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ABSTRACT 

Renal calculi is nothing but a crystalline structures of calcium oxalate (C2H2CaO5) 

associated with risk factors like dehydration, high fat diet, high salt, animal protein and obesity. 

Due to the formation crystalline structure in the distal tubule, collecting duct etc.  have symptoms 

like abdominal pain. Nephrolithiasis is a worldwide situation affecting all the regions. It is more 

prevalent in Europe, Canada, America, East Asia, Gulf region, Japan, China and different parts of 

India. The epidemiological study of renal calculi is evolving regarding the diet, obesity, gender etc. 

by modifying life style, diet and normal healthy weight, low fat and salt, proper hydration; we 

reduce the occurrence of renal calculi. The prevalence of renal calculi increases with augmented 

intake of caffeinated, high sugar containing beverages etc. Recent study shows that consumption of 

8-ounces of caffeinated coffee and tea decrease the risk of stone development in women by 10 % 

and 8 % respectively. The same amount of wine decreases the risk by 59 % while grape juice 

increases the risk by 44 %. 

 

Article Info: 

Received: 02-02-2018 

Revised: 15-02-2018 

Accepted: 28-02-2018 

 

1. INTRODUCTION 

Kidney stone which is also called renal 

calculus. A kidney stone is a firm, crystalline mineral 

material formed within the kidney (or) urinary tract 

become so huge as to impair usual renal function. There 

are certain circumstances where there is increase in the 

likelihood of stone formation, either by reduction in 

fluid volume (or) increase in mineral concentration can 

be enough to disappoint the delicate balance between 

the liquid and its solutes. An augment in mineral 

concentration in the kidneys may occur due to the 

metabolic changes (or) infections. Once a stone begins 

developing, it grows continuously due to the 

precipitation of urinary salts can form a clump of 

bacteria, degenerated tissue, sloughed-off cells, or a tiny 

blood clot etc. accumulate around the foreign particle 

and form encrust over it. As the stone size increases the 

surface area available for mineral deposition increases 

constantly. Kidney stones are frequent cause of blood in 

the urine (hematuria) and often severe pain in the region 

of abdomen, flank, or groin. This condition of kidney 

stones is termed as nephrolithiasis. Having stones at any 

location in the urinary tract is termed as urolithiasis, and 

the term ureterolithiasis is refers to stones situated in the 

ureters. 

Epidemiology1: The incidence of renal calculi 

intensifying day by day. Mostly due to changes in diet, 

lifestyle, obesity etc. According to the survey in 2012 

by National Health and Nutrition Examination 10.6 % 

of men and 7.1 % of women are reported with renal 

calculi when compared to the report of 1994 men of 

about 6.3% and women of about 4.1%. The incidence 

of renal calculi1 in related to obesity and age is in ratio 

of women with BMI of > 32 kg/m2 compared to those 

with a BMI of 21-22.9 kg/m2 was 1.76 and men in the 

ratio of 1.38. The incidence fraction of men to women 

with renal calculi as per gender is diminished from 3.4 

to 1.3. The incidence ratio of renal calculi in relation 

with diet was about 1.34 for women who consumed > 8 

portions of spinach in a month. The prevalence of renal 

calculi increases with increased intake of caffeinated 

drinks, sugar containing beverages etc. recent study 

shows that consumption of 8-ounces of caffeinated 

coffee and tea decrease the risk of renal calculi in 

women by 10 % and 8 % respectively. The same extent 

of wine decrease the risk by 59 % while grape juice 

increases the risk by 44 %. A lot of studies from India 

have also documented that calcium oxalate forms the 

chief constituent of renal calculi disease in India. The 

prevalence of renal calculi cases as shown in figure 1. 

The epidemiological study of risk factors that enhance 

renal calculi as exhibit in figure 2. 

Stone composition: Most of the stones formed by 

calcium oxalate and is associated with hypercalciuria 

and hyperoxaluria. Types of stone composition among 

various populations is represented in figure 3. 

Hypercalciuria: It is seen in conditions with high 

sodium diet, on loop diuretic therapy, renal tubular 

acidosis, sarcoidosis, Cushing syndrome, aldosterone 

excess or condition associated with hypercalcemia. 
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Hyperoxaluria: It is seen in people with intestinal 

malabsorption syndromes (inflammatory bowel 

disease, pancreatitis) due to decreased secretion of 

intestinal oxalate and by binding of intestinal calcium in 

the bowel lumen increases the absorption of free oxalate 

and cause hyperoxaluria. 

