Nephrolithiasis and
Hematuria




LEARING OBJECTIVES

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

2. Understand the gqualities 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

AEpidemiology
APathogenesis
AClinical course

APrevention of stones
APredisposing factors
A Evaluation
ATreatment



Epidemiology PGY1

Which of the following Is not a predisposing factor for developing
kKidney stones?

A. Vitamin D supplementation
B. Low Body Mass Index

C. Southeastern geography
D. Urinary tract infections

E. Gout
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Epidemiology

APrevalence: men-9%: women 1.7%.1%
AHospital admissions:=-Z0 of every 1000

AHospitalization rates
A 12% increase in # admissions for kidney stones in men
A 21% increase in # admissions for kidney stones in women

AHistorically ratio 1:3vomen:men now 1:1

Alncrease in women possibly due to obesity and diet

ARate of kidney stones has doubled from 197090s

APeak age 230 years old

A Southeastern geography (More sunlight/vitamin D/heat/dehydration)



Predisposing Conditions

A Family history 20%

A Dehydration

A High protein diet

A Gout

A Metabolic syndrome

A Intestinal disorders causing malabsorptio©rohns or bariatric surgery (increased oxalate absorption)
A Medications (Topamax)
A Vitamin D and C

A Urinary tract infections

A Southwestern geography
A Hyperparathyroidism

A Cystinuria

A Renal tubular Acidosis



Epidemiology PGY2

What are the most common kidney stones in the United States?
A. Calcium oxalate

Calcium phosphate

Struvite

Uric acid

mooOw

Cystine
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Frequency In UBopulation

Calcium oxalate
and calcium
phosphate 37%

Calcium
oxalate 26%

Cystine 2%

Calcium
phosphate 7% !
Struvite 22%

Uric acid 5%

© 2003, Elsevier Limited. All rights reserved.

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



Types of Stones:
Frequency In Mediterranean and MiddleEastern
countries

A75% uric acid

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



Diseases Assoclated with Calcium Containing
Renal Stones (n=1650)

35

Primary

30 hyperparathyroidism
Idiopathic

25 Hypercalciuria

20 Hyperuricosuria

15 Renal Tubular
Acidosis

10 B Hyperoxaluria

S Idiopathic

0



Causes of Kidney StoneBGY 3

Why does primary hyperparathyroidism cause nephrolithiasis?

ncreased calcium absorption in the gut

ncreased calcium absorption in the thick ascending loop of Henle
Decreased distal tubular calcium absorption from the urine
Decreased filtered load of calcium

o0 ®»



Causes of Kidney StoneBGY 3

Why does primary hyperparathyroidism cause nephrolithiasis?

=

ncreased calcium absorption in the thick ascending loop of Henle
Decreased distal tubular calcium absorption from the urine
. Decreased filtered load of calcium
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Primary Hyperparathyroidism

Alncreased calcium absorption in gut

Alncreased distal tubular urinary absorption, but marked hypercalciuria
pecause of

A the increased filtered load of calcium

Areduced calcium reabsorption in the thick ascending limb of the lodyepfe

ATreatment: surgical removal ofadenom& 2 40 LJ  0ASYy Ga R
stones, but up to half of them still have residual renal disease
(calculi,nephrocalcinosisiti, azotemia)




ldiopathic Hypercalciuria

ADiagnosis of exclusioirequires no sarcoidosis, no
renal tubular acidosis, no hyperparathyroidism, no
malignant tumors, no rapidly progressive bone
disease, no immobilization, nmagetdiseasecushing
disease, or furosemide administration.

A Polygenic disorder with regulation by 2 codominant
alleles.



ldiopathic Hypercalciuria

APathogenesis involves excessive intestinal ca
absorption and depressed renal tubule ca
reabsorption

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

Alncreased activity of Glslg-ATPase in the intestine
and distal tubule

AStone formers have decreased bone mineral density,
compared to norstone formers, suggesting bone
demineralization as an etiology.



