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Abstract 

 

Urolithiasis is one of the third most common disease of calculi formation in any part of 

urinary tract includes kidney, ureter and urinary bladder. Urolithiasis is a multifactorial 

disease; therefore, this review compiles the factors responsible in emergence of different 

types of calculi and the pathophysiology of calculi formation. The medical management of 

urolithiasis has witnessed a great change with wide range of treatment options comprises of 

medical expulsion therapy, surgical techniques, synthetic drugs and herbal medication. The 

options include medical expulsion therapy, surgical techniques and synthetic drugs  treatment 

results lack of success rate, increase in rate of retreatment, recurrence and results in several 

complications. In present scenario the handling of urolithiasis is not only restricted with stone 

removal but also protect against from its complications and recurrence. Therefore now a 

day’s herbal medication is attracting the attention due to its merits in curing the urolithiasis 

condition by minimizing all the draw backs accompanied with other treatment possibilities. A 

final outlook explains the eminence and effectiveness of herbal medication and beneficial to 

upcoming researchers to shift their attentiveness to traditional medicine in order to cure or 

prevent urolithiasis effectively.  
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1. Introduction: 

 

Urolithiasis, the third customary disorders of the kidney system. It is a multifarious disease 

characterised by the development of calculi in any region of the urinary system, including the 

kidneys, ureters, bladder, and urethra [1]. The increased prevalence of renal calculi elevated 

the economic burden in both developing and developed countries.  The increased prevalence 

of renal calculi elevated the economic burden in both developing and developed 

countries.  Males are often more affected than females, especially between the ages of 20 and 

50 years, with a recurrence incidence of 70-80% in males and 40-50% in females [2][3]. 

Urolithiasis is originated from the Greek words 'Auron' which means urine and 'Lithos' which 

means calculi. Calculi compilation entails multiple primary processes ranging from super 

saturation of urine , crystallisation of components, aggregation, and retention in urine [4]. 

Calculi are constructed of multiple components such as calcium, oxalate, uric acid, 

phosphate, cysteine, and so on. The majority of calculi, i.e., 80% of calculi, are calcium 

oxalate or in association with calcium phosphate, 15% are infection or struvite calculi, and 5-

10% are uric acid calculi. Almost 90% of calculi are radiopaque, with some uric acid calculi 

being radiolucent. The pH of the urine has a significant influence on the different forms of 

calculi that develop. Alkaline urine stimulates the emergence of calcium phosphate and 

struvite calculi, whilst acidic urine results in uric acid, cysteine, and calcium oxalate calculi 

[5][6]. Significant variants in the chemical composition of calculi have been observed 

globally during the last decades, which may be attributed to variations in the environment, 

nutrition, and lifestyle.  Struvite calculi, for example, are typically composed of magnesium 

aluminium phosphate; however this kind of calculi is scarcely encountered due to effective 

treatment of urinary tract infections. The most significant drawback of urinary calculi is their 

recurrence after treatment. The probability of recurrence was evidenced to be 40% after 5 

years and 75% after 20 years. The most significant drawback of urinary calculi is their 

recurrence after treatment. The probability of recurrence was evidenced to be 40% after 5 

years and 75% after 20 years. 

 

2. Demographic data 

 

Urolithiasis prevalence varies substantially by region and is strongly influenced by 

geographical area, racial distribution, socioeconomic status, and dietary habits. It accounts for 

up to 0.5-1.9 %  in developed nations [7]. It happens more prevalently in hot, desert areas in 

temperate zones such as the Mediterranean, Scandinavia, Central Europe, the British Islands, 

Northern Australia, Northern India, and Pakistan [8]. Urinary calculi impact 15% of the 

population in North India, with 50% resulting in kidney loss or renal impairment. Few 

instances have been reported in Southern India as a result of Tamarind use on a regular basis. 

Urolithiasis originates between the ages of 20 to 49 years in 70-80% of males and 47-60% of 

females, with a 12% recurrence prevalence after 10 years [9]. Disease has a 10% lifetime 

prevalence in males and a 5% in women. Although females are less impacted than males, 

females manifest to be greater susceptible than before. It is present in both developing and 

developed nations as a result of socioeconomic variables and lifestyle changes [10]. From 
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1994 to 2011, the incidence of urolithiasis climbed from 1 in 20 to 1 in 11. It affects fewer 

children with a more risk in girls than boys and has an unknown aetiology. 

 

In 2011, Australia had a substantial decline in struvite calculi, but other calculi remained the 

same, at 64%. Similarly, in Japan and India, the prevalence of calcium oxalate calculi is 

higher i.e.,92%, as is the incidence of struvite calculi i.e., 5.1% in females. It has grown 

exponentially in Spain from 4.2% in 1986 to 5% in 2011. Germany had 84% calcium oxalate 

calculi by 2006. 

 

In the United States, more than 70% of calculi are calcium oxalate/phosphate, with uric acid 

accounting for 8-14% and struvite accounting for 2%. According to statistical estimates, the 

prevalence of calculi in paediatrics increased progressively in the United States, from 1 in 

76000 in the 1950s to 1 in 1000 in the 1990s and 1 in 685 between 2002 and 2007. The male 

to female ratio in renal calculi is 4:1, and 30% to 40% of individuals had subsequent calculi 

following initial occurrence [11][12].   

