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Abstract---Background: Urolithiasis is a prevalent global health issue
characterized by the formation of kidney stones, significantly
impacting patient quality of life and healthcare costs. The increasing
incidence of kidney stones, particularly among individuals over 30,
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places a considerable financial burden on healthcare systems, with
estimates reaching USD 5.3 billion in 2014. Aim: This review aims to
provide a comprehensive overview of the latest natural remedies for
managing renal stones, discussing their efficacy and integration into
existing treatment paradigms. Methods: A thorough literature review
was conducted, focusing on recent studies and clinical guidelines
from organizations like the American Urology Association (AUA) and
the European Association of Urology (EAU). The effectiveness of
various natural remedies was analyzed alongside conventional
treatment options. Results: The review identifies several natural
remedies that may complement traditional therapies for renal stones.
These include dietary modifications, hydration strategies, and herbal
supplements that demonstrate potential benefits in stone prevention
and management. Conclusion: While conventional medical
treatments remain the cornerstone of urolithiasis management,
natural remedies may offer valuable adjunctive options. Further
research is warranted to establish standardized protocols for
integrating these remedies into clinical practice.

Keywords---urolithiasis, renal stones, natural remedies, treatment,
kidney stones, healthcare burden.

Introduction

Urolithiasis is a highly prevalent condition worldwide, though its occurrence
varies significantly due to factors such as gender, climate, diet, and other risk
factors. Notably, there has been an annual increase in the prevalence of kidney
stones among individuals over 30 years of age, regardless of gender [1]. This
growing incidence, coupled with advancements in technology, imposes a
substantial financial burden on healthcare systems for managing kidney stone
disease (KSD), with global expenditures on the condition estimated at USD 5.3
billion in 2014, making it the second most expensive urological disorder [2].
Numerous comprehensive guidelines on urolithiasis have been developed by
esteemed organizations worldwide. Among these, the guidelines issued by the
American Urology Association (AUA) and the European Association of Urology
(EAU) are widely recognized and utilized by healthcare professionals globally for
the diagnosis, management, and follow-up of KSD patients. The AUA has separate
guidelines addressing both medical and surgical management of KSD, with the
most recent updates occurring in 2019 and 2016, respectively [3,4]. In contrast,
the EAU publishes a singular document titled Urolithiasis, which provides
management strategies for urinary tract stones, with its latest update in 2023 [5].

Both guidelines employ distinct methods to evaluate the strength of evidence
presented. The AUA guidelines utilize a grading system that includes letters A, B,
and C to reflect the quality and certainty of the evidence [6], incorporating
different nomenclature for medical versus surgical guidelines. Specifically,
surgical guidelines use terms indicating strong, moderate, or conditional
recommendations, while medical guidelines employ language that denotes
options, recommendations, and standards based on the risk-benefit analysis for
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patients. In situations where evidence is insufficient, clinical principles and expert
opinions are utilized to offer additional insights. In contrast, the EAU categorizes
its recommendations as "strong" or "weak," following the GRADE methodology [7],
which considers factors such as evidence quality, effect size, certainty, balanced
outcomes, and patient preferences [8]. Furthermore, the EAU guidelines delineate
objectives for the 2024 update, focusing on enhancing evidence evaluation for
effective endourology practices and scrutinizing the role of stone size in
determining treatment options. Although guidelines offer crucial information and
clinical frameworks by synthesizing the best available evidence, they cannot
ensure optimal patient outcomes due to limitations in their updates [8]. Therefore,
when developing a treatment plan, clinicians must prioritize their expertise and
the individual circumstances of each patient, ensuring that guidelines serve as a
supportive tool rather than a directive that overrides clinical judgment.

Presentation and Evaluation

Urolithiasis can manifest through various symptoms, including fever, vomiting,
loin pain, or may even be entirely asymptomatic. In cases of bladder stones,
patients may present with recurrent urinary tract infections (UTIs), increased
urinary frequency, terminal hematuria, or suprapubic discomfort. A
comprehensive medical history and physical examination are essential during the
initial assessment. The European Association of Urology (EAU) advises that
investigations should be expedited if there is uncertainty regarding the diagnosis,
the presence of fever, or if the patient has a solitary kidney (strong
recommendation). However, it is important to ensure that imaging does not delay
the provision of effective analgesia and resuscitation.

