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SET GOALS

4 Describe who is at risk | - ‘

2 Explain the chemistry

3 Review management/prevention
&



Who gets stones?

/\

KIDNEY STONE

&)




Epidemiology: USA

Incidend®revalence
~2/1000 ~100/1000



Epidemiology: Gender and Age

Characteristic History of kidney stones, % (95% CI) History of passing at least one kidney
stone, % (95% Cl)

Male Female Male Female
Age group, yr
20-29 4 (2.1-4.7) 4(2.2-4.7) 3 (2.0-4.5) 5(1.3-3.7)
30-39 9 (5.0-8.8) 9 (4.5-7.2) 5 (4.6-8.5) 0 (3.5-6.4)
40-49 8 (7.3-123) 6 (5.6-9.5) 1(5.9-10.4) 4(4.7-8.1)
50-59 131 (10.3-15.9) 8.1 (5.9-10.3) 11 1 (13.4-19.3) 6.9 (4.8-9.0)
60-69 19.1 (15.9-22.4) 4 (6.6-12.2) 16.3 (13.4-19.3) 4(5.6-11.3)
70+ 18.8 (16.5-21.0) 4(7.5-11.3) 150(13.3-13.3] 1(5.5-8.8)
All ages 10.6 (9.4-11.9) 1(6.4-78) 2 (8.1-10.3) 9 (5.2-6.6)
C1 = confidence interval. Scales, CD et. al. EUROPEAN UROLOGY 62 (2012) 160-165

Gender
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Epidemiology:

Race

Characteristic History of kidney stones, males History of kidney stones, females
Unadjusted, % (95% CI) Adjusted, % (95% CI) Unadjusted, % (95% CI) Adjusted, % (95% CI)
All groups 10.6 (9.4-11.9) 10.3 (9.2-11.3) 7.1 (64-7.8) 6.7 (6.1-7.4)
Non-Hispanic, white 12.8 (11.3-14.3) 11.8 (10.4-13.2) 7.9 (7.0-8.8) 7.5 (6.7-8.4)
Hispanic 7.1 (5.7-8.4) 8.8 (7.4-10.2) 5.7 (4.6-6.9) 6.1 (4.9-7.3)
Non-Hispanic, black 45 (3.4-5.6) 4.8 (3.7-5.9) 42 (2.7-5.7) 42 (2.8-5.6)
Other race/multiracial 5.6 (2.5-8.8) 5.3 (2.2-8.5) 6.1 (2.7-9.6) 5.6 (2.4-8.8)

Cl = confidence interval.

Scales, CD et. al. EUROPEAN UROLOGY 62 (2012) 160-165




Epidemiology: Diseases and Drugs




Epidemiology: Weight
- 62 (2012) 160-165 mmmwﬂm

/ Obesity / Metabolic syndrome

Renal steatosis and

lipotoxicity

Acid l Ammonium
T production excretion

Jurine pH ‘/
—
UA Stones

' -
lSakhaee, Ktﬂin Endﬂemb. Jun 2012; 97(6): 1847-1860.




Family History is Important

Increases your risk 3-fold!



http://upload.wikimedia.org/wikipedia/commons/0/0a/Jacques-Louis_David_017.jpg
http://upload.wikimedia.org/wikipedia/commons/9/99/Franz_Xaver_Winterhalter_Napoleon_III.jpg

Recurrence is Likely!

- The chance of
becoming a repeat
stone-former:

- 10% at 1 year
- 35% at 5 years
- 50% at 10 years
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Epidemiology: USA

