the long-term risk to graft function to be low, particularly in the
case of small and non-obstructive stones [6–10], there have been
reports of acute allograft dysfunction and in some cases graft
failure attributed to KTx nephrolithiasis [10–13].

Urine supersaturation tests are designed to measure key di-
etary and metabolic risk factors relevant to a patient’s risk for
nephrolithiasis and they provide complex ion supersaturation
information, which has previously been shown to correlate with
stone composition [14]. In addition,urinemetabolic profiles have
been used to provide more directed therapy for nephrolithiasis
management [15].

A prior study that evaluated urine metabolic profile differ-
ences between 82 KTx patients and 82matched healthy controls
found that KTx recipients had more significant hypocitraturia
and hyperoxaluria, both significant lithogenic risk factors [16].
However, this study was not limited to KTx recipients with
a history of new-onset nephrolithiasis at the time of enroll-
ment nor did it follow the patients longitudinally to assess

the risk for eventual formation of kidney stones in either
cohort. Additionally, previous large cohort studies analyzing
new-onset nephrolithiasis in KTx recipients have focused on
stone management, with limited data on risk factors and risk
for recurrence after follow-up [17, 18].

As one of the largest KTx centers in the nation, we sought to
add to the existing literature by evaluating our cohort of patients
with transplant nephrolithiasis. Herein we report the largest
study of KTx nephrolithiasis,with the aim of identifying risk fac-
tors, surgical intervention and the presence of stone disease at
the last follow-up.

MATERIALS AND METHODS

After institutional review board (IRB) approval (19-011555), a
retrospective chart review was conducted on all adult patients
from 2009 to 2019 across multiple major enterprise sites using
the electronic medical records and International Classification
of Diseases (ICD) codes. ICD code for renal transplant with or
without a simultaneous solid organ transplant and one of the
following ICD codes were used: uric acid stones, ureterolithiasis,
kidney stone, nephrolithiasis, calcium oxalate nephrolithiasis,
urate nephrolithiasis, ureteral stone or calcium phosphate
nephrolithiasis. The electronic medical records of the patients
generated by ICD codes were then individually reviewed. For
each patient on the list, computed tomography (CT) or ultra-
sound (US) imaging performed on or after the KTx date was
reviewed to verify the presence of transplant nephrolithiasis.
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Donor-associated nephrolithiasis was determined based on the
finding of a kidney stone in the transplanted kidney within
24–48 h after kidney transplantation. All KTx patients undergo
kidney allograft US within that time frame after kidney trans-
plantation. At our transplant center, protocol biopsies take place
at 4 months, 1 year, 2 years and 5 years. Protocol biopsies are US
guided and a US of the transplanted kidney is performed at the
same time as the protocol biopsies, so all KTx patients receive
at least one to two transplant allograft imagings within the first
year posttransplant. The decision to pursue imaging with CT for
some patients was based on the transplant team and was not
standardized across the entire group. Exclusion criteria included
patients who were <18 years old at the time of diagnosis and
patients with stones that could not definitively be isolated to
the transplant kidney or transplant ureter on imaging.

Multiple data points were collected, including information
about the initial KTx, etiology of kidney failure, immediate post-
transplant management, urine supersaturation studies (when
available) and graft function and patient outcome at the last
follow-up. The urine supersaturation panel was based on a 24-
h urine evaluation of the following variables: volume, calcium,
citrate, pH, uric acid, sodium,magnesium, potassium, phospho-
rus and supersaturation for calcium oxalate, calcium phosphate
and uric acid crystals identified based on reference means using
delta G (DG). This refers to the Gibbs energy of transfer, which
is negative for undersaturated and positive for supersaturated
solutions. When a patient had a history of multiple KTx, data
from the transplant prior to the allograft nephrolithiasis inci-
dent were collected. When a patient had multiple supersatura-
tion studies completed, data from the first study performed after
the new stone event were collected. Fisher’s exact test for count
data and Kruskal–Wallis rank sum test were used to compare
patients with urine metabolic assessment and patients without
metabolic assessment.

RESULTS

A total of 553 charts underwent initial review, from which 56
cases of transplant nephrolithiasis thatmet all inclusion criteria
were identified, as shown in Figure 1.

