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Kidney Stone Disease in Children
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OBJECTIVES
At the end of this activity, the participant should be able to:
1. Describe the different types of kidney stones in children
2. Discuss the etiology and risk factors associated with
kidney stone discase in children
3. Discuss the evaluation and management of kidney stone

disease in children

INTRODUCTION

There has been a growing incidence and prevalence of kidney
stone disease in children in recent decades. This trend may
be actributed ro improved screening techniques, changes in
nutrition (increased intake of salty foods), increasing sedentary
lifestyles and global obesity, and changes in environmental factors.
Kidney stone disease in children is associated with considerable
morbidity and recurrence burden. The majority of children
with kidney stones have identifiable metabolic and/or genetic
risk factors, unlike adults. Also, kidney stone disease in children
differs from adults in presentation and treatment. Whereas adults
may present with acute onset of severe flank pain radiating to
the groin, symptoms in children are often non-specific. Indeed,
many children are asymptomatic, and kidney stones may be
diagnosed incidentally in the course of evaluation for other
medical problems. Children who present with kidney stones must
be thoroughly evaluated to uncover underlying risks. Appropriate

treatment must be instituted to prevent stone recurrence.

EripEMIOLOGY
The incidence of kidney stones in children varies worldwide.
In Europe, kidney stones occur in one to two children per

million population per year. In the United States, there has

been a significant increase in the number of children diagnosed
with kidney stones in the last several decades. A recent study
of the Pediatric Health Information System database indicates
that stones now account for 1 in 685 pediatric hospitalizations
across the United States. In this study, most patients were white
and younger than 13 years of age. Several studies show a slightly
higher prevalence of kidney stones in boys than in girls, although
studies from other regions show a female preponderance. In
general, kidney stones are more common in adults than in
children. The southeastern United States (The ‘Stone Belt') has

recorded the highest prevalence of kidney stones in adults (Fig. 1).

Expansion
of stone-belt
over time

Figure 1: Map of United States with current ‘stone-belt’ or
high-risk stone area (risk ratio >1.2) in yellow. Computer model
predicts 56 percent of the population will be in a high-risk zone by
2050 and 70 percent by 2095. Currently, 41 pecent of the population
is within a high-risk zone. Reproduced from Fakheri and Goldfarb
with permission from Nature Publishing Group.

ETioLoGy anD Tyres or KiDNEY STONES

The main kidney stone types encountered in children are
calcium, struvite, uric acid and cystine stones. Of these, the most
common are calcium stones, including calcium oxalate, calcium
phosphate and calcium urate stones (Fig. 2). The formation of
kidney stones is linked ro the increased supersaturation of stone-
forming solutes in the urine, the increased urinary concentration
of stone-promoting compounds in the face of inadequare
amounts of stone-inhibiting compounds. Urine pH and urine
How rates are also key players in the complex process of stone
formation. In more than 75 percent of children, an underlying
predisposing factor for kidney stone formation is identified,
the majoriry being metabolic disorders (Table 1). Therefore,
metabolic evaluation is recommended in all children who present
with kidney stones. Identification of a causative factor is necessary
for the development of an appropriate therapeutic regimen.

Other risk factors associated with kidney stone formation in
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children include structural urinary tract abnormalities, infection,
genetic abnormalities, nutritional and environmental factors
as well as drug use. Of all merabolic risk factors, idiopathic
hypercalciuria is the most commonly identified disorder in
children with kidney stones. Struvite stones form in the context
of chronic urinary tract infection with urease-producing
organisms such as Proteus, Klebsiella and Pseudomonas. Uric
acid, a byproduct of purine metabolism, may precipitate when
urinary pH is low, to form stones. Uric acid stones are rare in
children. Cystine stones form as a result of an intrinsic metabolic
defect resulting in failure of renal tubular reabsorption of cystine,
ornithine, lysine and arginine. Urine becomes supersaturated with

cystine, with resultant crystal deposition.

