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ABSTRACT

Calculus (Stone) is a polycrystalline aggregate made up of different quantities of the crystalloid and organic matrix.
Urine calculus is a stone-like formation made up of urine salts held together by a colloid matrix or organic elements.
It has a nucleus or nidus around which concentric layers of urinary salts are formed, giving it a stone-like appear-
ance. Urolithiasis (from Greek olron, "urine," and lithos, "stone") is a urinary system pathology in which urinary
crystalloids clump together anywhere in the urinary tract, from the kidney to the bladder. The kidneys play a critical
role in excreting waste products from the body, but various problems can disrupt the urinary system's crucial activ-
ities and cause illnesses, one of which is urolithiasis. Urinary calculi are worldwide in distribution but are particu-
larly common in some geographic locations such as in parts of the United States, South Africa, India and South-
East Asia. Renal calculi are characterised clinically by colicky pain (renal colic) as they pass down along the ureter
and manifest by haematuria.

This article focuses on the etiopathogenesis of Renal Stone, predisposing factors, and its pathophysiology for a
better understanding of the disease so that its formation can be prevented, and the formed calculi can be treated with
better knowledge.
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INTRODUCTION

Urinary Calculi

Urinary calculi are polycrystalline aggregates com-
posed of varying amounts of crystalloid and a small
amount of organic matrix. Stone formation requires
saturated urine that is dependent on pH, ionic strength,
solute concentration, and complexation.

There are five major types of urinary stones which are:
Calcium oxalate,

Calcium phosphate,

Struvite (magnesium ammonium phosphate),
Uric acid, and

. Cystine.

The most common types are composed of calcium
(85%), and for that reason, most urinary stones are ra-
diopaque on plain abdominal radiographs. Uric acid
stones frequently are composed of a combination of
uric acid and calcium oxalate and thus are frequently
radiopaque, though pure uric acid stones are radiolu-
cent.

Cystine stones frequently have a smooth-edged
ground-glass appearance and are radiolucent. Geo-
graphic factors contribute to the development of
stones.

High humidity and elevated temperatures appear to be
contributing factors, and the incidence of symptomatic
ureteral stones is greatest in such areas during hot sum-
mer months. Higher incidence rates of stones have also
been associated with a sedentary lifestyle, hyperten-
sion, carotid calcification, and cardiovascular disease.
High protein and salt intake, as well as inadequate hy-
dration, appear to be the most important dietary factors
in the development of urinary stones. Genetic factors
may contribute to urinary stone formation.

While approximately 50% of calcium-based stones are
thought to have a heritable component, other stone
types are better characterized genetically. For exam-
ple, cystinuria is an autosomal recessive disorder. Ho-
mozygous individuals have markedly increased excre-
tion of cystine and frequently have numerous recurrent
episodes of urinary stones. *
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Aetiology Of Urinary Stone:?

Although the specific origin and process of stone de-
velopment in the urinary system are unknown, the fol-
lowing conditions may contribute to urinary stone de-
velopment: -

1) Extrinsic factors:

Extrinsic factors are those which include the factors
which affect the body organs through the outside or
external environment. These are the occupation, geog-
raphy and diet of an individual.

1. Occupation

People with high socioeconomic status and a sedentary
lifestyle are more vulnerable to this disease. According
to a report, insufficient physical activity and oversatu-
ration of urine may be key factors leading to the pro-
duction of numerous urinary stones. Regular cooks,
engine room employees, heavy chemical workers,
drivers, and others who are exposed to high ambient
temperatures may have a part in the production of
stone.

2. Geography?:

Though urinary calculi are found all over the world,
there are a few nations and locales that are more prone
to this condition, and they are referred to as "stone
zones." Diet, water, climate, and geographical location
are the elements to blame. In India, two high-index
belts have been identified.

i. One begins in Amritsar (Punjab) or the Northwest,
includes Delhi and Agra, and concludes in Uttar Pra-
desh.

ii. The second begins on the west coast in Jamnagar
(Gujarat) and extends inward to central India, ending
at Jabalpur (Madhya Pradesh). Urolithiasis is quite
common in the Saurashtra area of Gujarat.

