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ABSTRACT:

Kidney stone disease, also known as nephrolithiasis or urolithiasis, is a disorder in which urinary solutes precipitate
to form aggregates of crystalline material in the urinary space. The incidence of nephrolithiasis has been
increasing, and the demographics have been evolving. Once viewed as a limited disease with intermittent
exacerbations that are simply managed by urologists, nephrolithiasis is now recognized as a complex condition
requiring thorough evaluation and multifaceted care. Kidney stones are frequently manifestations of underlying
systemic medical conditions such as the metabolic syndrome, genetic disorders, or endocrinopathies. Analysis of
urine chemistries and stone composition provide a window into pathogenesis and direct ancillary studies to
uncover underlying diseases. These studies allow providers to devise individualized strategies to limit future stone
events. Given its complexity, kidney stone disease is best addressed by a team led by nephrologists and urologists
with input from multiple other health professionals including dietitians, endocrinologists, interventional
radiologists, and endocrine surgeons. In this instalment of AJKD’s Core Curriculum in Nephrology, we provide a
case-based overview of nephrolithiasis, divided by the individual stone types. The reader will gain a pragmatic
understanding of the pathophysiology, evaluation, and management of this condition.

KEYWORDS: Kidney stones; Nephrolithiasis; Urolithiasis; Calcium phosphate; Calcium oxalate; Struvite; Uric
acid.

INTRODUCTION consist of renal colic (intense cramping pain), flank pain

Kidney stones are mainly lodged in the kidney(s)."
Mankind has been afflicted by urinary stones since
centuries dating back to 4000 B.C.", and it is the most
common disease of the urinary tract. The prevention of
renal stone recurrence remains to be a serious problem in
human health.®”! The prevention of stone recurrence
requires better understanding of the mechanisms
involved in stone formation.”! Kidney stones have been
associated with an increased risk of chronic kidney
diseases’, end-stage renal failure®™ ©, cardiovascular
diseasest” &, diabetes, and hypertension.””! It has been
suggested that kidney stone may be a systemic disorder
linked to the metabolic syndrome. Nephrolithiasis is
responsible for 2 to 3% of end-stage renal cases if it is
associated with nephrocalcinosis.™™”

The symptoms of kidney stone are related to their
location whether it is in the kidney, ureter, or urinary
bladder.™ Initially, stone formation does not cause any
symptom. Later, signs and symptoms of the stone disease

(pain in the back side), haematuria (bloody urine),
obstructive uropathy (urinary tract disease), urinary tract
infections, blockage of urine flow, and hydronephrosis
(dilation of the kidney). These conditions may result in
nausea and vomiting with associated suffering from the
stone event.’? Thus, the treatment and time lost from
work involves substantial cost imposing an impact on the
quality of life and nation's economy.

PATHO PHYSIOLOGY

Environmental and genetic variables both influence the
complexity and multifaceted nature of urolithiasis. The
development of urinary stones involves various
mechanisms, and the formation of Ca Ox stones differs
from that of other types of stones. Impaired renal
acidification, along with altered renal excretion or
excessive absorption in the digestive tract, leads to the
accumulation of stone-forming metabolites.™!
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Among the distinct pathophysiology mechanisms of Ca
Ox stone formation, Randall plaques and mineral
deposits, play a critical role™ ' However, the
emergence and pathophysiology of Ca Ox stones are still
poorly understood, necessitating further research to
identify effective prevention and treatment strategies.
Recent studies suggest that the formation of interstitial
apatite crystals ma}/ be an initial step in the development
of Ca Ox stones.!*®

Reduced urine volume raises the concentration of
stonecausing compounds, which in turn promotes
crystallization and stone formation, making urine volume
a critical factor in the pathophysiology of urolithiasis.™*"!
Kidney stones are more likely to form when urine
volume is reduced, which can happen as a result of
dehydration, some drugs, or medical issues that impact
fluid balance or urinary function. One of the most
prevalent causes of kidney stones is not drinking enough
water.!"8

Certain medical conditions can increase the risk of
developing kidney stones. Renal tubular acidosis is a
condition in which the kidneys are unable to eliminate
acids from the blood into the urine, leading to an increase
in blood acidity. Other conditions, such as cystinuria,
hyperparathyroidism, and recurring urinary tract
infections, can also increase the chance of kidney stone
formation.™® 2! Further research is needed to fully
comprehend the pathophysiology of these disorders and
develop effective preventive and treatment strategies for
urolithiasis.