There were 6548 unique KTxs between 2009 and 2019 across
multiple sites for a transplant nephrolithiasis rate of 0.86%. The
diagnosis of transplant nephrolithiasis was based on CT in 33
(59%) patients and US imaging for the remaining 23 (41%). The
mean age at transplant was 56.5 (±12.1) years, 32 of 56 identi-
fied patients (57%) were male, 44 (79%) were White and 6 (11%)
were Black. For most patients, this was their first KTx [46 (82%)];
41 (76%) required dialysis before transplant and 17 (30%) had at
least one stone event in their native kidney prior to transplant.
The most common cause of initial kidney failure was glomeru-
lonephritis [17 (30%)]. A complete set of pretransplant character-
istics can be found in Table 1.

A total of 31 patients (55%) received a deceased-donor organ
and 25 (45%) received a KTx from a living donor. Eight (14%) had
delayed graft function (six deceased-donor recipients and two
living donor recipients). Mycophenolate mofetil (MMF) was part
of themaintenance immunosuppression in 50 (89%) patients. At
the time of diagnosis, 21 patients (38%) had at least two discrete
stones in the allograft. The median size of the largest stone was
6 mm (range 0.1–35.0 mm) and the most common location for
the largest stone was the inferior pole [20 (36%)]. Most stones
were not analyzed for composition, but of those that were,
six (11% of patients) had stones made completely of calcium

N=69 excluded for absence of 
stone events after transplant

N=397 excluded for absence
of kidney transplant

N=25 excluded for post-transplant
stones in native kidney only or
bladder

N=4 excluded for biopsy-proven 
crystal deposits without kidney 
stone event after transplant

N=2 excluded for age < 18 years

56 cases of confirmed 
transplant nephrolithiasis

553 patients identified
by ICD codes

FIGURE 1: The number of patients with transplant nephrolithiasis (n = 56) in-
cluded in the study after applying exclusion criteria from all patients identified

based on ICD codes (n = 553).

Table 1. Pretransplant characteristics (N = 56)

Characteristics Values, n (%)

Female gender 24 (43)
Race

White 44 (79)
Black 6 (11)
Other/unknown 6 (11)

Dialysis 41 (73)
History of urolithiasis/nephrolithiasis in recipient 17 (30)
Number of prior stone events (N = 17)

1 4 (24)
2–4 4 (24)
≥5 9 (53)

Stone composition
Unknown 13 (77)
Oxalate 3 (18)
Uric acid 1 (6)

Predisposing stone risk prior to transplant (N = 15)
Polycystic kidney disease 6 (40)
Hyperoxaluria 2 (13)
Hyperuricemia/gout 2 (13)
Multiple 5 (33)

Cause of end-stage kidney disease
Diabetes 9 (16)
Hypertension 3 (5)
Glomerulonephritis 17 (30)
Polycystic kidney disease 7 (13)
Stone 1 (2)
Other 14 (25)
Multiple 5 (9)

Prior KTx 10 (18)
Stone present in native kidney prior to transplant 10 (18)
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Table 2. Transplant nephrolithiasis characteristics (N = 56)

Characteristics Values

Number of stones in KTx, n (%)
1 35 (63)
2–4 21 (38)

Largest stone size (mm)
Mean (SD) 7.4 (7.1)
Median (range) 6.0 (0.1–35.0)

Stone composition, n (%)
Unknown 44 (79)
Calcium oxalate 6 (11)
Calcium phosphate 1 (2)
Multiple 5 (9)

Location of stone, n (%)
Unknown 8 (14)
Superior pole 8 (14)
Inferior pole 20 (36)
Renal pelvis 6 (11)
Ureter 9 (16)
Multiple 5 (9)

Stone with associated obstruction, n (%) 15 (27)
Time from transplant date to transplant
nephrolithiasis identified on imaging (years)

Mean (SD) 3.9 (6.2)
Median (range) 1.0 (0.0–32.0)

SD, standard deviation.

oxalate, while five (9%) had stones of mixed composition. Post-
transplant stone characteristics are shown in Table 2.

A total of 34 patients (61%) had a 24-h urine supersatura-
tion study completed at a median follow-up of 2 years after
transplant. Patients who had a history of a stone event prior to
transplant were more likely to have a 24-h urine metabolic as-
sessment compared with those without [14/34 (41%) versus 3/22
(14%); P= 0.04]. Supersaturationwas highest for calciumoxalate,
as shown in Table 3. Other notable findings on the urine su-
persaturation studies included profound hypocitraturia [median
124.5 mg/24 h (range 20.0–763.0, reference range >500)], with 32
patients (94%) demonstrating a urine citrate of<450mg excreted
in 24 h. Urine oxalate was a median of 34.35 mg/24 h (range 9.8–
136, reference range<30) with 22 patients (61%) having an excre-
tion of ≥30 mg in 24 h and 10 patients (29%) having an excretion
of >40mg in 24 h. Urinemagnesiumwas amedian of 88.5 mg/24
h (range 22.0–240.0, reference range>30)with four patients (12%)
excreting <30 mg in 24 h.