(GENETICS

The generic basis of kidney stone formation has been well
characterized in some rare diseases such as cystinuria, primary
hyperoxaluria and renal tubular acidosis, all of which probably
account for less than 2 percent of kidney stone formers. There
are, however, kidney stone formers who have a predisposition
to forming stones without a discrete underlying genetic
abnormality. This hereditability of kidney stone disease has
long been recognized. Approximately 25 percent to 40 percent
of patients with kidney stone disease are known to have a first-
degree family member with kidney stones. Research is ongoing to

more clearly define this familial risk.

Composition of Kidney Sto

Figure 2: Kidney stone composition in children

CLINICAL PRESENTATIONS AND DIAGNOSIS

The majority of children with kidney stones will present with
non-specific symptoms that might be difficult to interpret. These
include agitation, abdominal or flank pain, nausea and vomiting,
especially in young children. Gross hemaruria, dysuria, urgency
and frequency, when present, may lead to the suspicion of a
urinary tract infection. Indeed, some children may present with a
urinary tract infection that leads to the finding of a kidney stone
on imaging. A significant number of children are asymptomatic,
with kidney stones incidentally discovered during the course

of evaluation for other medical conditions. Evaluation of a

Table 1

RISK FACTORS ASSOCIATED WITH
KIDNEY STONE DISEASE IN CHILDREN

RISK FACTOR CONDITIONS ASSOCIATED WITH RISK

Hypercalciuria Idiopathic hypercalciuria, primary hyperparathyroidism,

hypercalcemic hypercalciuria, distal renal tubular
acidosis, diuretics, normocalcemic hypercalciuria,
hypervitaminosis A and D, metastatic bone
disease, immobilization, Cushing syndrome,
hypo/hyperthyroidism, adrenal insufficiency and
adrenocorticosteroid excess, medullary sponge
kidney, long-term parenteral nutrition, long-term
assisted ventilation

Hyperoxaluria Primary hyperoxaluria (I-11), dietary oxalate excess,

secondary oxaluria of childhood (Crohn's disease
celiac disease, cystic fibrosis, A-beta-lipoproteinemia),
absence of intestinal oxalate-degrading bacteria
(oxalobacter formigenes)

Hyperuricosuria Disorders of purine overproduction, high dietary purine

hereditary renal hyperuricemia, glycogen storage
disease type 1, hyperuricosuric drugs

Cystinuria Renal tubule immaturity in infants, hereditary cystinuria

Hypocitraturia Distal renal tubular acidosis, malabsorption syndromes,

hypokalemia, idiopathic hypocitraturia, infection
Hypomagnesuria

Structural renal abnormalities  Vesicoureteral reflux, ureteropelvic junction obstruction,
medullary sponge kidney, polycystic kidney disease

Infection Urea-splitting organisms (Proteus, Klebsiella
Pseudomonas, Staphilococcus)

Drugs Loop diuretics, Vitamin A and D, ethylene glycol,
excessive calcium administration, carbonic anhydrase
inhibitors, topiramate, ceftriaxone, ampicillin, indinavir,
ascobic acid, probenecid, corticosteroids, triamterene,
sulfadiazine, melamine

Diet High salt, oxalate and protein intake, ketogenic diet

Environmental Climate, global warming

child with suspected kidney stones should be prompt and must
begin with a thorough history. Information about any previous
kidney stones, recurrent urinary tract infections, underlying
malabsorption syndromes/inflammatory bowel disease, diet,
use of drugs associated with kidney stones must be obrained.
In premature infants, a history of furosemide use is particularly
helpful in determining the cause of kidney stones. Determinartion
of the presence of a family history of kidney stone disease should
be made. Physical examination should include assessment of
vital signs, growth parameters, a thorough abdominal and Aank
examination, as well as examination of the musculoskeletal
system to uncover any skeletal deformities that might suggest an
underlying metabolic disorder such as renal tubular acidosis.
Laboratory evaluation should include a urinalysis, looking
for the presence of red blood cells and crystals. A urine culture
should also be sent. Other laboratory studies to be obrained
include a comprehensive metabolic panel (including a uric acid
level), to assess renal function and evaluate for the presence
of metabolic risk factors. Further metabolic work-up is better
performed when patients are on their usual dier, fluid intake
and activity level. This includes a 24-hour urine collection for
metabolic and urinary risk factor analysis. In younger children,
this may be difficult, and a spot urine sample for urinary solute

