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Case report
✓A patient with a brief history of recurrent Ca Ox nephrolithiasis 

requiring 2 ureteroscopic procedures whose existing 6 mm 
lower pole renal stone more than quadrupled in size to form a 4 
cm renal staghorn after 4 months of high-dose treatment for 
Nocardia pneumonia with TMP/SMX. 

✓After ureteroscopy with laser lithotripsy & basketing of 
fragments, the stone was found to be predominantly composed 
of N4 -acetyl-sulfamethoxazole, a metabolite of 
sulfamethoxazole

4Roedel MM. BMC Urology. 2021



Radiographic images of left renal pelvis stone 

5Roedel MM. BMC Urology. 2021
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Introduction

✓Nephrolithiasis describes a syndrome characterized by the 

development of solid crystalline masses within the urinary space 

of the kidney.

✓Predisposing factors can be genetic, metabolic, & environmental. 

✓Nephrolithiasis is now recognized as a marker for systemic 

disease & a predictor of metabolic & CV complications.

7Shastri S. AJKI. 2023



The Medical Community’s Perspective on 
Nephrolithiasis

8Shastri S. AJKI. 2023

Chronic medical condition 

requiring long-term surveillance 

& management

Primarily urologic illness 



Epidemiology

✓Nephrolithiasis is common, affecting approximately 

1 in 11 people in the US. 

✓By age 70, 19.1% of men & 9.4% of women report 

ever having a kidney stone.

9Shastri S. AJKI. 2023



Epidemiology

✓The M/F ratio has decreased from 3:1 to about 2:1 in the 

past 2 decades, attributed to an increasing prevalence of 

obesity. 

✓Obesity & DM are strongly associated with a history of 

kidney stones in multivariate models, particularly for 

women.

10Shastri S. AJKI. 2023



Epidemiology

✓Nephrolithiasis has been associated with significant 
morbidity beyond the urologic system including: 
• CKD

• Cardiovascular disease
• HTN 

• Possibly increased carotid wall thickness

• MI

• Reduced BMD & fractures

11Shastri S. AJKI. 2023



Epidemiology

✓The risk of stone recurrence: 50% in 5-10 ys & 75% in 20 ys. 

✓Risk factors for recurrent stones:
• Multiple prior stone episodes

• Younger age of onset

• Male gender

• FH of kidney stones

• Higher BMI

• Presence of ≥ 2 stones across both kidneys, the presence of stones in 
the renal pelvis or lower kidney pole

• A stone composition consisting of uric acid, struvite, or brushite 

12Shastri S. AJKI. 2023
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Focused Hx for Stone Risk Factors
✓Adverse dietary habits include:

1. Low fluid intake or a high fluid loss 
2. A very high animal protein diet
3. Higher Na diet
4. Increased intake of higher oxalate-containing foods, (spinach)
5. Lower Ca intake
6. Excessive Vit C & D supplementation
7. Excessive sugar (sucrose & fructose)
8. Certain medications (Atazanavir, Sulfadiazine, & Triamterene)

14
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Flow diagram on detection 
by whole exome 

sequencing of causative 
monogenic mutations in 
30% nephrolithiasis or 

nephrocalcinosis or both 
(NL/NC) genes in 51 
families with NL/NC

Daga A. KI.2018



Conclusion

We established WES as an efficient approach toward 

a molecular genetic diagnosis in individuals with 

nephrolithiasis/nephrocalcinosis who manifest 

before age 25 years.

