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Preface

Changing epidemiology and global trends in the incidence of urolithiasis and rapid 
development both in our understanding of the pathophysiology of urolithiasis and the 
endourological revolution in its management merits publishing another treatise on 
this condition. Urolithiasis, once known to afflict people living in the Stone Belt, is fast 
becoming a global issue. This book addresses some of these developments. Authors from 
around the world discuss modern trends in the diagnosis, surgical management, and use 
of medicinal plants in treating kidney stones. Endourological management has signifi-
cantly simplified the treatment of kidney and ureteral stones, but these procedures are 
still associated with significant morbidity and even mortality. The saying “prevention is 
better than cure” could not be more apt for kidney stone disease than any other condition. 
The book includes a chapter dedicated to stone prevention, analyzing the scientific merit 
of various dietary and pharmaceutical interventions. 

Urolithiasis is at times complicated by other concurrent conditions related to the urinary 
tract or not related at all. Pregnancy and stone disease is one such example. Stones in the 
anomalous kidney and in the calyceal diverticula are conditions that can complicate the 
management of kidney stones. The introductory chapter examines these factors.

The book provides an impetus for further research and presents an overview of the cur-
rent understanding of the management of kidney stones.

Mohammad Hammad Ather
 Professor of Urology,
Aga Khan University,

Karachi, Pakistan
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Chapter 1

Introductory Chapter:  
Complicated Urolithiasis
Mohammad Hammad Ather

1. Introduction

Urolithiasis management is simplified with the introduction of shock wave litho-
tripsy (SWL), in the 1980s, with the help of technological advances in endourology 
in the last quarter of the century. Stones are said to be “complicated” when they are 
associated with conditions which impact diagnosis and management. Stones in anoma-
lous kidneys, stones following urinary diversion, stones formed/identified during 
pregnancy and stones in calyceal diverticulum are all considered to be complicated 
stones.

2. Kidney stones in pregnancy

The incidence of urolithiasis is increasing around the world. Urolithiasis is more 
common among men; however, the prevalence among women is increasing [1]. 
Around 7.1% women in the USA suffer from nephrolithiasis, and the incidence is on 
the rise [2]. Renal colic secondary to a kidney stone is the most common nonobstetric 
hospital admission diagnosis for pregnant women. The incidence of a symptomatic 
stones varies from 1 out of every 200–1500 pregnancies. Kidney stones in pregnancy 
are associated with significant complications including preterm labor and even deliv-
ery, premature rupture of the membranes, pregnancy loss, gestational hypertension 
which can lead to pre-eclampsia and urinary tract infections [3].

Women during pregnancy are more likely to form stones than otherwise [4]. 
Increased incidences of stones during pregnancy are often related to urinary stasis and 
collecting system dilation. It is a consequence of ureteral compression due to gravid 
uterus and progesterone-induced ureteral dilation. Besides anatomical factors, there 
are many biochemical changes favoring development of kidney stones. These include 
hypercalciuria and high urinary pH [5]. Imaging is not always successful in differentiat-
ing between obstruction and physiology. Majority of the stones are hydroxyapatite, 
mostly isolated and unilateral. The most common variety of stones formed during preg-
nancy is calcium phosphate (hydroxyapatite) [6]. The preponderance of hydroxyapatite 
stones is unclear; however, the probable cause is the pregnancy-related physiological 
alterations including increased calcium excretion and high urinary pH. The tendency to 
form stones continue to persist even after the pregnancy, during pregnancy second and 
third trimester and lasting until about 3 months following delivery [3].