In our cohort we identified four patients (7%) with donor-
associated allograft nephrolithiasis at the time of transplant. All
donor-derived transplant nephrolithiasis cases [4/34 (12%)] had
a urine metabolic assessment. The baseline characteristics and
the metabolic risk factors were similar for donor-derived cases
compared with the rest of the cohort.

The median time from transplant to a new-onset stone
event was 1 year (range 0–32 years). The cumulative stone
event plot is shown in Figure 2. Twenty-four patients had
a stone event up to 1 year after KTx (including the 4 pa-
tients with donor-associated transplant nephrolithiasis) and
32 patients had a stone event after 1 year. There was no sig-
nificant difference in baseline characteristics between the two
groups. For patients with 24-h urine supersaturation, urine vol-
ume was significantly lower among patients with a stone event
>1 year after transplant comparedwith thosewith a stone event
within the first year after transplant (median 1.8 versus 2.6 L;
P = 0.02).

Table 3. 24-hour urine supersaturation results (N = 34)

Tests Values

Urine volume (mL)
Mean (SD) 2159.5 (797.2)
Median (range) 2174.5 (745.0–3960.0)

Supersaturation calcium oxalate (DG)
(reference mean 1.77 DG)
Mean (SD) 2.5 (1.9)
Median (range) 1.9 (−0.4–9.0)

Supersaturation brushite/calcium phosphate
(DG) (reference mean 0.21 DG)
Mean (SD) −1.2 (1.6)
Median (range) −1.1 (−3.6–1.8)

Supersaturation hydroxyapatite (DG)
(reference mean 3.96 DG)
Mean (SD) 1.8 (2.1)
Median (range) 1.0 (−1.1–7.8)

Supersaturation uric acid (DG) (reference
mean 1.04 DG)
Mean (SD) 0.1 (2.0)
Median (range) 0.2 (−6.9–3.7)

Supersaturation sodium urate (DG)
(reference mean 1.76 DG)
Mean (SD) −0.2 (1.2)
Median (range) −0.1 (−2.7–2.0)

Urine sodium (mmol/24 h), n (%)
Mean (SD) 147.3 (84.0)
Median (range) 125.5 (26.0–400.0)

Urine sodium (mmol/24 h)
High (≥150) 15 (44)
Acceptable (100–150) 8 (24)
Ideal (<100) 11 (32)

Urine calcium (mg/24 h)
Mean (SD) 149.1 (135.1)
Median (range) 103.5 (26.0–592.0)

Urine calcium (mg/24 h), n (%)
High (≥200) 7 (21)
Normal (<200) 27 (79)

Urine magnesium (mg/24 h)
Mean (SD) 98.5 (59.2)
Median (range) 88.5 (22.0–240.0)

Urine magnesium (mg/24 h), n (%)
Low (<30) 4 (12)

Urine citrate (mg/24 h)
Mean (SD) 169.8 (167.3)
Median (range) 124.5 (20.0–763.0)

Urine citrate (mg/24 h), n (%)
Low (<450) 32 (94)

Urine oxalate (mg/24 h)
Mean (SD) 40.7 (27.2)
Median (range) 34.35 (9.8–136.0)

Urine oxalate (mg/24 h), n (%)
High (≥30) 22 (61)

Urine pH
Mean (SD) 6.0 (0.6)
Median (range) 5.9 (5.1–7.7)

SD, standard deviation.

Medical management included dietician referral in 18/56 pa-
tients (32%), potassium citrate supplementation in 14 (25%) and
calcium citrate in 10 (18%). Most of the patients were on mag-
nesium supplementation [34 (61%)], but supplementation was
in the immediate posttransplant course rather than as a re-
sponse to a stone event. None of the patients with urine oxalate
≥30 mg or patients with urine oxalate >40 mg in 24 h received
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FIGURE 2: The cumulative incidence of stone events after KTx excluding the four

cases of donor-associated nephrolithiasis.

a prescription for magnesium supplementation. A total of 45
patients (80%) were seen by the urology department, of whom
28 (50%) required surgical management: an initial nephros-
tomy tube in 10 (36%), ureteroscopy in 19 (68%) and percuta-
neous nephrolithotomy in 7 (25%). The decision to pursue sur-
gical intervention was determined based on the size, location
of the stone and any associated obstruction. Dietician referral
for stone prevention wasmore common for patients who under-
went urine metabolic assessment [16/34 (47%) versus 2/22 (9%);
P = 0.003].