MECHANISM OF STONE FORMTION

In individuals with risk factors for stone formation, such
as high urinary supersaturation, low urinary volume, or
low urinary pH, crystals may nucleate and aggregate into
larger particles, potentially forming a stone. Stone
formation can occur in various locations within the
urinary tract, including the kidneys, ureters, bladder, and
urethra. The development of stones can be influenced by
several factors, including genetics, diet, lifestyle, and
medical conditions such as urinary tract infections or
metabolic disorders.?* 22

Once a stone has formed, it can continue to grow with
the addition of new crystals and may also move within
the urinary tract, leading to pain and other symptoms.
The ability of a stone to move through the urinary tract
can be influenced by its size and chemical makeup.
While larger stones may require medical intervention for
removal, smaller stones are more likely to pass
spontaneously.[? 24!

URINATION SUPERSATURATION

The initial stage of kidney stone formation is urinary
supersaturation, which occurs when the concentration of
certain substances in the urine, such as calcium, oxalate,
and phosphate, exceeds their solubility limit. This leads
to a state in which the urine becomes supersaturated,

creating an environment conducive to the formation of
crystals. Under these conditions, the excess solutes can
no longer remain dissolved and begin to aggregate,
resulting in the formation of small crystal particles.!*
These small particles can then combine and grow into
larger crystals, eventually leading to the formation of
kidney stones.

The degree of supersaturation, along with other factors
such as urinary pH and the presence of inhibitors or
promoters of crystal growth, can significantly influence
the formation and growth of crystals, and ultimately the
development of kidney stones. Understanding the factors
contributing to urinary supersaturation and the
subsequent crystal formation is important for the
prevention and treatment of kidney stones.?> 2°!

CRYSTALLIZATION

The process of crystallization occurs when urine
becomes oversaturated, leading to the formation of solid
crystals. The specific type and characteristics of the
crystals depend on the substances present in the urine
and the conditions prevailing during their formation.
Kidney stones, are a common result of this process, with
types including Ca Ox, calcium phosphate, and uric acid
stones, which are caused by high concentrations of these
substances in the urine.?

The process of crystal formation is influenced by a
multitude of factors, including the pH level of urine, the
concentration of minerals that encourage stone
formation, and the presence of inhibitors that hinder
crystal growth. As crystals accumulate and grow, they
can lead to the formation of urinary casts, which obstruct
urine flow and promote further stone formation.!?®!

The development of effective strategies for the
prevention and treatment of Kkidney stone disease
depends on our understanding of the mechanisms that
influence crystal formation and growth.

CRYSTAL NUCLEATION

The phenomenon of nucleation is a crucial aspect of
crystal formation from a supersaturated solution. It
involves the aggregation of solute molecules or ions to
form a stable nucleus, which then serves as a basis for
subsequent crystal growth. As a result, a crystal structure
with a distinct lattice pattern is produced. Crystallization
can occur in confined spaces within a solution, such as
those present in certain regions of the nephron®”, and on
surfaces such as cells and the extracellular matrix.
Nucleation can occur through two main mechanisms:
homogeneous nucleation, which arises spontaneously
within the solution, and heterogeneous nucleation, which
occurs on the surface of a foreign particle or solid
surface.®!

CRYSTAL GROWTH
After nuclei formation, crystals grow by adding new
molecules to the crystal lattice. The rate of growth
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depends on various factors, such as the concentration of
salts that form stones, urine pH, and the presence of
inhibitors or promoters of crystal growth.* Inhibitors of
crystal growth, such as citrate and magnesium, help
prevent crystal aggregation and growth by binding to
crystal surfaces and inhibiting their further growth.*
Promoters of crystal growth, such as calcium and
oxalate, can facilitate the aggregation and growth of
crystals by increasing their surface charge and promoting
attachment to other crystals or surfaces.

