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Abstract Topiramate is a neuromodulatory agent increas-
ingly prescribed for a number of neurological and non-
neurological indications. Topiramate-treated patients are at
risk for nephrolithiasis due to hypocitraturia and high urine
pH. However, the prevalence of symptomatic stone disease
in TPM users is generally perceived to be low. This study
was undertaken to assess in topiramate-treated patients the
prevalence of symptomatic nephrolithiasis (by history) and
of asymptomatic nephrolithiasis by computed tomography
(CT) scan. Topiramate users were identiWed from a data-
base of patients with neurological disorders at a single uni-
versity hospital. Among 75 topiramate-treated adult
patients with a median daily dose of 300 mg and median
treatment duration of 48 months, the prevalence of symp-
tomatic nephrolithiasis was 10.7%. In a subset of topira-
mate-treated patients and no history of symptomatic stone
disease, the prevalence of asymptomatic nephrolithiasis
detected by CT scan was 20%. The prevalence of symp-
tomatic nephrolithiasis with long-term topiramate use is
higher than reported in short-term studies. Furthermore,

clinical prevalence is underestimated due to asymptomatic
nephrolithiasis.
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Introduction

Topiramate (TPM) is a pharmacological agent approved for
the treatment of partial or primary generalized tonic–clonic
seizures and prophylaxis of migraine headaches [1–4].
TPM is also being investigated or prescribed in an oV-label
fashion for an increasing number of conditions including
bipolar disorder, alcoholism, smoking cessation, obesity
and binge eating, type 2 diabetes, bulimia nervosa, post
traumatic stress disorder, infantile spasms, neuropathic
pain, cluster headache, and cocaine dependence [5–14]. In
2008 alone, over 7 million prescriptions for TPM were
Wlled in the United States [15].

Among its multiple pharmacological actions, TPM
inhibits renal carbonic anhydrase, leading to metabolic aci-
dosis [16]. The resulting hypocitraturia, elevated urinary
pH, and hypercalciuria have been shown to increase urinary
saturation with respect to brushite [16] and predispose TPM
users to kidney stone formation [5]. However, most clini-
cians are unaware of TPM-associated nephrolithiasis [5]. In
the short-term clinical studies that led to its approval by the
Food and Drug Administration (FDA), 1.2–1.5% of TPM-
treated patients developed kidney stones [17]. Considerably
higher rates of symptomatic stones have been described
with long-term use and possibly with higher doses [18–20].
The escalating FDA-approved and almost unquantiWable
oV-label use of TPM underscores the need to estimate the
true stone prevalence in this population.
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We explored this question by utilizing an existing
database of TPM-treated patients to retrospectively
identify the prevalence of symptomatic nephrolithiasis.
We further explored the prevalence of asymptomatic
(silent) nephrolithiasis among TPM-users without
history of stones.

Materials and methods

This investigation consisted of two components: a retro-
spective study estimating the prevalence of symptomatic
kidney stone disease in TPM-treated patients and a pro-
spective study in a cohort of TPM-treated individuals with
no symptomatic kidney stone disease exploring the preva-
lence of asymptomatic nephrolithiasis by computed tomog-
raphy (CT) scan. All studies were reviewed and approved
by the institutional review board of UT Southwestern
Medical Center.

Information for the retrospective study was obtained
from an electronic database consisting of 15,000 adults
from the UT Southwestern Department of Neurology’s
Epilepsy Monitoring Unit. The retrospective survey included
telephone contact with TPM-treated patients, and included
questions regarding age, ethnicity, gender, height, weight,
total daily dosage of TPM, and total duration of TPM treat-
ment. Kidney stone episodes were deWned by history of
spontaneous stone passage, urological interventions for
stone disease, and/or radiological evidence of kidney
stones. Included in the retrospective study were mainly
patients with seizure disorder and a few with migraine
headache or mood disorder, all of whom were treated with
TPM. Exclusion criteria included subjects with a history of
kidney stone disease preceding TPM use, use of other
carbonic anhydrase inhibitors, history of recurrent urinary
tract infection, immobility, and subjects with an indwelling
urinary catheter.

For the prospective study, patients with no history of
symptomatic nephrolithiasis were invited to undergo a non-
contrast CT scan of the abdomen. All subjects provided
informed consent, and were aware of the risk of radiation
exposure from CT scan. CT scans were reviewed blindly by
a radiologist.

