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Abstract
Background The goal of this study was to examine national
trends in hospitalization, emergency department (ED) utiliza-
tion, secondary diagnoses, and charges associated with pedi-
atric urolithiasis.
Methods Data were evaluated from the Kids’ Inpatient Data-
base of the Healthcare Costs and Utilization Project (HCUP)
database from 1997 to 2012 and the HCUP National ED
Sample from 2006 to 2011.
Results Pediatric nephrolithiasis discharges increased by
18 %, while ureterolithiasis discharges decreased by 17 %.
Hospital charges increased by 20 % when accounting for
inflation, despite an overall decrease in discharges by 2.5 %.
Female patients and those aged 15–17 years were more com-
monly affected. Pediatric ED visits increased by 9 %. The
most common secondary diagnoses during 2003–2009 were
urinary tract infections (UTI) (13 %), asthma (9 %), epilepsy
(4 %), and paralysis (4 %).
Conclusions Decreased hospitalizations and increased ED
visits indicate a shift to outpatient care. Inpatient health care
charges associated with pediatric urolithiasis continue to rise.
Comorbidities include UTI, asthma, epilepsy, attention deficit
hyperactivity disorder (ADHD), and mood disorders. Because
of the significant health care burden and the increased risk to
children of developing long-term sequelae there is a strong
need for increased research into the mechanism of this sys-
temic inflammatory disease and improved therapeutic targets.
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Introduction

Urolithiasis has afflicted humans since early history as dem-
onstrated by its presence in Egyptian mummies and mention
in the Hippocratic Oath (http://www.nlm.nih.gov/hmd/greek/
greek_oath.html). The ubiquitous presence of urolithiasis in
human history can be easily understood when considering the
difficulties of balancing calcium-based skeletal system turn-
over with the water conservation necessary for terrestrial life
[1]. Urolithiasis burden in adults has been well established
with an approximate lifetime risk of 10–15 % [1]. Tradition-
ally, more frequent in male patients than in female patients,
recent trends indicate a shift to a more balanced gender ratio
[2, 3]. Currently, the health care burden of urolithiasis is
substantial with 185,000 hospitalizations and 2 million outpa-
tient visits annually. These account for over $2 billion spent on
diagnosis and treatment [4].

Previously considered an uncommon cause of pediatric
morbidity, mounting evidence indicates a progressive increase
in urolithiasis frequency and cost. Some of the earliest data
come from Sas et al., who reported an increased incidence in
children in South Carolina from 7.9 per 100,000 children in
1996 to 18.5 per 100,000 children in 2007. During that time
the amount of money spent on the care of pediatric urolithiasis
increased by greater than four-fold [5]. These findings were
echoed on a national level when Routh et al. looked at data
from the Pediatric Health Information System (PHIS) data-
base for 1999–2008. They showed an adjusted annual in-
crease of 10.6 % in the number of pediatric urolithiasis pa-
tients [5]. This increase may in part be due to increased
surveillance, but the etiology remains unelucidated and uro-
lithiasis now accounts for 1 in 685 pediatric admissions [6].

The increase in pediatric urolithiasis is concerning given
the economic burden associated with the treatment and mor-
bidity associated with this condition. To further investigate the
etiology and epidemiology of increasing pediatric urolithiasis
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we have examined data from the Kids’ Inpatient Database
(KID) as well as the Healthcare Cost and Utilization Project
(HCUP) National Emergency Room Sample for children.

Materials and methods

The KID is a component of the HCUP, which is sponsored by
the Agency for Healthcare Research and Quality (AHRQ). It
provides information on pediatric inpatient discharges by
pulling raw data from a sample of American pediatric hospi-
tals and converting it into weighted data to provide estimates
of pediatric care on a national level. Participation has grown
from 22 states in 1997 to 44 in 2012 and contains information
from close to 4,000 hospitals; however, a minority of these
represent children’s hospitals. The weighted data available
from the KID are typical of a hospital discharge record,
including demographics, diagnostic and procedural codes,
payer and financial data, length of stay, and discharge dispo-
sition; data are available on patients regardless of payer,
including persons covered by private insurance, Medicaid,
Medicare, and the uninsured. No physiological or laboratory
data are collected. We evaluated KID data from 1997, 2000,
2003, 2006, 2009, and 2012. The 1997 version contained just
over 6 million total discharges whereas the 2012 version
contains over 20 million.