17Daga A. KI.2018
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Diagnostic approach 
to the care of the 

pediatric patient with 
nephrolithiasis &/or 

nephrocalcinosis

19Langman CB. KI. 2018



Diagnostic approach 
to the care of the 

pediatric patient with 
nephrolithiasis &/or 

nephrocalcinosis
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Patient Work Up

✓ Low risk patient (first single stone, no F. HX, no 
bowel disease)

• Abbreviated study    

✓ High risk patient (second stone, multiple stones, 
increasing size, + F. HX, bowel dis., children)

• Comprehensive study



22



Diagnostic evaluation & interpretation of 
laboratory profiles

23Sakhaee K. J Clin Endoc Metab. 2012



Diagnostic evaluation & interpretation of 
laboratory profiles

24Sakhaee K. J Clin Endoc Metab. 2012
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Timing of collections

✓While the patient is on their usual diet 

✓Should not be measured immediately after the 
acute stone episode

✓To wait at least 1 - 2 months after a stone event 
to obtain the collections

26
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Increased likelihood of detecting kidney stone 
risk factors with multiple 24-hour urine 

collection



Laboratory Evaluation

✓ Comprehensive study:
• Not to be performed within 1-2 ms of an acute stone episode 

or during UTI

• CBC, FBS, BUN, Cr, Na, K, Cl, Ca, P, Mg, Uric acid, lipid 
profile, PTH, VBG

• 24 hr urine ( on usual diet  ) X 2 : volume, pH, Ca, P, oxalate, 
U.A, citrate, Na, U.N. or sulfate, Cr. 

• Urine screen for cystine X1

• Follow up 24 hr urine for response to dietary / drug    
interventions every 3-6 months



Laboratory Evaluation

✓ Specialized testing:
• One 24 hr urine after 1 wk of restricted diet:  

Ca < 400 mg / day, Na < 100 mEq / day, low 
oxalate, low purine

• Fasting urine: Ca / Cr ratio

• Oral Ca load: urine Ca / Cr ratio
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Interpreting 24-
Hour Urine 
Studies to 

Address Risk for 
Recurrent Stones

Shastri S. AJKI. 2023
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Interpreting 24-
Hour Urine 
Studies to 

Address Risk for 
Recurrent Stones

Shastri S. AJKI. 2023

Mg, K, Cl, P



Analysis of stone composition

✓Should be performed in all first-time stone formers.

✓Repeat stone analysis is needed in the case of:

1. Recurrence under pharmacological prevention

2. Early recurrence after interventional therapy with 

complete stone clearance

3. Late recurrence after a prolonged stone-free period

32EAU Guideline. 2023



Radiological Evaluation of Acute Flank Pain

Sensitivity Specificity

Noncontrast Helical CT Scan 96-100% 92-100%

US 24-61% 90-100%

IVP 64% 92%

KUB 46-54%

Helical CT and IVP are 100% sensitive to detect ureteral obstruction

J Urol 161:534, 1999
Radiology 217:792, 2000



X-ray Characteristics
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GOAL OF EVALUATION
✓Is to identify, as efficiently & economically as possible, the 

particular behavioral & physiologic differences present in 

a given patient so that effective therapy to prevent 

recurrent stones can be established & the prognosis can 

be better defined.

35
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Lifestyle Modification

✓The most important lifestyle modification to prevent 
recurrent kidney stones is to increase fluid intake to 
guarantee diuresis of 2 to 2.5 L/d & a urine SG < 1.010.

✓Fluids should be consumed throughout the day & should 
consist of beverages with a neutral pH.

✓The diet should be with normal Ca content (1.0 to 1.2 g/d) 
& limited Na (4 to 5 g/d) & animal pr (0.8 to 1.0 g/kg/d).

✓Normal body weight through dietary modification & 
increased physical activity.

37
Fontenelle LF. Am Family Phys. 2019



Prevention of Further Stones

✓ Dietary modification:

• High fluid intake (urine out put > 2.5 L) most important

• Low oxalate diet (hyperoxaluria)

• Low salt diet (< 6 g salt; hypercalciuria, cystinuria)

• Moderate Ca restriction (hypercalciuria)

• Low protein / purine diet (hyperuricosuria, 
hypercalciuria, hypocitraturia)               



Tips to Reduce Your Sodium Intake

✓Adults should aim to consume < 2.3 gr/d

✓One teaspoon of table salt has 2.3 g of sodium

✓Check the %DV for Na on the Nutrition Facts label 

found on many foods. 

✓Low in Na is ≤ 5%, & high in Na is ≥ 20%.

