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Abstract:

This comprehensive review discusses the global prevalence of urolithiasis, known as kidney stone disease (KSD), emphasizing its
increasing incidence across various regions. The genesis of renal calculi involves complex processes, including crystal aggregation
and nucleation. Symptomatic stones often manifest as unilateral flank discomfort (renal colic), necessitating imaging for diagnosis,
with computed tomography being the preferred modality. Surgical interventions like lithotripsy are common but show limited
efficacy in preventing recurrence. The management of KSD involves dietary modifications, emphasizing fluid intake, sodium
restriction, and tailored adjustments based on stone composition. Though their efficacy varies, medications, including thiazide
diuretics and allopurinol, aim to prevent stone recurrence. The paper also explores emerging therapies involving medicinal herbs
and bioactive compounds. Stone preventive strategies encompass lifestyle changes, dietary management, and medical interventions.
The review concludes by underscoring the significance of preventive measures in reducing the physical, psychological, and financial
burdens associated with KSD.

Index Terms- urolithiasis, calculi, KSD, interventions, prevention

I. INTRODUCTION

Nephrolithiasis or urolithiasis, other names for kidney stone disease (KSD), are frequent in practically every part of the world
and are becoming increasingly common in some areas(Nirumand et al., 2018). Worldwide, nephrolithiasis is a very common
condition, with rates in North America ranging from 7% to 13%, in Europe from 5% to 9%, and in Asia from 1% to 5%(Rule et al.,
2020). The majority of Kidney stones (75-90%) contain calcium. These are followed in frequency by struvite (magnesium
ammonium phosphate; 10-15%), uric acid (3—10%), and cystine (0.5-1%)(Nirumand et al., 2018). Kidney stones occur when
organic and inorganic materials, such as urine macromolecules, are deposited inside the renal parenchyma or pelvicalyceal system.
Examples of these materials include crystalline salts(Peerapen & Thongboonkerd, 2023). Supersaturation and thermodynamic
principles establish conditions for stone formation, but the etiology and predisposing elements for renal calculi with diverse
compositions differ(Penniston & Nakada, 2018). The precise mechanisms of renal calculi formation remain unclear. Generally,
urolithiasis, the process of urinary tract crystal deposition, involves aggregation, nucleation, along with formation of insoluble
particles. Due to the transit of these stones through the renal system, several symptoms, including pain, blockage, infection, and
bleeding, may be caused(Nirumand et al., 2018). The majority have non-infectious causes and are linked to dehydration, high
temperatures, and a few comorbid conditions and risk factors (such as high blood pressure, gout, obesity, nonalcoholic fatty liver
disease, and excessive consumption of sodium, carbs, and protein)(P490, n.d.).

Individuals with symptomatic stones usually have unilateral flank discomfort (i.e., renal colic), which may extend to the
ipsilateral inguinal or abdominal areas. Opioid analgesics were formerly extensively employed in the management of renal colic,
and their necessity persists for cases of intense suffering (e.g., intravenous morphine). Nonopioid analgesics, such as i.v ketorolac
and nonsteroidal anti-inflammatory medications, are becoming more popular among patients without contraindications, due to
concerns about opioid prescriptions. Imaging is required to confirm the diagnosis unless a stone is passed. For initial diagnosis,
computed tomography (CT) is the ideal imaging modality because it most correctly delineates the size and position of stones. Small
stones could be overlooked by ultrasonography, which helps evaluate recurrences frequently and enables radiation-free
examination. For the rudimentary evaluation of a suspected kidney stone, plain radiography film is inadequate(Rule et al., 2020).
Medical procedures like extracorporeal shock wave lithotripsy, percutaneous lithotripsy, and transurethral lithotripsy are employed
for the treatment and control of kidney stones(Gottlieb et al., 2018; Osman et al., 2023). These intricate and costly procedures have
little effect on the recurrence of stones(Gottlieb et al., 2018).

