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l. Background:

This guideline is structured to provide Canadian urologists with practical
recommendations for the evaluation and medical management of kidney stone disease,
with a particular emphasis on calcium nephrolithiasis. The goals of this guideline are to
promote the identification of significant underlying systemic and urinary abnormalities
that will predispose the patient to recurrent nephrolithiasis as well as equip urologists
with management recommendations that allow the majority of patients to be treated
without referral to other practitioners. This document is not meant to substitute for a
complete review of the literature on all relevant components of the investigation and
management of kidney stone patients.

I1. Literature Review:

The information included in this document was obtained from a MEDLINE search of
the English language literature. Due to the lack of recent randomized controlled trials,
references of historical importance are an integral component of these guidelines.
Management recommendations are based, where available, on literature published
between 2000 and 2010.

The titles of all related articles were reviewed on all key articles. Abstracts were
read if the titles were pertinent. English language articles were read if pertinent to the
questions to be addressed in the review. In addition, guideline and summary documents
produced by other organizations within urology and nephrology were reviewed to
maintain consistency in our recommendations.



I11. Kidney Stone Metabolic Evaluation and Intervention:

1. Indications for Workup
Statements

All kidney stone patients should undergo a limited metabolic evaluation to rule out
systemic disease that may present with nephrolithiasis.
Level of Evidence: Level 3 Evidence, Grade C recommendation

Complex patients at potential benefit from detailed metabolic evaluation include:
-multiple or bilateral stone disease

-stones in pregnancy

-stones in children (< 18 years of age)

-non-calcium stones (e.g. cystine, uric acid)

-recurrent stones

_-strong family history of stones (one or more first-degree relative)

-stones in setting of a solitary kidney or an anatomical abnormality

-stones in setting of renal insufficiency

-systemic disease with increased risk of nephrolithiasis (e.g. gout, bowel disease, distal
renal tubular acidosis)

-critical occupations (airline pilots, sailors, military personnel, firemen)

Level of Evidence: Level 3 Evidence, Grade C recommendation

Due to the low incidence of identified metabolic abnormalities, pure infection stones (e.g.
struvite) do not require a complete metabolic evaluation but close radiological and
bacteriological review is recommended.

Level of Evidence: Level 3 Evidence, Grade C recommendation

Background

In a small percentage of patients, nephrolithiasis may be the first presentation of a more
serious systemic disease where early identification and treatment can prevent significant
complications. Complex patients, due to either potentially serious consequences of a
symptomatic stone episode, or an increased chance of identifying a specific urinary
abnormality requiring tailored treatment, are recommended to undergo a more detailed
evaluation. Unfortunately, the literature support for many of these patient groups remains
weak. A high interest, even among first-time stone patients, to undergo a detailed
evaluation is commonly encountered in clinical practice. The value of empiric
recommendations (see below) over specific recommendations after a more detailed
evaluation is debatable for the majority of uncomplicated stone disease patients.
Discussion between the patient and practitioner regarding compliance with dietary
recommendations and compliance with the less commonly required stone-preventing
medications is recommended prior to proceeding with a detailed evaluation in
uncomplicated calcium stone disease patients.



2. Investigations
Statement

The history may reveal underlying medical conditions that predispose to stone disease
including bowel disease, gout, diabetes, and lithogenic medications. Any family history
of kidney stones should be elicited. A dietary history focused on fluid intake and dietary
indiscretion will assist in later dietary counselling.

Level of Evidence: Level 1-2 Evidence, Grade A-B recommendation

A limited metabolic evaluation for all stone patients will include blood studies (sodium,
potassium, chloride, bicarbonate, creatinine, calcium +/- aloumin, uric acid, and
phosphorus), a urinalysis (including urinary pH), and a stone analysis.

Level of Evidence: Level 2-3 Evidence, Grade B-C recommendation

Further investigation for hyperparathyroidism, including PTH determination, is
recommended in the setting of high normal to elevated serum calcium (in association
with calcium phosphate and/or calcium oxalate stones).