concentrations may be adequate. Chemical stone analysis for
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stone composition is the best diagnostic evaluation, but should
go along with evaluation for metabolic risk factors as earlier
discussed. Patients and their caregivers should be encouraged to
retrieve any stones that are passed for chemical analysis. Other
tests to consider include parathyroid hormone, vitamin D and
A levels (for patients with hypercalciuria), and plasma oxalate.
Genetic testing is reserved for patients with suspected underlying

genetic disorders such as primary hyperoxaluria.

IMAGING

There are currently three most commonly-used imaging
modalities in the diagnosis of kidney stones: ultrasonography,
plain abdominal radiography and non-contrast enhanced spiral
computed tomography. Of these, CT is the most sensitive for
the detection of renal stones (97 percent sensitivity and 96
percent specificity), followed by ultrasonography and plain
radiography (radiopaque stones). The advantage of CT over other
modalities include its ability to detect small stones (1mm), which
may not be detected by ultrasonography or plain radiography;
ureteral stones, which may not be detected by ultrasonography;
and radiolucent stones, which may not be detected by plain
radiographs. In small children, there are concerns abour radiation
exposure from CT, and so it is recommended to obtain an
ultrasonography first. If no stones are found bur symptoms
persist, a non-contrast enhanced helical CT can then be
obtained. In institutions where radiation doses can be adjusted to
the size and weight of the child to reduce the radiation exposure
while at the same time maintaining adequate image quality, CT

is recommended as the initial imaging modality.

TREATMENT AND PREVENTION OF KIDNEY STONES

The goals of acute management of kidney stones in children
are to relieve pain, ensure adequarte hydration and facilitate
passage or removal of the stone. Pain control is achieved with
the use of non-steroidal anti-inflammatory agents, narcortic
agents or a combination of both. Although medical therapies
(with calcium channel blockers, corticosteroids and B-blockers)
to facilitate the passage of stones have been reported in children
and adults, they are rarely used. Urologic intervention in the
form of shock wave lithotripsy, ureteroscopy or percutaneous
nephrolithotomy may be required for stone removal in the case
of obstructing stones. Patients with infection-related stones
require sterilization of the urinary tract, removal of the stones and
correction of any obstructive lesions.

Chronic management of kidney stones in children hinges
on treatment of any specific underlying metabolic disorder and
prevention of stone recurrence. Reduction of solute concentration
in the urine is key to preventing stone formation. A high fluid
intake of >1.5-2L/1.73m* per day is recommended in all
treatment regimens, to maintain high urine flow and help lower
urinary solute concentration. Dietary recommendations generally

include maintenance of normal calcium intake, low sodium and
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oxalate intake and correction of low urinary citrate levels. Urinary
citrate binds to calcium, forms a soluble complex reducing the
precipitation of calcium with other substances, thus leading ro a
decreased urinary saturation index. Severe hypercalciuria is treated
with thiazide diuretics that reduce urinary calcium excretion by
increasing calcium uprake in the distal tubule and promoting

calcium reabsorption in the proximal tubule.

PROGNOSIS AND ForLLow-up

The prognosis of children with kidney stone disease is
generally good, and most patients do not develop long-term
kidney problems. However, children with underlying metabolic
defects may suffer significant morbidity from recurrent stone
disease. Serial ultrasonography is helpful in identifying children
with recurrent disease. Patients with kidney stone disease require
close follow-up and should be managed in specialized centers

with experienced medical staff.