Epidemiology: Gender and Age

Characteristic

Epidemiology: Race

Histany of kidney stones, % (355 C1) History of passing a least ane kidnzy. —
stone, % (955 C1) Characteristic History of kidney stones, males History of kidney stones, females
Male Female ‘Male. Female Unadjusted, % (95% C1) Adjusted, ¥ (95% CI) Unadjusted. % (95% C1). Adjusted, ¥ (95% (1)
s group. Al groups 105 (94-119) 103 (92-113) 71(64-78) &7 (61-74)
202 A 21-AT 3A(22-47) 33(20-45) 25(13-37) Non-Hispanic, white 128(11.3-143) 1.8 (104-132) 79(70-88) 75(6.7-84)
3036 6.9 (5.0-83) 58 (45-72) 65 (15-8.5) 50(35-64) Hispanic 21(8.7-84) 88 (7.4-102) 7 B1(49-73)
s 93 (73-123) 25 (5%-95) 81 (59-104) 6404381 NonHispanic black 45358 481759 42(27-57) 4202555
som 1 (103-12.9) 1 (39-103) (134 193) 9045 Other raceimuiracat 55(25-58) 532285 5127-95) 3604-85)
soee 191 (159-224) 94 (56-122) 163 (134-19.3) 84(35-113)
70 185 (165-31.0) 24(75-113) 160 (155183 70(55-88) = sy il Scales, CD et. ol. EUROPEAN UROLOGY 62 (2012) 160-165
Al waaee 71 (na18) a2 (81-my) a(ri-an)
Q- confdence imteval. Scales, CD et ol. EUROPEAN UROLOSY 62 (2012) 160-165

Gender
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Family History is Important Recurrence is Likely!

+ The chance of
becoming a repeat
stone-former:

- 10% at 1 year
- 35% at 5 years
- 50% at 10 years

Increases your risk 3-fold!




How are stones formed?




The Chemistry of Stone Formation

¢

Crystallization will occur |

; Formation Product

Metastable Range (this
means crystallization is
a maybe/maybe not)

Solubility Product /Supersaturation Point
Crystallization will not/can |

Salt “X”




The Chemistry of Stone Formation

¢

Crystallization will occur |

; Formation Product

Metastable Range (’H’NS Promoters favor maybe
means crystallization is
a maybe /maybg no 7") Inhibitors favor maybe not

Solubility Product /Supersaturation Point
Crystallization will not/can |

Salt “X”




Adding a Promoter

Formation Product

Ton Activity Product

Solubility Product /Supersaturation Point

Salt “Ca0Ox”



Adding an Inhibitor

Formation Product

Ton Activity Product

Solubility Product /Supersaturation Point

Salt “Ca0x”



Heterogeneous Nucleation

Promo’rers favor maybe




Classification of Kidney Stones
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Non-Calcareous

Radioopaque (by KUB) Radiolucent (by KUB)



http://www.urocit-k.com/gfx/newgfx/calcium_oxalate_stone.jpg
http://www.herringlab.com/photos/3/60-Tcp53-H25-C10-P12.jpg
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How are stones managed?




What We do when it Hurtsl

Pain

Plugging

Passage

The "3Ps”

IV isotonic saline - pressure natriuresis
NSAIDs - analsegic and smooth muscle relaxant
+/- Alpha Blockers - ureteral dilatation
Urologic Procedure - intractable pain

Infection > Abx + Decompression (stent, nephrostomy)
AKI > Decompression (stent, nephrostomy)
Admit and refer to Urology for stone removal

If unobstructed or obstructed, but not "plugged":

- Distal ureteral stone up to 10mm - Alpha Blocker
- For unpassed stone after 1-2 weeks - Urologic procedure

- For >10mm stone anywhere - Urologic evaluation



Stone- Stone- Recurrent

Former Former with Stone-

Age<18 Family Former
History


http://upload.wikimedia.org/wikipedia/commons/0/0a/Jacques-Louis_David_017.jpg
http://upload.wikimedia.org/wikipedia/commons/9/99/Franz_Xaver_Winterhalter_Napoleon_III.jpg
http://upload.wikimedia.org/wikipedia/commons/8/80/Benjamin_Franklin_by_Joseph_Siffred_Duplessis.jpg
http://upload.wikimedia.org/wikipedia/commons/b/be/Polkpolk.jpg
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Metabolic Evaluation

Values larger, bolder and more fowards red indicate increasing risk for kidney stone formation. See
reverse for further details.
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PERCENTAGE DEVELOPING SECOND STONE

20 ~1L Urine
80
FOLLOW-UP INTERVAL (years)
50 _
0 1 2 3 4 5

Borghi, L et.al. Journal of Urology. 155,839-843. March 1996



Prevention of
Calcium Oxalate




Prevention of Calcium Oxalate Stones

Diet
Calcium ~1200-1500mg/day [———

Reduce Oxalate Intake (?)