3. Diet:

High Protein Rich Diet*:

Proteins are responsible for the high production of uric
acid and excess excretion in urine may cause the uric
acid stone.
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Deficiency of vitamin AS:

Causes desquamation of epithelium. These cells form

a nidus for stone formation.

Excessive administration of Vitamin-D:

It may lead to calculi formation due to calcification

within the kidney substance and the condition is

known as ephrocalcinosis.

Water Intake:®

i. The volume of water intake: Less volume in-
take leads to concentrated urine and the urine be-
comes acidic, which is the good media for stone
formation in certain cases.

e Hard water and mineral content of water:
Hard water having calcium sulphate and ab-
sence of zinc predisposes to calcium crystalliza-
tion that leads to stone formation.

e Food’: Some liquids and foods that contain rich
oxalates and are —

Moderate amount: Apple juice, beer, cola, grape-

fruit juice, cranberry juice, almonds, asparagus,

beef, greens, plums, cactus fruits, cashew nuts, cur-
rants, concord grapes, cranberries, raspberries, rhu-
barb, spinach and absence of zinc predisposes to
calcium crystallization that leads to stone formation.

A diet high in purines (red meat, fish, eggs), oxa-

lates (rhubarb, strawberries, plums, spinach), and

calcium (milk, ice cream tomatoes) result in the pro-
duction of uric acid, oxalates, and calcium stone.

2. Intrinsic factors &:

Intrinsic factors are those which effects the body or-

gans directly. Such of these are Hereditary, Age and

Sex of an individual.

a) Hereditary:

I. Cystinuria is a homozygous recessive disease
leading to the formation of cystine calculi.

ii.  Urinary calcium excretion is more in the mem-
bers of stone-forming families.

iii. Renal tubular acidosis is a hereditary condition
leading to urolithiasis.

b) Age: Urolithiasis can strike at any age, although
it is most frequent in the third and fourth decades
of life. Urinary calculi are uncommon in chil-
dren, however, infants born prematurely and ad-
ministered frusemide, as well as patients in
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critical care units, are at a higher risk of devel-
oping urinary calculi.

c) Sex: Urolithiasis is more frequently found in

males than in females. The male: female ratio is
41: 25 (Finlayson 1974). In females, stone for-
mation is less because of low serum testosterone
levels, but female children have most commonly
oxalate stones.
3) Predisposing factors:
Predisposing factors are those that put an individual
at risk of developing a problem (in this case, Renal
Calculi or Stone). These may include genetics, life
events, or temperament. Precipitating factors refer
to a specific event or trigger to the onset of the cur-
rent problem.

a) Physical changes in urine®:

i. Urinary pH:

The average pH of the urine is 5.85. Diet and medica-
tions have an impact on it. If the urine becomes con-
taminated with urea splitting bacteria, such as Proteus
mirabilis, the urine becomes very alkaline due to the
release of ammonia. Urinary calculi are formed by in-
organic salts that are less soluble in alkaline media,
such as calcium phosphate and magnesium ammo-
nium phosphate (triple phosphate). As a result, the pH
of urine is critical in the production of urinary calculi
as well as in their treatment.

ii. Altered urinary crystalloids and colloids:

In urine, there are several crystalloids of various sorts.
The presence of colloids in the urine, as well as the
absorption process, keep these crystalloids in solution.
Urine crystalloids include oxalate, calcium, cystine,
uric acid, and others, whereas urinary colloids include
mucin and chondroitin sulphuric acid. The presence of
these elements increases the likelihood of stone for-
mation.

* Urinary stones can occur when there is an imbalance
in the crystalloid-colloid ratio — either an increase in
the crystalloid level or a decrease in the colloid level.