 

Urolithiasis incidence in Iran has climbed from 138 per 100,000 patients in 2005 to 241 per 

100,000 patients in 2007, with the predominance of calculi having a mixed composition. 

Saudi Arabia has the highest lifetime risk of Urolithiasis, with a prevalence frequency of 

20%. In China, it ranged from 1.5% in 1989 to 4% in 2000, whereas in Tunisia and Taiwan, it 

ranged from 50 to 83.7% [13].  

Recurrence is a major issue with urolithiasis, with 50% of patients reporting recurrence 

within 5 years, rendering it a disease for life.  

 

3. Types of renal calculi 

 

Calcium calculi 

 

Various factors responsible in formation of calcium calculi 

 

➢ Distal renal tubular acidosis 

 

One of the foremost crucial roles of the kidney is to regulate the body's acid-base balance. 

When acid levels in the systemic circulation build, the excess acid is discharged by the 

kidney via urine. If the renal tubules are incapable to eliminate excess acid from the systemic 

circulation, the disease is known as renal tubular acidosis. The body mobilises calcium and 

buffers such as phosphate and bicarbonate to buffer the excess acid in systemic circulation. It 

triggers a rise in the levels of calcium, phosphate, and bicarbonate in urine, which causes an 

elevation in the pH of the urine and facilitates the development of calcium phosphate calculi 

[14]. 
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➢ Primary hyperthyroidism 

 

To accomplish vital functions such as nerve impulse transmission, muscle contraction, blood 

coagulation, hormone production, and intracellular adhesion, the parathyroid glands produce 

the parathyroid hormone. 

Primary hyperparathyroidism develops when one or more parathyroid glands become 

hyperactive, resulting in excessive parathyroid hormone production (PTH). The increased 

output of parathyroid hormone induces more calcium in the blood and urine, resulting bone 

thinning and calcium calculi in the kidney [15]. 

➢ Hypocitraturia 

 

It emerges as a result of a reduction in citrate levels in urine, which forms a complex with 

calcium to produce a freely soluble complex known as calcium citrate. In the absence of 

citrate, calcium forms complexes with phosphate and oxalate, yielding calcium phosphate 

and calcium oxalate, both of which are extremely insoluble in nature [16][17]. 

➢ Hyperoxaluria 

 

One of the predominant causes of calcium-based calculi is hyperoxaluria. Calcium oxalate 

calculi constitute for 70-80% among all calculi.   

Reasons for hyperoxaluria condition are 

 

❖ Increased intake of oxalate rich diet such as spinach, rhubarb, beets, cabbage, tomatoes, nuts, 

wheat bran, strawberries, tea etc. 

❖ Gastro intestinal issues such as crohns disease (bowel disease) associated with trans mural 

inflammation in ileum. Ileum is responsible in reabsorption of fats and proteins. Due to 

crohns disease the ileum fails in absorption of fats. Usually calcium binds with oxalate in 

intestine and excreted through stools. Therefore if any oxalate rich diet was taken it excretes 

through stools by binding with calcium. Where as  in crohns disease the undigested fats binds 

to calcium by preventing oxalate, the free oxalate gets absorbed from the gut results in 

increase in concentration of oxalate in blood (Hyperoxalmia) and urine (Hyperoxaluria) 

[18][19][20][21]. 

❖ Autosomal recessive disease 

The enzymes such as alanine glyoxalate aminotransferase and D- glyceric dehydrogenase are 

involved in the metabolism of oxalate results in decrease concentration of oxalate in urine. 

In autosomal recessive disease, a deficiency of alanine glyoxalate amino transferase and D-

glyceric dehydrogenase, which are responsible for oxalate metabolism, resulting in increased 

oxalate concentration in urine, which leads to the production of calcium oxalate [22][23]. 

 

➢ Idiopathic hypercalciuria 

 

The conditions responsible in increase the calcium concentration in urine are [24] 
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Dents disease 

 

It is a proximal renal tubular disorder characterized by hypercalciuria, nephrocalcinosis, 

nephrolithiasis and may progress to renal failure [25]. 

 

Vitamin D 

 

Vitamin D mainly its active metabolite calcitrol increases the digestive calcium absorption 

which reflects on increase calcium levels in urine provide wide chances for calcium calculi 

formation [26]. 

 

Polymorphism of calcium sensing receptor 

 

The primary purpose of the calcium detecting receptor is to maintain calcium levels in the 

systemic circulation consistent so that the receptor may accomplish its essential functions. 

The polymorphism of the calcium detecting receptor causes hypercalciuria and is responsible 

for the production of calcium calculi [27]. 

 

Hyperuricosuria 

 

This condition originates as a result of an excessive intake of purine-rich foods such as meat 

and fish, which causes an increase in uric acid production. The increasing concentration of 

uric acid contributes significantly to the formation of calcium calculi, especially calcium 

oxalate [28][29]. 

 

Uric acid calculi 

 

Acidic urine 

 

Acidic urine is majorly responsible in formation of uric acid calculi rather than 

hyperuricosuria i,e increase in concentration of uric acid in urine [30][31]. 