Renal and Ureteric Stones

The EAU recommends ultrasound (US) as the initial investigation for
asymptomatic patients, given its safety, cost-effectiveness, and ability to detect
hydronephrosis and calculi in the renal calyces, pelvis, and at the pelvic-ureteric
and vesico-ureteric junctions. For symptomatic patients, non-contrast-enhanced
computed tomography (NCCT) is preferred, as it allows for the classification of
stone density, diameter, volume, proximity to the skin, and surrounding anatomy,
which aids in determining treatment options (EAU: strong recommendation).
NCCT is significantly more accurate than US or intravenous urogram (IVU) for
diagnosing urolithiasis [9]. If anatomical assessment of the collecting system is
necessary prior to stone removal, contrast-enhanced imaging should be
performed (EAU: strong recommendation). Although kidney ureter bladder (KUB)
X-rays can identify the radiopacity of stones, the EAU states they are unnecessary
if NCCT is planned. The American Urology Association (AUA) similarly endorses
NCCT as the preferred imaging modality for assessing patients with urolithiasis
before percutaneous nephrolithotomy (PCNL) (AUA: strong recommendation). It is
also recommended for treatment selection between shock wave lithotripsy (SWL)
and ureteroscopy (URS) (AUA: conditional recommendation), while discouraging
the sole use of US for this purpose. If significant renal injury is suspected,
functional imaging techniques such as a diethylene-triamine-penta-acetate
(DTPA) or mercaptoacetyltriglycine (MAG-3) renogram may be employed to assist
in treatment planning (AUA: conditional recommendation). In addition to imaging,
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various laboratory tests, including hematology, serum biochemistry, and
coagulation assessments, should be conducted. The EAU recommends measuring
serum creatinine, uric acid, ionized calcium, sodium, potassium, blood cell
counts, C-reactive protein, and conducting coagulation tests if an intervention is
anticipated (EAU: strong recommendation). Both the EAU and AUA strongly
recommend performing urine culture and microscopy prior to any intervention.

Bladder Stones

For symptomatic patients suspected of having bladder stones, US should be the
initial imaging technique employed. If symptoms persist and US results are
inconclusive, NCCT or cystoscopy should be considered, given their higher
sensitivity for diagnosis compared to US [10] (EAU: strong recommendation).
While X-ray KUB can provide useful insights into radiopacity, its accuracy for
stone detection is low [11]; therefore, its use in treatment planning and follow-up
is only weakly recommended (EAU: weak recommendation). Due to a lack of
substantial evidence, there are no specific guidelines for imaging modalities in
children with suspected bladder stones. Additionally, the AUA does not provide
guidelines regarding the diagnosis of bladder stones.

Medical Treatment

Several medications are utilized as medical expulsive therapy (MET) for
urolithiasis, including a-blockers, calcium channel inhibitors, and
phosphodiesterase type S (PDES) inhibitors. Although a-blockers are used off-
label, numerous meta-analyses support their efficacy as MET. The EAU
recommends considering a-blockers for distal ureteral stones larger than S mm
(strong recommendation), while the AUA recommends offering them for stones 10
mm or smaller (strong recommendation).

Oral Chemolysis

Oral chemolitholysis, which involves the alkalinization of urine using alkaline
citrate or sodium bicarbonate, is used to dissolve uric acid stones. Despite its
long-standing use, there are no randomized controlled trials (RCTs) to support its
efficacy. Potassium citrate is advised for alkalinizing urine in patients with uric
acid and cystine stones; however, the outcomes regarding stone dissolution are
inconsistent (AUA: expert opinion). Patients undergoing this treatment should be
monitored and educated on checking urinary pH, with adjustments made to the
drug dosage as necessary (EAU: strong recommendation).

