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Abstract

Background: Cystinuria is a rare autosomal recessive metabolic disorder that affects renal and intestinal cystine
transport. Cystine stones are found in only 1–2% of all stone formers. Patients with cystinuria are at high risk for
nephrolithiasis and subsequent morbidity. In spite of the various medical and surgical treatments that are currently
available for cystinuria, some patients gradually develop kidney failure, with only a few reported cases regarding
kidney transplantation (KTx) to treat end-stage renal disease (ESRD) secondary to cystinuria. Cystinuria is likely not to
be a systemic disease; thus, renal replacement with transplantation seems a good therapeutic option for ESRD.
However, few cystinuria patients have undergone KTx due to ESRD.

Case presentation: We herein describe the case of a 49-year-old man with cystinuria, frequent stone events, and ESRD
who underwent pre-emptive ABO-incompatible kidney transplantation. At 2 years and 6 months post-transplantation, the
patient remains asymptomatic with no prophylactic therapy for cystinuria, and the allograft function has been preserved
without evidence of rejection.

Conclusions: In conclusion, a cystinuria patient with nephrolithiasis-related ESRD was successfully treated by
transplantation. Although additional cases are required to confirm the efficacy of this approach, renal
replacement may be useful for treating ESRD in patients with rare hereditary forms of kidney stone disease.
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Background
Cystinuria is a rare, autosomal recessive hereditary disease
that was first described by Archibald Garrod in 1908 [1].
It is also known as the most frequent monogenic cause of
renal stones. The condition is present in approximately
1% of adults and 8% of children with nephrolithiasis. Glo-
bally, the average prevalence of cystinuria is approximately
1 per 7000 births; however, the prevalence ranges and
widespread variation are observed [2, 3]. This disease is
caused by the impairment of the epithelial transport of di-
basic amino acids (cystine, ornithine, arginine, and lysine)

in the renal proximal tubule and small intestine [2]. Be-
cause of its poor solubility at a typical urine pH, cystine
alone leads to urinary precipitation and recurrent nephro-
lithiasis that can cause obstruction, infection, and, ultim-
ately, chronic kidney disease (CKD) [2, 4]. Usually, the
diagnosis is based on the detection of urinary cystine crys-
tals, a stone analysis, or increased urinary cystine levels. In
some patients, stones develop into staghorn calculi [3].
Preventive medical managements include hydration

(high fluid intake) and urinary alkalinization using orally
administered potassium citrate. If hydration and urinary
alkalinization fail to prevent cystine stone recurrence,
the next step in the treatment should be the introduc-
tion of chelation or anti-urolithic therapy (such as tio-
pronin) to reduce the urinary concentration of cystine
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[3]. In cases of stone formation, large stones that are as-
sociated with pain, infection, or symptoms of obstruc-
tion require surgical intervention, such as extracorporeal
shockwave lithotripsy (ESWL), percutaneous nephro-
lithotomy (PCNL), or endoscopic retrograde techniques
[2]. In contrast, smaller asymptomatic stones may be
monitored with close ultrasonographic follow-up [2].
End-stage renal disease (ESRD) seems to be an un-

common condition in cystinuria patients, and few stud-
ies have evaluated the comorbidities associated with
cystinuria [4, 5]. Our search of the PubMed database for
English studies on successful kidney transplantation
(KTx) for the treatment of ESRD secondary to cystinuria
revealed only four previous reports [6–9]. The most re-
cent case, that of a male aged in his 20s with bilateral
staghorn calculi, was reported in 1993. Despite bilateral
pyelolithotomy, the patient developed ESRD requiring
renal replacement therapy (RRT) and eventually under-
went KTx [8].
Thus, it is likely that cystinuria is not a systemic dis-

ease, making renal replacement with transplantation
seems a good therapeutic option for ESRD due to cystin-
uria. We herein report a case in which an adult cystin-
uria patient with recurrent nephrolithiasis leading to
ESRD was successfully treated by KTx.

Case presentation
The patient was a 49-year-old man from Japan with a life-
long and complicated history of cystinuria. He was diag-
nosed with cystinuria based on a stone analysis shortly
after birth. His medical history was notable for multiple
episodes of renal stones. He had no known family history
of nephrolithiasis. At 1 year of age, he developed right-
sided ureteric calculi and ureterolithotomy was per-
formed. At 6 years of age, he suffered from left-sided ur-
eteric calculi, and ureterolithotomy was performed as
well. Despite the initiation of conservative treatment with
potassium citrate and tiopronin, disease remission was not
achieved. His next symptomatic stone event occurred at
23 years of age, when he was diagnosed with bilateral