Statistical analysis

Non-parametric tests were performed due to the skewed
distribution of some variables for which results were
expressed as median with interquartile range. The results of
stone forming and non-stone forming groups on TPM were
compared using the Student’s t test. Statistical analysis was
performed using SAS, version 9.1.3 (SAS Institute, Cary,
NC, USA).

Results

Retrospective prevalence study

From an electronic database of 15,000 total patients, 150
were identiWed as treated with TPM. Out of these, we
successfully contacted 75 patients by telephone for the survey.
The demographic characteristics including age and gender
distribution did not diVer between the patients who could
not be contacted and those patients included in this study
(Fig. 1). Of the 75 TPM-treated patients who were
contacted, 62 had seizure disorders, 10 had migraine
headaches, 2 had both seizure disorders and migraine
headaches, and 1 suVered from a mood disorder. 8 out of
the 75 total TPM-treated subjects reported kidney stones
after starting TPM while 67 described no symptomatic
stone disease (Fig. 1), resulting in a prevalence of 10.7%.

There were no statistically signiWcant diVerences in gen-
der distribution, median age, height, weight, and BMI
between the 8 TPM-treated patients who formed stones and
the remaining 67 patients who did not develop symptomatic
kidney stones (Table 1). The median duration of TPM

Fig. 1 Cohort information
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treatment was numerically higher in stone formers com-
pared with non-stone formers, but did not achieve statistical
signiWcance (48 vs. 24 months, p = 0.44). The median daily
dosage of TPM treatment for stone forming subjects was
similar in stone formers and non-stone formers (Table 1).
Stone analysis was available on one stone former, and
consisted of 90% calcium phosphate (apatite) and 10%
calcium oxalate monohydrate.

Prospective imaging study

Fifteen of the 67 patients with no history of symptomatic
nephrolithiasis from the retrospective survey were evalu-
ated by CT scan of the abdomen. These 15 patients were
representative of the overall population with a mean age of
45 years, average TPM dose of 320 mg/day and average
duration of TPM treatment of 43 months. On non-contrast
CT scan of the abdomen, 3 out of 15 patients (or 20%) were
identiWed to have kidney stones. One patient had three
non-obstructive stones (4 £ 4 , 3 £ 2  and 3 £ 1 mm),
another patient had a single non-obstructive stone 5 £ 3 mm
stone (Fig. 2), while the third patient had a single punctuate
(<2 mm) stone. There were no diVerences in terms of
demographic characteristics when comparing TPM-users
with and without asymptomatic stones (Table 2). There was
a tendency toward longer treatment duration among silent
stone formers, although this did not reach statistical signiW-
cance (60 vs. 43 months, p = 0.26).

Discussion

SigniWcant gaps persist in our understanding of TPM-asso-
ciated nephrolithiasis, including the true prevalence of this
complication. The goal of this study was to quantify the

prevalence of nephrolithiasis with TPM use. In our retro-
spective survey, we observed the prevalence of symptom-
atic nephrolithiasis among long-term TPM-users to be
10.7%, which is signiWcantly higher than reported in pub-
lished short-term studies [17–19]. Moreover, asymptomatic
nephrolithiasis was seen in a sizable proportion of
TPM-users.

The pharmacological actions of TPM are diverse [21]
and include carbonic anhydrase inhibition, a property
thought to account for the heightened risk of stone forma-
tion. When renal proximal tubule carbonic anhydrases are
inhibited by TPM, systemic acidosis ensues from the reduc-
tion of bicarbonate reabsorption, and the increase in Wnal
urine pH from proximal tubule bicarbonate leak is a key
risk factor for calcium phosphate stone formation [22].
Furthermore, renal citrate reabsorption and/or metabolism
is likely enhanced possibly due to proximal tubule intracel-
lular acidosis, resulting in hypocitraturia which heightens
the risk of calcium oxalate and calcium phosphate stone
formation.

