
333

Urolithiasis: History, epidemiology, aetiologic factors and 
management 

Rabie KACHKOUL1,2*, Ghita Benjelloun TOUIMI3,4, Ghita EL MOUHRI2,5, Radouane EL HABBANI2, 
Mohamed MOHIM6, Anissa LAHRICHI2

1Higher Institute of Nursing Professions and Health Techniques, Fez 30000, Morocco; 2Laboratory 
of Biochemistry, Faculty of Medicine and Pharmacy, University Sidi Mohammed Ben Abdellah, BP 
1893, Km 22, Road of Sidi Harazem, Fez, Morocco; 3Euromed research center, Euromed faculty of 
medicine, Euromed University of Fes (UEMF), 30 030, Meknes Road, Campus UEMF, BP51, Fez, 
Morocco; 4Laboratory of Human Pathology Biomedicine and Environment, Faculty of Medicine 
and Pharmacy of Fez, Sidi Mohammed Ben Abdellah University (USMBA), Fez, Morocco; 5Higher 
Institute of Nursing Professions and Health Techniques, Annex Taza, Fez, Morocco; 6Laboratory of 
Molecular Bases in Human Pathology and Therapeutic Tools, Faculty of Medicine and Pharmacy, 
University Sidi Mohammed Ben Abdellah, BP 1893, Km 22, Road of Sidi Harazem, Fez, Morocco.

Abstract

Urolithiasis is defined as a disease diagnosed by the presence of one or more stones in the urinary 
tract. It is one of the oldest and most widespread diseases known to man, their discovery and 
characterisation chronology began with the civilisation’s history. This pathology has a multifactorial 
aetiology, very frequent worldwide with geographic and racial variation, their prevalence is increasing 
in lockstep with socioeconomic development. In fact, this disorder affects between 2 and 20% of the 
population, with an approximate recurrence rate of 30% to 50% in 5 years. Furthermore, calcium-
type stones, which are composed of calcium oxalate (CaOx) alone or a mixture of CaOx and calcium 
phosphate are the most common, accounting for more than 80% of cases. The medical management 
of urolithiasis is done by medical treatments and/or by surgical intervention for the stones extraction 
by the techniques such as extracorporeal shock wave lithotripsy (ESWL), ureteroscopy (URS), 
percutaneous nephrolithotomy (PCNL) and open surgery. However, various therapies, including 
thiazide diuretics and alkaline citrate, are used in an attempt to prevent stones recurrence induced by 
hypercalciuria and hyperoxaluria, but the scientific evidence for their effectiveness is less convincing. 
On the other hand, endoscopic and ESWL methods have revolutionised the treatment of urinary 
lithiasis, but these costly methods, can cause acute kidney injury and decreased renal function, in 
addition, do not prevent the probability of new stone formation. The deepening of our knowledge 
on all points relating to this disease is a priority for specialists in order to find adequate solutions 
for this disease. This review provides an overview of urolithiasis, its history, epidemiology, clinical 
manifestation, diagnosis and treatment methods.
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BACKGROUND

Urolithiasis, also known as king’s disease, is one 
of the most common diseases and a major public 
health problem concern around the world. The 
pathology is caused by an urinary biochemical 
imbalance between stone-forming inhibitors 
and promotors in a process called lithogenesis.1 
It is characterised by the presence of stones in 

the kidneys (parenchyma, calyx, etc.), or in the 
urinary tract (pelvis, ureter, bladder) (Fig. 1), 
therefore causing pain, bleeding and can lead to 
renal failure. The disease has been recognised 
since the dawn of history and methods of 
treatment have been reported in various medical 
writings from different civilisation. Treatment 
and prevention of urolithiasis recurrence requires 
a better understanding of the disease, the 
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mechanisms involved stones formation and the 
relationship that exists between other disorder.

Urinary Stones
The term “stones” is derived from the Latin 
calculus (pebbles)4, and refers to a pathological 
biomineralisation product, defined as an 
agglomeration of crystals bound by an organic 
matrix. Except for rare types, which have a 
matrix content of approximately 65%, the latter 
accounts for 2 to 5% of the total mass of stones.5 
It is composed primarily of proteins, amino acid 
polymers, lipids and cellular compounds.6–9

	 The role and importance of this matrix has 
been explained in a paradoxical way by some 
researchers including Boyce (1968)10, who 
proposed that it actively participates in the 
assembly of kidney stones, serves as a model 
and controls crystallisation within its limits.11

	 On the other hand, and in an opposite way, 
Vermeulen & Lyon (1968) considered that the 
matrix and its ubiquitous presence as a simple 
coincidence, because the stones crystallise in the 
urine with the presence a large macromolecules, 
and that proteins form a discontinuous layer 
around the small crystals whose sizes varies 
between 10 to 20 nm. However, they suggested 
that newly formed crystals with a macromolecular 
layer are less likely to dissolve during ionic 
and urinary pH changes, hence the matrix’s 
importance in the formation of stones.11,12  A third 
possibility has been proposed by Khan and Kok 
(2004), who suggest that the matrix compounds 

play different roles in two events, which do 
not necessarily take place at the same site. The 
first is manifested by the stone centre formation 
which involves the formation and retention of 
crystals and occurs in the short term. While the 
second involves their later constructions, it is a 
long-term event that occurs after the formation 
and maintenance of stones nest.5

History of the disease
The discovery and characterisation of stones 
chronology are not recent. It started and 
went in parallel with civilisation’s history. 
Archaeological and paleontological documents 
clearly show that this pathology is one of the 
oldest human diseases. The earliest recorded 
urinary and bladder stones were identified by 
Shattock in 190513, found in Egyptian mummies 
and aged approximately 4400 BC. -JC for the first 
stone and from 4800 BC. -JC for the second.13