staghorn calculi. At this point, unfortunately, his right-
sided kidney was already non-functioning. At 31 years of
age, he had recurrent left-sided renal calculi and required
PCNL for stone removal. At 39 years of age, the patient
had an episode of right-sided renal abscess and was
treated with intravenous antibiotic therapy with percutan-
eous nephrostomy (Fig. 1). His serum creatinine (Cr)
gradually increased to approximately 1.8 mg/dL. The pa-
tient was referred to our hospital for further investigation.
Since there was a possibility of renal abscess recurrence,
right-sided nephrectomy was eventually performed. The
isolated kidney with obstructive pyelonephritis showed
diffuse thinning of the renal parenchyma, interstitial fibro-
sis, hyalinization, and obscuring of the corticomedullary
junction (Fig. 2). Thereafter, his renal function grad-
ually declined and progressed to ESRD.
At 47 years of age, RRT was required because of fre-

quent episodes of calculi, such as ureterolithiasis and
nephrolithiasis, which ultimately resulted in ESRD. Both
of the patient’s parents carried a risk of having heterozy-
gous mutations and were excluded as donors. However,
his wife, a 45-year-old woman, volunteered to donate
her kidney to him, so we decided to undergo pre-
emptive living donor KTx.
The proposed transplant was ABO incompatible, from

a donor with blood type A to a recipient with blood type
B. At 2 weeks prior to transplantation, the administra-
tion of mycophenolate mofetil (MMF, 500 mg/day) and
the anti-CD20 monoclonal antibody rituximab (1 dose
of 200 mg) was initiated according to our pre-
transplantation regimen (Fig. 3).
Preoperatively, tacrolimus (TAC) and methylprednisolone

(mPSL) were also administered from 6 days before trans-
plantation. TAC was started at a dose of 0.1 mg/kg/day and
then increased to 0.15 mg/kg/day. Following 2 weeks of
desensitization therapy, the patient underwent two sessions
of hemodialysis (HD) and one session of double filtration
plasmapheresis (DFPP) before transplantation.
In addition, induction therapy with intravenous methyl-

prednisolone (mPSL [500 mg]) and basiliximab (1 dose of
20 mg) was administered on the day of transplantation.

Percutaneous nephrostomy tube Percutaneous nephrostomy tube

Right-sided renal abscess

Fig. 1 CT scans of the right-sided renal abscess. A percutaneous nephrostomy tube was placed for drainage
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The renal graft was transplanted without incident into
the left iliac fossa (because of a previous operation at the
right iliac fossa). Subsequently, the graft became pink
and the urine was immediately produced. The post-
transplantation immunosuppression protocol consisted
of TAC, MMF (1500 mg/day), and mPSL. Basiliximab
was also administered 4 days after transplantation. The
TAC trough level was maintained at 8–12 ng/mL for the
first few weeks after transplantation. mPSL was gradually
tapered to 5 mg by the end of the post-transplantation
period and switched to an oral formulation (Fig. 3).
Notably, the patient’s Cr levels decreased after trans-

plantation and are now maintained at 1.2 mg/dL under
immunosuppression with a triple-drug regimen (TAC,

MMF, and mPSL) (Fig. 3). On post-operative days 180
and 544, a urinary amino acid analysis was performed
and revealed that the patient’s urinary amino acid levels
remained within the normal ranges.
At present, 2 years and 6 months after KTx, the patient

remains asymptomatic with no prophylactic therapy for
cystinuria, and the allograft function has been preserved
without evidence of rejection. On magnetic resonance
angiography (MRA), there was no transplant renal artery
stenosis, and the renal blood flow was maintained (Fig. 4).
In addition, the hematologic follow-up has not demon-
strated any significant adverse effects of immunosuppres-
sion (such as dyslipidemia or myelosuppression) or
cytomegalovirus (CMV) infection events.

Tubular atrophy with thyroidization

Strong hyalinization of glomeruli (circle)

20x, HE-staining

a b

Fig. 2 The gross and microscopic observation of the isolated polycystic kidney. a The gross specimen showed a massively enlarged kidney with
obstructive pyelonephritis. b Microscopic (histologic) observation showed wide interstitial fibrosis, tubular thyroidization, and tubular atrophy.
Most glomeruli were hyalinized and collapsed
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Fig. 3 Overview of the patient’s clinical course and management. Tapering of triple immunosuppression (TAC, MMF, mPSL) with a stable serum
creatinine level
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Discussion and conclusions
We presented the case of a cystinuria patient with
nephrolithiasis-related ESRD who was followed for
2 years and 6 months after pre-emptive KTx. An accur-
ate and early diagnosis of cystinuria is important for the
long-term management of patients. In this case, the
diagnosis of cystinuria was made based on a stone ana-
lysis and no genetic analysis was performed. The condi-
tion was characterized by lifelong, recurrent stone
symptoms that were difficult to manage, both medically
and surgically.
Patients with rare hereditary forms of kidney stone dis-