After a median follow-up of 4 years after the transplant
nephrolithiasis diagnosis, 43/56 patients (77%) continued to have
evidence of transplant nephrolithiasis on imaging. There was
no difference in the rate of stone-free status on last imaging
for patients with and without urine metabolic assessment [7/34
(19%) versus 6/22 (25%)]. The median creatinine was 1.4 mg/dL
(range 0.5–4.3). A total of three patients (5%) had graft fail-
ure, defined as a glomerular filtration rate of <15 mL/min/
1.73 m2 or being relisted for KTx; none of the graft failure
events was directly attributed to stone-related complications.
Two (4%) patients had died, with neither directly attributed to
stone events.

DISCUSSION

This is the largest study of KTx nephrolithiasis examining clin-
ical and urine metabolic risk factors and stone outcomes. We
found that only a third of patients who developed nephrolithi-
asis in the allograft had a prior history of kidney stones and
only 11% received a known kidney stone at the time of allo-
graft implantation. Thus the majority of transplant nephrolithi-
asis cases developed due to lithogenic factors occurring in the
post-transplant period. Moreover, we found that the stone reso-
lution rate after urological intervention was low, with only 23%
of patients stone free at the last follow-up. The rate of surgical
intervention was significant at 50%.

The median time from KTx to nephrolithiasis diagnosis was
1 year, similar to prior studies. Other studies have shown that
nephrolithiasis occurs during the first few months to 1 year af-
ter transplant, with the longest time from transplant to a stone
event reported at 17 years [10, 19]. In another report, the ma-
jority of cases had a mean time to stone diagnosis of 8.5 years,
with a range of up to 14 years later [20]. Transplant nephrolithi-
asis identified at the time of transplant reflects cases of donor-
derived nephrolithiasis,whichwas present in ∼7% of our cohort.

Among those with known stone composition (n = 12), 100%
calcium oxalate was most common. This correlated with urine
metabolic crystal supersaturation results showing the mean
supersaturation of calcium oxalate to be significantly higher
than the reference range compared with other crystal su-
persaturation. These findings are consistent with the largest
publishedmeta-analysis showing 77% of transplant nephrolithi-
asis to be calcium-based [1]. Our results show that the
median urine calcium was 103.5 mg/24 h and 79% of in-
dividuals had urine calcium <200 mg/24 h. However, the
median urine oxalate was 34 mg, 61% had urine oxalate ≥30
mg/24 h and nine (27%) had urine oxalate ≥50 mg/24 h. There-
fore hyperoxaluria appears to be the primary trigger for calcium
oxalate nephrolithiasis in KTx recipients rather than hypercal-
ciuria. In the cohort of patients with urine oxalate ≥50 mg/24
h, six had an identified enteric risk for hyperoxaluria, including
one celiac, two chronic diarrhea, two pancreatic insufficiency
and one gastric bypass. Only one of those patients had radio-
graphic evidence of an absence of nephrolithiasis in the allograft
at the last follow-up. Further studies of KTx recipients with en-
teric risk factors for hyperoxaluria are needed to better define
the risk for transplant nephrolithiasis and to guide the monitor-
ing program and treatment approach.

Several previous studies reported clinical and urine
metabolic risk factors for transplant nephrolithiasis; how-
ever, they were limited to patients without nephrolithiasis
or to a small number of cases. Previously identified clinical
risk factors include secondary hyperparathyroidism, recurrent
urinary tract infections and renal tubular acidosis [20–23]. Our
findings on urine supersaturation were similar to previously
published results, including hyperuricosuria, hypocitraturia, hy-
peroxaluria and low urine volume [21]. Hypocitraturia, however,
appears to be the common denominator among all studies of
KTx recipients with or without nephrolithiasis [16]. Our study
results highlight that hypocitraturia is the most significant
urine metabolic risk factor, followed by hyperoxaluria.