Extracorporeal Shock Wave Lithotripsy (ESWL)

Although ESWL has a lower stone-free rate (SFR), it is associated with fewer
complications compared to other endourology procedures such as ureteroscopy
(URS) and percutaneous nephrolithotomy (PCNL) [12,13]. Factors influencing the
effectiveness of ESWL include the patient’s body habitus, stone size, location,
composition, and the procedure's execution. To optimize results, an appropriate
coupling agent, such as ultrasound gel, should be utilized to prevent shock wave
deflection, along with thorough radiological monitoring during the procedure
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(EAU: strong recommendation). Adequate analgesia is crucial, as it enhances
outcomes by minimizing pain-related movement (EAU: strong recommendation).
In cases of infected stones or laboratory-confirmed infection, antibiotics should be
administered before any intervention (AUA/EAU: strong recommendation).
Routine stenting during ESWL is not recommended by the AUA, which also notes
that the EAU finds no improvement in SFR with standard stenting, although it
may reduce steinstrasse formation. Following ESWL, a-blockers can be prescribed
to facilitate stone passage, but patients should be informed of this off-label use
(AUA: moderate recommendation). The EAU outlines specific contraindications for
ESWL, including uncontrolled UTIs, severe skeletal malformations and obesity,
pregnancy, bleeding disorders, anatomical obstructions distal to the stone, and
proximity to an arterial aneurysm.

Ureteroscopy (URS)

URS is linked to a higher SFR and superior clinical outcomes compared to ESWL
[14]. The morbidity and complication rates associated with URS have significantly
improved in recent years [15]. Both the AUA and EAU recommend against pre-
procedural stent placement (strong recommendation). Although pre-stenting may
lead to a higher SFR and reduced operative time, the lack of high-level evidence
has led to a consensus against this practice. After the procedure, stenting should
be avoided in patients not at increased risk for complications, as it is associated
with greater morbidity and cost implications (EAU/AUA: strong recommendation).
If stenting is necessary, both guidelines advocate for the use of a-blockers to
alleviate stent discomfort (EAU: strong recommendation, AUA: moderate
recommendation). Stone removal should always be performed under direct
visualization, with the use of a safety guide wire recommended where feasible
(AUA: expert opinion). The EAU suggests using a ureteral access sheath (UAS) for
lengthy procedures or when dealing with large, multiple renal stones [16]. The
EAU strongly recommends the use of the holmium-aluminium-garnet (Ho) laser
for URS, noting that while the thulium fiber laser (TFL) shows comparable results,
further comparative studies are needed. Both guidelines recommend
administering prophylactic antibiotics prior to any endoscopic procedure. The
EAU advocates for percutaneous antegrade URS if ESWL fails and retrograde URS
is not feasible, as well as flexible URS for stones greater than 2 cm when PCNL
and ESWL are not viable options (EAU: strong recommendation). URS is also
preferred when stone removal is necessary without interrupting antithrombotic
therapy (EAU/AUA: strong recommendation). Aside from general anesthesia risks
and untreated UTIs, URS is generally considered safe for most patients without
specific contraindications [5].

Percutaneous Nephrolithotomy (PCNL)

PCNL is the first-line treatment for larger renal calculi, offering a higher stone-free
rate (SFR) due to its effectiveness, which is not constrained by stone burden or
compositiondure, essential imaging is critical for delineating the anatomy of the
collecting system and surrounding structures to ensure a safe percutaneous
access path to the renal stone. This imaging can be performed via ultrasound (US)
or computed tomography (CT) scan (EAU: strong recommendation). The AUA also
strongly advocates obtaining a non-contrast CT (NCCT) prior to PCNL. Patient
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positioning should depend on the surgeon's expertise and the available
equipment. Both prone and supine positions are considered equally safe. Using
smaller instruments with mini-percutaneous nephrolithotomy (mPNL, 12-22 Fr) is
linked to shorter hospital stays, reduced blood loss, and SFRs comparable to
those achieved with standard PCNL (greater than 22 Fr) . Flexible nephrosc be
routinely employed in PCNL to facilitate the removal of fragments from areas that
are inaccessible with a rigid nephroscope. To avoid electrolyte imbalances, normal
saline should always be utilized as an irrigation solution during both PCNL and
ureteroscopy (URS) (AUA: strong recommendation). If the procedure is
uncomplicated, a tubeless PCNL (without nephrostomy) or totally tubeless
approach (without nephrostomy and ureteral stent) is recommended, as these
methods are associated with shorter inpatient stays and improved postoperative
pain control (EAU: strong recommendation; AUA: conditional recommendation). A
notable update in the EAU guidelines compared to earlier versions includes the
recommendation to obtain a urine or stone culture directly from the renal pelvis
during PCNL (EAU: strong recommendation). This practice addresses the risk of
sepsis that can occur during or after the procedure, even in cases where
preoperative urinary cultures are sterile. Cultures obtained directly from the
pelvis provide more accurate predictions of potential septic episodes and help
guide antibiotic the causative organisms. The EAU guidelines outline several
contraindications for PCNL, including tumors in the access tract area, malignant
renal tumors, pregnancy, untreated urinary tract infections (UTIs), and
anticoagulant therapy, which must be carefully managed and discontinued before
the procedure [17-20].