In the last few decades, the efficacy of medicinal herbs in treating stone illness has increased. Extensive research has been
conducted on medicinal herbs, some through experimental studies. Generally viewed as an alternative treatment for diverse kidney
stone types like calcium oxalate, urate, struvite, cysteine, etc herbal medicine can serve as a feasible alternative when conventional
therapy poses adverse reactions due to their low toxicity(Akram & Idrees, 2019). Numerous pharmaceutical interventions are
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directed at mitigating hypercalciuria and hyperoxaluria to forestall the calculi formation. Thiazide, a diuretic, is one example.
Nevertheless, owing to diminished tolerability and constrained efficacy, these therapeutic agents do not garner high promise in
clinical prospects. The restricted options in pharmacotherapy and the drawbacks of surgical methods make it worthwhile to
investigate novel pharmacological therapies for the treatment of kidney stones(Nirumand et al., 2018).

Il. MANAGEMENT:
1. DIETARY MANAGEMENT

Adopting distinct nutrition protocols, such as the Mediterranean food style that underscores diminished reliance on substances
derived from or originating in animals and heightened consumption of plant-derived foods abundant in monounsaturated to saturated
fatty acids, is correlated with a decreased risk of kidney stone disease(Peerapen & Thongboonkerd, 2023). Small-scale human
studies indicate that diets higher in plant-based protein than in animal-based protein can reduce glomerular filtration rate (GFR) and
ameliorate metabolic acidosis, which retards the advancement of renal pathology in individuals afflicted with chronic kidney
disease(Nirumand et al., 2018). Thus, dietary changes may resolve these metabolic disorders, reduce the risk of KSD, and stop
kidney stones from occurring again(Peerapen & Thongboonkerd, 2023).

When addressing stone prevention, treatments, whether dietary or pharmaceutical, should take into account the patient's
preferences and the likelihood of recurrence. Dietary modifications can be beneficial, especially if standalone dietary interventions
prove ineffective(Rule et al., 2020). Increasing fluid intake to achieve a urine volume exceeding 2 liters is the main course of
treatment(Osman et al., 2023). Elevated salt intake elevates urinary sodium levels (exceeding 100 millimoles per 24 hours),
subsequently increasing urinary calcium content (exceeding 250 milligrams per 24 hours) Consequently, a restricted sodium diet
(1500-2000 milligrams per 24 hours) can be employed to regulate heightened urinary calcium levels(Rule et al., 2020). For those
suffering from enteric hyperoxaluria, a low-oxalate diet is crucial. Avoiding greens, rhubarb, almonds, nuts, cocoa powder, cereal,
wheat germ, Swiss chard, beets, and citrus fruits is part of a low-oxalate diet (Osman et al., 2023). A restricted-fat diet is
recommended to those with hyperoxaluria to reduce intestinal calcium binding. Using a calcium supplement with meals can also
help to bind oxalate in the stomach and stop its absorption. It is advised to consume 800—1200 mg of calcium every day(Osman et
al., 2023; Rule et al., 2020). One of the most widespread myths among stone formers is that calcium stone disease can be treated
with a low-calcium diet. However, a controlled and randomized investigation overseen by Borghi and the team revealed that
adhering to this dietary regimen may increase the likelihood of stone formation(Semins & Matlaga, 2010).

Risk factors related to diet along with their mechanism and suggested recommendations are shown below: (Penniston & Nakada,

2018)
Nephrolithiasis nutritional | Mechanism Interpretation advice and guidelines to prevent
risk factors nephrolithiasis
Inadequate hydration intake | Concentrated urination, | It can be necessary to compensate for the additional renal
increased oversaturation losses, unwarranted constraints on specific beverages, etc.