Uric acid solubility dropped from 750mg per litre in alkaline pH to 100 mg per litre in acidic 

pH. When protons react with uric acid at an acidic pH, protonated uric acid is formed. Uric 

acid calculi develop when the concentration of protonated uric acid exceeds 100 mg per litre 

and precipitates. At contrast, uric acid crystallises in alkaline pH if the uric acid concentration 

surpasses 750mg per litre. As a result, acidic urine is the most critical factor in the production 

of uric acid calculi in hyperuricosuria [32]. 

 

Hyperuricosuria  

 

Hyperuricosuria means the increased excretion of uric acid in urine. The major reasons for 

increased excretion of uric acid in urine are 
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❖ Excess intake of protein diet: such as organ meet, red meet, pork, beer (alcoholic drink), sea 

foods (such as scallops, anchovies, cardines etc.) [33]. 

❖ Myeloproliferative syndrome: (excess production of RBCs and WBCs underwent excess 

purine metabolism during destruction of cells) 

Myeloproliferative disorder is accompanied by an overproduction of red and white blood 

cells. It induces a high turnover of blood cells, which implies that many cells are created and 

then destroyed. Because of the increased destruction of cells by damaging the nucleus, there 

is an increase in purine metabolism, which leads to an upsurge in uric acid synthesis, which 

increases blood circulation. Uric acid calculi are caused by an increase in uric acid [34]. 

 

❖ Lesch – Nyhan syndrome: (lack of hypoxanthine guanine phosphoribosyl transferase 

enzyme results in uric acid production) 

Lesch - Nyhan syndrome is a neurological disorder caused by a deficiency of the enzyme 

Hypoxanthine - Guanine Phosphoribosyl Transferase (HGPT). This enzyme is engaged in the 

purine salvage pathway. Purine bases are reutilized and converted into purine nucleotides via 

this mechanism. Hypoxanthine and guanine are transformed by the HGPRT enzyme into 

iosine monophosphate and guano sine monophosphate. During this process, phosphoribosyl 

pyrophosphate (PRPP) is involved, providing ribose phosphate and yielding inorganic 

pyrophosphate (PPI). Because the hypoxanthine - Guanine Phosphoribosyl Transferase 

enzyme (HGPRT) is completely absent, the levels of hypoxanthine, guanine, and 

phosphoribosyl pyrophosphate (PRPP) are elevated. By purine degradation pathway the 

elevated levels of hypoxanthine and guanine are converted into uric acid, which results in 

increased concentration of uric acid in urine may results in formation of uric acid calculi [35]. 

 

❖ Gout: (Too much uric acid crystals deposits in joints it occurs mainly due to 

Myeloproliferative syndrome) 

  

❖ Type II diabetis: Patients with type II diabetes are more prone to uric acid calculi because 

their urine is acidic. The acidification of urine is mediated by an increase in net acid excretion 

(NAE) and a decline in the quantity of ammonium ion, both of which help to maintain the 

acid-base balance.Insulin resistance is the reason for reduced ammonia excretion as well as 

net acid excretion in type II diabetics. Insulin is responsible for stimulating ammonia 

production and sodium hydrogen exchange in the renal proximal tubule, which mediates 

ammonia excretion [36]. 

 

Struvite calculi 

 

Struvite calculi are most frequently caused by urinary tract infections. The bacterial species 

that yields urease enzyme converts urea to ammonia and carbon dioxide. The synthesis of 

ammonia in urine raises the pH of the urine, turning it alkaline in nature. The alkaline pH of 

urine precipitates phosphates and magnesium, resulting in the production of magnesium 

ammonium phosphate [37][38]. 
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Cystine calculi 

 

Cysteine calculi typically arise as a result of a genetic disease in which the renal tubules fail 

to reabsorb cysteine amino acid from urine, resulting in increased cysteine excretion in urine. 

Excretion of cysteine without reabsorption from renal tubules is also not a problem because 

the cystine is soluble in urine upto 250 to 300 mg per liter in normal pH (i.e.. 6.2 – 6.8). If 

cystine concentration in urine is increases beyond the solubility limit leads crystallization and 

results in calculi formation [39][40][41]. 

 

4. Diet in relation to renal calculi: 

 

Calcium is crucial in the production of urinary calculi. Oxalate absorption from the gut is 

inversely proportional to calcium dietary intake, i.e. less calcium intake leads to increased 

oxalate absorption from the intestine, resulting in enhanced concentration in urine. Calcium 

consumption of more than 1200 mg per day aids in the reduction of oxalate concentrations in 

urine and the inhibition of calcium oxalate calculi development. If the calcium intake is 800 

mg per day, it is responsible for calcium imbalance and bone calcium loss [42][43].  

 

A high-sodium diet is to responsible for an increase in urine calcium levels. Hypercalciuria is 

caused by elevated calcium levels, which results in the production of calcium-based calculi. 

Because of the concentration gradient created by sodium's active reabsorption, calcium is 

passively reabsorbed into the proximal tubule. A low sodium diet of 1800 - 2300 mg per day 

increases proximal sodium and passive calcium absorption by minimizing calcium loss into 

urine. Instead of limiting calcium intake, individuals with calcium-based calculi such as 

calcium oxalate and calcium phosphate calculi should consume less sodium. Now a days 

focus is shifted in limiting the sodium intake by pairing the calcium rich and oxalate rich 

foods is effective. Current guidelines recommend not more than 2300 mg of daily sodium 

intake.   