* Urinary stones may form if the colloids undergo any
change, such as losing their solvent activity or sticky
characteristic.

iii. Urinary magnesium/calcium ratio:

This most likely has a significant impact on stone
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formation. Diamox (acetazolamide) induces hypercal-
ciuria and a reduction in the ratio. This is due to an
increase in the occurrence of stone formation. The Thi-
azides, which have a significant impact on reducing
the recurrence of stone formation by increasing this ra-
tio.
iv. Decreased urinary citrate:
The typical citrate content in urine is between 300
and 900 mg/day. Citrate in urine retains compara-
tively soluble calcium phosphate and carbonate in
solution. Any decrease in citrate production results
in the formation of insoluble calcium phosphate and
carbonate. It is controlled by hormones and de-
creases during menstruation. Oestrogen increases
the amount of citric acid in the urine, which reduces
the amount of calcium in the urine.
V. Urinary infection:
Urinary calculi are favoured by infection. Because
of the shorter length of the urethra, females are more
prone to urinary tract infections. In roughly 80% of
instances, stone development is accompanied by
urinary tract infection. Staphylococci and E. coli are
the most common bacteria detected in urinary stone
nuclei. Organisms such as streptococcus, staphylo-
cocci, and proteus promote stone formation by:

e Splitting urea in the urine into ammonia and
COy, resulting in alkaline urine prone to the pro-
duction of phosphatic calculi.

o Infection also causes an increase in the concen-
tration of crystalloids, which may produce stone
under some circumstances.

* Because infection changes the colloid components

of the urine, the risks of stone formation increase.

b) Inadequate urinary drainage and urinary sta-

sis:

i. Stones are more likely to develop when the free

transit of urine is obstructed.

ii. Urinary stasis creates an ideal environment for

bacterial development. It also causes the pH of the

urine to move to the alkaline side.

iii. Stasis also increases the risk of urinary infection

by allowing crystalloids to precipitate, which aids in

the production of urinary stones.
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¢) Metabolic factors:
The persons who are born with metabolic errors
of cystine, oxalates or uric acid, may develop
calculi composed of one of any of these sub-
stances.
d) Crystalluria: 1°
=  Hyperoxaluria:
Oxalate is a natural metabolic waste product that
is somewhat insoluble and is derived from food.
It is a key component of 70% of all renal stones;
nevertheless, hyperoxaluria as a cause of such
stone formation is uncommon. Oxalate is abun-
dant in cabbage, rhubarb, spinach, tomato, black
tea, and cocoa. Excessive use of ascorbic acid and
orange juice increases urinary oxalate excretion.
However, dietary oxalate is often poorly absorbed
and does not have a significant role in the produc-
tion of oxalate stones. In reality, restricting cer-
tain meals has only a little impact on the preven-
tion of oxalate stones. It is classified into two
types:

e Primary hyperoxaluria is a rare genetic condition
that affects the metabolism of glycol-oxylic acid,
which results in the formation of oxalate rather
than other soluble end products. It's a major cause
of nephrolithiasis in kids.

e Acquired hyperoxaluria is caused by pyridoxine
insufficiency, ethylene glycol poisoning, small
bowel illness with oxalate hyperabsorption, and
methoxyflurane anaesthesia.

e Hypercalciuria:

One of the most prevalent causes of urolithiasis is this
disorder. In most laboratories, the normal serum cal-
cium concentration varies from 9.6 mg to 10.9 mg/100
ml. On a typical diet, typical urine calcium excretion
is between 200 mg and 300 mg/day. Milk and cheese
are the most important calcium sources in the diet. Cal-
cium absorption from the gut is also boosted by milk
and dietary proteins. The existence or absence of cal-
culi is not primarily determined by the presence or lack
of hypercalciuria, since many people with no history
of calculi excrete substantial amounts of urine calcium
without producing calculi.
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e The main causes of hypercalciuria are —

e Primary hyperparathyroidism:

This syndrome occurs in about 2-5% of instances with
renal stones. This cause should be excluded by a bio-
chemical test in cases of numerous or recurring urinary
calculi. This syndrome is characterised by improper
serum calcium control. As a result, an increase in
blood calcium concentration over the usual range in-
creases the calcium burden on the kidney, which can
result in hypercalciuria and stone formation. As a re-
sult, a parathyroid adenoma should be removed before
treating urinary calculi.