Level of Evidence: Level 2 Evidence, Grade B recommendation

A detailed metabolic evaluation for complex kidney stone patients (in whom the stones
are known or suspected to be calcium-containing) will include the addition of ideally two
24-hour urine collections (with the patient following their usual diet) including minimum
parameters of volume, creatinine, calcium, sodium, citrate, oxalate, and uric acid. The
collection(s) should occur after the patient has discontinued stone preventing/promoting
medications.

Level of Evidence: Level 2-3 Evidence, Grade B-C recommendation

The primary urinary abnormality in idiopathic uric acid stone formers is excessively
acidic (pH<5.5) urine, not elevated urinary uric acid levels.

A urinary screen for cystine, if the diagnosis of cystinuria is not excluded by stone
analysis, should be considered. This commonly consists of a single morning spot urine
cystine concentration.

Level of Evidence: Level 4 Evidence, Grade C recommendation

Background

Stone disease represents a common referral for urologists. To improve the efficiency of
stone evaluation, a questionnaire that includes common stone-predisposing medical
conditions, stone preventing/promoting medications (including vitamins and calcium
supplements), family history of stone disease (first-degree relatives), previous stone
treatments, and prior results of stone disease evaluation(s) can be employed. A dietary
history, specifically focused on fluid intake as well as consumption of animal protein,



dairy products, and salt usage should be included with this questionnaire. Strong evidence
to support proceeding past the above limited evaluation for the majority of calcium stone
formers is lacking.

The 24-hour urine collection requires assessment of the minimum parameters outlined
above. Depending on laboratory availability, additional parameters such as potassium,
phosphorus, sulphate, ammonia, and urea nitrogen can be requested to allow the
calculations of supersaturations for calcium oxalate, uric acid, and brushite (calcium
phosphate). Within the Canadian and European context, the calculation of supersaturation
is neither readily available nor required to effect a reduction in stone recurrence.
Screening for primary hyperparathyroidism in the absence of a high-normal or elevated
serum calcium is not recommended. The presence of pure calcium phosphate stone
disease should prompt a review of the serum electrolytes (to rule out complete distal renal
tubular acidosis), and the serum calcium (to exclude primary hyperparathyroidism).

3. Dietary counselling
Statements

All calcium stone formers should be counselled on dietary interventions to reduce stone
recurrence or progression. Dietary recommendations include:

Increased fluid intake with a goal urine output of > 2 liters per day

Reduced salt ingestion (less than 2300 mg sodium daily)

Reduced animal protein intake (no more than two meals daily with less than 6-8
ounces per day)

Moderate calcium intake (1000-1200 mg/day)

Moderate intake of high oxalate foods (spinach, strawberries, nuts, rhubarb, wheat
germ, dark chocolate, cocoa, brewed tea) with limitation of Vitamin C intake to less than
1000 mg daily

Increased intake of citrate-rich fluids (lemonade, orange juice)

Level of Evidence: Level 1-3 Evidence, Grade A-C recommendation

Uric acid stone formers may benefit from the above recommendations with emphasis on
increased fluid intake and reduced animal protein intake.
Level of Evidence: Level 3-4 Evidence, Grade C recommendation

Cystine stone formers will benefit from the above recommendations with emphasis on a
substantially increased fluid intake with a goal urine output of > 3 liters per day.
Level of Evidence: Level 3-4 Evidence, Grade C recommendation

Documented hyperoxaluria should prompt a search for dietary indiscretions, undiagnosed
bowel disease, or if substantially elevated, primary hyperoxaluria. Calcium stone formers
with idiopathic hyperoxaluria should be treated initially with a low-oxalate diet.

Level of Evidence: Level 2-3 Evidence, Grade C recommendation



Background

The majority of calcium stone formers can be managed with the empiric
recommendations above. An increase in fluid intake to improve urine output remains the
strongest single recommendation. Conflicting data exist regarding the value of high
citrate-content fluids (lemonade and orange juice) in raising urinary citrate levels where
the content of potassium between fluids is discrepant (orange juice rich in potassium may
raise urinary citrate levels while lemonade may have a negligible effect). In addition,
large quantities of lemonade or orange juice are required to effect a change in urinary
citrate levels with long-term compliance questionable.