 

Diet including red meat, poultry, egg, sea foods etc. rich in purine content. It increases the 

production of uric acid and get accumulate as crystals in the joints or in kidney as calculi. The 

increased uric acid levels show its impact on reducing the urinary citrate levels responsible in 

inhibition of calculi formation. This condition can be overcome by decrease intake of low 

animal protein diet and increase the healthy diet include the vegetables, fruits, whole grain 

and low fat dairy products decrease the urine acidity and it helps in reducing the chance of 

calculi formation [44]. 

 

Calcium oxalate calculi are the leading type in renal calculi. The oxalate levels are rich in 

many foods including vegetables and fruits. Vegetables rich in oxalate are beet root, spinach, 

rhubarb, potatoes, nuts etc. Beverages such as tea, coffee and cocoa consist of high oxalate 

content. Oxalate levels in urine increase due to the deficiency of the oxalate degrading 

bacteria in gastrointestinal tract which results in prevention of absorption of oxalate from gut 

wall [46]. The 10 - 20% of oxalate in urine is from absorbed dietary oxalate whereas the 
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remaining oxalate is as a result of endogenous production from two major precursors 

glyoxalate and ascorbic acid. Out of which 35 – 50% of urinary oxalate is from ascorbic acid 

and 50 – 70 % from the glyoxalate. The people suffering from calcium oxalate calculi are 

instructed to have the above mentioned foods in less amounts or prevent completely. The 

condition arises if mean urinary oxalate excretion is > 45mg per day.  Intake of high calcium 

diet decreases the absorption of oxalate. Therefore the individuals suffering from increased 

oxalate levels are instructed to have adequate calcium. Having oxalate rich and calcium rich 

foods during meals gets bind to the stomach and intestine before the processing of kidney 

[46]. 

 

The main reason responsible for renal calculi is supersaturation of ions, salts results in crystal 

formation followed by crystal growth and aggregation. It is advised to have more and more 

fluid intake which dilutes the urine concentration of crystal forming ions and salts [47]. 

Increased uptake of fluids of more than three liters of water per day also flush the crystals of 

size less than 5mm which are enough results in large calculi. The epidemiologic studies 

stated that the intake of water, fluids should be such that at least 2.5 L urine output can 

prevent the formation of calculi. Fluids include water, citrus drinks like lemonade and orange 

juice rich in citrate which is a urinary calculi inhibitor. The role citrate in urine is to prevent 

the formation of insoluble calcium oxalate and phosphate by resulting in the formation of 

calcium citrate which is freely soluble. Some studies states that uptake of high quantities of 

vitamin C enhances the calculi formation because it converts into oxalate  

The recurrence of calculi is minimized by fewer intakes of sodium, animal protein, oxalate 

rich diet, normal or high intake of calcium and excess fluid consumption. 

 

Risk factors associated with renal calculi formation: 

 

Age and sex: Frequency of Calculi formation is widely noticed at the age of 20-50 years. 

Prevalence of calculi is high in males in comparison to females (13%, 7% respectively) [48]. 

Diet: Excess intake of animal protein, sodium and deficiency of calcium intake, citrate, fibre 

and alkali foods leads to calculi formation, having less fluid intake. 

Family history: Renal calculi in family history increase the risk of calculi formation by two 

to three folds than an individual with negative family history. 

Dehydration: Loss of fluid intake in the form of sweat results in supersaturation of urine 

followed by calculi formation. 

Urine composition: Excessive excretion of calculi forming promoters and decreased 

excretion of calculi inhibitors causes calculi formation. 

Metabolic disorders: Hypercalciuria, Hyperoxaluria, Hyperuricosuria, Hypocitraturia and 

history of gout. 

Anatomic abnormalities: Medullary sponge kidney disorder patient’s results in high risk of 

renal calculi and incidence of recurrence, ureteropelvic junction stenosis and horse shoe 

kidney [49]. 

Inflammatory bowel diseases and gastric bypass surgery: It affects the absorption of 

calcium ions, increases the precipitation of calcium and other calculi forming substances. 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 9 (Sep) - 2022

http://ymerdigital.com

Page No:1132



Intestinal oxalate degrading bacteria: Urine oxalate levels increases with the absence of 

intestinal oxalate degrading bacteria [50]. 

Seasonal changes: Incidence of calculi is observed mainly in summer than in winter due to 

dehydration. The dehydration supersaturates the calculi forming ions in urine results in renal 

calculi. 

Drugs: Indinavir (a protease inhibitor), sulfadiazine(sulfonamides), triameterene and 

metabolites, Phenazopyridine metabolites, oxypurinol (Allopurinol metabolite), Calcium 

ceftriaxonate, amoxicillin trihydrate, calcium + vitamin D supplements, acetazolamide, 

uricosuric drugs, aluminium hydroxide, corticosteroids, naftidrofuryl oxalate, 

glucocorticoids, theophylline etc. 

