
Nephrolithiasis and 
Hematuria



LEARING OBJECTIVES

1. Explain what happens during each of the the stages of stone 
formation.

2. Understand the qualities of the 5 most common types of stones 
including precipitating factors, radiology findings, crystal appearance, 
and clinical associations.

3. Recommend methods of prevention and treatment of kidney stones.



NEPHROLITHIASIS
ÅEpidemiology

ÅPathogenesis

ÅClinical course

ÅPrevention of stones
ÅPredisposing factors

ÅEvaluation

ÅTreatment



Epidemiology ςPGY-1
Which of the following is not a predisposing factor for developing 
kidney stones?

A. Vitamin D supplementation

B. Low Body Mass Index

C. Southeastern geography

D. Urinary tract infections

E. Gout
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Epidemiology

ÅPrevalence: men 4-9%; women 1.7%-4.1% 

ÅHospital admissions: 7-10 of every 1000

ÅHospitalization rates
Å12% increase in # admissions for kidney stones in men

Å21% increase in # admissions for kidney stones in women

ÅHistorically ratio 1:3 women:men, now 1:1

ÅIncrease in women possibly due to obesity and diet

ÅRate of kidney stones has doubled from 1970s-1990s

ÅPeak age 20-30 years old

ÅSoutheastern geography (More sunlight/vitamin D/heat/dehydration)  



Predisposing Conditions

ÅFamily history 20%

ÅDehydration

ÅHigh protein diet

ÅGout

ÅMetabolic syndrome

ÅIntestinal disorders causing malabsorption ςCrohns or bariatric surgery (increased oxalate absorption)

ÅMedications (Topamax)

ÅVitamin D and C

ÅUrinary tract infections

ÅSouthwestern geography

ÅHyperparathyroidism

ÅCystinuria

ÅRenal tubular Acidosis



Epidemiology ςPGY-2

What are the most common kidney stones in the United States?

A. Calcium oxalate

B. Calcium phosphate

C. Struvite

D. Uric acid

E. Cystine
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Frequency in USPopulation

Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.



Types of Stones:
Frequency in Mediterranean and MiddleEastern 
countries

Å75% uric acid

Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.



Diseases Associated with Calcium Containing 
Renal Stones (n=1650)
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Causes of Kidney Stones ςPGY 3
Why does primary hyperparathyroidism cause nephrolithiasis?

A. Increased calcium absorption in the gut

B. Increased calcium absorption in the thick ascending loop of Henle

C. Decreased distal tubular calcium absorption from the urine

D. Decreased filtered load of calcium
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Primary Hyperparathyroidism
ÅIncreased calcium absorption in gut

ÅIncreased distal tubular urinary absorption, but marked hypercalciuria 
because of
Åthe increased filtered load of calcium

Åreduced calcium reabsorption in the thick ascending limb of the loop of henle.  

ÅTreatment: surgical removal of adenoma ςƳƻǎǘ ǇŀǘƛŜƴǘǎ ŘƻƴΩǘ ƎŜǘ ƳƻǊŜ 
stones, but up to half of them still have residual renal disease 
(calculi,nephrocalcinosis, uti, azotemia)



Idiopathic Hypercalciuria
ÅDiagnosis of exclusion - requires no sarcoidosis, no 

renal tubular acidosis, no hyperparathyroidism, no 
malignant tumors, no rapidly progressive bone 
disease, no immobilization, no pagetdisease, cushing
disease, or furosemide administration.

ÅPolygenic disorder with regulation by 2 codominant 
alleles. 



Idiopathic Hypercalciuria
ÅPathogenesis  involves excessive intestinal ca 

absorption and depressed renal tubule ca 
reabsorption

ÅPatients are in net negative calcium balance, 
suggesting bone loss of calcium.

ÅIncreased activity of Ca-Mg-ATPase in the intestine 
and distal tubule

ÅStone formers have decreased bone mineral density, 
compared to non-stone formers, suggesting bone 
demineralization as an etiology.



Hyperuricosuria

ÅUric acid crystals plug the lumen of renal collecting duct and act as a 
nucleus for calcium stone formation. 

ÅTreatment with allopurinol
Å3 year prospective randomized trial of hyperuricosuric, normocalciuric 

calcium oxalate stone formers: 70% allopurinol patients remained stone free 
at 3yrs, vs. 40% placebo.