	 However, this disease has been cited in various 
scientific and literary writings throughout the 
human civilization’s history (Fig. 2). The first 
literary references in relation to stone disease 
were revealed in of Asutu in Mesopotamia 
medical texts, between 3200 and 1200 BC. 
-JC. These writings describing symptoms and 
ordering treatments to dissolve stones such as 
the use of black saltpetre, ostrich eggshell, pine 
turpentine and the sex part of the donkey.14–16

The old traditional Egyptian medicine has also 
reported therapeutic schemes for the treatment of 
urinary tract diseases, including stones which are 

FIG. 1: Localisation of urinary stones in the kidney (A)2 and in the urinary tract (B)3.
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found in the Ebers papyrus (1500 BC).17,18 Also, 
the system of traditional Persian medicine dating 
back to 1000 BC describes the symptoms of 
stone disease and suggests methods of treatment 
based on the adoption of a bath and massage 
with scorpion oil, diet and the use mixture of 
some vegetables infusion.14

	 The Hindu writings of ancient India had 
mentioned this disease, mainly by two famous 
physicians Charaka and Sushruta (about 600 
BC). The latter describes in their texts collection 
on the traditional medicine practice “Sushruta 
Samhita”, the causes of stone formation. He 
recommended many medical treatments and 
provided a detailed description of the surgical 
procedure, including perineal lithotomy.14,15,17,18

The contributions of the ancient Greeks and 
Romans are numerous and diverse. Hippocrates 
(460-377 BC) described kidney diseases and 
defined the symptoms of bladder stones. He 
also stated his warnings and concerns about the
risks of performing lithotomy in their Oath “I 
will not cut persons labouring under the stone
but will leave this to be done by practitioners 
of this work”.14,15,17,19,20 Ammonius of Alexandria 
(276 BC) was the first to suggest crushing stones 
in order to facilitate their removal. Cornelius 
Celsus (25 BC to 40 AD) described the abdominal 
pain of patients with urolithiasis, his description 
of perineal lithotomy marked a turning point 
in the history of urology. This technique was 
practiced with very little change and remained 
very useful until the end of the 18th century. 
Calus Plinus Secundus (AD 23–79), Galen (AD 
131–200), and Paul d’Aegine (AD 625–690) 
were other notable physicians practising 
lithotomy.14,15,17,21,22 

	 During the Arab-Muslim civilisation, stone 
extraction procedures were also known and 
frequently reported by Rhazes (865-925 AD), Ibn 
Sina (980-1037 AD) and especially by Abulcasis 
(Ibn Abbas Alzahrawi) (936-1013 AD), one of the 
fathers of modern surgery. The latter showed a 
considerable experience in surgery (the technique 
of perineal cystolithotomy), by modifying the 
lithotomy technique performed by Celsus and 
Paul d’Égina. His book “Al-Tasreef” clearly 
shows the improvement of this technique and 
the reduction of its risks. He appeared to be the 
first doctor to crush stones in the urethra.14,15,17,23

	 During the period from the Renaissance up 
to this point, there was a revolution and a rapid 
increase in intellectual creativity in many areas 
that are related to this disease:
•	 Sabuncuoğlu Serafettin (1385-1470) and Ahi 

Ahmed Celebi (1432-1522) had described 
a new technique of stones transurethral 
fragmentation and bladder irrigation, as 
well as rules to facilitate stones passage and 
dissolution.15,24

•	 Francisco de Romanis (1520) had made the 
first major scientific improvement since Celsus 
and Albucasis, to overcome the difficulty of 
locating the bladder neck.14,15,25

•	 Pierre Franco (1561), performed the first stone 
extraction by suprapubic lithotomy.14,15,25

•	 Jérôme Cardan (1501-1576), allowed the 
opening of the lumbar abscess.14,15 

•	 Jacques de Beaulieu (1651-1714), introduction 
the “lateral lithotomy”, this method was 
perfected and popularized.14,15,17

•	 William Cheselden (1722) and John Douglas 
(1719), extra-peritoneal approach.14,15

•	 Wollaston (1810), cystine, the first amino acid 
described, was isolated from urinary stones.26

FIG. 2. Urolithiasis history.
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•	 Jean Civiale (1824), introduction the 
modifications on the “primitive lithotrite” 
developed by Albucasis, to capture and 
fragment stones in the bladder.14,15,17

•	 Ingalls (1873), first nephrotomy.14,15,25 
•	 Bigelow (1874), development of a stronger 

and harder lithotrite “litholopaxy”, introduced 
into the bladder (with anaesthesia) to crush 
and remove stone fragments.14,15 

•	 Max Nitze (1879), a lens system development 
for cystoscope.26

•	 Heinecke (1879), first pyelotomy.14,15

•	 Le Dentu (1881), first nephrolithotomy.14,15

•	 Max Brodel (1901), description of the kidney’s 
avascular region.14,15,25

•	 Alexander von Lichtenberg (1906), radiological 
method for renal tract visualization.26

•	 Hugh Hampton Young (1904), cystoscopic 
lithotrite (1912) Rigid ureteroscopy.14,26

•	 Moses Swick (1929), intravenous urography.26

•	 Yutkin (1954), Electrohydraulic lithotripsy.15,25

•	 Goodwin (1955), the first percutaneous 
nephrostomy.14,15,26

•	 Marshall (1964), first experience of flexible 
ureteroscopy using a fiberscope.15,26