The Nationwide Emergency Department Sample (NEDS)
database gives national estimates of emergency department
(ED) visits. We collected data from 2006 to 2011 to yield the
total number of Pediatric Emergency Department (ED) visits
associated with urolithiasis.

We identified patients using International Classification of
Disease 9th Edition, Clinical Modification (ICD-9-CM) codes
for nephrolithiasis (592.0) and ureterolithiasis (592.1). Data
regarding secondary diagnoses were available on the basis of
clinical classification software codes for nephrolithiasis from
2003 to 2009.

Results

Demographics

The average number of inpatient pediatric discharges with a
primary diagnosis of nephrolithiasis (592.0) increased by
18 % over the study period. Interestingly, nephrolithiasis
discharges in the KID peaked in 2006 at 1,651, representing
a 35 % increase from 1,073 in 1997, but have since declined.
Furthermore, pediatric inpatient discharges for ureterolithiasis
(592.1) peaked in 2003 with 2,354, a 28 % increase. Between
2003 and 2012, the number of ureterolithiasis admissions
sharply declined, reaching 1,423, which is actually 17 % less
than in 1997 (Fig. 1a). The number of pediatric ED visits for

nephrolithiasis and ureterolithiasis increased by 9 % from
17,118 in 2006 to 18,620 in 2011 (Fig. 1b). When considering
hospital discharges, teenagers aged 15–17 years were the most
frequently affected. However, this was more pronounced in
the nephrolithiasis group with 15- to 17-year-olds accounting
for an average of 62 % (SE 0.69) of patients vs 46 % (SE 1.1)
in the ureterolithiasis group (Fig. 2a). Females are more com-
monly affected than males accounting for 60 % (SE 0.85) of
the children affected for both groups from 1997 to 2012.
Southern USA was the area with the greatest number of
patients, averaging 42 % (SE 0.74) of the total over the
12 years of data collected. TheWest was the area least affected
(Fig. 2b). Geographical data were not available for the ED
data set.

Charges

Total aggregate charges for inpatient treatment have increased
from US $8,323,479 in 1997 to $17,599,833 in 2012 (Fig. 3).
This is a 53 % increase; however, if we account for inflation
the charges in 1997 would be comparable to $14,715,817 in
2012 (http://www.halfhill.com/inflation.html). Thus, the
actual charges are increased by 20 %, despite an overall
decrease in discharges of 2.5 %. The average length of stay
shortened for the nephrolithiasis group from 2.7 (SE 0.16)
days in 1997 to 2.3 (SE 0.08) days in 2012. The average
length of stay increased for the ureterolithiasis group from 1.

Fig. 1 a Number of discharges per year divided between nephrolithiasis
(592.0) and ureterolithiasis (592.1) with standard error bars. bNumber of
inpatient discharges and number of emergency department (ED) visits per
year (as available)
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8 (SE 0.061) days in 1997 to 2 (SE 0.05) days in 2012. Thus,
daily inpatient charges for nephrolithiasis increased greatly
from approximately $2,700 in 1997 to $10,800 in 2012, while
the same charges for ureterolithiasis increased from $2,900 in
1997 to $9,800 in 2012. While children <5 years of age
represented the smallest portion (9 %) of discharges, their
hospital charges were highest among all the age groups,
averaging $1,680/day higher than older patients in 2012.

Associated diagnoses

Common secondary diagnoses of children discharged
with a primary diagnosis of nephrolithiasis were avail-
able for 2003–2009 data (Table 1). These associations

are made available based upon clinical classification
software (CCS) categories and the most commonly as-
sociated groups are generalized; for example, the top
three include: other diseases of kidney and ureters;
genitourinary symptoms and ill-defined conditions; and
other nutritional, endocrine, and metabolic syndromes.
Distinct diagnoses that were commonly associated in-
cluded UTI, asthma, epilepsy, paralysis, and mood dis-
orders. Unfortunately, data on the number of children
discharged with secondary diagnoses vs those without
are not available.