Type 1 Distal Renal Tubular Acidosis

ÅStones result from hypercalciuria, hypocitraturia, and alkaline urine pH; stones 
are usually calcium phosphate.

ÅHigh urine pH increases the availability of phosphate. 

ÅMetabolic acidosis, hypokalemia, and renal insufficiency decreases citrate 
excretion. 
ÅHypokalemia  reduces urine citrate by generating an intracellular acidosis in the proximal 

tubular cell. 



Natural History ςPGY 1

A 25 year old woman comes to the office for evaluation after she was recently in the emergency 
room for renal colic.  She passed the kidney stone and KUB showed no more visible stones.

What is the likelihood that she will form another stone sometime during her life?

A. 10%

B. 30%

C. 50%

D. 75%
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Natural History:
Will the first stone recur?

YES

Recurrence is the rule after the 1st stone
Å40-50% recur by 5 years

Å50-60% recur by 10 years

Å75% recur by 20-30 years

There is no way to distinguish by laboratory evaluation 
who will recur.



Natural History:
Will stone disease get better over time?

NO, in general.

Stone disease accelerates over time in the majority of patients (stone-free 
intervals shorten over time)
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Pathogenesis ςStages of Stone development

ÅSupersaturation 

ÅNucleation (ions join together in more stable, solid 
phase)

ÅAggregation (small crystals bond together)

ÅAnchoring (via stone-epithelial cell interactions) 
facilitates aggregation in limited time



Supersaturation: factors

ÅIon excretion
ÅCalcium
ÅOxalate
ÅPhosphate

ÅWater excretion

ÅInteraction with other solutes
ÅCitrate binds calcium
ÅMagnesium complexes oxalate 

ÅpH alters free ion concentration by adding hydrogen 
ion to the circulating free ion
Åi.e. mono vs dihydrogen phosphate



Pro-Stone 

Forces

Stone 

Inhibitors

ÅCalcium

ÅUric Acid

ÅOxalate

ÅCystine

ÅInfection

ÅVolume 

(dilution)

ÅCitrate

ÅAlkaline urine



Nucleation

ÅIons join together in a more stable solid phase

ÅSurface irregularities create a surface on which crystal 
nuclei start to form.  

ÅSome crystals are efficient at matching together 
ÅMonosodium urate/uric acid are good heterogenious nuclei 

for calcium oxalate. 
ÅBrushite nuclei nucleate calcium oxalate
ÅCalcium phosphate nucleates calcium oxalate



Aggregation

ÅSmall crystals aggregate into larger crystalline masses 
by electrostatic attraction.



Anchoring

ÅCell-Crystal interactions 
Åcrystals cannot form fast enough to wedge into the tubules 

and cause obstruction, they must anchor to renal tubular 
epithelium or urothelium

Åthese cells can act as nucleating sites



Clinical Presentations

ÅPain (ureteral colic, loin pain, dysuria)

ÅHematuria

ÅUrinary tract infection (recurrent, chronic infection)

ÅAsymptomatic urine abnormality (microscopic hematuria, proteinuria, 
sterile pyuria)

ÅInterruption of urinary stream

ÅCalculus anuria



Differential Diagnosis of Flank Pain



Basic Evaluation of Stone Formers (1st stone)

ÅStone history

ÅMedical history
ÅDiseases leading to hypercalcemia (malignancy, 

hyperparathyroidism, sarcoidosis)
ÅaŀƭŀōǎƻǊǇǘƛǾŜ DL ŘƛǎƻǊŘŜǊǎ ό/ǊƻƘƴΩǎΣ ŎŜƭƛŀŎ ǎǇǊǳŜύ
ÅGout 

ÅFamily History
ÅIdiopathic hypercalciuria (multiple genes identified)
ÅCystinuria (AR)
ÅHyperuricosuria
ÅX-linked causes of calcium stones and nephrocalcinosis
ÅPrimary hyperoxaluria (AR)



Basic Evaluation of Stone Formers (1st stone)

ÅMedications
ÅLoop diuretics, vitamin D, glucocorticoids, antacids, 

theophylline, acetazolamide, amphoteracin B (calcium)

ÅSalicylates, probenecid (uric acid)

ÅAllopurinol (xanthine)

ÅAcyclovir, triamterene, indinavir (precipitation into stones)