•	 Smith et Boyce (1967), introduction and 
popularisation of anatrophic nephrolithotomy 
for the treatment of staghorn stones.15

•	 (1970), percutaneous nephrolithotomy.15

•	 (1980), extracorporeal shock wave lithotripsy 
(ESWL).14,15,25,26

Epidemiology of urolithiasis
The epidemiological data of a given pathology 
can only be determined precisely if some factors 

such as geographical location, climate, race, sex, 
age, nutrition, and other environmental factors27, 
endogenous and hereditary factors are taken 
into account.28 However, according to Hesse 
et al. (2003), the ‘’occurrence’’ parameter is 
determined by two factors: first, the incidence, 
which represents the number of the new disease 
cases per population, measured over a given time 
interval. The second is the prevalence, which 
is the proportion of sick people detected in a 
population at a given time.27 Furthermore, the 
epidemiological characteristics and aetiological 
factors of urinary lithiasis are constantly 
evolving, reflecting to a large extent the health 
conditions, dietary habits and population’s 
standard of living.29

	 The prevalence of the disease in industrialised 
countries has increased dramatically over the past 
50 years. This transformation finds evidence in 
the economic progression which reflects changes 
in socioeconomic level, lifestyle modifications 
and changing eating habits. Globally, this disease 
affects approximately 2 to 20% of the population 
with variations between countries (Fig. 3).27  
	 The United States being an outstanding 
example for studying changes in the 
epidemiological behaviour of the disease, due 
to the studies availability, high level of richness, 
large populations, as well as geographic and 
ethnic diversity. However, the study carried out 
by Boyce et al. (1956) between 1948 and 1952 
(across all country states) estimated the average 
annual of hospitalists incidence at 9.47p 100,000, 
with a variation between States from 4.31 to 
19.25 per 100,000.30

FIG. 3: Worldwide urolithiasis prevalence. 
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	 The work of Johnson et al. (1979) which 
lasted 25 years between 1950 and 1974 on the 
Rochester population, showed a significant 
increase of this disease in men, with an annual 
age-adjusted incidence around from 78.5 to 
123.6 per 100,000 people. This parameter 
remained more or less stable in women with 
36.0 per 100,000 people. The prevalence was 
also estimated in this population (Rochester) at 
12% and 5% in men and women respectively31, 
and another of 18.5% in Tennessee.32 Later, 
Stamatelou et al. (2003) observed a nationwide 
increase in prevalence of 3.8 to 5.2% (from 1988 
to 1994 and from 1976 to 1980) accompanied by 
variations in geography, ethnicity / race, age and 
gender.33 Recent studies reveal the prevalence 
rate at 8.8%34, and at 9.2%.35 Forecasts for the 
2030s estimated a prevalence at 9.5%.36 Not far 
from USA, a similarity of epidemiological profile 
is marked in Canada compared to the last one, 
with a prevalence of 12%.37,38	
	 In Europe, studies conducted after World War 
II showed a remarkable increase in the number 
of people affected by the disease (Table 1).
The urolithiasis prevalence in the European 
Union was estimated between 5 to 10% in 2011, 
equivalent to 25 and 49 million people.39,40

	 In Germany, the disease trend was increased 
between 1979 and 2001, with an increase in the 
prevalence from 4.03 to 4.73% and the incidence 
from 0.54 to 1.47%.27 	
	 In Italy, the risk increased during these three 
decades and the prevalence tends towards 1.17% 
in 1983 against 1.72% in 199441, towards 4.14% 
in 2012 with an incidence of 2.32 / 1000P42,  
regional variations were recorded with a major 
risk observed in Milano.43  The picture is similar 
in Iceland with a prevalence of 4.7% in males 
and 3.2% in females.44

	 For Spain, UK and France, the disease 
frequencies are around 14.6% (2013-2014)46,  
7.14 to 11.62 % (between 2000 and 2010)47 and 
8.9% at age > 40 years (1994)28,29 respectively.
	 The Eurasia zone is also marked by an increase 
in the incidence from 440.5 to 609.3 / 100,000P 
between 2002 and 2008 in Russia, from 53 to 
6580 / 100,000P (1980 vs 2006) in Ukraine, 
1030 and 2560/100,000P in Belarus (2004) and 
Tajikistan (2005) respectively48.
	 In Asia, the work of Ogawa (2012) revealed 
an increase in prevalence in Japan from 4 to 
10.8% between 1965 and 2005.50 Zeng & He 
(2013) estimated the rate at 4% of China’s 
urban population in 200854, and 9.6% in Taiwan 
between 1994 and 1996.55 The Middle East had a 

higher rate of prevalence and major risk recorded 
in KSA with 19.1% between 2004 and 200857,  
Turkey with 11.1%49 and Iran with 5.4%.56

	 However, the stones composition has changed 
considerably over these last decades, with a 
gradual increase in the frequency of calcium 
oxalate and calcium phosphate stones, even in 
the Eastern Hemisphere, where these stones 
were traditionally less common than uric acid 
and infection stones.17 
	 Epidemiological studies carried out in 
different continents and countries indicate that 
calcium oxalate is very present with a levels 
varying between 51.3 and 78%, followed by 
calcium phosphate with a percentage varying 
between 11.9 and 13.8 %, then uric acid (from 
6.9 to 11.9%), struvite (0.8 to 6%), cystine (0.6 
to 2%), Brushite (1.1 to 1.5%) and finally the 
other components (0.1 to 1.1%).28,29,39,50,60–62