39

https://health.gov/dietaryguidelines/2015/guidelines/appendix-7/
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Prevention of Further Stones

✓ Pharmacological  Rx:

• K- citrate (Urocit - K, Polycitra, )
• Corrects acidosis

• Alkalinizes urine

• Increases urine citrate

• Dose:10 - 20 mEq bid - tid

• Thiazide diuretics (+ salt restriction)
• Reduce hypercalciuria

• Cause hypokalemia hypocitraturia

• Add K - citrate ± Amiloride



The Effect of K-citrate on Hypocitraturic Ca-oxalate Stone Disease

J Urol. 150:176, 1993

Months

-30-36 -24 -18 18 24 30 361260-6-12

Pre-Rx Post-Rx



K citrate in Iran 
تولید کننده

میلی اکی والان15قرص اوروسیترا 

میلی اکی والان10قرص سپی سیترا 

میلی اکی والان5قرص کی سیتب 

میلی اکی والان10قرص اوروسیترا 

میلی اکی والان10قرص پتاسیم سیترات زهراوی 

اکی والان10قرص کی سیتب 

آلیتورال-میلی اکی والان 10قرص آلیترال 
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تولید کننده

میلی اکی والان5قرص اوروسیترا 

میلی اکی والان5قرص پتاسیترال 

میلی اکی والان10قرص پتاسیم سیترات مهر دارو 

میلی اکی والان10قرص یورکا 

میلی اکی والان10قرص آلکانف 

آلیتورال-میلی اکی والان 5قرص آلیترال 

آلیتورال-میلی اکی والان 10قرص آلیترال 

https://www.darooyab.ir/B-5208476830702238/UROCITRA-15-MEq-Tablet
https://www.darooyab.ir/B-6587792023871355/SEPI-CITRA-10-MEq-Tablet
https://www.darooyab.ir/B-9516336518843096/K-CITAB-5-MEq-Tablet
https://www.darooyab.ir/B-1458358649718488/UROCITRA-10-MEq-Tablet
https://www.darooyab.ir/B-5974726649463420/POTASSIUM-CITRATE-ZAHRAVI-10-MEq-Tablet
https://www.darooyab.ir/B-3554191747376866/K-CITAB-10-MEq-Tablet
https://www.darooyab.ir/B-7968969029765732/Alithoral-10MEq-Tablet
https://www.darooyab.ir/B-8966014511929940/UROCITRA-5-MEq-Tablet
https://www.darooyab.ir/B-1598218915819657/POTACITRAL-5-MEq-Tablet
https://www.darooyab.ir/B-9107216481537434/POTASSIUM-CITRATE-MEHRDAROU-10-MEq-Tablet
https://www.darooyab.ir/B-3971478075938327/UREKA-10-meq-Tablet
https://www.darooyab.ir/B-5545521528237918/ALKANEPH-10-MG-Tablet
https://www.darooyab.ir/B-9343520614350784/Alithoral-5-MEq-Tablet
https://www.darooyab.ir/B-7968969029765732/Alithoral-10MEq-Tablet


Prevention of Further Stones

✓ Pharmacological  Rx:
• Allopurinol (hyperuricosuria)

• Mg supplement (hypomagnesuria)

• Ca supplement (enteric hyperoxaluria)

• Pyridoxine (B6) (PH - Type I)

• Lumasiran (siRNA) FDA approved in November 2020 for 

PH1 in all ages

• Captopril, D-penicillamine, Tiopronin (cystinuria)

• Acetohydroxamic acid (Lithostat) (urease inhibitor)



Treatment of Cystinuric Patients

✓ Pharmacological  Rx:
• Mercaptopropionyl glycine (Tiopronin = Thiola)

• A complexing, reducing thiol compound
• Forms soluble disulfide complex with cystine
• Less side effects than D - penicillamine
• More effective in alkaline urine
• Given with K - Citrate
• Keep urine cystine concentration <  250 mg / L
• Side effects:

• B6, Zn, Fe deficiency
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Methods
✓In this double-blind trial, we randomly assigned patients with recurrent 

ca containing kidney stones to receive hydrochlorothiazide at a dose of 

12.5 mg, 25 mg, or 50 mg once daily or placebo once daily. 