Imaging is the cornerstone of diagnosis like in the nonpregnant population. 
Understandably ultrasound is the most frequently performed imaging. In various series, 
sensitivity of ultrasound in the detection of urolithiasis is highly variable. The reported 
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sensitivity of ultrasound during pregnancy varies from 29 to 95% [7]. Ultrasound 
could be falsely negative in over two-third of the cases, as it relies mostly on secondary 
signs. Visualization of stones in the ureter is often difficult due to the gravid uterus and 
it relies on secondary signs, that is, hydroureter. Ureteral dilation during pregnancy is 
often due to a gravid uterus in over 90% of cases. The intrarenal resistive index (RI) 
estimation is an additional parameter that can improve the ability to differentiate 
obstruction from physiologic hydronephrosis. Mean value of 0.7 (45% sensitivity and 
91% specificity) and difference between the two units of 0.06 (95% sensitivity and 
100% specificity) is indicative of obstruction [8]. The other important Doppler ultra-
sound parameter frequently employed is the ureteral jet phenomenon. Both absence 
of ureteral jet and an elevated RI improves ultrasound’s ability to diagnose obstruction 
from 56 to 72%. Transvaginal ultrasound is another important tool in the detection of 
distal ureteral stones [9]. In a study, it was observed that compared to transabdominal 
ultrasound, transvaginal ultrasound improves the ability to diagnose distal ureteral 
stones by threefold. The combination of transabdominal and transvaginal ultrasounds 
improve the ability to diagnose distal ureteral stones in 85% of the cases.

MRI scan is the second-line imaging if ultrasound fails to provide definitive 
answers. Both the AUA and EAU guidelines support this recommendation [7]. 
Noncontrast MR scans versus gadolinium enhanced studies (MR Urography) is still a 
contentious issue. However, American College of Obstetrics and gynecology (ACOG) 
recommends use of gadolinium contrast for scenarios where the benefit clearly out-
weighs the potential risks [10]. MRU without contrast (Single-shot turbo-spin echo) 
is reported to be 89% accurate in differentiating physiological hydronephrosis from 
obstruction secondary to urolithiasis. The overall positive predictive value of MR for 
ureteral stone is reported to be around 80% [11].

Noncontrast enhanced CT (CTKUB) is the gold standard in the evaluation of 
suspected uretero renal colic secondary to stone in both adult male and nonpregnant 
females and in children. However, radiation-induced nonstochastic (teratogenesis) or 
stochastic (carcinogenesis, mutagenesis) effects are a major concern. As a general prin-
ciple, any imaging investigation resulting in an absorbed dose to the fetus of >0.5 mGy 
requires justification [11]. The teratogenic effects of fetal radiation exposure are cumu-
lative with increasing dose. Potential fetal abnormalities include growth retardation, 
severe mental retardation, and microcephaly. Even the pregnancy loss can happen. The 
risk of fetal abnormalities is negligible at levels below 50 mSv. First two months of preg-
nancy and after 23rd week are safer periods. Current CT protocols particularly with low 
dose (<4 mSv) and ultralow dose CT (<1 mSv) are even safer. The current EAU guide-
lines recommend that ultrasound should be the preferred mode of imaging in pregnant 
women; MRI be used as second-line imaging and use low dose CT as a last option.