ÅSocial history (jobs resulting in volume depletion)

ÅDietary history



Dietary History

High oxalate foods
Ågreen beans

ÅBeets

ÅCelery

ÅGreen onions

ÅLeeks

ÅLeafy greens

ÅCocoa/chocolate

ÅBlack tea

ÅBerries

ÅOrange & lemon peel

ÅDried figs

ÅSummer squash

ÅNuts, peanut butter

ÅTofu

High purine foods

ÅOrgan meats

ÅShellfish

ÅMeat

ÅFish

ÅMeat extracts 

ÅGravies

ÅAsparagus

ÅCauliflower

ÅPeas

ÅSpinach

ÅMushrooms

ÅBeans (lima, kidney, lentils)



Risk Reduction ςPGY 2
A 44-year-old man with a history of nephrolithiasis requests 

nonpharmaceutical interventions for stone prevention. 

His last symptomatic kidney stone was 2 years ago. He does not 
recall the exact type of stone that he formed but believes that 
it contained calcium. Previous laboratory studies have showed 
normal renal function and normal levels of calcium, 
phosphorus, and uric acid. 

A plain abdominal radiograph performed 1 year ago revealed no 
genitourinary calcifications. 

He does not have a family history of nephrolithiasis wishes to 
reduce his chances of developing further kidney stones.



In addition to increasing fluid intake, which of the 

following recommendations is warranted?

A. Calcium intake >1 g/d 

B. A high sodium diet

C. A high protein diet

D. Furosemide

E. Reducing potassium 
intake
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Curhan GC. Willett WC. et al. New England Journal of Medicine. 328(12):833-8, 1993 Mar 25. 



Curhan GC. Willett WC. et al. New England Journal of Medicine. 328(12):833-8, 1993 Mar 25. 
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Calcium intake



Borghi L. Schianchi T. et al. New England Journal of Medicine. 346(2):77-84, 2002 Jan 10.

Calcium, protein, and salt intake



Laboratory evaluation

ÅUrinalysis
ÅpH 
ÅHigh with struvite/calcium phosphate stones

ÅLow with uric acid and calcium oxalate stones

ÅSpecific gravity to assess adequacy of fluid intake

ÅRBCs

ÅCharacteristic crystals



Calcium Oxalate

Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.



Uric Acid

Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.



Cystine

Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.



Magnesium ammonium phosphate
(struvite)

Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.



Laboratory evaluation

ÅBlood test (electrolytes, calcium, uric acid, phosphorus, creatinine)

ÅStone analysis when possible



Evaluation ςPGY 3

A 49-year-old man with a history of gouty arthritis comes for a follow-
up evaluation. One week ago, he was evaluated in the emergency 
department for left-sided flank pain and hematuria. 

A plain abdominal radiograph is unremarkable. After radiography is 
performed, the patient urinates debris and his pain is immediately 
relieved. 

He has had no further symptoms.



Laboratory Data

Blood urea nitrogen 12 mg/dL 
Uric acid 9.0 mg/dL  
Creatinine 1.0 mg/dL  
Sodium 138 meq/L  
Potassium 4.6 meq/L  
Bicarbonate 26 meq/L  
Albumin 4.0 mg/dL  
Calcium 10.1 mg/dL  
Phosphorus 2.1 mg/dL  
Urinalysis pH 5, 3+ blood, 10ς15 erythrocytes/hpf



Which of the following is the most likely diagnosis?

A. Calcium oxalate stones

B. Uric acid stones

C. Calcium phosphate stones

D. Struvite calculi

E. Cystine stones
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Radiologic evaluation

ÅKUB (uric acid and xanthine calculi are radiolucent)

ÅIV urogram (can show anatomic abnormalities in GU tract)

ÅCT scan (high sensitivity and specificity)

ÅRenal ultrasound (misses ureteral stones)



Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.

Multiple cystine stones in r kidney, ureter, and bladder



Johnson J and Feehally J, Comprehensive Clinical Nephrology, 2nd ed.

Struvite stones; L staghorn calculus; single bladder stone



Complete Evaluation (for >1 stone)

24 hour urine for:
ÅVolume
ÅpH
ÅCalcium
ÅPhosphate
ÅSodium
ÅUric acid
ÅOxalate
ÅCitrate
ÅCreatinine
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