Calcium oxalate: This stones may form due to 

deficiency of urinary citrate an inhibitor of stone 

formation under metabolic acidosis, hyperuricosuria. 

Calcium phosphate: This stones are very rare and tend 

to occur only in an abnormally high urinary pH. 

Struvite: This stones are formed in collecting systems 

during infection with urea-splitting organisms. Struvite 

is one of the component present in staghorn calculi. 

Risk factors include UTI, urinary catheters etc. 

Uric acid: About 5 – 10 % of all stones are composed 

of uric acid. This is most commonly seen in people with 

obesity and other metabolic abnormalities may produce 

uric acid stones. They are most commonly seen in 

association with conditions that 

cause hyperuricosuria with or without hyper uricemia. 

This conditions are mainly seen in combination with 

disorders of acid/base metabolism where the pH of 

urine is excessively acidic which results in 

accumulation of uric acid crystals. The uric acid 

urolithiasis is done with the help of radiolucent stone 

with urine acidity which helps in diagnosis of uric acid 

crystals in the fresh urine sample. 

Cystine stone: People with certain rare inborn errors of 

metabolism have a tendency of crystal-forming 

substances in their urine. For example, people 

with cystinuria, cystinosis, and Fanconi syndrome may 

form stones composed of Cystine. Urine alkalization 

and dietary protein restriction are used to treat cysteine 

stones.  

Xanthine stone: People afflicted 

with xanthinuria often produce stones composed 

of Xanthine. 

  
Figure.1.Prevalence of renal calculi cases Figure.2. Epidemiological study of risk factors that 

enhance renal calculi                                                           

  

 
    Figure.3.Types of stone composition among various populations 

Risk factors:  

Obesity and hypertension: Obesity is the major risk 

factor as well. High intake of animal protein, sodium, 

refined sugars, fructose and oxalate, grapefruit juice 

and apple juice may provoke the risk of renal calculi. 

Due to high sodium intake and abnormality in 

electrolytes which is seen in case of hypertension and 

renal calculi. 

Diet:  

1) High animal protein intake: High intake of animal 

protein which increase acid load that increases excretion 

of calcium and uric acid and reduced citrate through 

urine. Urinary excretion of uric acid and amino acids 

like (e.g., Cystine and methionine) and other 

acidic metabolites from animal protein which increase 

the acidity of urine, which increase the risk of renal 

calculi. Low citrate excretion is commonly seen in those 

with a high intake of dietary animal protein, in case of 

vegetarians’ higher levels of citrate excretion is seen in 

urine. Low citrate through urine promotes the formation 

of kidney stones. 

2) Low fluid intake: Low intake of fluids is the major 

of renal calculi. When the urine becomes supersaturated 

with crystal forming substances, a crystal is formed 

through the process of nucleation. Super saturation of 

the urine with crystal forming compound is pH-

dependent. For example, Reduction in pH to 5.0 

decreases the solubility of uric acid. The uric acid 

stones requires a combination of hyperuricosuria with 
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low urine pH. Super saturation of the urine is a 

condition for the development of any urinary 

calculus. Super saturation is the major cause for the 

formation of Cystine stones and uric acid stones, but 

calcium-based stones (especially calcium 

oxalate stones) formation may have a complex cause.  

3) Vitamins: The vitamin C supplements with an 

increased rate of kidney stones. The excess dietary 

intake of vitamin C might increase the risk of calcium 

oxalate stone formation. The link between vitamin D 

intake and kidney stones is also tenuous. Excessive 

vitamin D supplementation may increase the risk of 

stone formation by increasing the intestinal absorption 

of calcium. 

4) Electrolytes: Calcium is not only the electrolyte that 

influences the formation of renal calculi. 

Drinking fluoridated water may increase the risk of 

formation of renal calculi by the same mechanism. High 

dietary intake of potassium appears to decrease the 

formation of renal calculi because potassium promotes 

the urinary excretion rate of citrate, which act as an 

inhibitor of calcium crystal formation. Renal calculi are 

more likely to develop, and grow larger in size, if a 

person has low dietary magnesium because magnesium 

inhibits formation of renal calculi. 