CRYSTALAGGRIGATION

Over time, crystals can aggregate to form larger particles,
which may lead to the formation of stones. The
aggregation of crystals can be influenced by several
factors, including the concentration and composition of
the stone-forming salts, the pH of the urine, and the
presence of organic and inorganic molecules that can act
as bridging agents or inhibitors of crystal aggregation.**
¥ The formation of stones can also be influenced by
urine flow rates; slower flow rates allow for increased
crystal aggregation and growth, whereas faster flow rates
promote the flushing out of crystals, thereby preventing
their aggregation.®

CRYSTAL CELL INTERACTION

The interaction between crystals and renal epithelial cells
is a critical factor in the pathogenesis of kidney stones.
When crystals adhere to the cell surface, they can cause
injury and inflammation. This process can further
promote crystal growth and aggregation, as well as the
recruitment of immune cells and the release of
inflammatory mediators. The attachment of crystals to
renal cells occurs through various mechanisms, including
electrostatic  interactions, surface receptors, and
extracellular matrix proteins. Once attached, crystals can
cause cellular injury through multiple pathways, such as
membrane disruption, oxidative stress, and mitochondrial
dysfunction. These changes lead to the release of danger
signals and the activation of inflammatory pathways,
further  exacerbating crystal-induced injury and
inflammation. The interaction between crystals, renal
cells, and immune cells can also lead to the formation of
urinary casts, which may obstruct urine flow and
promote stone formation. In addition to renal epithelial
cells, immune cells such as macrophages and T cells can
contribute to the progression of kidney stone disease by
releasing inflammatory cytokines and chemokines. This
cycle of injury and inflammation can promote the growth
and aggregation of stones, contributing to the
development and progression of kidney stone disease.*”]

DIAGNOSIS

Diagnosing and developing effective prevention
strategies requires both understanding the metabolic
background that promotes lithiogenesis and assessing the
patient’s risk of CKD and metabolic bone disease
(MBD). Metabolic evaluation of patients with stones
aims to estimate the propensity of the urine to crystallize,
investigate the metabolic mechanisms of nephrolithiasis,

diagnose underlying systemic causes of nephrolithiasis,
determine the risk of CKD and MBD and to achieve
insights on nutritional habits.

Specific software for estimating the urine propensity for
crystallization have been proposed (for example, the
EQUIL and JESS programs)73,178. These programs
calculate the urinary supersaturation of numerous salts
by considering the concentration in the urine of different
ionic species. The probability of stone formation can also
be evaluated by algorithms based urine excretion of a
limited number of parameters140. Although these
methods can be of help, they are not compulsory for a
successful metabolic assessment and follow up.

LIFESTYLE AND HABIT MODIFICATIONS
Obesity and overweight are also considered as risk
factors for KSD. Hence, weight loss to maintain the
normal body mass index (BMI) is recommended by the
EAU and UAA to reduce risk of KSD. An in vivo study
has also revealed that weight loss by food restriction and
exercise can increase urinary citrate excretion and reduce
risk of KSD. Physical activity and exercise can reduce
and protect several diseases and disorders. A large cohort
study of almost 90,000 women has suggested that
physical activity (regardless of its intensity) may prevent
KSD, as evidenced by the association of physical activity
with a lower risk of KSD in postmenopausal women. A
meta-analysis from 3 large prospective cohorts
comprising >200,000 participants in total has reported
the association of a lower risk of incident kidney stones
with a higher level of physical activity in women.
However, there is no independent association found after
multivariate adjustment. Similarly, a later meta-analysis
has also shown no association between physical activity
and risk of KSD. However, an analysis of questionnaire
survey in patients with KSD from Southern China has
revealed that physical activity is one of the protective
factors for KSD. An inverse correlation of physical
activity and KSD prevalence is found in both genders. In
addition, some protective factors, such as high urinary
magnesium, are found in athletes. On the contrary,
several risk factors for kidney stone formation (such as
dehydration, high urinary calcium, uric acid and sodium
concentrations, and low urinary citrate concentration) are
also found in these athletes. From these data, the true
benefit of physical activity and exercise on KSD remains
controversial and needs further elucidations with
adjustments on several variables or confounding factors.
Another factor that should be also considered is
hydration status during and after heavy physical activity
and exercise, which can induce profound sweating and
water loss.

