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Outline…



Renal Colic: The Experience

• It felt like I was trying to give birth to an elephant, 
but all that finally came out was a little speck of 
blood. 

• as if someone took a pair of vise grips to my side 
and started clamping it down without letting up. 

• hot needle-like pain radiating down to the end of 
my penis.

• it felt like a white hot poker was sticking into my 
side.

• dull ache over the kidney area. 



Events before and during medical Treatment





Epidemiology:
• In 1994 prevalence : 1 in 20 (5.2%)

• In 2010 prevalence : 1 in 11 (10.6%)

• Demographics

–Men > Women (2 or 3  : 1)

• Cost in 2000 – $2.1 billion (Pearl, 2005)

• Cost in 2012 - $10 Billions (Litwin MS et)

• Projected rise in cost 1.24 Billion/year by 2030

• Loss of wages/productivity

Treatment aimed at prevention of stones is critical to 

decrease cost and morbidity

Lotan, Adv in Chr Kid dis 2009;           Scales, Eur Urology 2012
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Recurrence of Stones
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Recurrence 5% per year if untreated

Uribarri, et al, Ann Intern Med 1989; 111;1006



Stone Formation :
SuperSaturated urine
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Stone Formation:
Deficiency of inhibitors

Ca
Ox

Cit

Inhibitors of crystal nucleation, growth and 

aggregation-

Mg, citrate, macromolecules like glycosaminoglycan, 

RNA, acidic glycoproteins, Tamm-Horsfall protein, 

nephrocalcin, uropontine



Bellini duct

Papillary Interstitium

Intraductal



Types of Kidney Stones

Type Percentage

1. Calcium stones 70-75

- Calcium Oxalate 26

- Calcium Phosphate 7

- Calcium oxalate &

phosphate 37

2. Struvite 15-20

3. Uric acid 10-15

4. Cystine 1

5. Carbonate Apettite

Rare types of stones: Xanthine, Oxypurinol, triamterene, indinavir,

ephedrine, matrix stones.



• Stone analysis

• Blood profile

• 24 hr Urine metabolic evaluation:

–Metabolic abnormalities in 96% (Levy et al)

• Urine Microscopy - crystals 

• Imaging: 

• CT scan with stone protocol (most 
sensitive and specific) 

• US kidney

• KUB

Evaluation
Lab Studies



• Volume

• Calcium

• Sodium

• Citrate

• pH

• Oxalate

• Uric Acid

• Potassium

• Creatinine

• Urea Nitrogen

• Sulfate

• Ammonia

• Phosphorus

Evaluation
24-Hour Urine Testing

SuperSaturation calculation

SS CaOx

SS CaP

SS UA



Urinary Risk factors for Calcium Stone 

Formation

• Low U Vol > 70-90%

• Hypercalciuria 40-75%

• Hypocitraturia 10-50%

• Hyperuricosuria 30%

• Idiopathic 20%

• Hyperoxaluria 5%



Kidney Stones

Treatment

• Acute Renal colic – ER/PCP/Urology
– Stone <4 mm: Pain Control and Fluids

– Stone >5 mm: Obstruction OR infection: Urologic 
Intervention

• Currently Asymptomatic: Chronic Recurrent Disease: 

- Identify risk factors

- Medical Rx for Prevention of recurrent stones
- Int Medicine /FM/ Nephrology



Medical

Management



Myths about Kidney stone treatments

• Dr Google 

• Advice from friends and relatives

• Advice from physicians unaware of Rx

• Myth- Not to drink milk if stone is made of 

calcium

• Kidney stone cleanser, herbals etc

Truth is:

“Treatment advice should be personalized 

to specific metabolic risk factors”
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Urine volume:

Concentrated Urine



27 WM, obese.  2 visits to ER for renal colic.  CT abd shows 2-3 mm 

Non-obstructing stones. Stone analysis not available. 

Has not needed any urology procedures.

Significant family history of kidney stones. 



Low Urine Volume: Concentrated urine

• Definition:  Urine output < 1 lt per day

• Goal: Urine output > 2.5 Lt per day and decrease 

supersaturation of urine

• Etiology: 

–Chronic diarrhea, Colon resection

–Excessive sweating, warm climate, 

foundry/factory work in high temperatures

–Habitual low fluid intake. Decreased thirst.

–Work limitations



• Recommendations:

–Drink 16 Oz water every 2.5 to 3 hrs. Goal 100 Oz fluid/day. 

–“Drink water Reminder” app

–Type of fluid: Best- water/flavored water. 

–Avoid sugar containing beverages/juices.