	 Urolithiasis recurrence is described as the 
disease reappearing in some patients after a 
period of time, which appears to be completely 
cured. It is a major issue for both patients and 
doctors. This parameter is a difficult subject 
to classify as a fundamental value, due to the 
heterogeneity of the factors involved, as well 
as the scarcity of studies that provide reliable 
data.63 Generally, the recurrence rate is estimated 
at 30 to 50% within the first 5 years after the 
discovery of the first stone and from 50 to 60% 
within the next 10 years.28,56,63,64

	 In Morocco, a developing country, where 
access to healthcare is not the same across the 
country, which can lead to a loss of information 
about the disease. In addition, dietary habits 
differ from one region to another, and many 
patients rely on traditional medicine to initiate 
this disease, especially among the mountain 
population. In addition, there is a lack of 
studies regarding this disease, except for a few 
publications which have mainly focused on 
determining the stones composition collected in 
certain regions. From all the above, we could 
think that the epidemiological profile is far from 
reality and differs from one region to another.
	 However, the prevalence of urolithiasis 
in Morocco varies between 3.76 and 16.3% 
according to Joual et al. (1997).65 The study 
conducted by Boumzaoued et al. (2015) in 
Moulay Ismail Military Hospital at Meknes 
reveals that the intra-hospital prevalence is 
25.36%, with a male/ female ratio of 3.1, an 
average age of 47.1 years and the left side 
dominance compared to the right side (60.02 
versus 35.84).66 According to Laziri (2009), 
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the average of annual hospital incidence rate 
is estimated at 30 per 100,000 in the Settat 
province.67 In children, a prevalence of 0.83% 
was revealed between 2003 and 2013 in the 
Hassan II University Hospital Center in Fez.68 
The cumulative frequency was estimated at 
0.25% during the period from 2000 to 2012 in the 
Meknes region, and an average hospital incidence 
rate was estimated at 21/100,000 in the paediatric 
surgery department of the Meknes regional 
hospital.69 Regarding the stone composition, 
some researchers have found that calcium oxalate 
monohydrate is the major constituent, followed 
by uric acid, carbapatite and struvite.67,70–72

Clinical manifestation
Urolithiasis can remain asymptomatic for a long 
time, so it can be observed unexpectedly during 
an imaging examination or during a chronic 
kidney failure assessment.73

	 The initial presentation of urinary lithiasis 
is often accompanied by renal colic, which is 
pain caused by the displacement of a stone from 
the renal pelvis into the ureter, causes ureteral 
spasm and eventually obstruct.62 The simple 
form of renal colic is frequent, characterised 
by sudden and intense pain, starting in the 
flank area radiating to the groin and progressing 
downwards and anteriorly into the genital area, 
as the stone descends into the ureter, with no 
peritoneal signs.62,74,75 Generally, the pain is 
neither aggravated or reduced by a change of 
position, therefore may be accompanied by 
nausea and vomiting, adding also, that if the 
stone is lodged at the uretero-vesical junction, 
may cause a feeling of urinary frequency 
and urgency. However, all symptoms are 
relieved quite abruptly when the stone exits 
the ureter and passes into the bladder.62 Other 
manifestations include persistent non-visible 
haematuria, intermittent visible haematuria, 
dysuria, penile oedema, enuresis, anorexia, and 
repetitive urinary tract infections.63,76–78 The 
end-stage complications of infected stones can 
be life-threatening, including pyonephrosis, 
xanthogranulomatous pyelonephritis, perinephric 
abscesses and sepsis.63

Urolithiasis aetiologic factors
Determining and understanding the factors 
involved in promoting the formation of urinary 
stones are a very important part of treatment 
procedures. However, in order to implement a 
better treatment decision and have a satisfactory 
positive response, all the interactions and the 

complication of these factors must be taken into 
consideration. 

1.    Non-dietary risk factors
1.1  Family history
Urinary stones develop more frequently in people 
with a family history of the disease than in those 
without a family history. The risk ratio was 
estimated by Curhan et al. (1997) to be more than 
2.57 times higher in individuals with a family 
history of the disease79, and a recurrence threat 
of 1.2 was detected by Guerra et al. (2016).80 
The explanations about this factor remain limited 
on the likelihood of a genetic predisposition and 
environmental exposures combination shared by 
family members, mainly those related to eating 
habits.63,64,81

1.2	 Relationship between urolithiasis and 
systemic disorders

Several diseases and systemic factors have been 
associated with an increased risk of urinary lithiasis 
occurrence. Primary hyperparathyroidism82–84, 

renal tubular acidosis85,86  and Crohn’s disease87–89  
are affections that have been correlated with 
urolithiasis and increase the risk of stone 
formation.
	 A history of gout increases the risk of stone 
formation, both uric acid and calcium oxalate.64 
The Kramer & Curhan (2002) study, reported the 
chance to have a lithiasis history in people with 
gout at 49%.90 These results were confirmed in 
men by a prospective study.91 The relative risk 
(RR) of subsequent kidney stones in the age-
adjusted (RR: 2.06) and multivariate (RR: 2.12) 
models was higher in patients with a confirmed 
gout diagnosis than in those without gout.91 
	 Increased body size as assessed by weight and 
body mass index (BMI) is associated with an 
increased risk of stone formation, independent of 
other risk factors, including diet.92 The magnitude 
of the increase in BMI risk is greater in women 
than in men.92,93 The risk of stone formation in 
individuals with a BMI greater than or equal to 
30 compared to those with a BMI of 21 to 23 
was 30% higher in men, but almost twice as 
high in women.64 Weight gain also increases 
the risk, weight gain of approximately 15.88 
kg from early adulthood increases the risk of 
stone formation by 40% in men and by 80% in 
women.64