Table 1 Demographics of prevalence study

Variable Median (interquartile range) p value

Patients with 
symptomatic 
stone (n = 8)

Patients without 
symptomatic 
stones (n = 67)

Age (years) 40 (34–62) 40 (32–50) 0.45

Gender 0.45

Female (%) 53 66

Male (%) 47 34

Height (cm) 175 (166–183) 167 (160–172) 0.16

Weight (kg) 85 (76–95) 78 (64–95) 0.45

BMI (kg/m2) 28 (24–38) 28 (24–33) 0.93

TPM dose (mg/day) 400 (188–425) 300 (200–400) 0.63

TPM duration 
(months)

48 (41–59) 24 (18–60) 0.44

Fig. 2 Asymptomatic nephrolithiasis in a patient on long-term
topiramate

Table 2 Demographic characteristics of patients with versus without
asymptomatic nephrolithiasis by CT scan

Variable Median (interquartile range) p value

Patients with 
asymptomatic 
stone (n = 3)

Patients without 
asymptomatic 
stones (n = 12)

Age (years) 38 (37–48) 45 (37–52) 0.84

Gender 0.34

Female (%) 33 75

Male (%) 66 25

Weight (kg) 67 (65–79) 61 (54–88) 0.80

BMI (kg/m2) 22 (21–25) 24 (22–30) 0.27

TPM dose (mg/day) 200 (200–300) 350 (244–400) 0.42

TPM duration
(months)

60 (48–66) 43 (26–51) 0.26
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Short-term prospective and retrospective clinical trials
have reported the prevalence of symptomatic kidney stones
to be 1–2% in patients treated with TPM [17]. However, in
the present study we observed that the rate of nephrolithia-
sis in TPM-treated adults was at least Wvefold higher at
10.7%. In the majority of the previous studies, the duration
of treatment ranged between 6 and 15.8 months, which was
shorter than in our study [17–19]. One advantage of this
study over previous ones is that stone prevalence was estab-
lished by a history of spontaneous kidney stones and/or
urological interventions for the retrieval of kidney stones.
No explanation was made in any of the prior studies regard-
ing a history of pre-existing kidney stones. Furthermore, no
speciWc information was given explaining how the stone
episodes were diagnosed. In fact, in one report, urogenital
symptoms such as discomfort were recorded as stone inci-
dence [17]. Another strength of the second part of our study
is that absence of stones was proven by CT scan of abdo-
men. The prevalence of kidney stones in this study is
consistent with one previous prospective, double blind,
placebo-control, multi-center, randomized clinical trial
which reported kidney stone occurrence in 9.1% of subjects
with amyotrophic lateral sclerosis [20], albeit, that study
was conducted at a higher TPM dose of up to 800 mg/day
compared to our retrospective study in which the dose
ranged between 150–400 mg/day. It is also important to
state that our estimate may still not accurately represent the
true prevalence of nephrolithiasis with prolonged TPM use
since a long duration of treatment may be necessary to form
stones. In fact, there was tendency for greater duration of
TPM use among stone formers than non-stone formers in
our study, although this did not reach statistical signiW-
cance.

Limitations of this study include the relatively small
number of TPM-treated patients, which may in part have
limited the power of the study. Our study design does not
permit to deWnitely prove that topiramate was the cause of
stone formation in any of the patients, nor was there a
control group for comparison. In patients with asymptomatic
nephrolithiasis, it is possible that the stones discovered on
CT scan preceded TPM therapy. Nevertheless, the preva-
lence of asymptomatic stones in our TPM-treated cohort is
signiWcantly higher than that of 3.2–10.7% reported in the
general US population [23–26]. Systematic survey of all
patients given TPM by imaging in a research setting should
be informative in providing a true prevalence.

Conclusions

The previously reported low prevalence of nephrolithiasis
with TPM treatment is likely an underestimate. This is
particularly pertinent in view of the escalating number of

patients embarking on long-term use of this drug and the
cumulative number of patients on this therapy in the popu-
lation with time. Therefore, a 10% prevalence may repre-
sent a very large number of patients. The study of a larger
number of patients, an accurate assessment of the true prev-
alence of nephrolithiasis, and reWned laboratory physico-
chemical proWles will be needed to further deWne at risk
patients on TPM. The elucidation of these factors may then
lead to the development of prevention and treatment of
stone disease in this population especially since, in many
cases, TPM is extremely eVective in treating the underlying
neurologic disorder and TPM discontinuation is not the
optimal option.
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