Discussion

Pediatric nephrolithiasis discharges peaked at a 35 % increase
from 1997 in 2006 and have shown a steady decline in 2009
and 2012. Pediatric ureterolithiasis peaked at a 27 % increase
from 1997 in 2003 and has now declined to 17 % lower
discharge rates than in 1997. Matlaga et al., using HCUP data
from 1997 to 2003, and Routh et al., using PHIS data from
1999 to 2008, both showed that overall pediatric urolithiasis
was increasing [7, 8]. However, we have expanded on their
previous work by considering nephrolithiasis and
ureterolithiasis diagnosis codes separately, including the most

Fig. 2 a Urolithiasis discharges per year stratified per age group. b
Urolithiasis discharges per year stratified by region. Please note that the
data are incremental

Fig. 3 Aggregate charges for urolithiasis admissions divided by year
with standard error bars

Table 1 Diagnoses associated with nephrolithiasis. Clinical
classification software (CCS)

Percentage of
total discharges

CCS
categories

Name

37 161 Other diseases of kidney and ureters

14 163 Genitourinary symptoms and
ill-defined conditions

13 58 Other nutritional, endocrine, and
metabolic disorders

13 159 Urinary tract infections

12 155 Other gastrointestinal disorders

10 55 Fluid and electrolyte disorders

9 128 Asthma

7 150 Nausea and vomiting

5 253 Allergic reactions

4 83 Epilepsy, convulsions

4 3 Bacterial infection, unspecified site

4 82 Paralysis

4 215 Genitourinary congenital anomalies

4 657 Mood disorders

4 652 Attention-deficit, conduct, and
disruptive behavior disorders

4 95 Other nervous system disorders

3 251 Abdominal pain

3 59 Anemia
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recent data, and including emergency room visits. Along with
decreasing discharge frequency the increasing pediatric ED
visits give evidence for the thought that the frequency of
urolithiasis has indeed increased since the late 1990s, but care
is now shifting to the outpatient setting. This is further sup-
ported by the observation that the length of stay for
nephrolithiasis has decreased; however, this is not true for
ureterolithiasis. Perhaps the increased length of stay for
ureterolithiasis is reflective of only more complex cases re-
quiring admission. This shift is similar to the treatment pattern
for adult nephrolithiasis found by the Urologic Diseases in
America Project, which showed that care could be managed
on an outpatient basis as medical management and minimally
invasive surgical techniques were refined [9].

Collectively, these data indicate that pediatric urolithiasis is
no longer an uncommon diagnosis, and rising ED visits attest
to its growing role in overall pediatric morbidity. Despite the
fact that the number of children discharged from the hospital
for stone treatment decreased by 2 % from 1997, the mean
hospital charges increased by 20 %, taking into account infla-
tion, over our 12-year time frame. Bush et al. reported that an
average hospital stay cost US$ 18,000 in 2007; we found an
increased average cost of $ 22,000 per stay in 2012 [6].
Overall, the care of adult and pediatric stone disease cost
$ 2.1 billion in 2000 [4]. Undoubtedly, pediatric urolithiasis
is an area deserving of greater research as it causes significant
pain for patients, correlates with poor cardiovascular health
and chronic kidney disease (CKD) progression in adults, and
is becoming a greater financial burden on the American health
care system [10–13].

Our work confirms the female gender predilection for
pediatric urolithiasis. Schaefer et al. showed that girls were
more commonly diagnosed with urolithiasis than boys by 2:1
[14]. Novak et al. found that girls had a 1.5 times increased
risk of urolithiasis compared with boys [15]. Interestingly, this
is the reverse of the traditional male gender predilection in
adults. However, there is growing evidence that adults may be
moving toward gender parity [15]. Scales et al. showed that in
1997 adults had a 1.7:1 male to female ratio vs a 1.3:1 ratio in
2002 [3]. They postulated that while traditionally males had a
greater prevalence of obesity, the increase seen across the
American population at large was more rapid in the adult
female population from 1960 to 2002, and this changing face
of obesity mirrored the changing gender ratio of urolithiasis
[3]. This association with obesity is lent credence by the
lithogenic effects of obesity on urine that include a decrease
in urine pH and an increase in the excretion of sodium,
phosphorous, and oxalate [16]. The obesity epidemic has
affected children in addition to adults. Flegal et al. found that
while the prevalence of adult obesity doubled from 1980 to
2002, it tripled in the pediatric population [17]. However, the
picture remains cloudy, as some reports suggest that the in-
creasing incidence of obesity might be driving the increasing