eases, including primary hyperoxaluria, cystinuria, Dent
disease, and adenine phosphoribosyltransferase deficiency,
experience recurring stones—often starting in child-
hood—and are at high risk for CKD [5]. ESRD is common
in primary hyperoxaluria, cystinuria, Dent disease, and ad-
enine phosphoribosyltransferase deficiency. However, the
CKD in cystinuria is usually less aggressive [5].
Recently, Prot-Bertoye et al. investigated CKD and its

risk factors among a large series of French patients with
cystinuria. This study showed that the prevalence of CKD
in cystinuria patients was (26.7%), but that only 1.1% (5 of
442) of cystinuria patients developed ESRD requiring RRT
[4]. Among these CKD patients with cystinuria, the preva-
lence of hypertension (28.6%) was high, and hypertension
was found to be significantly associated with male sex,
age, and CKD [4]. In this case, the cystinuria patient

underwent nephrectomy, which has the potential to lead
to ESRD. In addition to CKD, he also suffered from hyper-
tension. Following transplantation, a blood pressure of
120/80–135/85 mmHg has been maintained on Nifedipine
(20 mg, once daily).
Kidney transplantation is the preferred treatment for

ESRD. Our search of the literature only identified four
cases in which KTx was performed for the treatment of
ESRD secondary to cystinuria [6–9]. Among them, only
one case resulted in graft failure 10 days after KTx due
to acute rejection, not due to cystinuria, and the trans-
planted kidneys functioned well without recurrence of
cystinuria for the remaining three cases (Table 1). These
findings suggest that cystinuria does not develop in the
transplanted kidneys with intact cystine transport.
In addition, as Tuso et al. described, hereditary kidney

stone disease such as cystinuria is likely not to be a sys-
temic disease, but causes kidney dysfunction [8]. Thus,
we hypothesized that transplantation could be used to
treat the patient’s ESRD. Theoretically, there should be
no recurrence of cystinuria, and in this case, the func-
tion of the allograft was nearly normal with normal urin-
ary amino acid levels maintained for 2 years and
6 months after transplantation.
Meanwhile, since cystinuria is a hereditary disease, do-

nors need to be carefully selected. In this case, we were
not able to conduct genetic analysis because the patient’s
parents and wife did not consent. Despite the donor be-
ing the patient’s wife, the patient is currently doing well
with no subjective symptoms after transplantation.
According to recent studies, pre-emptive transplant-

ation has many benefits, including improved patient and
graft survival, and a less delayed graft function in compari-
son to transplantation after dialysis [10]. Other outcomes
are improved, including a reduced overall cost of care, and
improved patient employment status [11]. Despite the
clearly defined benefits, the identification of a living donor
is essential for successful pre-emptive transplantation. In
Japan, patients can find the process of asking family mem-
bers to donate a kidney to be daunting. Hence, the neph-
rologist or transplant surgeon should provide education
on the donation process and the general safety of dona-
tion. If potential donors move through the process
smoothly, then the likelihood of transplantation increases.
In Japan, the rate of pre-emptive transplantation from

Aorta

Transplanted kidney

Transplant renal artery

Left internal 
iliac artery

Left external iliac artery

Fig. 4 MRA coronal image of a transplanted kidney. Renal artery
anastomosis to the left external iliac artery showed no
anastomotic stenosis

Table 1 Clinical characteristics of recipients with cystinuria after kidney transplantation

Patient Underlying disease Age (years) Sex KTx Cystinuria recurrence Follow-up Reference

Case 1 Cystinuria 28 M NA No 1 year and 8 months Kelly et al. [6]

Case 2 Cystinuria 38 M DDKT NA Rejection (POD 10) Hoitsma et al. [7]

Case 3 Cystinuria 20s M LDKT No 3 years and 6 months Tuso et al. [8]

Case 4 Cystinuria 46 F DDKT No NA Krizek et al. [9]

NA not available, DDKT deceased donor kidney transplantation, LDKT living donor kidney transplantation, POD post-operative days
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living donors has increased year by year and reached ap-
proximately 25.5% in 2013 [10, 12].
In conclusion, based on the excellent results that

were observed, nephrolithiasis-related ESRD in a cys-
tinuria patient was considered to have been successfully
treated by transplantation. Although continued urinary
amino acid analyses and long-term follow-up are
needed to accurately determine the validity of KTx as a
treatment for cystinuria, renal replacement may poten-
tially be useful in patients who have rare hereditary
forms of kidney stone diseases, including cystinuria.
We hope that this case will be helpful to others facing
the problem of deciding whether or not to attempt
transplantation for the treatment of patients with a his-
tory of ESRD secondary to cystinuria. Furthermore, the
accumulation of new reports in which good outcomes
are achieved may help to establish KTx as an acceptable
therapeutic option.
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CKD: Chronic kidney disease; ESRD: End-stage renal disease; KTx: Kidney
transplantation; RRT: Renal replacement therapy
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