	 The study conducted by Taylor et al. (2005) 
revealed the positive association of diabetes 
with nephrolithiasis, independent of age, BMI, 
thiazide diuretic use and diet.94 Daudon et al. 
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(2006) evaluated the types of stones in people 
with diabetes (type 2 diabetes), the proportion of 
uric acid stones was higher compared to calcium 
stones. The first type of stone was significantly 
3 times higher in patients with stones with type 
2 diabetes than in non-diabetic patients.95 In the 
same lines, Cameron et al. (2006) demonstrate 
that a low pH level is the main risk factor for 
the uric acid stones formation.96 In fact, diabetes 
may increase the risk of urinary stone formation 
by altering the urine composition. Insulin 
resistance is associated with high levels of free 
fatty acids in the plasma, which can enter the 
proximal tubular cells, interfering with the use of 
glutamine in ammonium production.94 Likewise, 
this resistance contributes to the accumulation 
of ammonia and considerably reduces the pH, 
which favors the uric acid stones formation.95 
Low urine pH affects the ability of the urinary 
tract to excrete acid (citric acid), which increases 
the risk of stones containing calcium.94

	 The link between our pathology and 
hypertension has been adopted mainly in two 
opposing ways; The first considers that the 
incidence of urinary stones was significantly 
higher in hypertensive patients, i.e. people 
with high blood pressure are at an increased 
risk of developing a kidney stone.97,98 On the 
contrary, the second shows that the risk of 
hypertension was higher in people with a history 
of nephrolithiasis and not vice versa. This 
association was independent of other risk factors 
recognised in these two pathologies.99–101 In the 
same context, Gillen et al. (2005) established this 
hypothesis, but only in women.102 In contrast, 
consumption of a DASH (Dietary Approaches 
to Stop Hypertension) type diet is associated 
with a marked decrease in the risk of urinary 
stone incidence.103 Thus, it can reduce the risk 
of their formation by increasing the levels and 
volume of urinary citrate.104 
	 The risk of cardiovascular disease has been 
associated with a history of urinary stone, 
although no causal relationship has been 
definitively established.105 However, Ferraro 
et al. (2013) showed a modest increase in 
the risk of coronary heart disease in women 
with a history of stones, but not in men in 
prospective studies.106 The survey by Alexander 
et al. (2014)and their prevalence is increasing. 
Kidney stone formers often have risk factors 
associated with atherosclerosis, but it is uncertain 
whether having a kidney stone is associated 
with higher risk of cardiovascular events. This 
study sought to assess the association between 

one or more kidney stones and the subsequent 
risk of cardiovascular events. Design, setting, 
participants, & measurements Cohort study 
of 3,195,452 people aged 18 years registered 
in the universal health care system in Alberta, 
Canada, between 1997 and 2009 (median follow-
up of 11 years found a significantly higher 
risk of acute myocardial infarction of 40% in 
people with one or more episodes of stones. 
Concurrently, coronary angioplasty / coronary 
bypass surgery was 63% and stroke was 26%, 
with a greater effect in women than in men.107 
On the other hand, Domingos & Serra (2011) 
show that this relationship remained significant 
only for myocardial infarction in women with 
a risk of more than 57%108, while the latter was 
31% in the work of Rule et al. (2010).109 In 
contrast,  Fan et al. (2017) found that lithiasis 
disease was associated with a high prevalence 
of traditional and non-traditional risk factors 
for cardiovascular disease such as hypertension, 
albuminuria, chronic kidney disease, increased 
arterial stiffness and ankle brachial index, 
indicative of peripheral arterial disease.110

1.3  Environmental factors
Regions with higher average annual temperature 
and humidity appear to be contributing factors. 
People living under those conditions are prone 
to chronic dehydration, which results in low 
urine volumes and hypocitraturia, leading to an 
increased incidence of urinary stones especially 
of uric acid.111,112 Seasonal variations have 
been mentioned with peak increases have been 
observed during the summer months.113,114 Global 
warming trends are likely to shift and expand 
areas at increased risk for stone formation. A 
study modeling the impact of climate change 
on stone disease found that the fraction of the 
U.S. population living in areas at high risk for 
nephrolithiasis would increase from 40% in 2000 
to 56% by 2050 and to 70% by 2095.115

1.4  Urinary risk factors
The crystallisation of stone forming salts is due to 
an abnormal urinary composition, of metabolic or 
environmental origin. These urinary risk factors 
are the basis for the diagnostic categorisation of 
stone-related diseases. Several factors can coexist 
in the same patient.116 24-hour urinalysis provides 
important prognostic information and direct 
treatment recommendations for the prevention 
of stone formation. 
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Hypercalciuria: Is defined as a calcium excretion 
in the urine, greater than or equal to 300 mg/day 
in men and 250 mg/day in women with a diet 
containing 1000 mg of calcium /day.63,64,117 It 
affects approximately 20 to 60% of patients with 
stones62,63,76,81,118   and contributes to calcium stone 
formation, by increasing the urinary calcium salt 
saturation and by deactivating negative charged 
urinary inhibitors.116  The most common cause of 
hypercalciuria is increased absorption of calcium 
from the intestine. This disorder is also associated 
with low bone mineral density in the vertebrae, 
the causes of this latter are unknown.116 