 

5. Clinical manifestations: 

 

➢ Calculi formation causes flank pain which causes discomfort below the ribs and above the 

ileum. The pain associated only the side where calculi formed and lasts for 20-60 min. The 

pain in the back accompanied with nausea and vomiting. 

➢ The flank pain shifted to lower abdomen results in groin pain. 

➢ Blood in urine was observed (haematuria). 

➢ Cloudy and foul smelling of urine was noticed. 

➢ Fever and chills due to urinary tract infections. 

 

6. Pathophysiology: 

 

Renal calculi formation is a biological process involves physicochemical changes and 

supersaturation of urine. Supersaturation results in precipitation of solutes in urine leads to 

nucleation. Supersaturation of urine is influenced by the calculi forming substances such as 

calcium, oxalate, phosphate, uric acid, cystine and low urinary volume. Both pH and specific 

concentrations of excess substances influence the formation of calculi. Renal calculi 

formation is due to the imbalance between the urinary calculi inhibitors and promoters. 

 

Steps involved in the formation of renal calculi: 

 

Crystal nucleation: It is the initial step which involves the formation of nucleus termed as 

nidus from the supersaturated urine in kidney. The free atoms, molecules and ions in 

supersaturated urine form microscopic clusters and get precipitated. The nucleation starts 

with decrease in urinary calculi inhibitors over promoters. Existing epithelial cells, red blood 

cells, urinary cast and other crystals acts as nucleating centres in process of nuclei formation 

termed as heterogeneous nucleation. The process of nucleation is rapidly takes place.  

Crystal growth: crystal growth takes place by two mechanisms i.e. either by aggregation of 

preformed crystals or by secondary nucleation of crystal. The process of formation of nidus 

(nucleation) is rapidly takes place if inhibitors are less than promoters. In case of crystal 

growth i.e. the aggregation of crystals is slow and long process to obstruct the renal tubules. 
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The calculus formed in the urine has an intimate contact with the renal tubular epithelial cell 

membranes. Lipids of epithelial cell membranes are involved in the nucleation of crystals. 

Calculi aggregation: The small hard masses of calculi in urine sticks together to form large 

calculi. The calculi retains with in the kidney.  

Crystal cell interaction: It is termed as attachment of crystals to the renal tubular lining with 

the epithelial cells. Crystal cell interaction results in redistribution of phospholipid 

phosphatidyl serine in renal epithelial cell surface. It activates the cytosolic phospholipase 

enzyme which produces the byproducts archedonic acid, assorted lyso phospholipids and 

ceremide. These byproducts trigger many signalling path ways in the epithelial cell. By 

products such as archedonic acid and lyso phospholipid causes mitochondrial damage, 

changes in the gene expression by free radical generation i.e. reactive oxygen species (ROS). 

The byproduct ceremide cause the following cellular responses such as membrane damage, 

cellular injury, proliferation, cytotoxicity etc. The reactive oxygen species enhance the 

epithelial cell membrane damage by unmasking the crystal binding sites; crystals adhered to 

the epithelial cell act as the centres for the nucleation for new calculi. Calculi damage the 

renal epithelial cell by enters into the cell by endocytosis. Calculi move to the basolateral side 

and providing centre for calculi growth in renal interstitial. The injured renal tubular 

epithelial cell inverts its membrane which is anionic act as site crystal adherence. Injured 

renal tubular epithelial cells produce many membrane vesicles acts as nucleators (nuclear 

promoters) of calculi. Injured epithelial cells release renal prothrombin fragment-I and 

anionic proteins induce calculi aggregation.  Deposition of calculi on madin-darby canine 

kidney epithelial cells than at proximal tubular epithelial cells because of the presence of 

hyaluronan binding molecule. Therefore by blocking the crystal binding molecules such as 

osteopontin, hyluronic acid, sialic acid and monocyte chemo attractant protein -I on the 

epithelial cells is one of the approaches in preventing the calculi formation. 

 

6. Diagnosis:  Imaging techniques used for diagnosis of calculi are: 

 

 Computed tomography: It is used for imaging the calculi in kidney by passing the low dose 

radiation. It gives better quality of imaging with accurate measuring of calculi size and 

location. The detection accuracy in imaging depends on calculi size, intensity, noise level and 

signal to noise ratio. The detection accuracy increases with increase in calculi size, intensity 

and signal to noise ratio and decreases with increase in noise level. Therefore difficult to 

identify the calculi of 5 mm in size due to the noise in imaging, fortunately the calculi of that 

size cannot cause ureteral obstruction. It is easy to image the calculi in case of obese patient 

also. It offers >95% sensitivity and 98% specificity. The major drawback is the amount of 

ionizing radiation particular in case of frequent calculi formers, pregnant women and young 

patients and costly. This method is used for imaging of radio opaque calculi such as calcium 

based calculi but not in case of uric acid calculi which is radiolucent in nature [51].  

 

Ultrasonography: Calculi are detected by passing the short pulses through transducer. These 

waves propagate through the tissues and reflect back to the source. The probe used for 

detecting calculi is usually 3.5-5MHz. This technique is effective when patient is sensitive to 
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invasive radiation such as pregnant women and young patients, operator dependency and 

economical compare with non-contrast computer aided tomography scan. Though it has the 

merits over the non-contrast computer aided tomography scan the usage is limited due to its 

low sensitivity (45%) and specificity (88-94%) and in accurate measurement of calculi size. 