Multiple myeloma:

Itis a cell tumour that can cause a considerable amount
of aberrant serum globulin to be produced, as well as
the excretion of Bence Joenes protein in the urine.
Pathogenesis of Renal calculi:

Pathogenesis is the process by which a disease or
disorder develops. It can include factors that con-
tribute not only to the onset of the disease or disor-
der but also to its progression and maintenance,
Pathogenesis of the urinary stones involves many
theories which are enumerated in the following par-
agraphs.

A. Super-Saturation Theory*:

Stone formation requires supersaturated urine. Su-
persaturation depends on urinary pH, ionic
strength, solute concentration and complexation.

a) Solute concentration:

The higher the concentration of two ions, the more
likely it is that they will precipitate. Undersaturation
and enhanced solubility arise from low ion concentra-
tion. As ion concentration rises, their activity product,
known as the solubility product, approaches a critical
threshold (Ksp). Concentrations over this amount are
metastable, allowing crystal formation and heteroge-
neous nucleation to begin. The activity product even-
tually approaches the formation product as solutions
grow more concentrated (Kfp). Beyond this limit, su-
persaturation levels are unstable, and spontaneous ho-
mogeneous nucleation may occur.

b) Urinary pH:

It may change dramatically during different physio-
logical states of the body from relatively acid urine
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in first-morning urine to an alkaline tide noted after
meals.

c) lonic strength:

It is mostly determined by the relative concentration of
monovalent ions. The activity coefficient reduces as
ionic strength increases; the activity coefficient indi-
cates the availability of a certain ion.

d) Complexation:

It affects the availability of certain ions. For example,
sodium complexes with oxalate and lowers their free
ionic form, whereas sulphates can combine with cal-
cium crystals formation is influenced by a range of dif-
ferent urinary tract chemicals such as magnesium cit-
rate, pyrophosphate, and a range of test metals. This
inhibitor may operate at active crystal growth sites or
as a solution inhibitor, similar to citrate. (Page 256 of
Smith's General Urology).

B. Nucleation Theory*?:

Urinary stones may form as a result of crystals or for-
eign materials submerged in supersaturated urine. The
same arguments that support it are used to refute this
idea. Stones do not usually occur in persons who are
hyper-excretes or who are dehydrated. Furthermore,
24-hour urine samples are entirely normal in terms of
stone-forming ion concentration in many stone for-
mers.

Randall’s plaque (microliths)™:

According to Randall, the first lesion in the production
of renal calculus is erosion at the apex of one of the
renal papillae. The deposition of calcium on this ero-
sion resulted in Randall's plaque, a lesion. This calci-
fication serves as a nidus or nucleus for insoluble crys-
tals to deposit and create the stone. Many researchers
later concluded that most stones form as a result of the
precipitation of crystals, such as calcium oxalate, on
an organic matrix composed of amino acids and car-
bohydrates. Nidus can be formed by blood clots,
clumps of epithelial cells, bacteria, or even pus cells.
Foreign bodies and necrotic ischemic tissue can gen-
erate nidus and promote stone development.

C. The Crystal Inhibitor Theory:

It states that the production of calculi is caused by a
lack of natural stone inhibitors such as magnesium, cit-
rate, pyrophosphate, and a range of stress metals. This
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idea is not without flaws, since many persons who lack
such inhibitors may never produce stones, while others
who have an abundance of inhibitors paradoxically
create stones.

CONCLUSION

Calcium oxalate is the major component of 70-80% of
Renal Calculi. Both of these components i.e., calcium
& Oxalate have both dietary and endogenous sources.
Oxalate is found in many foods but particularly found
in rich quantities in Spinach, green leafy vegetables,
and various fruits as mentioned above. Hyperoxaluria
occurs in around 18% of kidney stone patients, and in
the line of treatment it is advised to reduce the intake
of oxalate-containing foods or co-ingesting calcium-
containing foods mentioned in order to have calcium
oxalate bind together in the gastrointestinal tract as the
oxalate absorption occurs in the stomach 415
Increasing Fluid intake, decreasing urinary calcium,
and uric acid excretion have been shown to reduce the
stone recurrence in recurrent calcium oxalate stones.
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