Hyperoxaluria: Where the oxalate urinary 
excretion is greater than 45 mg/day. This 
excretion can be present in 20 to 40% of patients 
affected by the disease, and the major risk is 
observed more in males than in females.64,76,81  
However, it should be noted that the risk of 
stone disease begins well below this oxalate 
excretion value. This may be due to the primary 
hyperoxaluria that causes the increased hepatic 
oxalate production or increased absorption 
in the short bowel syndrome called enteric 
hyperoxaluria (acquired), in which the intestine 
is overexposed to bile salts, resulting in increased 
permeability to oxalate. A diet low in oxalate 
and / or normal calcium to be raised, reduces 
oxalate urinary excretion.63 In contrast, primary 
hyperoxaluria is rare and the result of autosomal 
recessive genetic disorders associated with 
oxalate synthesis. In fact, primary hyperoxaluria 
type I is caused by a mutation in the alanine: 
glyoxalate aminotransferase gene, while type II is 
caused by a mutation in the glyoxalate reductase 
/ D-glycerate dehydrogenase gene.62,116,118

Hypocitraturia: Less than 320 mg/day urinary 
citrate excretion, found in 5-11% of new 
cases who developed stones. Citrate forms 
a soluble complex when it binds to calcium, 
thus preventing the binding of calcium to 
oxalate.63,64 Hypocitraturia can be the result of 
distal renal tubular acidosis, chronic diarrheal 
syndrome, intestinal dysfunction, genetic factors, 
hypokalaemia, urinary tract infection, rich diet 
protein and low in alkali, but it is mainly of 
unknown aetiology.116,117,119

Hyperuricosuria: An elevated level of uric 
acid with excretion greater than 750 and 800 
mg/day in women and men respectively, which 
results in spontaneous precipitation in solution. 
This precipitation can act as a scaffolding for 

crystalline aggregation of calcium oxalate and 
subsequent stone formation. Hyperuricosuria 
may be secondary to: uricosuric drugs, 
myeloproliferative disorders, primary gout or 
congenital disorders. Excessive intake of animal 
protein (especially purines) can increase uric acid 
excretion and decrease urine pH. The latter is 
a very important factor in controlling uric acid 
supersaturation.63,117 However, allopurinol has 
been shown to be an effective agent in preventing 
the formation of calcium oxalate stones in 
patients with hyperuricosuria120, also adding a 
decrease in protein intake is also useful.62

Cystinuria: Is a rare autosomal recessive 
disorder characterised by a reduced renal 
tubular reabsorption of the dibasic amino acids 
cystine, ornithine, lysine and arginine.121  Over-
excretion of cystine leads to stone formation 
due to their low solubility in urine at normal 
urine pH.117 In fact, the solubility of cystine is 
pH-dependent (modest increase if the pH tends 
towards 7.5, greater increase if the pH exceeds 
7.5) and varies according to the solubilises 
electrolytes and macromolecules. However, two 
genes responsible for cystinuria with multiples 
of mutations have been identified: the gene 
(SLC3A1) is responsible for type I cystinuria 
and completely recessive, while the gene 
(SLC7A9) is linked with non-type I (type II 
and III) and incompletely recessive. These two 
genes code respectively for two protein subunits 
rBAT and b0,+ AT of a membrane transporter 
located in the renal proximal tube and epithelial 
cells of the gastrointestinal tract. Clinically, 
heterozygotes with type I mutations are silent, 
while heterozygotes non-I types (types II and III) 
have a wide range of urinary cystine levels and 
some even have symptomatic urolithiasis.121–123

Low urine volume: Is a common and modifiable 
risk factor, defined as a 24-hour urine volume 
less than 1L/ day, and present in 12 to 25% of 
lithiasic people. Low liquid consumption, with 
a low volume of urine production, produce high 
concentrations of solutes responsible for the 
stone formation in the urine. In addition, the 
risk decreases with high liquids intake, which 
stimulates the increase of total urine volume.64,112

Urine pH: A high urine pH leads to increased 
saturation of calcium phosphate, predisposing 
to develop lithiasis. A high urine pH can also 
lead to the formation of struvite stones, due to 
the low solubility of phosphate when excessive 



Malays J Pathol December 2023

344

ammonia is produced by the urea fragmentation. 
However, low urine pH predisposes to uric acid 
nephrolithiasis.81

Infection: Infection stones are formed when the 
upper urinary tract is infected by urease-producing 
bacteria, for example (Proteus sp, Haemophilus 
sp, Ureaplasma urealyticum and Klebsiella 
sp). These microorganisms hydrolyse urea to 
produce ammonia and hydroxide, increasing the 
urinary pH, consequently increasing phosphate 
dissociation to form trivalent phosphate. These 
latter bind to magnesium to form a “triple 
crystal” of struvite stone (magnesium phosphate 
ammonia) and / or calcium carbonate apatite. 
These stones mostly develop in a branched form 
(staghorn) which occupies a large part of the 
collection system.116,117

2.  Dietary risk factors
Diet plays a very important role in influencing 
urine composition and therefore directly 
influences the risk of urolithiasis. The nutrients 
involved in this diet include calcium, animal 
protein, oxalate, sodium, sucrose, fructose, 
magnesium and potassium.64,124,125

Calcium: Excessive dietary calcium intake 
was considered to be a protective factor against 
urinary lithiasis formation, independent of 
other risk factors.63 However, high dietary 
calcium intake binds with oxalate in the gut 
and subsequently reduces oxalate absorption.125 
Indeed, the study conducted by126 reveals that 
the recurrence rate decreased by 50% in patients 
who followed a diet with a normal calcium intake 
(1200 mg/day) associated with a low intake of 
animal protein, compared to those who consumed 
a low calcium diet (400 mg/day). Unlike dietary 
calcium, calcium supplementation does not 
appear to reduce risk and may increase risk in 
older women.125,127