Open Surgery and Laparoscopy

Advancendourology have led to a decreased reliance on open and laparoscopic
approaches for urolithiasis treatment. Both the EAU and AUA guidelines strongly
recommend these surgical methods only in cases where shock wave lithotripsy
(SWL), URS, and PCNL are unlikely to be effective or are expected to fail
(EAU/AUA: strong recommendation). The AUA highlights scenarios involving
stones in patients with anatomical defects that require reconstruction as
instances where open or laparoscopic approaches may be more advantageous
than endourological techniques [3].

Management

Ureteral stones that lead to acute renal colic typically present as emergencies
necessitating immediate analgesia. Paracetamol and non-steroidal anti-
inflammatory drugs (NSAIDs) are effective options for pain relief, often
outperforming opioids, making them the preferred initial treatment after
assessing for contraindications. These medications also help to decrease
inflammation and mitigate the risk of pain recurrence in conservatively managed
patients (EAU: strong recommendation). If pain persists despite analgesic
treatment, renal decompression and endoscopic stone removal are indicated
(EAU: strong recommendation). Sepsis resulting from an infected obstructed
urinary system poses significant risks, contributing to high morbidity and
mortality associated with urolithiasis and its treatment. Both the EAU and AUA
recommend urgent decompression using either percutaneous nephrostomy (PCN)
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or ureteric stenting, with neither method demonstrating superiority. Definitive
treatment should be postponed until the sepsis is resolved, and prompt initiation
of antibiotics is crucial, with adjustments made as sensitivity results become
available. In cases requiring intensive care, a urine sample should be collected
during decompression (EAU: strong recommendation). For ureteric stones,
conservative management with a wait-and-watch strategy can be employed for
patients without complications, with the likelihood of spontaneous stone
expulsion inversely related to stone size (EAU: strong recommendation). The AUA
recommends this approach specifically for stones measuring <10 mm, whereas
the EAU uses the term "small" without specifying a size. The use of a-blockers as
medical expulsive therapy (MET) for distal ureteric stones is supported by both
organizations, with the AUA suggesting this for stones <10 mm and the EAU for
stones <5 mm (AUA/EAU: strong recommendation). Active removal methods, such
as shock wave lithotripsy (SWL) or ureteroscopy (URS), are recommended for
patients with stones that are unlikely to pass, those causing obstruction, or
patients experiencing pain despite adequate analgesia (AUA: clinical principle).
Imaging should precede any intervention if there are changes in clinical status,
and URS is favored as a first-line treatment for stones >10 mm, with either URS
or SWL being appropriate for stones <10 mm (EAU: strong recommendation).

Types of Renal Stones

Renal stones, also known as kidney stones or uroliths, are solid aggregates
formed in the kidneys from crystallization of various substances found in urine.
These stones can lead to significant morbidity, including severe pain, urinary
obstruction, and potential complications such as urinary tract infections (UTIs)
and renal impairment. The composition and characteristics of renal stones vary
widely, and understanding the different types is crucial for effective prevention
and management strategies. The major categories of renal stones include calcium
oxalate stones, calcium phosphate stones, struvite stones, uric acid stones, and
cystine stones.

1. Calcium Oxalate Stones: Calcium oxalate stones are the most common type
of renal stones, accounting for approximately 70-80% of cases. They are formed
when calcium combines with oxalate, a substance found in many foods such as
spinach, nuts, and chocolate. Calcium oxalate stones can be classified into two
forms: monohydrate and dihydrate. Monohydrate stones, which are typically more
dense and harder, often resemble a small, smooth pebble, while dihydrate stones
are more common and have a characteristic dumbbell shape. Risk factors for
calcium oxalate stone formation include dehydration, hypercalciuria (excess
calcium in urine), and dietary factors, such as high oxalate intake and low
calcium intake. Prevention strategies often focus on increasing fluid intake,
modifying dietary habits, and managing underlying metabolic disorders.