Increased concentrations of | imbalanced consumption of | Interpret concerning the amount and frequency of grains,
acids within dietary sources | acidogenic versus | meats, eggs, and cheeses consumed in comparison to fruits
alkaline/neutral meals, which | and vegetables; adjust the consumption balance when
results in bone resorption, and | hypocitraturia or hypercalciuria are present.

renal  citrate  reabsorption,
causing acidosis

Overindulgence with Ca or | Higher gastrointestinal (GI) tract | Analyze the amount of food along with drink you consume,
vitamin D supplementation | absorption of Ca and then suggest stopping the supplement altogether or just
taking the necessary amount to reach your intake targets
(e.g., per Dietary Reference Intakes)

Consumption of foods high | Increased GI tract absorption of | To be dealt with when hyperoxaluria is present. Foods high
in oxalate oxalate in oxalate contribute bicarbonate precursors, fiber,
prebiotics, magnesium, and phytate; prioritize GI binding
and restrict foods with the greatest oxalate content if

necessary.
Excessive caffeine | Reduced renal calcium | Examine how often and how much is consumed in high-
consumption absorption with cyclic adenosine | caffeine  beverages; recommend boundaries when

monophosphate blockade hypercalciuria is present and cannot be sufficiently

explained by other causes.

2. MEDICAL MANAGEMENT

Surgery or medication treatments are possible for urolithiasis. When a patient presents with probable urolithiasis, Alleviation of
discomfort should be started right away. The restriction of urine flow and subsequent wall tension within the urinary tract cause the
suffering associated with kidney pain. Prostaglandins are released in response to this stimulation, which intensifies the pain and
pressure. For patients suffering from acute renal colic, nonsteroidal anti-inflammatory medications (NSAIDs) are effective
painkillers because of their direct effects on prostaglandin release and the inflammatory cascade. If NSAIDs are ineffective along
with pain persistency, consider using opioids for individuals unresponsive to non-opioid alternatives(Gottlieb et al., 2018).
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Individuals with a heightened susceptibility to the onset or recurrence of kidney stone disease (KSD) may necessitate
pharmacological intervention. Commonly used medications like diuretics, potassium citrate, allopurinol, and others are employed
to prevent stone recurrence. Thiazide diuretics, specifically, are recommended to reduce urine calcium excretion and forestall stone
recurrence through drug-induced diuresis(Peerapen & Thongboonkerd, 2023).

Thiazide diuretics, like chlorthalidone (either a daily dose of 25 mg or 12.5 mg) and hydrochlorothiazide (daily dosage of 25 to
50 mg or 12.5 mg administered twice daily), demonstrate efficacy primarily at higher dosages. While lower dosages have fewer
adverse reactions, they are less effective in achieving the desired outcomes(P490, n.d.; Penniston & Nakada, 2018). One of the
cornerstones of treatment for individuals with calcium stones is allopurinol; initiating at 100 mg once daily and gradually escalating
to 100 mg three times a day. However, patients with uric acid stones often require alkaline citrates due to their acidic urine(P490,
n.d.). Prescribed alkalinizing agents for hypocitraturia, unresponsive to or not caused by diet, include potassium citrate (in 10, 15,
or 20 mEq tablets), potassium citrate with citric acid (30 mEq alkali crystals), potassium bicarbonate (25 mEq alkali dissolving
tablet), sodium citrate with citric acid (15 cm3 oral solution, 15 mEq alkali), and sodium bicarbonate (650 mg tablet, 7.7 mEq
alkali). These agents are often prescribed in divided doses due to their short-acting nature(Penniston & Nakada, 2018).

Intravenous lidocaine has been recommended as an additional option. Prior investigations involving lidocaine exhibited
promising results in the context of alleviating chronic pain(de Souza & Kraychete, 2014). Despite an existing gap in understanding
the fundamental mechanism is still unknown, there is a proposition indicating that the observed effect stems from the restraint of G
protein-coupled receptors, N-methyl-D-aspartate (NMDA) receptors, and cerebral and peripheral voltage-dependent sodium
channels(Firouzian et al., 2016).

I1l. PREVENTION

It seems that stone prevention is a relatively new concept. This is because, in the past, many deaths from obstruction or decreased
renal function, infection, or an attempted surgical operation covered up the recurrent character of urolithiasis, which drives
prevention(Rule et al., 2020). Calcium stones that recur despite lifestyle adjustment can be effectively prevented with thiazide
diuretics, allopurinol, and citrate supplements(P490, n.d.). Various commonly used medications such as diuretics, potassium citrate,
allopurinol, tiopronin, acetohydroxamic acid, sodium thiosulfate, and others are known and widely utilized to prevent stone
recurrence(Peerapen & Thongboonkerd, 2023).