Oxalate: The proportion of dietary oxalate 
absorbed varies from 10% to 50% and is 
affected by concomitant dietary factors (such 
as calcium), intestinal flora and related diseases. 
In addition to this absorption, urinary oxalate is 
also derived from the endogenous metabolism of 
glycine, hydroxyproline, vitamin C and glycolate. 
However, the dietary contribution of urinary 
oxalate may be higher in stone formation. Up 
to one-third of patients with calcium oxalate 
nephrolithiasis may have increased dietary 
oxalate absorption, and in some cases, a 

deficiency in oxalate degradation by the bacteria 
Oxalobacter formigenes in the gut may be the 
cause.63,64,81,128

Potassium: An increase in dietary potassium 
intake has been considered to reduce risk in 
men and older women.63 Potassium consumption 
potentially reduces calcium excretion in the urine 
and stimulates urinary citrate excretion.17 

Sodium / sucrose: A high intake is directly 
proportional to urinary calcium and independent 
of calcium intake.63 Salt consumption invariably 
increases calcium excretion, conversely, their 
reduction decreases calciuria especially in 
hypercalcious.129

Vitamin C (ascorbic acid): Can be metabolised 
to oxalate, higher intake may increase the risk of 
calcium oxalate stone formation.63,64 According 
to Traxer et al. (2003), the consumption of 2 g 
of vitamin C per day increases urinary oxalate 
excretion by 20% in normal subjects and by 
33% in lithiasis subjects.130 The risk of stone 
formation was greater than 40% in men who 
consumed more than 1g of vitamin C, compared 
to men who ingested less than the recommended 
daily allowance.131

Vitamin B6: Is a cofactor in oxalate metabolism 
and its deficiency increases the production and 
excretion of oxalate in the urine. High doses of 
the supplemental vitamin B6 may be beneficial 
in some patients with primary hyperoxaluria type 
1.64 A high intake of vitamin B6 may reduce the 
risk of stone formation.132,133

Animal Protein: High levels of animal protein 
in the diet lead to high urinary oxalate, low pH, 
and low urinary citrate.63 Red meat, canned fish, 
meat extracts and muscle are rich in purine, 
which increases the uric acid concentration 
and therefore promotes stone formation. By 
recommendation, protein intake should be limited 
to 1g/kg/day.112

Liquid intake: Low fluid intake (<1200 ml / day) 
predisposes to the stone formation. Increased 
water consumption results in urine dilution of 
constituents that may precipitate, as well as a 
reduction in the residence time of free crystalline 
particles in the urine.127
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Urolithiasis diagnosis and management

1.  Diagnostic
This is a very important step that gives a general 
idea of the nature and causes of the disease in 
order to choose suitable treatment methods. 
Different diagnostic tools are used to confirm 
lithiasis.

1.1  Initial investigation
Urinary tract stones diagnosis begins with a 
history focusing on key elements, include a 
family or previous history of urinary stone, 
duration and progression of symptoms, and signs 
or symptoms of sepsis. Physical examination is 
often more helpful in ruling out non-urologic 
disease.134

	 Metabolic investigations are important to 
predict the likely stone type (if the stone is not 
available for analysis), identify the secondary 
causes and metabolic risk factors, evaluate the 
prognosis, and guide the treatment. Typically, a 
metabolic workup including fasting blood and 
punctual urine samples, as well as 24-hour urine 
is requested.135 Practically, we use the methods 
described below. 

Urine test strip:  allows to look for haematuria, 
nitrituria, leukocyturia, glycosuria, proteinuria, 
but also estimates density and pH.136

Cytobacteriological exam of urine (CBEU): 
performed to complete a positive urine dipstick, 
before initiating antibiotic therapy. It allows to 
recognise the non-glomerular character of a 
hematuria and to identify the germs especially 
the bacteria with ureasic activity.73,136

Blood culture: carried out systematically in case 
of fever over 38.5 °C. In the case of obstructive 
pyelonephritis, this examination looks for 
possible sepsis.73

Biological examinations: include creatinine, 
complete blood count  (CBC), and blood 
ionogram.73

Crisatlluria: performed on fasting morning urine 
to determine the pH, density and pre-existing 
crystals in the urine.

1.2  Diagnostic imaging 
In order to search the existence of an upper 
excretory tract dilatation or a stone, several 
methods are used, among which we cite:

Ultrasound: non-invasive, inexpensive, 
rapid, preferred for pregnant women and in 
patients with a renal failure stage.74 It allows 
visualisation of the stone and more delicate for 
the visualisation of lumbar or iliac lithiasis. Its 
sensitivity is excellent for pyelocalicular stones 
and for those of the lower ureter (full bladder).136

Abdominal x-ray: easy to perform in emergencies, 
but it has a poor sensitivity for detecting the 
lithiasis with a poor specificity (Hamm et al., 
2001).74 Therefore, this examination should not 
be done independently. However, the sensitivity 
is better when it is coupled with scanner.74

Intravenous Urogram (IVU): can show the 
entire upper urinary tract to the urethral opening, 
allows a fairly fine analysis, especially of the 
urothelium with a single iodine injection.137 It has 
now replaced by the scanner without injection 
with almost unanimity. When the urologist 
wishes to visualise the urinary tree for an invasive 
procedure, this scanner is injected.74

Computed tomography (CT): an imaging 
method used to obtain cross-sections, 
reconstructed from measurements of the 
attenuation coefficients of the X-ray beam in the 
volume considered.137 Injected or uninjected CT 
is the imaging test with the best sensitivity and 
specificity, giving dynamic 3D reconstructions. It 
helps to identify stones not visible on abdominal 
x-ray in particular uric stones, small stones, 
ureteral stones and to measure the density of these 
stones. It also allows to specify the differential 
diagnoses in nearly 50% of lumbar pain.138