–Coffee, Tea, Alcohol in moderation. Too much caffeine can 

cause HyperCalciuria

–Cranberry juice- no studies to support its use in stone 

prevention

Low Urine Volume: Concentrated urine



Urine Volumes in Kidney 
Stone Patients

ml/day

(Borghi, L. et al, J Urology 1996)
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Urine Calcium:

HyperCalciuria



34 yrs WM. H/O kidney stones since 2006. Recently presented with 

obstructing left ureteral stone, L hydronephrosis and needed Left 

Ureteroscopy and laser Lithotripsy. 

Stone analysis: CaOx 80%, CaP 20%.



HyperCalciuria

• Definition: 200 mg/day (risk is continuous)

• Goal: U Calcium < 150 mg/day

• Risk Factor: seen in 40-75% cases

• Etiology:

A. With hypercalcemia

Hyperparathyroidism

Granulomatous diseases

Hyperthyroidism

Malignancies, Immobilization

B. Without Hypercalcemia

High salt intake, High protein intake, 

Excess Refined sugar, Caffeine in excess

Type 1 RTA

Idiopathic Hypercalciuria (most common)



U Calcium and Risk for Ca Kidney stones



Refined sugars and U Calcium

N Engl J Med 1969 Jan 30;280(5): 232-7



Sucrose intake and Risk of stone 

formation

Median sucrose 

intake gm/d

31 40 47 54 66

No. of stones 210 209 263 223 318

RR 1.00 1.01 1.25 1.0 1.31

Curhan GC et al. Arch Int Med 2004;164:885-891



Urine Sodium and Urine Calcium

Salt and Nephrolithiasis.

Nephr Dial Trans, 2016, 

31: 39-45
For every additional 100 mmol Na,

U Ca increases by 140 mg in Idiopathic 

Hypercalciuria



Hypercalciuria: Treatment

1. Urine output  >2.5 L/day

2. Low salt diet 2 gm Sodium ~(24 hr U Na <100 mmol)

3.Chlorthalidone 25-50 mg qd or HCTZ 25 mg bid or 
Indapamide ( Urine Ca by 40-60%)

4. Avoid Hypokalemia 

(causes Hypocitraturia and Hypercalciuria)

5. Maintain normal Ca diet

6. Avoid refined sugars

7. Dietary protein 1 gm/kg/day



Hypercalciuria:
Thiazides & Stone Recurrence

Laerum & Larsen,  Acta Med Scand 1984
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Hypercalciuria:
Recurrent Stones According to Diet

L Borghi, NEJM Jan 2002
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Urine Oxalate:

HyperOxaluria



HyperOxaluria

• Definition: U Oxalate > 40 mg/d (> 20% of U Ca) –Risk is continuous

• Goal: < 40 mg (Ideally < 25 mg/d)

• Risk Factor: seen in < 5% cases

• Etiology:

–Enteric hyperoxaluria (Malabsorption, Bariatric surgery principally 

Roux-en-Y, Crohn’s, small bowel resection, Irritable bowel, Celiac, 

lactose intolerance)

–Low dietary Ca

–Oxalate rich food- chocolate, cocoa, spinach, nuts, starfish fruit

–Ascorbic acid (6-13 mg U Oxalate for every 1 g Vit C above 500 mg)

–Alteration in GI flora- abx, Cystic fibrosis – loss of Oxalobacter

formigenes which degrades oxalates

–Primary HyperOxaluria –enzyme def – overproduction of oxalates



HyperOxaluria

Treatment:

1.Urine Output > 2.5 L

2.Low oxalate diet: 100-200 mg Oxalate/day

3.Avoid ascorbic acid or (upto 90 mg)

4.Dietary Calcium(1000-1200 mg)

5.Low sodium diet

6.Probiotics with antibiotics

7.Rx of Malabsorption- Cholestyramine, Tums  with food

8.Treatment of Crohn’s, Celiac, short gut.



Urine Citrate: 
Inhibitor of Kidney stones

HypoCitraturia



19 yr old OSU sophomore student, seen after 

1 st kidney stone episode needing URS with HLL. He missed 

4-5 weeks of college. He did not want to suffer more. He has

h/o Pseudotumor Cerebri and was on Topamax. 