5) Others: Frequent and binge drinking can leads to a 

condition called dehydration, which in turn lead to the 

formation of renal calculi. Some drugs like sulfonylurea 

and some diuretics are also responsible for renal calculi. 

Signs and symptoms: Renal calculi are known to cause 

severe pain and Symptoms of renal calculi may occur 

only when the stone begins to move towards the ureters. 

This severe pain is termed as renal colic, seen only on 

one side of your abdomen and in men, pain may radiate 

to the groin region.  

Other symptoms renal calculi include: 

 Vomiting 

 Nausea 

 Foul-smell urine 

 Chills 

 Fever 

 Frequent urination 

 Blood in urine sample (red, pink, or brown 

urine) 

 Urinating small amounts of urine. 

In some cases when the stone descends from the kidney 

into the ureters. Ureters are small, too delicate and too 

large to move down the ureter into the bladder. Passage 

of stones down through the ureters can cause spasms 

and irritation of the ureters which causes blood to 

appear in the urine. In some cases stones obstruct the 

urine flow. It is said to be as urinary obstruction which 

can lead to kidney infection (pyelonephritis) and kidney 

damage. 

Testing and diagnosis of renal calculi: Diagnostic test 

for renal calculus requires a complete urine 

examination, health assessment and a physical 

examination. Other tests include: 

 Blood tests for calcium, phosphorus, uric acid, 

and electrolytes etc. 

 Blood urea nitrogen (BUN) and creatinine 

levels for assessing kidney functioning. 

 Urinalysis to check for bacteria, blood, crystals, 

casts and white cells. 

 Examination of stone type in determination of 

type renal calculi. 

The following tests can rule out obstruction: 

Abdominal X-rays: An abdominal x-ray is a picture of 

the abdomen that uses low levels of radiation  recorded 

on film or a computer. Abdominal x-rays is used to 

detect the location of kidney stones in the urinary tract. 

Not all types of stones are visible through abdominal x-

ray. 

Ultrasound of the kidney: Ultrasound is a non- 

invasive test used in diagnosing the renal calculi. By 

using sound waves we can detect kidney stones without 

exposure to radiation or to any contrast dye. Ureteral 

stones cannot be detected by using ultrasound, unless 

the stone is situated at the junction of the ureters and the 

bladder.  

MRI of the abdomen and kidneys: Magnetic 

resonance imaging (MRI) is a test done with the help of a 

magnetic field and radio wave energy to make images of 

organs and structures inside the abdomen. When 

compared to x-ray, ultrasound and MRI ultrasound gives 

the complete information regarding the presence of 

stones. 

Intravenous pyelogram (IVP): In this diagnostic test 

done with the help of dye injected intravenously. This 

dye is relatively dense and is excreted through the 

kidneys and can be diagnosed by using x-rays. The dye 

is excreted through the kidneys appears in the collecting 

ducts and then moves down into the ureters. In the 

presence of blockage it takes long time for the dye to be 

excreted. IVP is a reliable test for Renal/Ureteral stones, 

but it has a few drawbacks like radiation exposure, 

intravenous dye may cause some adverse reaction. 

Intravenous pyelogram is not a reliable test to diagnose 

other conditions. 

Retrograde pyelogram: The retrograde pyelogram is 

the diagnostic test done with the help of a dye to find out 

obstruction in the urinary tract. During this test, doctor 

will insert a thin tube (cystoscope) into the urethra, which 

carries urine out of the body through the bladder. 

Physician will then put a catheter through the cystoscope 

and into a ureter. Dye is injected with the help of catheter, 

and X-rays imaging technique should be used. 
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Treatment: 

Non pharmacological approaches: 

 By increasing fluid intake for more than 2 

liters per day. 

 Increasing citric acid intake. 

 Moderate intake of calcium. Limited sodium 

intake  

 Avoiding supplemental vitamin C. 

 Avoiding Oxalate rich foods. 

 Limiting animal protein. 

 Limited consumption of soft drinks containing 

phosphoric acid. 

 Magnesium intake reduce the symptomatic 

effect of nephrolithiasis. 