Blood stream

Intestinal tract

Drugs

Thiazide Diuretics
Potassium Citrate
Xanthine Oxidase Inhibitors ~— —
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Diet

Sodium < 2000mg/day

Calcium ~1200-1500mg/day

Cumulative Incidence
of Recurrence (%)
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Borghi, L et.al. NEJM. 2002:346:77-84



Prevention of Calcium Oxalate Stones

Diet

Calcium ~1200-1500mg/day [———
Reduce Oxalate Intake (?)

Blood stream

Intestinal tract

Drugs

Thiazide Diuretics
Potassium Citrate
Xanthine Oxidase Inhibitors ~— —




Diet

Reduce Oxalate Intake (?)

24-h Urine Lithogenic Point Estimate of P for
Risk Profile DASH (n = 21) Low Oxalate (n = 20) Difference (95% CI) Difference

Oxalate 9.0(—1.1t019.1) 0.08
Baseline (mg/d) 491 £8.5 511 +12.5
End of trial (mg/d) 53.9+14.0 47.0 = 13.4
Change (mg/d) 48 (—1.8to11.4) —4.2 (—12.4 to 4.0)

" Calcium oxalate supersaturation —1.24 (—2.80 to 0.32) 0.08

Baseline 7.16 = 3.76 6.28 = 5.38
End of trial 4.62 = 3.11 5.38 = 2.10
Change —214 (-3.3to —0.9) —0.90 (—1.9to 0.1)

Noori, N et.al. ATKD. 2014. 63(3):456-463



Weight-loss surgeries

The surgical technique known as banding promotes weight loss by
restricting the amount of food a person can eat. The Roux-en-Y gastric
bypass procedure works by restricting absorption of food in the intestines.

Roux-en-Y gastric bypass

Surgeons staple off a large
section of the stomach and
reroute the intestine

Banding

Rubber band is placed around
the upper portion of the stomach
to limit food consumption

Stomach
stapled into
smaller pouch

Band
|~ N | |
Stomach # Part of
1 —— small
intestine
rerouted to
__pouch

Port— (D
(Controls size
of band)

Section of small
intestine is bypassed

© 2011 MCT

Source: www.postgradmed.com,
Allergan, stronghealth.com
Graphic: Los Angeles Times

Semins et. al. Urology, vol 76: 826-829, 2010.



Prevention of Calcium Oxalate Stones

S Diet

Sodium < 2000mg/day —
Calcium ~1200-1500mg/day [——
Reduce Oxalate Intake (?) ”“
Blood stream
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Hydrochlorothiazide
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Prevention of Calcium Oxalate Stones

Blood stream

Intestinal tract

Drugs

Thiazide Diuretics
Potassium Citrate
Xanthine Oxidase Inhibitors ~— —
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Stone Cases-Post
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Prevention of Calcium Oxalate Stones

Allopurinol °
o Diet
Sodium < 2000mg/day C D

Reduce Purine Intake (?)

Blood stream

uuuuu
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Intestinal tract

Thiazide Diuretics
Potassium Citrate
Xanthine Oxidase Inhibitors ~——




Without Stones

PROPORTION

04
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Allopurinol
Tablets, USP

300 mg

Rx Only

Allopurinol

SO — O — O — -0 Placebo

1 i i 1 1 1 1 1 J

3

6

@ 12 15 18 21 24 27 30 33 36 3

MONTH AFTER ENTRY
Ettinger, B et.al. NEJM. 1986. 315:1386-1389
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Calcium Kidney Stones and Osteoporosis

Controls
(61)

Calcium SFs

(73)

Low BMD
(67)

[

Table 2. Twenty-four-hour and fasting urine parameters comparing 3 groups with the ANOVA test

Creatinine clearance (mL/min)
Calciuria (mg/24 h)