Hyperuricosuria

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

A Treatment with allopurinol

A3 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

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

AHigh urine pH increases the availability of phosphate.

AMetabolic acidosis, hypokalemia, and renal insufficiency decreases citrate
excretion.

A Hypokalemia reduces urine citrate by generating an intracellular acidosis in the proximal
tubular cell.



Natural History PGY 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 thét$tone
A40-50% recur by 5 years
A50-60% recur by 10 years
A75% recur by 230 years

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



Natural History:
Wil stone disease get better over time?

NO, In general.

Stone disease accelerates over time in the majority of patients (sheaee
Intervals shorten over time)

Coe FL et al. JAMA 238:1519-23, 1977.



Pathogenesig Stages of Stone development

ASupersaturation

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

AAggregation (small crystals bond together)

AAnchoring (via stonepithelial cell interactions)
facilitates aggregation in limited time



Supersaturation: factors

Alon excretion
ACalcium
AOxalate
APhosphate

AWater excretion

Alnteraction with other solutes
A Citrate binds calcium
AMagnesium complexes oxalate

ApH alters free ion concentration by adding hydrogen
lon to the circulating free ion

Ai.e. mono vs dihydrogen phosphate



Pro-Stone

Forces
ACalcium
- A/olume
AJric Acid (dilution)
ACystine Aalkaline urine



Nucleation

Alons join together in a more stable solid phase

ASurface irregularities create a surface on which crystal
nuclel start to form.

ASome crystals are efficient at matching together

AMonosc_)dium urate/uric acid are good heterogenious nuclel
for calcium oxalate.

ABrushite nuclei nucleate calcium oxalate
ACalcium phosphate nucleates calcium oxalate



Aggregation

ASmall crystals aggregate into larger crystalline masses
by electrostatic attraction.



Anchoring

ACellCrystal interactions

Acrystals cannot form fast enough to wedge into the tubules
and cause obstruction, they must anchor to renal tubular
epithelium or urothelium

Athese cells can act as nucleating sites



Clinical Presentations

APain (ureteral colic, loin pain, dysuria)
AHematuria
AUrinary tract infection (recurrent, chronic infection)

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

Alnterruption of urinary stream
ACalculus anuria



Differential Diagnosis of Flank Pain

“Wait a minute here, Mr. Crumbley. . . . Maybe
it isnt kidney stones afier all.”




Basic Evaluation of Stone Formefsstbne)

AStone history

AMedical history

ADiseases leading to hypercalcemia (malignancy,
hyperparathyroidism, sarcoidosis)

Aal £ 6a2N1LIUAGBS DL RAAZNRSNA 0O/ NP
AGout
AFamily History
Aldiopathic hypercalciuria (multiple genes identified)
ACystinuria (AR)
AHyperuricosuria
AX-linked causes of calcium stones and nephrocalcinosis
APrimary hyperoxaluria (AR)



Basic Evaluation of Stone Formefsstbne)

AMedications

ALoop diuretics, vitamin D, glucocorticoids, antacids,
theophylline, acetazolamide, amphoteracin B (calcium)

A Salicylates, probenecid (uric acid)
A Allopurinol (xanthine)
A Acyclovir, triamterene, indinavir (precipitation into stones)

ASocial history (jobs resulting in volume depletion)
ADietary history



Dietary History

A green beans

A Beets

A Celery

A Green onions

A Leeks

A Leafy greens

A Cocoa/chocolate

A Black tea

A Berries

A Orange & lemon peel
A Dried figs

A Summer squash

A Nuts, peanut butter
A Tofu

A Organ meats
A Shellfish

A Meat

A Fish

A Meat extracts
A Gravies

A Asparagus

A Cauliflower

A Peas

A Spinach

A Mushrooms
A Beans (lima, kidney, lentils)




Risk ReductiogPGY 2

A 44yearold 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 famigl history of nephrolithiasis wishes to
reduce his chances of developing further kidney stones.



moOowpr

In addition to increasing fluid intake, which of the
following recommendations Is warranted?