Management:  

Urine alkalization: Dietary elements that alkalize the 

urine include sodium bicarbonate, potassium citrate, 

Magnesium citrate and bicitra (a combination of sodium 

citrate dehydrate and citric acid monohydrate). 

Increasing the urine PH to 6.5 which aids in dissolution 

of uric acid stones .Increasing the urine PH >7.0 

increase the risk for the formation of calcium phosphate 

stone. Testing with nitrazine paper periodically to 

ensure the urine pH remain in the optimal range. 

Treatment: Management of pain often requires 

intravenous administration of NSAID’s or opioid (e.g.: 

tramadol). Oral medications are less effective. Medical 

expulsive therapy aid guide appropriate use of drugs for 

treatment of renal calculi. 

Table.1.Medical expulsive therapy (MET) 

Diuretics 

Drug Dose Mechanism Of Action Uses Adverse Effects 

Chlorthalidone 25 mg per day These drugs inhibits  

formation of calcium 

stones by inhibiting 

urinary calcium 

excretion 

Kidney 

problems 

Hypertension 

strokes 

Black tarry stools 

Bleeding gums 

Chest pain 

Allopurinol 

Allopurinol 200 mg orally 

O.D 

Inhibits the  uric acid 

crystals formation by 

interfering with the uric 

acid production in liver 

Renal calculi 

Gout 

Rash 

Hives 

Diarrhea 

Nausea 

Vomiting 

Calcium Channel Blockers 

Nifidipine 90 mg Relaxes smooth muscles 

by blocking calcium 

channels 

Renal calculi 

Hypertension 

angina 

Muscle cramps 

Bl  oating 

Alpha blockers 
Tamsulosin 0.4 mg Relaxes the smooth 

muscles by antagonism 

on the alpha 1 receptor 

Benign 

prostatic 

hyperplasia 

Kidney stones 

Floppy iris 

syndrome 

Severe hypotension 

Lithiotripsy: Extracorporeal shock wave lithotripsy 

(ESWL). It is a non-invasive technique used to remove 

calculus near renal pelvis. 

Mechanism: ESWL is carried out with the help of a 

lithotripter machine to deliver externally high-intensity 

pulses of Ultrasonic energy used to break the stone into 

fragments over a period of about 30 – 60 minutes. 

Uses: It is used in the treatment of normal stones located 

in the region of kidney and upper ureter which increase 

the risk of stone formation (stone size and number) not 

less than 20 mm (0.8 in) and kidney with normal 

anatomy. For a stone of about >10 mm (0.4 in), ESWL 

is helpless in case of fragmentation of stone in one 

treatment, two or three treatments may be needed.  

Factors effecting: There are number of factors can 

influence its efficacy, chemical composition of the 

stone and the exact location of the calculi in the kidney, 

hydronephrosis and body mass index. 

Adverse effects: Commonly seen adverse effects of 

ESWL are acute trauma, such as bruising at the site of 

shock and damage to blood vessels present in the 

kidney. ESWL-induced acute kidney injury is dose-

dependent and can be severe, including internal 

bleeding and sub capsular hematomas. On rare 

occasions some patients may require blood 

transfusion and even leads to acute renal failure.  

Ureteroscopy: It is used for complete examination of 

upper urinary tract, performed with the help of 

ureteroscope that is passed through the urethra and the 

https://en.wikipedia.org/wiki/Urethra
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urinary bladder, and then finally into the ureter. This 

procedure is useful in the diagnosis and treatment of 

disorders such as renal calculi. The small stones can be 

removed in one piece and bigger ones are usually 

broken before the removal during Ureteroscopy. 

2. CONCLUSION  

Prevention is always better when compared 

with cure. Dietary habits play an important role in 

formation of renal calculi. Preventive measures are 

dietary changes along with some medications. Current 

precautions to reduce the risk of renal calculi include: 

Increasing citric acid intake. Increasing total fluid 

intake to >2 liters per day. Moderate calcium intake, 

Limiting sodium intake, Avoidance of high doses of 

vitamin C, less intake of animal protein not >2 meals 

daily, Limited intake of soft drinks, < 1 liter of soft drink 

per week. Citrate reduce the risk of calcium oxalate type 

of renal calc. By following these preventive measures 

we can reduce renal calculi. 
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