2. Calcium Phosphate Stones: Calcium phosphate stones represent another
significant category, comprising about 5-10% of renal stones. These stones form
in alkaline urine and are associated with metabolic conditions such as renal
tubular acidosis, primary hyperparathyroidism, and certain urinary tract
infections. Calcium phosphate stones can appear in two forms: brushite and
hydroxyapatite. Brushite stones are more soluble in wurine, whereas
hydroxyapatite stones are less soluble and can be more challenging to manage.
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The treatment and prevention of calcium phosphate stones often involve
addressing the underlying metabolic issues, maintaining adequate hydration, and
adjusting dietary intake to minimize calcium and phosphate levels in the urine.

3. Struvite Stones: Struvite stones, also known as infection stones, are
composed of magnesium ammonium phosphate and account for about 10-15% of
renal stones. These stones commonly occur in patients with recurrent urinary
tract infections caused by urea-splitting bacteria, such as Proteus species, which
raise urine pH and facilitate stone formation. Struvite stones can grow rapidly,
leading to the development of large staghorn calculi that may occupy the renal
pelvis and calyces. The management of struvite stones typically involves the
treatment of the underlying infection and may require surgical intervention, such
as percutaneous nephrolithotomy or ureteroscopy, to remove the stones and
prevent further complications.

4. Uric Acid Stones: Uric acid stones account for approximately 5-10% of renal
stones and are formed from the crystallization of uric acid, a waste product
resulting from the metabolism of purines found in high-protein foods such as red
meat, fish, and certain legumes. These stones are more common in individuals
with conditions such as gout, obesity, and metabolic syndrome. Uric acid stones
are often radiolucent, making them difficult to detect on standard X-rays, but
they can be visualized using ultrasound or computed tomography (CT). Treatment
strategies focus on reducing wurinary wuric acid levels through dietary
modifications, increased fluid intake, and medications that alkalinize the urine,
such as potassium citrate.

5. Cystine Stones: Cystine stones are relatively rare, constituting about 1-2% of
renal stones. They result from a genetic disorder known as cystinuria, which
leads to excessive excretion of the amino acid cystine in urine. These stones
typically form in acidic urine and can be quite large and difficult to manage.
Cystine stones have a characteristic yellow-brown color and are often hexagonal
in shape. The management of cystine stones involves increasing hydration to
dilute urinary concentrations of cystine, dietary modifications to limit sodium
intake, and medications such as thiol drugs that can help reduce cystine levels in
the urine.

Conclusion

The rising prevalence of urolithiasis globally presents a multifaceted challenge
that necessitates both an understanding of the condition and the implementation
of effective treatment strategies. The reviewed literature underscores the
importance of recognizing urolithiasis as a significant health concern, especially
as it predominantly affects individuals over the age of 30. The financial burden
associated with managing this condition is substantial, highlighting the necessity
for effective and cost-efficient treatment options. Natural remedies for renal
stones, as discussed in this review, demonstrate promising potential in both
prevention and management. Dietary modifications, increased fluid intake, and
certain herbal supplements can play a role in mitigating stone formation and
aiding in their passage. However, the efficacy of these remedies must be
considered in conjunction with conventional treatment methods to ensure
comprehensive patient care. While guidelines from the AUA and EAU provide
robust frameworks for managing urolithiasis, the integration of natural remedies
offers an avenue for enhancing patient outcomes. These guidelines, while
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informative, cannot guarantee optimal results for every patient, necessitating a
personalized approach that factors in individual circumstances, preferences, and
responses to treatment. As the healthcare landscape evolves, further research is
essential to establish the effectiveness and safety of natural remedies in
urolithiasis management. Clinical trials and comparative studies will contribute
to a more substantial body of evidence, informing practitioners about the best
practices for incorporating natural remedies alongside established treatment
modalities. In conclusion, while urolithiasis remains a prevalent and costly
condition, a multifaceted treatment approach that includes natural remedies
offers hope for improved patient management. By prioritizing research and
clinical innovation, healthcare providers can better address the complexities of
urolithiasis and enhance the quality of life for affected individuals.
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