Calcium intake >1 g/d
A high sodium diet

A high protein diet
Furosemide

Reducing potassium
Intake
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VARIABLE

Animal-protein intake (g/day)

Incidence/100,000 person-yr
No. of cases
Age-adjusted RR
95% CI
Multivariate RRE
95% C1

Potassium intake (mg/day}

Incidence/100,000 person-yr
No. of cases
Age-adjusted RR
95% CI
Multivariate RR¥
95% CI

Fluid intake (ml/day)
Incidence/100,000 person-yr
No. of cases
Age-adjusted RR¥
95% CI
Multivariate RR%
95% Cl

GROUP |

=350

293
98
1.0

Ao

1.0

GROUP 2

51-58

264
85
0.90
0.68-1.21
0.97
0.73-1.31

2896-3252

365
116
0.83
0.65-1.06
0.88
0.68-1.14

1275-1669

386
129
1.05
0.81-1.34
1.16
0.90-1.49

DIETARY INTAKE*

GROUP 3

39-66
370
130
1.26

0.97-1.64
1.41
1.08-1.85

3253-3592

291
99
0.68
0.52-0.87
0.74
0.56-0.97

1670-204%

307
101
0.82
0.63-1.07
0.95
0.72-1.25

GROUP 4

67-76
271
86
0.92
0.69-1.24
1.07
0.79-1.44

3593-4041

262
89
0.60
0.46-0.79
0.69
0.52-0.92

2050-2537

270
90
0.72
0.55-0.95
0.89
0.67-1.18

0.32-0.58

045>

0.35-0.68
=2538

192

68

0.52
0.39-0.70

0.52-0.97

CH1
(P For TREND)T

0.80 (0.68)

1.99 (0.05)

—-6.21 (<0.001)

—4.35 (<0.001)

—4.87 (<0.001)

—2.95 (0.003)

*Group | had intake values below the first quintile for the group (lowest intake), group 2 values between the first and second quintiles, group 3 values between the second and
third quintiles, group 4 values between the third and fourth quintiles, and group 5 values above the fourth quintile (highest intake).

TA chi value of more than 1.96 denotes a P value of less than 0.05. The sign of the chi value indicates the direction of the trend.

fRR denotes relative risk as compared with the group with the lowest intake, and CI confidence interval. The multivariate model included age (in five-year age categories),
profession, use of thiazide diuretics (yes or no), alcohol (eight categories), and dietary intake of calcium, animal protein, potassium, and total fluid (quintile groups).

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




Calcium intake

VARIABLE* DieTary Carciumt

GROUP | GROUP 2 GROUP 3 GROUP 4 GROUP §
(N = 8861) (N = 9029) (N = 9106) (N = 9184) (N = 9330)

Dietary calcium intake (mg/day) <605 605-722 723-848 849-1049 21050

Incidence/100,000 person-yr 435 310 279 266 243
No. of cases 139 102 93 89 82

Age-adjusted RR 1.0 0.71 0.64 0.61 0.56 —4.37 (<0.001)
95% CI 0.55-0.92 0.50-0.83 0.47-0.80 0.43-0.73

Multivariate RR 0.74 0.68 0.68 -2.38 (0,018
95% CI 057097 05-0% 051090 08909

*RR denotes the relative risk as compared with the group with the lowest calcium intake, and CI confidence interval. The multivariate model included age (in five-year age
categories), profession, use of thiazide diuretics (yes or no), alcohol (eight categories), and dietary intake of animal protein, potassium, and fluid (quintile groups).

tGroup 1 had dietary calcium values below the first quintile for the group (lowest intake), group 2 values between the first and second quintiles, group 3 values between the
second and third quintiles, group 4 values between the third and fourth quintiles, and group 5 values above the fourth quintile (highest intake).

1A chi value of more than 1.96 denotes a P value of less than 0.05. The sign of the chi value indicates the direction of the trend.