The primary objective of kidney stone disease (KSD) management is the prevention of both initial and recurring stone formations,

thereby mitigating the physical, psychological, and financial burdens associated with the condition. The AUA, EAU, CUA, and
UAA currently advocate several preventative measures for kidney stones. While certain elements of these standards vary, overall,
they are uniform. The selection of protective measures is contingent upon the nature and cause of kidney stones as well as the
method's cost-effectiveness. Here is a quick rundown of these preventive measures based on current research:(Peerapen &
Thongboonkerd, 2023)

(1) Increase fluid intake and diuresis:

-This seems to be the simplest and most economical course of action since dehydration is one of the main dangers associated with
KSD. It is strongly advised to consume 2.5-3.0 L/d of fluid with a urine production of >2.0-2.5 L/d(P490, n.d.).

(2) Modifications in lifestyle and habits:

-Maintaining a normal BMI is recommended, and while exercise has numerous health benefits, its specific role in preventing kidney
stones remains uncertain.

-Dehydration during and after strenuous physical activity is a potential contributing factor, emphasizing the importance of adequate
fluid intake during and post-exercise. Working in hot conditions can lead to dehydration, warranting fluid replenishment.
-Avoiding second-hand and cigarette smoke is advised, although more compelling evidence is required to establish a definitive
connection to kidney stone prevention(P490, n.d.).

(3) Dietary management

- Individuals suffering from renal calculi ought to get 1000—1200 mg of calcium from their meals each day.

- Following a 2 g/day salt regimen (corresponding to 3-5 g/day NaCl) is recommended for people who have nephrolithiasis.
-Individuals with calcium oxalate (CaOx) renal calculi need to moderate their consumption associated with oxalate-rich foods,
including spinach, soy products, pecans, almonds, potatoes (particularly the skin), beets, navy beans, raspberries, and dates.

- It is advised to use caution when taking vitamin D and C supplements as additional investigation is required to fully grasp their
advantages as well as their disadvantages.

-Those with hyperuricosuria and both calcium and uric acid stones are recommended to limit animal protein intake to 0.8-1.0 g/kg
body weight/day and increase plant protein intake.

-To enhance urine citrate and uromodulin excretion and prevent calcium stone formation, consider incorporating more citrus fruits
(especially lime, lemon, and grapefruit) into regular meals and drinks or using lime powder supplements.(Osman et al., 2023),
(Sorokin & Pearle, 2018).

(4) Natural bioactive compounds

-Prudence is essential in the utilization of natural bioactive compounds. Due to uncertainties in previous evidence, further research
involving larger cohorts is imperative. Examining caffeine consumption is recommended, given the latest, more substantiated
findings from prospective cohort studies and molecular mechanism inquiries, indicating its defensive function against kidney stone
disease (KSD), notwithstanding.

-Recent preclinical studies affirm the beneficial effects of EGCG. However, the shielding function of diosmin in modulating CaOx
crystals remains contentious, necessitating supplementary and more conclusive proof(Nirumand et al., 2018).

(5) Bacterial eradication
- In the pursuit of bacterial elimination, addressing the underlying infection causes, such as removing stones, is crucial, especially
for recurrent UTls.
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-While antibiotics can potentially prevent stone recurrence, bacteria found in stones and urine often display resistance to multiple
drugs. Prolonged antibiotic use can also disrupt the gut microbiota, particularly O. formigenes. Therefore, careful consideration and
monitoring are essential when utilizing antibiotics in these contexts(Osman et al., 2023).

(6) Probiotics

-Probiotic supplements, including strains like O. formigenes, Lactobacillus spp., Bifidobacterium spp., and B. subtilis, may help
prevent renal calculi by cutting down on intestine oxalic acid absorption. However, large prospective cohorts are needed to
strengthen evidence for their beneficial effects(Peerapen & Thongboonkerd, 2023).