✓The main objective was to investigate the dose–response effect for the 

primary end point, a composite of symptomatic or radiologic recurrence

of kidney stones. 

✓Safety was also assessed.

47
Dhayat NA. NEJM. 2023



Results
✓In all, 416 patients underwent randomization and were followed 

for a median of 2.9 ys. 

✓A primary end-point event occurred in:

• 60 of 102 patients (59%) in the placebo group

• 62 of 105 patients (59%) in the 12.5-mg hydrochlorothiazide group

• 61 of 108 patients (56%) in the 25-mg  hyd. group

• 49 of 101 patients (49%) in the 50-mg hyd. group.

✓There was no relation between the hydrochlorothiazide dose & 
the occurrence of a primary end-point event (P=0.66).

48
Dhayat NA. NEJM. 2023
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Conclusion

✓Among patients with recurrent kidney stones, the 

incidence of recurrence did not appear to differ 

substantially among patients receiving hydrochlorothiazide 

once daily at a dose of 12.5 mg, 25 mg, or 50 mg or 

placebo once daily.

52
Dhayat NA. NEJM. 2023
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Are thiazides useless in preventing kidney stone 
recurrence?

1. At randomization, half of the participants in NOSTONE 
exhibited a urine Na output 168 mmol/24 hs (equivalent to daily 
NaCl intake of approximately 9 g/24 hs), indicating very poor 
dietary control. 

2. Poor dietary control persisted throughout F/U with mean urine 
output remaining < 2.15 liters/24 hs & mean urine Na excretion 
>181 mmol/24 hs.

3. Urine oxalate excretion was also relatively high during the F/U 
period.

54Brazier F. KI. 2023



Are thiazides useless in preventing 
kidney stone recurrence?

✓Indeed, thiazide diuretics are generally recommended as 

second-line therapy after dietary control which includes:

• Increased water intake of > 2.5 liters/d

• The reduction of salt

55Brazier F. KI. 2023



Conclusion

✓The NOSTONE trial provides:

• Hydrochlorothiazide is ineffective at reducing the recurrence of 

symptomatic kidney stones at 3 ys in the absence of dietary control 

including abundant water intake & reduced dietary Na. 

• However, additional studies are required to conclude that 

hydrochlorothiazide is a useless therapy for kidney stone recurrence

56Brazier F. KI. 2023



Medical Expulsive Therapy

✓MET is probably most useful for stones 3-10 mm in size.

✓MET with 0.4 mg tamsulosin once daily or 4 mg of 
terazosin once daily is recommended dosing.

✓Limit MET to a 10-14 day course, as most stones that 
pass during this regimen do so in that time frame. 

✓If outpatient treatment fails, promptly consult a 
urologist.

57Dave CN. Medscape. 2023



MET

Recommendation Strength 
rating

Consider α-blockers as medical expulsive therapy as one of the 

treatment options for (distal) ureteral stones > 5 mm.

Strong

58



Chemolysis
✓Percutaneous irrigation chemolysis may be an option for 

infection-stones & theoretically also for uric acid stones. 

✓For dissolution of struvite stones, Suby’s G solution (10% 

hemiacidrin; pH 3.5-4) can be used. 

✓Oral chemolitholysis is based on alkalinisation of urine by 

application of alkaline citrate or sodium bicarbonate. 

✓The pH should be adjusted to 7.0-7.2. 
59EAU Guideline. 2023



Clinical Follow-up

✓Annual clinical visit

1. Medical history

2. PE

3. Laboratory examination for full serum chemistries & urine 

profiles

4. Ultrasonography

60Sakhaee K. J Clin Endoc Metab. 2012
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Probable 
risk 

factors of 
kidney 
stone
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Characteristics 
of the 

Included 
Studies



Summary of Biochemical Disorders in the Included 
Studies 
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Take-Home Message

1. Nephrolithiasis is a common problem that is increasing in 
prevalence & is associated with significant morbidity.

2. Although urinary supersaturation is a necessary substrate for 
stone formation, it is not sufficient. 

3. Local & systemic factors interact with supersaturated solutes 
to cause stones. 

4. These systemic factors can have important consequences 
beyond the urologic system, including adverse effects on bone 
& cardiovascular health. 