frequency of nephrolithiasis, while others do not show an
association [14, 18, 19]. Another possibility for the female
pediatric predominance and male adult predominance of kid-
ney stones may be related to the hormonal changes experi-
enced by both genders as they age. Adult urolithiasis is
traditionally male dominated, but at around 60 years of age
the male incidence falls, while female incidence increases [1].
The relationship between urolithiasis and hormonal changes is
not clear and there are conflicting data concerning the protec-
tive effects of testosterone and estrogen. Heller et al. showed a
protective effect of estrogen treatment in post-menopausal
women. Women who were treated with hormone replacement
therapy had decreased calcium excretion and calcium oxalate
supersaturation of their urine. There is also evidence of an
estrogen-driven increase in citrate secretion, but the mecha-
nism is unknown [20]. Bergsland et al. studied the non-stone-
forming relatives of calcium stone-forming patients. They
found that the urine of non-stone-forming male relatives had
a greater ability to inhibit crystallization than that of non-
stone-forming female relatives [21]. Undoubtedly, there needs
to be greater research in this area to delineate the true
relationships.

Our data showed that the greatest increase in urolithiasis
was in patients 15–17 years of age, as this group accounted for
approximately 60 % of all discharges. This pattern has been
found by others: Bush et al. queried the PHIS database from
2002 to 2004 and found that the odds ratio for hospitalization
for urolithiasis was 8.1 if the patient was over 8 years of age
[6], and Schaefer and Matlaga both found a 30-fold increased
risk of urolithiasis when comparing their youngest patients
with their oldest [8, 14]. It is unclear why such a strong
relationship exists between age and stone formation. Again,
one must wonder about the hormonal influence due to the
association of puberty with our adolescent age group. Pietrow
et al. found that half of their patients under 10 years of age had
identifiable metabolic derangements (i.e., hypercalciuria)
[22]. Thus, perhaps our increase in adolescents is more likely
the result of external factors such as obesity, which is known
to cause increased urine sodium, phosphorus, and oxalate
[18]. Another possibility may be the increased freedom of
adolescents to make dietary decisions vs younger children.
Poor dietary choices, including high salt and low water intake
may promote stone formation in this age group.

Others have used clinical experience with adult stone for-
mers and their morbidities to evaluate pediatric stone formers
for similar associations. We were interested in using stone
formers themselves as a starting point to look for associations
that might be unique to pediatric patients. We queried the
HCUP database for the most common secondary diagnosis
of children with a primary diagnosis of nephrolithiasis on
discharge; these data were only available for nephrolithiasis
patients from 2003 to 2009. We found that urinary tract
infection (UTI), asthma, epilepsy, paralysis, and mood
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disorders were the most common secondary diagnosis, which
specified a disease state via the CCS codes. The association of
UTIs and kidney stones is not surprising as UTIs have been
described as being both a cause and a consequence of kidney
stones [23]. This overlap between kidney stones and UTIs is
highlighted by the finding that more than 70 % of children
hospitalized for nephrolithiasis received antibiotics [6]. The
association with epilepsy is likely two-fold. First, the well-
known association of stone formation with the ketogenic diet
and second the long-standing history of anti-seizure medica-
tions causing stone formation. Topiramate has the best known
association; its use can cause up to 10 % prevalence of
symptomatic kidney stones secondary to a marked decrease
in urine citrate excretion [24]. Further lithogenic effects of
topiramate include increasing calcium excretion and elevation
of urine pH [25]. Zonisamide, a newer generation antiepileptic
drug, is also associated with urolithiasis [26]. Many studies
have described the lithogenic effects of a ketogenic diet and
stones occur in 1 in 20 children who follow the diet for
improved seizure control [27]. This association is mainly
due to increased urinary calcium excretion; however, some
patients have also shown decreased urinary citrate [28]. What
the HCUP coded as paralysis could also be described as
immobilization. It has been well established that the lack of
weight-bearing on bones often leads to resorptive hypercalci-
uria and these patients frequently have urolithiasis because of
increased solute loads of calcium [29, 30]. Immobilized pa-
tients on lithogenic antiepileptic medicines may particularly
be at risk. Asthma is a common inflammatory pediatric con-
dition that was associated with 9 % of stone discharges, and is
often treated with corticosteroids. There have been other sys-
temic inflammatory conditions that are treated with steroids
and associated with nephrolithiasis. One well-known example
includes inflammatory bowel disease [31, 32]. However,
stones have also been associated with inflammatory condi-
tions that are not treated with steroids such as diabetes [33,
34]. Thus, one must wonder if it is the inflammation or the
steroid use that predisposes these patients to stone formation
[35, 36]. Of course, it may simply be coincidental, due to the
commonality of asthma in the pediatric population. Another
puzzling association is that of mood disorders and ADHD
with nephrolithiasis; while topiramate is at times used for
mood disorder treatment, it is not commonplace and is unlike-
ly to account for the association. We speculate that changing
dietary and fluid habits associated with stimulant medications
could predispose children to stone formation. Perhaps as we
move toward understanding nephrolithiasis as a complex sys-
temic disease for both children and adults, the association
between such varied medical conditions and nephrolithiasis
will become clearer.