The contemporary management of acute kidney pain during pregnancy is by 
hydration, use of anti-emetics, and adequate pain control. Acetaminophen and if 
needed narcotics are safe for pain management. Spontaneous passage of stones is 
observed in 23-84% of cases [12]. Due to altered cell mediated immunity, up to 17% 
of women admitted with urolithiasis have accompanying pyelonephritis. Febrile 
infections secondary to obstructive uropathy are often observed due to altered cell 
mediated immunity. One in six women admitted for urolithiasis have pyelonephritis. 
Management is difficult due to limited choice in the use of medications. NSAIDs and 
codeine-containing medications for pain and fever and among antibiotics including 
penicillin, cephalosporins, and erythromycin are safer. Aminoglycosides, tetracycline, 
chloramphenicol, fluoroquinolones, and sulfa antibiotics, however, are contra-
indicated. Medical expulsive therapy use is ‘off label’ and belong to category B [13]. 
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Interventional treatment is needed in about one in four to one in three pregnant women. 
Intervention is often indicated in cases of intractable pain, severe or progressive hydro-
nephrosis, bilateral obstruction, or obstruction in a single functioning kidney, urosepsis 
secondary to obstructive uropathy. Women who develop obstetric complications like 
preterm labor or preeclampsia constitute failure of conservative treatment and mandate 
active intervention. Diversion using percutaneous nephrostomy (PCN) or insertion of 
double J stents are the most frequently performed [14]. There are pros and cons of both, 
whereas PCN is a shorter procedure under local anesthesia, it also facilitates subsequent 
PCNL (Figure 1) and is better in septic conditions, double J stents facilitates subsequent 
ureteroscopy, but often require a replacement in a matter of weeks to months due to 
higher incidence of encrustation and often require spinal anesthesia [15]. Ureteroscopy 
during pregnancy is associated with high success rates and should ideally be performed 
in the second trimester under either local or spinal anesthesia subject to ultrasound 
guidance. Fluoroscopy and general anesthesia should be avoided, particularly in the last 
trimester. PCNL and ESWL are associated with very high complication rates and should 
be avoided. ESWL is associated with miscarriage, congenital malformation, intra-
uterine growth retardation, placental disruption, and fetal demise [16], and therefore 
should not be performed.

In essence, urolithiasis during pregnancy is a challenge in both diagnosis and its 
management. Managing complex urolithiasis particularly with sepsis must be man-
aged in a multidisciplinary setting with the active involvement of an obstetrician, 
radiologist, and urologist [17].

Figure 1. 
A 27-year lady, 24 weeks pregnant presented to the emergency room with intractable pain, vomiting, and fever. 
Conservative management failed. Her ultrasound (A) showed hydrocalicosis and renal pelvic stone 15 mm. 
In view of failure of conservative treatment, a PCN was placed (B) and subsequent ultrasound (C) showed 
resolution of hydronephrosis, stone (arrow) and PCN. Postpartum CT (D) confirmed the presence of stone, and 
she underwent an unremarkable mPCNL.
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3. Urolithiasis in urinary diversions

Removal of the urinary bladder for muscle invasive bladder cancer, requires urinary 
diversion. Urolithiasis following urinary diversion is a relatively frequent complication. 
Diversion increases the risk of urolithiasis due to anatomical factors such as kidney 
dysfunction and stasis, recurrent infections, metabolic abnormalities, and presence of 
foreign bodies, including mucous and exposed staple lines [18]. Stones can form in both 
the upper and lower urinary tract. In a series of over 1000 cystectomies and ileal conduit 
urinary diversion with a mean follow-up of 75 months, upper-tract urolithiasis was 
observed in 13.4%, whereas 4.5% developed stones in the conduit [19]. Similarly, stones 
are also formed in the reservoir as well in the upper tract in orthotopic neobladder forma-
tion. It is more frequently observed in stapled anastomosis compared to hand sewn [20].

Multiple factors play a role in increased incidence of urolithiasis with a urinary 
diversion. Metabolic abnormalities are more frequently observed following continent 
and orthotopic neobladder. Hyperchloremic metabolic acidosis, hypercalciuria, 
hyperoxaluria, and hypocitraturia are some common metabolic abnormalities in this 

Figure 2. 
A 68 years old had a radical cystectomy and orthotopic neobladder in 2015 for muscle invasive bladder cancer. He 
presented with left flank pain and hematuria 7 years after the surgery, work up indicated hydronephrosis (arrow 
a, c) right distal ureteral stone (a, d) slightly proximal to the uretero-ileal anastomosis. He was initially managed 
by oral dissolution therapy (potassium citrate) and medical expulsive treatment. Conservative treatment failed 
and was subsequently treated by rendezvous procedure with antegrade and retrograde flexible ureteroscopy.
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cohort. The other changes like bone loss, recurrent infections, and development of 
CKD due to recurrent infections are major reasons for urinary hypercrystallization 
with stone formation. A cohort of 77 patients reported to have developed urolithiasis 
over 7 years of follow-up, Herzig et al. [21] noted that the most common stone com-
position was MAP stones in 63.5%, calcium phosphate stone in 25%, and only 11.5% 
were calcium oxalate stones (9.6% Wavellite and 1.9% Weddellite). Persistence of 
asymptomatic bacteriuria and urinary stasis following treatment of stones and infec-
tion results in high recurrence rate. Structural factors include presence of foreign bod-
ies, urinary stasis, and mucus plugs providing nidus for recurrent urolithiasis. Foreign 
bodies include nonabsorbable sutures and staples, stents, and indwelling catheters. 
Urinary stasis results from inadequate emptying due to mucus and hypercontinence, 
uretero-intestinal anastomosis strictures, ureteric transposition (left-sided stones 
more common) [22], and stomal stenosis [23].