IVV. CONCLUSION

In conclusion, nephrolithiasis, or kidney stone disease (KSD), is a prevalent global health concern with increasing incidence.
The intricate processes of stone formation involve crystal aggregation and nucleation, and though preventive measures include
dietary and medical management, challenges persist. Novel pharmacological therapies are under exploration due to limited options
and drawbacks in current approaches. A comprehensive understanding of risk factors, dietary modifications, and medical
interventions is crucial for effective prevention and management of kidney stones. Ongoing research and advancements in this field
offer hope for improved outcomes in the future.

Abbreviations
KSD- kidney stone disease, CaOx- calcium oxalate, BMI- body mass index, Ca- calcium

REFERENCES

1. Akram, M., & Idrees, M. (2019). Progress and prospects in the management of kidney stones and developments in phyto-
therapeutic modalities. In International Journal of Immunopathology and Pharmacology (Vol. 33). SAGE Publications Inc.
https://doi.org/10.1177/2058738419848220

2. de Souza, M. F., & Kraychete, D. C. (2014). A a¢do analgésica da lidocaina intravenosa no tratamento da dor crénica: uma
revisdo de literatura. Revista Brasileira de Reumatologia, 54(5), 386—392. https://doi.org/10.1016/j.rbr.2014.01.010

3. Firouzian, A., Alipour, A., Rashidian Dezfouli, H., Zamani Kiasari, A., Gholipour Baradari, A., Emami Zeydi, A., Amini
Ahidashti, H., Montazami, M., Hosseininejad, S. M., & Yazdani Kochuei, F. (2016). Does lidocaine as an adjuvant to morphine
improve pain relief in patients presenting to the ED with acute renal colic? A double-blind, randomized controlled trial.
American Journal of Emergency Medicine, 34(3), 443-448. https://doi.org/10.1016/j.ajem.2015.11.062

4. Gottlieb, M., Long, B., & Koyfman, A. (2018). The evaluation and management of urolithiasis in the ED: A review of the
literature. In American Journal of Emergency Medicine (Vol. 36, Issue 4, pp. 699-706). W.B. Saunders.
https://doi.org/10.1016/j.ajem.2018.01.003

5. Nirumand, M. C., Hajialyani, M., Rahimi, R., Farzaei, M. H., Zingue, S., Nabavi, S. M., & Bishayee, A. (2018). Dietary plants
for the prevention and management of kidney stones: Preclinical and clinical evidence and molecular mechanisms. In
International Journal of Molecular Sciences (Vol. 19, Issue 3). MDPI AG. https://doi.org/10.3390/ijms19030765

6. Osman, O., Manzi, S., Wasko, M. C., & Clark, B. A. (2023). Case report: disease mechanisms and medical management of
calcium nephrolithiasis in rheumatologic diseases. BMC Urology, 23(1). https://doi.org/10.1186/512894-023-01203-y

7. p490. (n.d.).

8. Peerapen, P., & Thongboonkerd, V. (2023). Kidney Stone Prevention. In Advances in Nutrition. Elsevier B.V.
https://doi.org/10.1016/j.advnut.2023.03.002

9. Penniston, K. L., & Nakada, S. Y. (2018). Updates in the Metabolic Management of Calcium Stones. In Current Urology
Reports (Vol. 19, Issue 6). Current Medicine Group LLC 1. https://doi.org/10.1007/s11934-018-0791-2

10. Rule, A. D., Lieske, J. C., & Pais, V. M. (2020). Management of Kidney Stones in 2020. In JAMA - Journal of the American
Medical  Association  (Vol. 323, Issue 19, pp. 1961-1962). American  Medical  Association.
https://doi.org/10.1001/jama.2020.0662

11. Semins, M. jo, & Matlaga, B. R. (2010). Medical evaluation and management of urolithiasis. In Therapeutic Advances in
Urology (Vol. 2, Issue 1, pp. 3-9). https://doi.org/10.1177/1756287210369121

12. Sorokin, I., & Pearle, M. S. (2018). Medical therapy for nephrolithiasis: State of the art. In Asian Journal of Urology (Vol. 5,
Issue 4, pp. 243-255). Editorial Office of Asian Journal of Urology. https://doi.org/10.1016/j.ajur.2018.08.005

JETIR2312593 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ f767


http://www.jetir.org/