Sensitivity increases with increase in size of calculi. The sensitivity was found to be 13% for 

calculi less than 3 mm and increase to 71% in case of calculi more than 7mm. 

Ultrasonography usually overestimates the calculi size by 1.8 mm on average. This method 

used for imaging of both radio opaque and radiolucent calculi [52][53][54] 

 

Plain X-rays: It helps in detecting of different types of calculi such as calcium oxalate, 

calcium phosphate, struvite and cystine calculi. It offers low radiation than CT scan (0.6 – 1 

msv) and inexpensive, whereas sensitivity reported is low i.e. ranges between 29%-54%. 

With low sensitivity. Major drawback besides sensitivity is overlook of calculi located on the 

bone. 

 

Intravenous pyelogram: It is a X-ray examination of kidney, ureter and urinary bladder by 

injecting the iodinated contrast material into veins. This method is replaced with CT scan. CT 

scan can do in faster manner as IVP often requires delayed imaging to allow contrast 

excretion into a partially obstructed collecting system. 

 

7. Treatment options 

 

Various treatment strategies are employed to treat urinary calculi condition based on the 

calculi size, location, degree of obstruction and kidney function. 

Different approaches made in the treatment of renal calculi are 

➢ Medical expulsion therapy 

➢ Surgical techniques 

➢ Synthetic drugs 

➢ Herbal medication  

 

Medical expulsion therapy: Medical expulsion therapy is employed if the size of calculi is 

<12mm. It promotes the spontaneous removal of calculi with medication such as alpha-1 

adrenergic blockers, calcium blockers, phosphodiesterase-5 (PDE5) inhibitors and anti-

inflammatory agents. It expels calculi by decrease uterine smooth muscle contraction and, 

there by expulsion of calculi from distal portion. Success rates are high with smaller the 

diameter of calculi [55][56]. 

Tamsulonin is frequently used α -D Adrenoceptor blockers in expelling the ureteral calculi 

from distal portion [57][58]. 

 Success rate is based on size and location of calculi. A calculi of 1mm has 87% of chances of 

passage, 2-4mm of 76%, 5-7mm has 60%, 8-9mm has 48% and 10mm or large has 25% 

chances for passage. Similarly a proximal calculus has 48%, mid ureteral calculi has 60% and 

distal calculi has 75 to 79% chances of spontaneous passage. It has been predicted that the 

passage time for calculi for less than 2 mm is 8 days, 4-6 mm; it may take 22 days for the 
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passage of stones. Moreover this method is continued for more than 45 days which may leads 

to more complications. 

 

Surgical techniques: 

 

Surgical techniques are one of the effective methods of treatment in urolithiasis. It was 

reported as treatment option for calculi in Hindu and Greek writings. An ancient Indian 

surgeon named Sushruta (600 B.C) provided detailed description of 300 surgical procedures 

including perineal lithotomy. Hippocrates (460 to 370 B.C) reported that calculi surgery is a 

specialist skill. Ammonius (276 B.C) reported that crushing of bladder calculi makes easy 

removal of calculi. Method of calculi removal such as Litholopaxy introduced by Bigelow in 

1874 and Cystotopic lithorite by Young and Mckay (1870-1945). A change made in method 

leads to extracorporeal shock wave lithotripsy was introduced at 1980’s. 

 

Extracorporeal Shockwave lithotripsy (ESWL): 

 

This method involves fracture or disintegration of calculi by using focused shock waves. It is 

utilized to disintegrate the calculi size upto 1 cm effectively and it does not have high success 

rate if calculi size is ranging from 1 to 2 cm or more than 2 cm. The major drawback 

associated is whether the calculi is disintegrated to required size to pass through ureter is not 

clear, therefore rate of retreatment is increased. Limitations in usage include pregnancy 

condition, skin to calculi distance in obese patients and urinary tract infections. The 

placement of ureteral stunt with no usage of instrumentation is the advantage [60]. It is 

contraindicated in patients with anti - coagulant therapy and patients with UTI. 

Complications include bleeding, blood in urine and injury to GIT organs, long term effects of 

hypertension, renal function, bruising, nausea and vomiting. It is proved to be effective in 

treatment of renal calculi in paediatrics [61][62][63]. 

 

Uteroscopic Lithotripsy (URSL): In these method calculi is fragmented by using as energy 

via laser fibre through the scope. It is preferred widely in case of calculi size is upto 2 cm and 

in case of multiple calculi. This technique is performed by passing the uteroscope through the 

ureter which visualize the exact location of calculi as well as it is clear whether calculi 

disintegrates into required size to pass through ureter which is drawback in case of ESWL. 

High stone free rate and low retreatment rate is advantage with this technique in comparison 

with ESWL. The drawback include it demands more aesthesia, specialized trained person, 

stent placement, hospitalization and time consuming process compare with ESWL. The stunt 

is placed for a week after the uteroscopy procedure. In most of the patients the stunt may 

cause irritation in ureter and bladder results in complications such as cramping, discomfort 

and back pain during urination, blood in urine, frequent urination, urinary urgency and 

bladder pain [64].  