SUMMARY

The incidence and prevalence of kidney stone disease has
been rising in the last several decades. All children who present
with kidney stones should be thoroughly evaluated for the
presence of any underlying genetic or metabolic disorders so
appropriate individualized treatment regimens can be developed.
High fluid intake is an important part of any treatment regimen,
regardless of underlying disorder. The best treatment of kidney

stone disease is prevention.
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Rehab Center receives

The Commission on Accreditation of Rehabilitation
Facilities (CARF) has granted Children’s Hospital a
reaccreditation to the hospital’'s Rehabilitation Program.
Children’s Hospital
hospital in Louisiana that has CARF accreditation.

is the only freestanding pediatric

“CARF has standards, values and quality control

benchmarks that allow us ro see how we compare against

other institutions,” said Ann Tilton, MD, director of

the Gilda Trautman Newman Rehabilitation Center at
Children’s Hospital. “We are constantly striving to raise the
bar when it comes to the quality of patient care the Rehab

Center delivers to our patients.”

CAREF is an independent, non-profit accrediting body
whose mission is to promote the quality, value and optimal
outcomes of services through a consultative accreditation
process and continuous improvement services that center on
enhancing the lives of persons served.

An accreditation from CARF International is the
highest level of accreditation that can be awarded to
an inpatient rehabiliration organization and shows the
organization’s conformance to the CARF standards.

Children’s Hospital's inpatient rehabiliration is

CARF reaccreditation

comprised of a 12-bed center where children from

throughout the Gulf South region come to participate in
comprehensive, interdisciplinary, family-centered, team-
oriented care to achieve their highest level of functioning
after a life-changing event.

Children’s Hospital opened 60 years ago as the
50-bed, $1.2 million Crippled Children’s Hospital, a
rehabilitation hospital for children recovering from polio.
Today, Children’s Hospital serves as the Gulf South’s leading
pediatric medical center and is dedicated to providing the
very best healthcare possible.

The Rehabilitation Center was last accredited by CARF

in November, 2011.
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Scheduling for e
Outpatient Specialty Care

One phone number for all of your outpatient referrals.

ﬁr PHONE: (504) 896-2888

CHILDREN'S
HOSPITAL

New Orleans

K2  FAX:(504)896-2889
E REFERRALS@CHNOLA.ORG

*Please ensure you are sending electronic referrals securely.
We can assist your office in sending HIPA A-compliant email referrals.

Allergy/Immunology
Dimitriades, Victoria (BR)
Ochoa, Augusto
Paris, Kenneth MY
Sorensen, Ricardo ™
Wall, Luke ™

Autism Center
Boggs, Koren
Coleman, Charles
Gentile, Steven
Gray, Christy, BCBA
Kamps, Jodi

Behavioral Health
Hanna, Jamie
Williams, Andrew

Cardiology
Ascuitto, Robert (8R!
Gajewski, Kelly
Lilie, Christian
Mallula, Kiran
Ross-Ascuitto, Nancy (&R
Sernich, Steffan
Siwik, Ernest
Stopa, Aluizio

Cardiothoracic Surgery
Caspi, Joseph
Dorotan, Jaime
Pettitt, Timothy

Children at Risk Evaluation
(CARE) Center
Jackson, Jamie (BR)
Mehta, Neha (BRI
Wetsman, Ellie
Troy, Anne, NP

Cleft/Craniofacial R
Cavallino, Claudia
Coreil, Mark
Ferguson, Michael
Holmes, Stephen
Jeyakumar, Anita
Kanotra, Sohit
Lacassie, Yves
Ledoux, William
Marble, Michael
McBride, Lori
Moses, Michael
Smith, Demarcus
St. Hilaire, Hugo
Zambrano, Regina

Dermatology
Vascular Anomalies Clinic
Clark, Jessica
Poole, Jeffrey

Endocrinology
Diabetes Clinic
Chalew, Stuart
Felipe, Dania
Gomez, Ricardo MER)
Stender, Sarah
Vargas, Alfonso M-8R

Gastroenterology
Feeding Clinic
Alonso, Elizabeth (BR)
Brown, Raynorda -8R)
Hyman, Paul
Keith, Brent
Rosenberg, Allan MBR)