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



Calcium intake

2 3 2 3
Year Year

The effects of a low-calcium diet vs. a normal-calcium, low-sodium, low-protein diet on urine chemistries. In a 5-year
randomized prospective study of the effects of dietary intervention on stone formation, patients treated with a normal-
calcium, low-sodium, low-protein diet (open symbols) had a similar reduction in urine calcium compared with patients
given a low-calcium diet (c/losed symbols). However, the subjects on the low-calcium diet had an increase in urine oxalate,
whereas those on the normal-calcium, low-sodium, low-protein diet had a decrease in urine calcium.

(Data from Borghi L, Schianchi T, Meschi T, et al: Comparison of two diets for the prevention of recurrent stones in
idiopathic hypercalciuria. N Engl J Med 346:77-84, 2002.)

@ 2004, 2000, 1996, 1991, 1936, 1981, 1976, Elsevier Inc. All rights reserved.



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



Laboratory evaluation

AUrinalysis
ApH
A High with struvite/calcium phosphate stones
A Low with uric acid and calcium oxalate stones

A Specific gravity to assess adequacy of fluid intake
ARBCs
A Characteristic crystals



Calcium Oxalate

© 2003, Elsevier Limited. All rights reserved.

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



Uric Acid

© 2003, Elsevier Lunited. All rights reserved.

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



Cystine

© 2003, Elsevier Limited. All rights reserved.

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



Magnesium ammonium phosphate
(struvite)

© 2003, Elsevier Limited. All rights reserved.

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



Laboratory evaluation

ABlood test (electrolytes, calcium, uric acid, phosphorus, creatinine)
AStone analysis when possible



Evaluatiorg PGY 3

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

A plain abdominal radiograph is unremarkable. After radiography is
pel_rformded, the patient urinates debris and his pain is iImmediately
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 meqg/L

Potassium 4.6 meqg/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, 41b erythrocytes/hpf




moowp

Which of the following is the most likely diagnosis?

Calcium oxalate stones
Uric acid stones

Calcium phosphate stones
Struvite calcull

Cystine stones



moowp

Which of the following is the most likely diagnosis?

Calcium oxalate stones

Calcium phosphate stones
Struvite calculi
Cystine stones



Radiologic evaluation

AKUB (uric acid and xanthine calculi are radiolucent)

AIV urogram (can show anatomic abnormalities in GU tract)
ACT scan (high sensitivity and specificity)

ARenal ultrasound (misses ureteral stones)



© 2003, Elsevier Limited. All rights reserved.

Multiple cystine stones in r kidney, ureter, and bladder

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



©® 2003, Elsevier Linted. All rights reserved.

Struvite stones; L staghorn calculus; single bladder stone

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



Complete Evaluation (for >1 stone)

24 hour urine for:
AVolume

ApH

ACalcium
APhosphate
ASodium

AUric acid
AOxalate
ACitrate
ACreatinine



Pro-Stone

Forces
ACalcium
- A/olume
AJric Acid (dilution)
ACystine Aalkaline urine



Stone Risk Profile

Litholink Laboratory Reporting System ™

Patient Results Report

Values larger, bolder and more towards red indicate increasing risk for kidney stone formation.

Summary Stone Risk Factors

PATIENT COLLECTION DATE  04/23/2018

Interpretation Of Laboratory Results

Urine pH remains very elevated. Despite high urine pH, calcium phosphate stone risk is not elevated. The
patient reports that alkali has been prescribed. This is the likely cause of the increased urine pH. High urine
volume is protective and should be maintained. Hypercalciuria is absent which protects against high calcium
phosphate stone risk despite high urine pH.

b Date Reported: 05/04/2018

Mitchell S. Laks, Ph.D.  Litholink Corporation HO0 338 4333 1elephone
Luburatory Dircotor 2250 Wual Campbull Purk Brive 312243 3207 Fuwsimile

CUAR 1400837314 Chicary, Ninoks 80812 yeww.liLtholink com




Stone Risk Profile