Interventional management of the stones involves flexible ureteroscopy (fURS) 
or combined ante and retrograde approaches, the rendezvous procedures. System is 
often dilated secondary to stones or obstruction; however, for nondilated systems, 
it is important to prestent the affected renal unit with an antegrade percutaneous 
tube (PCN) as well. This is needed for most complex stones and for easy maneuver-
ing of the flexible instruments through difficult anatomy. For a nondilated system, 
ultrasound-guided puncturing on the stone, retrograde contrast study by placing a 
Foley’s catheter with an inflated balloon and pushing contrast into the conduit for 
retrograde filling of the system is needed. If everything else fails, trauma protocol on 
table IVU with 2 mL of intravenous contrast may provide enough opacification for 
calyceal puncture. A careful inspection of the reservoir is important as foreign bodies 
(staples, sutures, etc.), stents mucus plugs forms a nidus for future recurrence. Most 
important is to achieve complete stone clearance and do medical treatment postop-
eratively to decrease recurrence. Infective stones are notoriously recurrent; therefore, 
6–12 weeks of antibiotics are often recommended. For strictures and stenosis balloon 
dilation, stenting is recommended, and in certain situations, surgical revision of the 
uretero-intestinal anastomosis is recommended (Figure 2).

4. Urolithiasis in anomalous kidneys

The incidence of urolithiasis is higher in kidneys with anomalies of fusion, lie, or 
rotation [24].

Urolithiasis in anomalous kidneys pose special challenge due to differences in the 
lie rotation, and orientation of the calyces compared to an orthotropic kidney. Most 
common anomalous renal abnormalities include horseshoe kidney, ectopic pelvic 
kidney, and malrotated kidneys. Horseshoe kidney is the commonest of abnormali-
ties. The anatomical anomaly causes fusion of lower pole which results in the abnor-
mal position of UPJ, a high-placed UPJ, and malrotation and anterior displacement 
of the collecting system [25]. Preoperative work up should be meticulous to identify 
anatomical variations. CT urogram is often the study of choice. However, innovative 
meticulous planning uses artificial intelligence (AI) and 3D [26].

SWL, since its inception, due its non-invasive nature, became the treatment 
of choice. It is not suitable for most Kidney stones in anomalous kidneys due to 
location and even when appropriate, it is often associated with significant residual 
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fragmentation and poor clearance. The stone clearance is reported to be under 70% 
in larger reported studies [14]. In a well-equipped endourology center, SWL is not the 
first choice in most anomalous kidney stones (Table 1).

Lim et al. [27] performed an interesting global study on the propensity score-
matched pair analysis on data collected from 20 centers with urolithiasis in anomalous 
kidneys, Being treated with retrograde intrarenal surgery (RIRS) or mini PCNL 
(mPCNL). The treatment decision was made by the operating surgeon according 
to his preference and expertise. Authors concluded that both mPCNL and RIRS are 
safe and efficacious with mPCNL, demonstrating a higher stone free rate. Stones 
in anomalous kidneys are a complex medical condition and require expertise and 
availability of most endourological armamentarium. The treatment must be tailored 
according to individual needs of the patient. In patients with moderate-to-high stone 
burden, ectopic kidney’s access to both RIRS and mPCNL is important. Endoscopic 
combined intra renal surgery (ECIRS) Often provides the necessary access to right 
calyx and do directed treatment (Table 2).