SYMPTOMPS

A kidney stone usually will not cause symptoms until it
moves around within the kidney or passes into one of the
ureters. The ureters are the tubes that connect the kidneys
and bladder. If a kidney stone becomes lodged in the
ureters, it may block the flow of urine and cause the
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kidney to swell and the ureter to spasm, which can be

very painful. At that point, you may

experience these symptoms:

e  Severe, sharp pain in the side and back, below the
ribs

e Pain that radiates to the lower abdomen and groin

e Pain that comes in waves and fluctuates in intensity

e Pain or burning sensation while Urinating

Other signs and symptoms may include:

e Pink, red or brown urine

e  Cloudy or foul-smelling urine

e A persistent need to urinate, urinating more often
than usual or urinating in small amounts

¢ Nausea and vomiting

e Fever and chills if an infection is present
Pain caused by a kidney stone may change — for
instance, shifting to a different location or increasing
in intensity — as the stone moves through your
urinary tract.

Chronic Kidney Disease

Common Symptoms

@ fatigue

ammonia-smelling
breath
n loss of appetite -

A/~ 4
@ foamy urine

difficulty urinating or
frequent urination

Q kidney pain

very

TREATMENT

Stone size influences the rate of spontaneous stone
passage. For example, up to 98% of small stones (less
than 5 mm (0.2 in) in diameter) may pass spontaneously
through urination within four weeks of the onset of
symptoms, but for larger stones (5 to 10 mm (0.2 to 0.4
in) in diameter), the rate of spontaneous passage
decreases to less than 53%. Initial stone location also
influences the likelihood of spontaneous stone passage.
Rates increase from 48% for stones located in the
proximal ureter to 79% for stones located at the
Vesicoureteral junction, regardless of stone size.
Assuming no high-grade obstruction or associated

infection is found in the urinary tract, and symptoms are
relatively mild, various nonsurgical measures can be
used to encourage the passage of a stone. Repeat stone
formers benefit from more intense management,
including proper fluid intake and use of certain
medications, as well as careful monitoring.

PAIN MANAGEMENT

Management of pain often requires intravenous
administration of NSAIDs or opioids. NSAIDs appear
somewhat better than opioids or paracetamol in those
with normal kidney function. Medications by mouth are
often effective for less severe discomfort. The use of
antispasmodics does not have further benefit.

MEDICAL EXCLUSIVE THERAPY

The use of medications to speed the spontaneous passage
of stones in the ureter is referred to as medical expulsive
therapy. Several agents, including alpha adrenergic
blockers (such as tamsulosin) and calcium channel
blockers (such as nifedipine), may be effective.
Alpha-blockers likely result in more people passing their
stones, and they may pass their stones in a shorter
time.[107] People taking alpha-blockers may also use
less pain medication and may not need to visit the
hospital. Alpha-blockers appear to be more effective for
larger stones (over 5 mm in size) than smaller stones.
However, use of alpha-blockers may be associated with a
slight increase in serious, unwanted effects from this
medication. A combination of tamsulosin and a
corticosteroid may be better than tamsulosin alone.
These treatments also appear to be useful in addition to
lithotripsy.

PREVENTION

To be the cause for stone formation. Preventive Options
for Urolithiasis Effective kidney stone prevention
depends upon addressing the cause of stone formation.
Generally, to prevent the kidney stone formation or its
secondary episodes, proper management of diet and the
use of medications is required. Primary prevention of
kidney stone disease via dietary intervention is low-cost
public health initiative with massive societal
implications. us, nutritional management is the best
preventive strategy against urolithiasis. Regardless of the
underlying Aetiology and drug treatment of the stone
disease, patients should be instructed to increase their
water intake in order to maintain a urine output of at least
2liter per day. A simple and most important lifestyle
change to prevent stone disease is to drink more
water/liquids. Enough fluid intake reduces urinary
saturation and dilutes promoters of Ca Oxalate
crystallization. Dietary recommendations should be
adjusted based on individual metabolic abnormalities.
For absorptive hyperoxaluria, low oxalate diet and
increased dietary calcium intake are recommended A
high sodium intake boosts stone risk by reducing renal
tubular calcium reabsorption and increasing urinary
calcium. Restriction of animal proteins is also
Encouraged since animal proteins provide an increased
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