Hypocitraturia is a significant risk factor for calcium-based
nephrolithiasis. Citrate and magnesium have antilithogenic
properties and have been shown to decrease the formation and
growth of calcium oxalate crystals. There are several postulated
causes for hypocitraturia in KTx recipients. It is known that
hypokalemia or metabolic acidosis can increase intracellular
acidosis and increase proximal tubular reabsorption of citrate,
contributing to low urine citrate excretion [24–26]. Metabolic
acidosis is common in transplant recipients and has been
attributed to calcineurin inhibitor therapy causing renal tubular
acidification defects and contributing to increased intracellular
acidosis. Diarrhea also plays a role in the development of non-
anion gap acidosis in KTx recipients. In fact, patient-reported
rates of diarrhea are as high as 53% in KTx recipients, with a
cumulative incidence 3 years after KTx of 22.6% [27, 28]. The
etiology of diarrhea after transplant is broad, but both antibiotic
exposure and MMF immunosuppression are key risks. MMF has
been reported to cause diarrhea and enteric malabsorption, and
89% of our patients were maintained on MMF therapy [29–31].
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Enteric malabsorption is known to cause decreased urinary
excretion of magnesium, citrate and calcium and increase
urinary oxalate in a manner that directly correlates with the
degree of malabsorption of fecal fat excretion [32]. Neither a
food frequency questionnaire nor assessment of fecal fat was
available for our case series, and further studies investigating
the etiology of hyperoxaluria in KTx recipients are needed.

In our cohort, 61% of patients required magnesium supple-
mentation and decreased urinary magnesium excretion was
identified in 12% of patients. Magnesium chelates citrate in the
tubular lumen and thus traps citrate in the urine and decreases
its reabsorption, thus increasing total urine magnesium and cit-
rate concentrations [32]. Decreased excretion of urinary mag-
nesium therefore can contribute to hypocitraturia. Decreased
urinary magnesium excretion as a risk factor for transplant
nephrolithiasis has been previously reported [21]. Our findings
did not confirm this, likely because the majority of the pa-
tients at our institution (61%) were prophylactically managed
with magnesium supplementation for treatment of hypomag-
nesemia associated with KTx.

Recognizing proposedmechanisms for hypocitraturia in KTx
recipients with transplant nephrolithiasis may help individual-
ize medical management by addressing culprit causes. In our
cohort, only 38% of patients with a urine supersaturation study
received citrate supplementation and 32% of the entire cohort
received dietician counseling for stone prevention directed at a
high-fluid, low-sodium and low-oxalate diet.

While graft failure (5%) and mortality (4%) rates were low,
consistent with previous reports, it should be emphasized that
the morbidity of transplant nephrolithiasis was significant. The
overall stone burden in our cohort was significant, as 38% of pa-
tients had two to four stones in the allograft, 27% of patients had
an associated obstruction and 50% of patients required surgi-
cal intervention. Anatomic factors related to the transplant may
have limited the ability for stone passage or removal in some
cases. Taken together, these factors may have contributed to the
overall low rate of stone clearance (23%) and low rates of spon-
taneous stone passage (25%) in our cohort.

Several limitations warrant discussion. The findings of this
study are representative of a large multisite medical center and
the resultsmay not be generalizable to other centers due to vary-
ing transplant protocols and patient demographics. It should be
recognized that there is no standardized serial imaging at our
transplant center, therefore the onset of transplant nephrolithi-
asis cannot be fully predicted. Despite this, the median time to
transplant nephrolithiasis is similar to that in the existing liter-
ature. Primary inclusion criteria relied on ICD coding to iden-
tify patients with transplant nephrolithiasis. Due to inherent
limitations of ICD coding, patients with transplant nephrolithi-
asis may have been missed. However, the rate of transplant
nephrolithiasis in our study at 0.86% is consistent with the
largest study to date showing a rate of 1% [1]. A control group of
KTx recipients with urinemetabolic results without nephrolithi-
asis is lacking, and there was a relatively low rate of metabolic
urine assessment within this cohort. Lastly, the study does not
address the effect of treatment on repeat urine metabolic as-
sessment.

We have shown in this study that transplant nephrolithia-
sis is associated with significant morbidity, including multiple
stones, obstruction with up to 50% surgical intervention and
<25% of patients stone free at the last follow-up. We confirmed
that a calcium-based stone composition is the most preva-
lent and profound hypocitraturia is the most significant urine
metabolic risk, followed by hyperoxaluria. Themedical manage-
ment approach is not standardized. Further studies are needed

to improve nephrolithiasis risk stratification and individualiza-
tion of medical management to reduce transplant nephrolithia-
sis morbidity in KTx recipients.
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