General Surgery
Vascular Anomalies Clinic
Wound Clinic

Hill, Charles
Valerie, Evans

Yu, David

Carter, Chontel, NP
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Genetics
Down Syndrome Clinic
Metabolic Clinic
Neurofibromatosis Clinic
Lacassie, Yves ™
Marble, Michael (BRL)
Zambrano, Regina ™8R

Hematology/Oncology
Hemophilia Clinic
Sickle Cell Clinic
Treatment After Cancer &
Late Effects Clinic
Gardner, Renée
Morales, Jaime !
Morrison, Cori !
Prasad, Pinki
Velez, Maria R
Yu, Lolie ©

Hospitalists Referrals
Beatty, Kathryn
English, Robin
Hescock, Jay
Sandlin, Chelsey

Infectious Disease
International Adoption Clinic
Travel Clinic

Begue, Rodolfo

Nephrology
Kidney Transplant Clinic
Ashoor, Isa (BR)
Aviles, Diego R
lorember, Franca

Neurology
Botox Clinic
Developmental/High Risk Clinic
Epilepsy Clinic
Muscular Dystrophy Clinic
Neuromuscular Clinic
Physical Medicine & Rehab Clinic
Spasticity Clinic
Spina Bifida Clinic
Deputy, Stephen
Gautreaux, Jessica M8RL
McGuire, Shannon
Shultz, Scott BR-L)
Tilton, Ann
Weimer, Maria ™
Wong, Joaquin
Luke, Wendi, NP ™)

Neurosurgery
Spina Bifida Clinic
Greene, Clarence ™
McBride, Lori (R
Roberts, 0.A.

Ophthalmology
Ellis, Jr., George ™
Eustis, Sprague
Leon, Alejandro ™

Orthopaedics
Amputee Clinic
Neuromuscular Clinic
Scoliosis/Pediatric Spine Clinic
Spina Bifida Clinic
Sports Medicine Clinic
Vascular Anomalies Clinic
Accousti, William ™Mb
Faust, Donald
Gargiulo, Dominic
Gonzales, Tony B8R
Heffernan, Michael !
Heinrich, Stephen
King, Andrew
Lago, Theresa, PA
Lee, Raven, PA BR)
Nguyen, Jessica, PA
Pappas, Nick

Otolaryngology (ENT)
Cochlear Implants Clinic
Vascular Anomalies Clinic

Arriaga, Moises
Hagmann, Michael ™
Jeyakumar, Anita
Kanotra, Sohit (BR)

Plastic Surgery
Moses, Michael
St. Hilaire, Hugo
Tessler, Oren

Psychology
Rapid Treatment Clinic

Franz, Diane
Jackson, David
Kiracofe, Catherine
Lewis, Courtney
Rothbaum, Rebecca
Walker, Mayling

Pulmonology
Cystic Fibrosis Clinic
Neuromuscular Clinic
Edell, Dean
Levine, Stephen
Pepiak, Derek

Rheumatology
Brown, Amanda (BRL)
Dimitriades, Victoria
Gedalia, Abraham M-BRL)

Urology
Spina Bifida Clinic
Martin, Aaron !
Ortenberg, Joseph B~
Roth, Christopher
Langston, Sherry, CNP

Vascular Surgery
Vascular Anomalies Clinic
Sheahan, Claudie
Sheahan, Malachi

Transport/Transfer
Service

(855) CHNOLA-1

(855) 2466521

Children’s Hospital
dispatches a critical
care transport team
by ambulance,
helicopter or fixed-
wing aircraft to pick
up and transport
critically ill or
injured patients from
referring hospitals.

(BR) - Baton Rouge (L) - Lafayette (M) - Metairie Center

In addition to Children’s Hospital Main Campus, some physicians also hold clinics at other centers.
Children’s Hospital ........ (504) 899-9511 Metairie Center .......... (504) 832-4033 Lafayette Center ......... (337) 289-8289
Ambulatory Care Center. .. (504) 896-9532 Baton Rouge Center ...... (225) 216-3047

Children’s Hospital New Orleans ¢ www.childrensnola.org




ARTICLE EVALUATION

You must complete the following
evaluation to receive your CME credit.