Oxaluria (mg/24 h)

Citraturia (mg/24 h)
Uricosuria (mg/24 h)
Calcium/creatinine 24 h
Calcium/citrate 24 h
Phosphate tubular resorption 24 h
Fasting calcium (mg/dL)
Fasting oxalate (mg/dL)
Fasting citrate (mg/dL)
Fasting uric (mg/dL)

Fasting calcium/creatinine

Group 1
99.86 + 32.28

187.34 £ 106.90

28.21 = 17.65

1010.75 = 647.83
540.76 £ 186.20

0.14 £ 0.06
0.22 £0.14
82.72 = 6.96
9.58 £ 5.07
1.22 = 0.69
50.82 = 20.43
36.65 + 21.81
0.09 £ 0.03

Group 2

114.18 £+ 45.27
269.98 £+ 119.49
29.83 = 24.41
537.72 £ 292.64
587.24 £ 222.20
0.18 = 0.07
0.63 = 0.46
81.24 £ 8.53
16.52 + 8.76
1.48 = 1.30
30.09 £ 15.04
31.34 = 12.70
0.16 = 0.06

Group 3

102.94 + 33.80
207.06 £ 98.12
22.11 = 16.49
617.64 = 315.86
511.91 + 167.06
0.17 £ 0.07
0.56 £ 1.08
83.63 £ 4.82
15.14 = 7.27
1.11 = 0.68
42.32 £ 26.39
34.57 = 18.48
0.16 £ 0.05

P Value

.06
.0001!
.06
0001}
06
.0001*
.001*
13
0001}
07
.0001*
22
.0001*

Abbreviation as in Table 1.

* There are significant differences between groups 1 and 2, 2 and 3, and 1 and 3.
" There are significant differences between group 2 vs groups 1 and 3 but not between groups 1 and 3.
* There are significant differences between group 1 vs groups 2 and 3 but not between groups 2 and 3.

Arrabal-Polo , MA et.al. Urology. 85: 782-785, 2015



Kidney Stones and Bone Fracture
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Fig. 3. Observed (solid line) and expected (dashed line) cumulative
incidence of vertebral fractures among Rochester, Minnesota, residents
following the initial episode of symptomatic urolithiasis, 1950 to 1974.

Melton LJ 3rd, et. al, KI, 1998 Feb;53(2):459-64.




Thiazides + Potassium Citrate on BMD of
hypercalciuric kidney stone formers

% of normal age- and gender-
matched values
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Pak CY, et. al. J Uro/ 2003; 169: 465-469.
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Intestinal tract

Prevention of Uric Acid Stones

Diet

Sodium < 2000mg/day
Reduce Purine Intake (?)

Blood stream

Drugs

Urine Alkalinizers
Xanthine Oxidase Inhibitors

wwwwww
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Diet
Reduce Purine Intake (?)

" lobster, shellfish, anchov
and sardine



Intestinal tract

Prevention of Uric Acid Stones

= Diet

Sodium < 2000mg/day D

Reduce Purine Intake (?)

Blood stream

Drugs 4
Urine Alkalinizers

Xanthine Oxidase Inhibitors




Urinary pH

Undissociated uric acid, mg'day
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Intestinal tract

Prevention of Uric Acid Stones

Allopurinol
Tablets, USP

0

Blood stream
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Urine Alkalinizers
Xanthine Oxidase Inhibitors
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Allopurinol
Tablets, USP

300 mg

Rx Only
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Who Should Have a Metabolic Evaluation? Metabolic Evaluation DRINKI!II

PEACENTAGE DEVELOPING SECOND STONE

Stone- Stone- Recurrent "

Former Former with Stone- SR e g

Age<18 Family Former a : B s
HisTOf'y = . KIDNEY STONE Borghi, L et.al. Jaurnalof Urology 155 839-843. March 1995

Prevention of
Calcium Oxalate

Prevention of
Uric Acid
| 'I'ones




VEGGIES
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1st Stone
<18y/0 - evaluation a must
Adult - evaluation a maybe

More than One Stone

Any Age - evaluation a must