A low calcium diet is strongly discouraged in calcium stone formers. Population based
studies, as well as the Borghi study comparing a low calcium to a normal calcium, low
salt, low protein diet support consumption of the recommended daily allowance (RDA)
of calcium set by Health Canada of 1000-1200 mg daily. Unfortunately, many Canadians
are not meeting the RDA for calcium, increasing the future risk of osteoporosis. Calcium
supplements are commonly taken as a substitute or addition to dietary calcium sources.
Population-based studies suggest that consumption of calcium supplements should be
with meals and not between meals. Due to the prevalence of Vitamin D deficiency in
Northern climates, moderation and not avoidance of Vitamin D intake is recommended.

Use of the dietary history during office evaluation can assist with the identification and
subsequent alteration of dietary indiscretions. Salt restriction can be difficult due to the
prevalence of processed foods in the western diet and over-reliance on salt for food
flavouring. The average sodium intake nationally is 4300 mg per day with Health Canada
recommending a daily limit of 2300 mg or one teaspoon. The finding of elevated urinary
sodium on detailed evaluation, specifically if combined with concomitant hypercalciuria,
should prompt referral to a dietician for more detailed dietary evaluation and counselling.
Hypercalciuria in the setting of elevated urinary sodium may resolve when patients
follow a low-salt diet confirmed with a substantial reduction in urinary sodium.

Patients seeking guidance independently (e.g. internet searches) on stone prevention are
confronted with poorly supported recommendations regarding oxalate restriction. Little
evidence exists to support a low oxalate diet for the vast majority of calcium stone
formers. Further, excessive restrictions of potentially high oxalate content foods may
result in a diet sub-optimal for cardiovascular health, cancer prevention, and glycemic
control. Conflicting data exist regarding the effect of Vitamin C intake exceeding the
recommenced daily allowance, and stone formation. Moderation in Vitamin C intake is
recommended.

Finally, office handouts, either paper or electronic on office websites, can greatly
facilitate patient retention of stated dietary recommendations.

4. Medical Therapies
Statement
Selective management of identified abnormalities from the 24-hour urine collection is
recommended.



Level of Evidence: Level 4 Evidence, Grade C recommendation

Patients undergoing medical intervention(s) for stone disease should be considered for
repeat metabolic assessment (24-hour urine collection) a minimum of 6-8 weeks post-
intervention to assess response to therapy.

Level of Evidence: Level 4 Evidence, Grade C recommendation

Patients with hypercalciuria refractory to dietary intervention (particularly moderation of
salt intake)_should be offered treatment with a thiazide or non-thiazide diuretic
(hydrochlorothiazide 12.5-25 mg bid; chlorthalidone 12.5-50 mg daily; indapamide 1.25 -
2.5 mg daily). Common side effects of these medications include fatigue, dizziness,
erectile dysfunction, gout, and metabolic changes of glucose intolerance, hypokalemia,
hyperuricemia, and dyslipidemia.

Level of Evidence: Level 1 Evidence, Grade A recommendation

Hypercalciuric stone patients treated with a thiazide or non-thiazide diuretic require
assessment for hypokalemia or (de novo) drug-induced hypocitraturia once treatment is
commenced. Hypokalemia and hypocitraturia in this setting are ideally treated with
potassium citrate.

Level of Evidence: Level 3 Evidence, Grade C recommendation

A multitude of conditions can result in hypocitraturia. Common conditions such as
chronic renal insufficiency and urinary tract infections must be ruled out in this setting.

Patients with documented hypocitraturia refractory to dietary intervention should be
offered treatment with potassium citrate (20-30 mEq po bid). Caution is warranted with
use of potassium citrate in the setting of chronic renal insufficiency or concomitantly
with other drugs that may limit renal potassium excretion such as potassium sparing
diuretics, ACE inhibitors and Angiotensin Il receptor antagonists.

Level of Evidence: Level 1-2 Evidence, Grade A-B recommendation

Uric acid stone formation can be prevented, and in-situ stones can be dissolved, with
urinary alkalinization with monitoring of urinary pH to ensure a pH greater than 6.0;
Potassium citrate is the ideal agent with the alternative of sodium alkali (sodium
bicarbonate and sodium citrate). Common side effects of alkalinizing agents include
nausea, abdominal bloating, and diarrhea.