Historically, urolithiasis has afflicted patients more fre-
quently in southern USA, giving it the distinction of being
called the “stone belt” [9, 37, 38]. This geographic association

is thought to be related to ambient temperatures and sunlight
exposure. Our data have shown that pediatric urolithiasis
patterns follow those of adults. Interestingly, Bush et al., using
PHIS data from 2002 to 2004, showed that pediatric urolith-
iasis was more common in the north central region of the USA
[6]. It is unclear why this discrepancy exists, although it is
most likely the result of differing data collection practices
between the PHIS and the HCUP.

This study has several limitations, many of which are the
result of attempting to analyze pediatric urolithiasis on a
national level. The HCUP database allows us to investigate
trends in discharges and aggregate charges on a national level,
rather than in individual institutions. However, HCUP data are
derived from coding and may be unreliable. Coding practices
vary between institutions and practitioners, and data may be
affected by these practices rather than representing true patient
variation. Furthermore, we are unable to differentiate multiple
discharges for the same patient, and children with difficult-to-
treat disease who require repetitive hospitalizations may arti-
ficially burgeon the numbers. In addition, granular patient data
are lacking, including individual medication regimens and
laboratory results that would allow us to make more mean-
ingful conclusions. Also inherent in the use of coding data is
the difficulty of differentiating nephrolithiasis and
ureterolithiasis. However, we feel that both diagnosis codes
should be used to give a more complete picture, despite the
lack of validation concerning the correlation of code usage
with actual stone location. Last, the HCUP only includes data
from inpatient care and cannot make any direct conclusions
regarding the efflux of pediatric nephrolithiasis patients to
outpatient care. This lack of outpatient data also limits our
ability to make comprehensive statements about the total cost
of urolithiasis treatment, as we are unable to account for the
likely substantial amount of care that goes on outside of the
hospital. Additionally, aggregate charges are available, but not
the amount of money that is actually recouped by the hospital,
further complicating any true estimate of cost. However, we
feel that the ability to use HCUP data as a hypothesis-
generating tool still holds great merit. Hopefully, as the im-
portance and impact of this disease grow, improved data sets
may become available.

Other work has used the HCUP and PHIS databases to look
at pediatric urolithiasis, but to our knowledge, none is as
comprehensive longitudinally as this paper, which contains
data from 1997 to 2012. We have shown that the frequency of
children receiving medical care for kidney stones has in-
creased. This care is shifting to the outpatient setting, as
demonstrated by the increase in ED visits and decreasing
hospitalizations. However, while the number of hospital dis-
charges has decreased, charges associated with urolithiasis
hospitalizations have increased. The association between pe-
diatric nephrolithiasis and asthma, seizures, and immobiliza-
tion may give further insight into the unelucidated
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mechanisms of this disease state. The growing number of
pediatric patients with this disease is very troubling because
of the growing body of data supporting the association with
adult urolithiasis, with significant morbidities such as acute
myocardial infarction, atherosclerosis, and chronic kidney
disease [10, 11, 13]. One may postulate that children’s longer
exposure period to this systemic inflammatory disorder will
likely increase the risk for these sequelae. Thus, the growing
morbidity, financial burden, and concern regarding the long-
term sequelae make a poignant plea for further investigation
and study into the pathogenesis of the disease, as well as
improved therapeutic targets.
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