I enhanced my knowledge of the ropic:
Verymuch ............... ... Very little
5 4 3 2 1

The author met the stated objectives:

Greatly . ... ... o Not at all
5 4 3 2 I
The overall evaluation of the article:
Excellent «c.ous ca vavunian v veian e Poor
) 4 3 2 1

Did you receive any commercial bias in the
material presented in this activity?

OYes QONo

How long did it take you to read the issue
and complete the quiz:

30 minutes Q1 hour

CME Offerings

Pediatric Grand Rounds
Ist, 3rd and 5th Wednesday
of each month, 8 — 9 a.m.
Children’s Hospital Auditorium
®

Child Neurology Case Conference
Ist, 2nd and 4th Wednesday
of each month, 2 - 3 p.m.
ACC Room 3302
®
Tumor Board
Wednesdays, 4 - 5 p.m.
Children’s Hospital Auditorium
L ]

Weekly Pathology Conference
Thursdays, 8 — 9 a.m.
Research Center, Room 4222
L ]

Neonatology Conference
Thursdays, 12:30 - 1:30 p.m.
NICU Conference Room
L ]

Cath Conference
Fridays, 8 — 9 a.m.

ACC Room 3302

Please call the CME office

at (504) 896-9264

for more information.

PEDIATRIC REVIEW

CoNTINUING MEDICAL EDUCATION

Children’s Hospiral is accredited by the Louisiana State Medical Society to
provide continuing medical education for physicians. Children’s Hospital
designates this enduring material educational acrivity for a maximum of
1.0 AMA PRA Category 1 Credit.™ Physicians should only claim credit

commensurate with the extent of their participation in the activity. Please

PRINT your personal information.

Name:
Physician ID number or last four SSN digits:

Mailing address:

Louisiana State Medical Society

Topics that you would like to see in future issues:

S

Please record your responses to the questions on the form below. Please circle the

best possible answer. CME offer is good until July 31, 2015.

Which of the following is (are) true of kidney stone disease in children?

a. 'The incidence of kidney stones in children has decreased in the last
several decades.

b. There is an underlying predisposing factor in the majority of cases.

c. The most common types of stones in children are calcium stones.

d. bandc

Kidney stone formation is influenced by which of the following?
a. Increased urinary supersaturation of stone-forming solutes
b.  Urinary pH

c. Urine flow rate

All of the above

Treatment and prevention of kidney stone disease in children includes which
of the following?

a.  Increased oral fluid intake

b. Maintenance of a low calcium diet

c. Use of thiazide diuretics in patients with hypercalciuria

d. aandc

Which of the following statements best describes the prognosis of children

with kidney stone disease?

a. Most children do well and do not develop kidney disease

b.  Children with kidney stone discase are at high risk for developing chronic
kidney disease

c.  'The prognosis of children with kidney stones remains unknown

d.  Children with kidney stone disease rarely suffer recurrence of symptoms

To receive CME credit, participants must score 100%.
To receive CME credit, mail, e-mail or fax your completed form to:

CME Office * Children’s Hospital * 200 Henry Clay Avenue * New Orleans, LA 70118

E-mail: cmooney@chnola.org * Fax: (504) 896-3932



Children’s Hospital’s Inpatient Rehabilitation Program
Recognized for Ongoing Innovation and
Standards of Performance

The Gilda Trautman Newman Rehabilitation Center at Children’s Hospital offers consulting medical
services in more than 40 pediatric specialties, including the treatment of children with brain injury,
limb deficiency, cerebral palsy, developmental disability, spinal cord injury, trauma injuries,

seizure disorder, neuromuscular disease, feeding disorder, stroke, ventilator dependence,
myelodysplasia, rheumatic disease and other congenital or acquired disabling disorders.
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