66Shastri S. AJKI. 2023



Take-Home Message

5. Lowering supersaturation is a fundamental principal in 
management. 

6.  Additional interventions are tailored to the type of stone 
formed as well as the clinical context. 

7. Often a multidisciplinary approach led by nephrologists 
& urologists is needed for optimal management.

67Shastri S. AJKI. 2023



Thanks for Your Attention 
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Stone type Metabolic status

AUA 
recommended 
interventions

AUA strength of 
recommendation

EAU 
recommended 
interventions

EAU strength of 
recommendation

Calcium oxalate Hypercaluria Limit sodium and 
calcium intake

Standard Thiazide and 
alkaline citrates

Strong

Thiazide Standard

Hyperoxaluria Avoid oxalate-rich 
foods but

Expert opinion Oxalate intake 
restriction

Weak

maintain normal 
calcium intake

Enteric - Alkaline 
citrates

Weak

Calcium and 
magnesium

Weak

Primary-
Pyridoxine

Strong

Hyperuricosuria Limit non-dairy 
animal protein

Expert opinion Avoid excessive 
intake of animal 
protein

Strong

Allopurinol Standard Allopurinol (first-
line)

Strong

Febuxostat 
(second-line)

Strong
Hughes T. Turk J Urol. 2020



Summary of medical management depending on stone composition
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Stone type
Metabolic 

status
AUA recommended 

interventions
EAU recommended 

interventions

Calcium oxalate Hypercaluria Limit Na & Ca intake Thiazide & alkaline 
citrates

Thiazide

Hyperoxaluria Avoid oxalate-rich foods 
but maintain normal Ca 
intake

Oxalate intake restriction

Enteric - Alkaline citrates

Ca & Mg

Primary-Pyridoxine

Hyperuricosuria Limit non-dairy animal 
protein

Avoid excessive intake of 
animal protein

Allopurinol Allopurinol (first-line)

Febuxostat (second-line)Hughes T. Turk J Urol. 2020
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Stone type Metabolic status
AUA recommended 

interventions
EAU recommended 

interventions

Hypomagnesuria Magnesium

Hypocitraturia Increase the intake of fruit, 
vegetables & limit non-dairy 
animal intake.

Alkaline citrates & 
sodium bicarbonate

Potassium citrate

Hypernaturia Restricted salt intake

Ca Phosphate Hypercaluria Thiazide

Acidic urine L-methionine

Uric Acid Alkaline urine Potassium citrate Alkaline citrates

Hyperuricouria Allopurinol

Summary of medical management depending on stone composition

Hughes T. Turk J Urol. 2020
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Stone 
type Metabolic status

AUA recommended 
interventions

EAU recommended 
interventions

Cystine Increase fluid intake Increase fluid intake

Limit Na & protein intake Alkaline citrates

Potassium citrate Tiopronin (added if above 

treatments are insufficient)

Tiopronin (second-line, if 
unresponsive to above)

Struvite Surgical intervention 
(first-line)

Surgical intervention 
(first-line)

AHA (second-line) AHA (second-line)

Acidic urine Ammonium chloride or 
methionine

Persistent bacteriuria Antibiotics

Summary of medical management depending on stone composition

Hughes T. Turk J 
Urol. 2020



Shock Wave Lithotriptor Trauma

Vascular insult:
Hemorrhage

Vasoconstriction

Ischemia-hypoxia

Tubuloiterstitial damage:
Cell lysis

Tubular necrosis

Inflammatory mediators

Chronic renal disease:
Increased BP

Progression to CRF

Inflammation / Fibrosis

Risk Factors