 

By comparing the extracorporeal shockwave lithotripsy (ESWL) and uteroscopic lithotripsy 

(URSL), it is concluded that URSL is effective in case of stone free rate and the retreatment 
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rate compared to ESWL. If compared with operation time URSL need longer time than 

ESWL due to its high invasiveness [65][66].  

 

Percutaneous nephrolithotomy (PCNL): It is a surgical procedure where surgeon makes a 

small incision about the size of a dyne in back and inserts a tube into kidney which breaks the 

stone into pieces. It is primary treatment option to clear the calculi of size >2cm. It is widely 

used in treatment of large and complex calculi with superior stone free rates in comparison to 

ESWL and URSL still with serious complications include haemoglobin drop, blood 

transfusion, damage of renal parenchyma and post-operative analgesic if the surgeon is less 

experienced. The complications increase with increase in calculi size. It pocess 100% stone 

free rate subject to calculi size less than 1 cm which was not revealed with ESWL and URSL. 

However it reduces the mortality and morbidity and remains the first line treatment of renal 

calculi. It requires a stunt and removes after a week of surgery. It may cause irritation in 

ureter and bladder results in complications such as cramping, discomfort and back pain 

during urination, blood in urine, frequent urination, urinary urgency, bladder pain. Usually 

ESWL is preferred for paediatrics in calculi treatment but now a days mini and micro PCNL 

is using for paediatrics with increased stone free rates [67][68]. 

 

Open or Laparoscopic surgery: It includes anatrophic nephrolithotomy and pyelolithotomy 

but are rarely used because it results in high morbidity and complication rates. Therefore 

these are generally reserved for selected cases. This technique is preferred in rare cases if 

ESWL, URSL and PCNL fail to treat calculi. 

However these techniques are effective in treating calculi condition, but not resulted end 

point in calculi therapy, because the patients have a high incidence of recurrence of calculi 

and results in invasive complications such as haemorrhage, hypertension, tubular necrosis, 

fibrosis of kidney etc. and expensive.  

After the surgical procedure the physician gives a strainer and collection bottle to patient to 

urinate and collect the stone pieces which may look like sand and gravel to analyse the type 

of calculi. Type of calculi is determined by urine analysis which helps to take specific 

measures including the medication and diet control to prevent the reoccurrence of calculi. 

 

Synthetic drugs: Based on calculi type respective drugs are used in urinary calculi treatment. 

 

Calcium oxalate and calcium phosphate: 

  

Drugs employed in the treatment of calcium oxalate and calcium phosphate calculi are  

➢ Thiazides such as chlorthaiazide, bendroflumethiazide, trichlormethiazide, 

hydrochlorothiazide, indapamide used to treat calcium related calculi by decrease in urine 

calcium levels by increase reabsorption of calcium from proximal renal tubule, thick 

ascending limb and distal convoluted tubule. It results in increase calcium in blood and 

increase the flux of calcium into bone [69][70][71]. 

➢ Citrate supplementation include potassium citrate, potassium magnesium citrate etc. It 

prevents the formation of calculi by forming complex with calcium which are freely soluble.   
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Combined administration of magnesium oxide and pyridoxine HCl results in decrease in 

calcium oxalate risk by effecting the absorption and synthesis of oxalate from gut wall and 

precursors respectively. Besides decrease in oxalate levels in urine it also increase the citrate 

concentration in urine by decline in reabsorption of citrate from renal tubule. It was reported 

that the magnesium supplementation should administer along with meals which enhance the 

solubility of magnesium salts and increase binding of magnesium with oxalate results in 

decreased urine oxalate levels [72][73]. 

 

Uric acid calculi:  

 

➢ Treatment of uric acid calculi mainly involves urine alkalization to PH ranges between 6.2-6.8 

where the uric acid is soluble. Therefore potassium citrate or sodium bicarbonate is effective 

in urinary alkalization leads to solubilization of subsist calculi. The alkalization of urine 

should be within the limits i.e. not exceeds pH 6.5 which may causes the formation of 

calcium phosphate calculi. In such consequences potassium citrate is widely employed to 

alkalize the urine mean while prevents the calcium salt precipitation [74]. 

➢ Besides usage of urine alkalizing agents allopurinol is also extensively used to decrease the 

frequency of uric acid calculi by reducing the amount of uric acid made by the body. 

Allopurinol is xanthine oxidase inhibitor minimizes the production of uric acid by inhibiting 

the xanthine oxidase enzyme which plays a major role in converting purines into uric acid 

➢ Excess intake of water prevents uric acid calculi by increase in urine volume which decreases 

the concentration of uric acid below to 100 mg per litre. 

 

Struvite calculi:  

 

These are known as triple phosphate or calcium magnesium aluminium phosphate and are 

formed due to urea splitting bacteria which hydrolyses the urea into ammonia there by 

increases the pH of the urine at which it is insoluble. 

➢ By using anti microbials such as penicillin, ampicillin and tetracyclins which makes the urine 

sterile. It prevents the production of ammonia thereby increase in pH facilitates calculi 

formation due to the absence of urea splitting bacteria. 