Hypocitraturia

• Definition: U Citrate < 350 mg (Risk is continuous)

• Goal: U Citrate > 600-800 mg

• Risk factor: in 10-50% cases

• Etiology:

–Diarrhea

–Hypokalemia

–Metabolic acidosis

–Medications-(Carbonic anhydrase Inhibitor) Topamax, 

Diamox, Zonisamide, HIV meds (PI) 

–High protein diet

–Type 1 RTA (Distal)- complete/incomplete



Hypocitraturia

• Treatment:

–U Vol > 2.5 L/day

–Discontinue offending agent

–Alkali supplement promotes tubular excretion of Citrate

–Normal protein diet

–Normalize Serum Bicarb

–Treat Hypokalemia



Hypocitraturia

• Treatment:

–Will need 60-80 meq of alkali:

• Pot Citrate 20 meq PO TID with food

• Crystal light 1 pack = 10 meq alkali

• Litholyte 1 pack = 10 meq citrate

• 1 lt of Diet 7 UP =10 meq citrate

• Sod Bicarb 650 mg Tab = 7.7 meq Alkali 

– (Caution about Na -Can lead to high U Ca)

– Baking soda 1 Teaspoon = 53 meq Alkali

potassium citrate (5 mEq), 

sodium bicarbonate (2.5 mEq)

magnesium citrate (2.5 mEq)



High U Sodium

Leads to High U Ca



46 yrs old WM, H/O Kidney stones since 2014, needing 3 urology 

procedures. CaOx stones. 



U Na as a marker of Dietary Na



High U Sodium

• Definition: U Na > 100 meq (2300 mg)/day

• Goal: U Na < 100 

• Etiology: In steady state 24 hr urine sodium 

represents dietary sodium intake

• Risk: High U Na increases U Calcium

• Treatment:

–Low salt diet ~ 2 gm sodium per day

–Check Nutrition labels

–Check online sodium content of food

–Avoid processed food, Canned food, lunch 

meats etc



High Protein Intake:
High U Ca

Low U Citrate

High U Uric acid



Case 3 



J Cli Endocrinol Metab 1990;71:861

Protein Load Increases Urine Stone 
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High protein intake

• Definition: Protein intake > 1.3 gm/kg/day, Sulfate > 70

• Goal: Protein intake < 1 gm/kg/d and Sulfates < 70

• Risk: HyperCalciuria, HypoCitraturia, HyperUricosuria

• Recommendations:

–Decrease animal protein and substitute with plant protein

–Protein intake ~ 1 gm/kg/day

• Monitor: U Sulfates, U PCR, U Ammonia



Non Calcium stones

Uric Acid

Cystine

Infection – Triple phosphate - Carbonate



Non Calcium kidney stones

Uric Acid Stones



36 yrs WF, diagnosed with Staghorn kidney stone 

needing PNCL. 

Stone Analysis: Uric acid 90%, CaOx 10%



Uric acid stones

Account for 10-15% of stones. 60% of Uric acid stones in diabetics

Risk factors-

Uric acid overproduction  Gout, myeloproliferative disorder

Hyperuricosuria >800 mg/day High protein intake

Persistent acid urine < pH 5.5        Diarrhea, DM, Obesity

Concentrated urine < 1 L                Diarrhea, hot climate

Solubility of uric acid-

Acidic urine - 100 mg/L

At pH 7 – 1600 mg/L



Uric acid stones

Treatment -

Purine rich food restricted

Drink water to make  > 2.5 L of urine

Maintain alkaline urine pH ~ 6.5

K citrate 30-60 meq/d

If urine uric acid >800 mg/day

Allopurinol

Normalize S Bicarbonate



Vitamin D Intake and Kidney stones

Vitamin D intake in typical amounts was not statistically

associated with risk of kidney stone formation.

However, higher risk with higher doses cannot be excluded

P Ferraro, G CurhanJ: Urology: Vol. 197, 405-410, February 2017

Participants: 193,551; Kidney stone incident events: 6,576



Take Home Messages -1

• Common disease causing fair amount of morbidity 
& large economic burden

• Systemic disease associated with HTN, Obesity, 
DM, CAD, Metabolic syndrome and bone disease

• Identifying risk factors is important 

• Simple treatments –dietary & fluid modifications 
can slow or prevent stone development

• Increased fluid intake is first line of treatment for  
stone preventions



• Considerable variability in urine solute 

excretion, collection at home and work

• Stone risk increases even when chemistries 

are in “normal range”

• U chemistry can give insight in patients diet

• U pH is critical in management of Uric acid 

CaP, Cystine and Infection stones

• SS helps to identify type of stone and provide 

guidance for treatment

Take Home Messages -2



Questions?

Metabolic Stone Clinic
915 Olentangy River Rd, Columbus, OH 43212

OSU Nephrology 

in Collaboration with Urology

614 293 4837