1.3  Treatments

1.3.1  Dietary measures 
Fluid intake is an essential component of 
treatment and should be adjusted to ensure that 
urine output is greater than 2.5 L/day. Balanced 
diet standardised in calcium (800 mg to 1 g/day), 
sodium (2 to 3 g/day), protein (0.8 to 1.4 g/kg/
day), and limiting excessive intake of oxalate-
rich foods to a threshold of 40 to 50 mg/day.125

1.3.2  Medical treatment
Renal colic treatment is based on the use of 
non-steroidal anti-inflammatory drugs (NSAIDs) 
which act by blocking the cyclo-oxygenases 
involved in the inflammatory cascade, reducing 
local edema and glomerular filtration rate.74,139 
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In recent years, the introduction of expulsion 
therapy based on drugs capable to facilitate 
the passage of distal ureteral stones. These are 
calcium channel blockers (such as Nifedipine) 
which act by relaxation of smooth muscle fibers 
and alpha blockers (such as Tamsulosin) that 
participate in peristalsis.63,74,140 Yet despite their 
wide use, the evidence for the benefit of these 
agents in ureteral stones treatment remains 
weak.63,141 

1.3.3  Surgical treatment
Surgical treatment aims to remove any stones in 
the urinary tract. Takes into account the stone 
location, its size, its composition, the urinary 
tract anatomy and the patient’s morphology.

1.3.3.1  Extracorporeal Shock Wave 
           Lithotripsy (ESWL)
Non-invasive method, applying waves created 
by an extracorporeal generator and focused on 
the stone in order to pulverise it. The stone 
localisation is done by ultrasound. The average 
success rate for the kidney is 60 to 80% and 80% 
for the ureter, depending on the stone’s nature, 
their sizes and locations.138,142

1.3.3.2  Ureteroscopy (URS)
Invasive method that aims to remove stones 
stuck in the ureters or bladder, also can examine 
stones in the upper urinary tract. This procedure 
is painful and is performed by a ureteroscope in 
the form of a small wire that connects to a camera 
at the end. The latter is inserted into the urethra 
and passes into the bladder to remove stones.143

1.3.3.3  Percutaneous Nephrolithotomy 		
           (PCNL)
The procedure is invasive and consists 
in introducing a nephroscope through a 
percutaneous opening to fragment and extract 
stones larger than 2cm in diameter, or irregularly 
shaped (coralliform in particular).73

1.3.3.4  Open surgery
The use of open surgery for stone removal 
is declining due to the development of new 
non-invasive or semi-invasive methods such as 
ESWL, URS and PCNL. This method remains 
recommended for the treatment of large, 
coralliform stones where the predictable number 
of percutaneous accesses seems unreasonable.144 

1.3.3.5  Alternative treatment based on 
medicinal and aromatic plants

Medical management of urolithiasis involves 
medical treatments and / or invasive surgical 
interventions to extract the stones, which 
may generate side effects and complications 
such as haemorrhage, hypertension, tubular 
necrosis, subsequent kidney fibrosis, renal 
failure, steinstrasse (several small stones 
blocking the ureter), pancreatitis, infection and 
persistent residue (potential nidus for new stone 
formation).145–149 Research into treatment and 
prevention methods for this disease remains 
an avenue to be explored to avoid a possible 
recurrence in patients. In fact, the use of 
alternative methods, based on medicinal and 
aromatic plants (MAP) is very popular in the 
world, especially in developing countries. 
However, the exploitation of these traditional 
resources in research projects in order to verify 
experimentally the effectiveness of these 
resources and their applications is an issue and 
a challenge that must be addressed. Besides, 
ethnobotanical studies carried out in Morocco by 
various researchers have revealed the importance 
of some plants in the lithiasis treatment and in 
prevention of stones recurrence, as well as to 
relieve renal colic.150–154

	 On the other hand, in vitro studies show the 
effectiveness of plants extracts in inhibiting 
stone formation in different crystallisation 
stages (nucleation, growth, aggregation). Among 
these plants we can cite, Rotula aquatica149, 
Holarrhena antidysenterica147, Origanum 
vulgare146, Ammi visnaga155 Phyllanthus niruri156, 
Herniaria hirsuta157, Trianthema monogyna, 
Macrotyloma uniflorum158, Tamarix gallica L.159, 
Punica granatum L.160, Arbutus unedo L.161,162, 
act on calcium oxalate crystals. Commiphora 
wightii163 Citrus medica, Boerhaavia diffusa 
L, Rotula aquatica164 inhibit struvite crystal 
growth. Chenopodium album165, Tribulus 
terrestris, Bergenia ligulata166 against brushite 
crystal growth. Mentha pulegium and Eucalyptus 
camaldulensis essential oils show a very 
important effect against the Bacteria with 
ureasic activity responsible on infection lithiasis 
formation.167 In addition, in vitro studies on cell 
culture models as well as work on animal models 
have been carried out by deferent researchers and 
show the preventive effect of plants against cell 
damage and stone formation.146,149,168–173
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CONCLUSION 

This review work allowed us to take stock of 
urolithiasis disease, which has a multifactorial 
aetiology and is one of the major public health 
problems. The risk and frequency of this disease 
have increased steadily over the last decades, 
which at the same time has increased the 
care costs and created a burden on the health 
system. Despite the scientific and technological 
development which we are currently aware, 
the treatment methods used to relieve patients 
with urinary stones do not show the desired 
effectiveness, hence the need to find alternatives. 
Studies on the plants’ active components are 
progressing, with interesting results that need to 
be confirmed at the clinical level. In addition, 
the prevention accompanied by a diet remains 
effective.
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