➢ Acetohydroxamic acid is employed to prevent struvite calculi by inhibiting the hydrolysis of 

urea into ammonia in urine infected with urea splitting bacteria results in decrease in 

ammonia levels there by decrease in pH 6. The calculi recurrence can be avoided even if 

patients with urinary infection not responding to specific antibiotic treatment. Its use is 

decreased due to its side effects including gastrointestinal upset, headaches, thrombophlebitis 

and rash [75]. 

 

Cystine calculi:  

 

The cystine calculi solubility is enhanced by urinary volume and alkalization of urine above 

pH 7.  

➢ Treatment involves urine alkalization to PH more than 7 where the cystine is poorly soluble in 

normal urine pH ranges from 6.2 – 6.8. Therefore potassium citrate or sodium bicarbonate is 
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used in urinary alkalization leads to solubilization of cystine calculi by increase its solubility 

from 250 – 300 mg per litre at normal pH to 500 mg per litre at alkaline pH. Too much 

increase in pH of urine may also leads to precipitation of calcium phosphate calculi. 

Therefore care should be taken while increase in pH of the urine using suitable alkali such as 

potassium citrate which increase pH of urine and inhibit the calcium phosphate precipitation. 

➢ A part from urinary alkalization cystine binding drugs sulfhydryl agents such as D-

penicillamine or tiopronine and captopril are used. It forms highly soluble mixed disulphides 

with cystine moieties which prevents calculi formation. These drugs are associated with 

many side effects such as fever, rash, leukopenia, aplastic anaemia, proteinuria and 

hepatotoxicity [76]. 

 

Herbal medication: 

 

The general problem the patient is experiencing with the surgical techniques and synthetic 

drug moieties are side effects during or after the therapy and the high incidence of recurrence 

of calculi. Therefore in order to minimize the side effects and recurrence of calculi the focus 

is shifted to herbal medication [77][78][79][80][81]. 

Medicinal plants played a major role in ancient traditional medicinal systems. Till today 

plants are one of the economical source of medicine for the majority of population with safe 

and minimal side effects. The world health organization also emphasized the utilization of 

herbal drugs and traditional medicine for the benefit of the world population due to cost 

effectiveness and less side effects [82][83][84][85] 

 

Table 1: List of medicinal plants used in the treatment of urolithiasis. 

Scientific name Part used 

Abelmoschus moschatus [86] Seed 

Acorus calamus  [87] Rhizome 

Aerva lanata [88] Areial parts 

Asparagus racemosus [89] Root 

Berberis vulgaris [90] [91] [92] Root 

Boerhavia diffusa [93] Root 

Bombax ceiba [94] Fruits 

Benincasa hispida [95] Seed 

Biophytum sensitivum [96] Whole plant 

Bryophyllum pinnatum [97] Leaf 

Boldoa purpurscenes [98] Leaf 

Ceropegia bulbosa var. Lushii [99] Root 

Coleus Aromaticus Benth [100] Leaves 

Costus spiralis [101] Whole plant 

Cynodon dactylon [102] Rhizome 

Dolichos Biflorus [103] Seed 

Flos carthami [104] Whole plant 

Fucus vesiculosus [105] Sea weed 
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Gokhsuradi Churan [106] Ayurvedic Formulation (Mixture of 

plant extracts) 

Helichrysum plicatum [107] Flower 

Hordeum vulgare [108] Seed 

Hygrophilia spinosa [109] Whole plant 

Ipomea eriocarpa [110] Leaves 

kalanchoe pinnata [111] Leaves 

Lantata camara [112] Root 

Leea macrophylla  [113] Whole plant 

Lepidagathis prostrate [114] Whole plant 

Melia azedarach linn [115] Leaves 

Mimusops elangi [116] Bark 

Mitragyna parvifolia Korth. [117]  Root 

Moringa olifera [118]  

Ocimum gratissimum [119] Whole plant 

Pergularia daemia [120] Whole plant 

Pinus maritime [121] Seed 

Punica granatum [122] Fruits 

Pinus eldarica [123] Fruit 

Raphanus sativas [124] Bark 

Rotula aquatica Lour [125] Root 

Sesbania grandiflora [126] Leaves 

Solanum xanthocarpum [127] Fruit 

Tribulus terrestris [128]  

Vernonia cinerea Less [129] Whole plant 

Urtica Dioica [130] Leaves 

 

8. Conclusion  

 

urolithiasis is highly prevalent in present scenario and frequency of incidence is increasing 

compare to past in worldwide which effects the economic condition of the patient  It arises 

due to supersaturation of calculi forming constituents due to changes in pH and more  

prevalent in men than in women. Many factors are responsible in formation of calculi such as 

metabolic, dietary, infection, environmental factors etc. Advanced technologies like 

computed tomography, ultrasonography, plain x-rays, IV pyelogram are used to diagnose the 

calculi formation. Based the size and location of calculi suitable treatment strategies are 

employed. Though medical expulsion therapy, Surgical techniques and synthetic drugs 

effective in treating the renal calculi condition due to complications, side effects and calculi 

reoccurrence the focus is shifted towards the herbal medication with minimal complications, 

side effects and decreased calculi recurrence. Several herbs are reported in having 

antiurolithiatic activity. 
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