Level of Evidence: Level 3 Evidence, Grade B recommendation

Uric acid stone formers with a history of gout or documented hyperuricosuria refractory
to dietary intervention may benefit from treatment with allopurinol (100-300 mg daily).
Common side effects of allopurinol include liver enzyme abnormalities and rash. Recent
investigations suggest a marginal role of hyperuricosuria in promoting calcium
nephrolithiasis.

Level of Evidence: Level 3 Evidence, Grade B recommendation



Cystine stone formers require multiple interventions to reduce stone recurrence including
dietary measures, urinary alkalinization (to achieve a urinary pH above 6.5-7.0) and
consideration of a thiol-binding agent (D-penicillamine, alpha-mercaptopropionylglycine
or captopril). Cystinurics may benefit from multidisciplinary management at a dedicated
regional or provincial stone center.

Level of Evidence: Level 3-4 Evidence, Grade C recommendation

Background

Selective management involves directed treatment of identified abnormalities from the
24-hour urine collection. Examples include thiazide or non-thiazide diuretics for
hypercalciuria refractory to dietary intervention, allopurinol for hyperuricosuria, and
potassium citrate for hypocitraturia. Non-selective management involves the use of stone
preventing medications such as potassium citrate to reduce stone recurrence/progression
regardless of any identified urinary abnormality (patient treated often in the absence of a
24-hour urine collection).

Medical management of recurrent kidney stone patients based on the process of
correcting specific abnormalities of the 24-hour urine collection(s) will allow the
majority of stone patients to be treated by their primary urologist without referral to a
dedicated kidney stone center. Prior to embarking on a course of drug therapy, all patients
must be questioned regarding willingness to comply with lifelong treatment. Once
treatment is commenced, response to treatment must be assessed with a repeat 24-hour
urine collection, ideally performed a minimum of 6-8 weeks after commencing therapy.
Further tailoring of therapy can then follow.

Studies evaluating long-term follow-up of kidney stone patients demonstrate the
durability of response to dietary and drug interventions in compliant patients.
Unfortunately, loss of patients to follow-up is commonly encountered. The paucity of
literature limits the ability to make evidence-based recommendations regarding the
timing of follow-up imaging and repeat metabolic evaluation in asymptomatic kidney
stone patients. The high recurrence rate of kidney stones provides strength to an argument
for regular imaging, ideally every 2-5 years in asymptomatic patients. Patients with a
history of frequent stone recurrences, or substantial prior health impairment from prior
stone episodes, should be considered for more rigorous radiologic follow-up.
Asymptomatic renal calculi on surveillance should ideally be imaged on a yearly basis
until there is demonstration of lack of progression. Limiting patient radiation exposure
with any imaging follow-up program remains paramount, with reasonable options of a
KUB plain film or a renal ultrasound. The recurrence of kidney stones, or the progression
of asymptomatic renal calculi on surveillance, should prompt consideration of a repeat
metabolic investigation in order to optimize preventative strategies and to ensure that a
more significant metabolic abnormality was not missed during prior evaluation.



IV.Algorithms

Kidney stone patient

Minimal evaluation:

1. medical history including medications, family
history of nephrolithiasis
2. stone history
3. serum sodium, potassium, chloride, bicarbonate,
creatinine, calcium (+/- albumin), uric acid,
phosphorus
4. urinalysis, including urine pH
A 4
Recurrent stones or high risk patient
No Yes
Dietary Proceed to 24-hour urine
Counseling collections X 2




Hypercalciuria

A 4

24-hour urine collections

Hyperuricosuria

h 4

Hyperoxaluria

A 4

L N

Hypocitraturia

\ 4

check serum Cato
ensure not 1° HPTH
Salt restriction if
urine sodium T
Consider diuretic if
persistent despite
salt restriction

e Check serum UA

e Protein restriction

e Allopurinol if
persistent despite
dietary protein
restriction

Consider 1° HOx if
significantly
elevated

Review Gl history
for risk factors for
enteric
hyperoxaluria

Low oxalate diet if
elevated

Calcium supplement
with meals if enteric
hyperoxaluria

Rule out urinary
infection or chronic
renal insufficiency
as cause of low u
citrate

Recommend high
citrate foods/fluids
Potassium citrate 20-
30 mEq po bid
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