One of the major concerns when performing mPCNL on anomalous kidneys is the 
risk of bleeding. In a recent paper, Feng et al. [28] observed that Tranexamic acid may 
be a useful adjunct to prevent major bleeding. Technological developments in flexible 
ureteroscopy have made the RIRS as a first choice for most small-to-moderate size 
stones in the anomalous kidney. It is also indicated in situations where either SWL or 
mPCNL is not feasible or has failed (Figure 3).

Renal anomaly mPCNL RIRS ECIRS SWL

Horseshoe kidney +++ ++ +++ +

Ectopic kidney + +++ + —

Malrotated kidney +++ (for stones >2 cm) +++ (for stones ≤2 cm) +++ +

Calyceal diverticulum ++ ++ +++ —

Level of recommendation = +; mPCNL = mini percutaneous nephrolithotomy; RIRS = Retrograde intrarenal surgery; 
SWL = Shock wave lithotripsy.

Table 2. 
Pros and cons of various treatment options in renal anomalies with urolithiasis.

Renal anomaly Incidence Anatomical variations

Horseshoe kidney 1 in 400 (live birth) Abnormally placed UPJ
High UPJ
Anterior and malrotated calyx

Ectopic kidney 1 in 1000 (live birth) Location and relationship with surrounding organs

Malrotated kidney 1 in 2000 (autopsy) Variable orientation of renal pelvis, collecting 
system, and renal vessels

Calyceal diverticulum Rare Outpouchings from the collecting system, epithelial 
lining, muscular layer, and narrow channel

UPJ = Ureteropelvic junction.

Table 1. 
Renal anomalies, incidence, and anatomical variations causing urolithiasis.
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5. Conclusions

Pregnancy is an independent risk factor for urolithiasis. In endemic areas, women 
with a history of urolithiasis, should undergo basic work to exclude kidney stones 
before planning pregnancy. Management of stones during pregnancy is complicated 
and compromised, particularly in the first and last trimester. Radiations should be 
avoided in the first trimester and interventions only when necessary.

Stones in urinary diversions are frequently seen. Stones can form as early as first 
year following diversion, so monitoring is important. Medical treatment is required 
after interventional treatment to avoid recurrence. Infection and obstruction are the 
two significant risk factors; infections are invariably present so perioperative anti-
biotics should be used. Most patients have hydronephrosis at presentation, so a PCN 
is always handy to have subsequent endourological interventions. CT is necessary to 
understand the anatomy, and loopogram is also helpful.

Figure 3. 
A 29-year-old known case of urolithiasis, presented with acute colic imaging indicated 16 mm proximal ureteral 
stones and multiple small kidney stones (imaging not shown). Underwent RIRS and stenting. Stent removed after 
2 months and was considered for ESWL for residual stones, however due to significant stone burden PCNL was 
advised. A renal vein (white arrow); B renal artery (white arrow) and C. malrotation and stones in renal pelvis 
and calyces.
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Stones in anomalous kidneys pose a challenging situation and require precise 
delineation of anatomy using a CT urogram. It helps to clarify calyceal and vascular 
anatomy. SWL is often not effective due to stone clearance issues [29]. PCNL and RIRS 
are the options of choice. RIRS is now considered the gold standard for most small-to-
moderate size stone; ECIRS is an optional approach to malpositioned (ectopic) that 
often require laparoscopic guidance to PCNL; however, RIRS is a safer option.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Renal Tract Stones – Diagnosis  
and Management
Ivan Thia and Matthew Chau

Abstract

This chapter explores the diagnosis as well as various methods for stone 
clearance and recent advancements in each of the avenues, so as to provide the 
avid reader an understanding of the basis of each intervention and new exciting 
technology that lay on the horizon. Each section is further subdivided such that it 
would be easy for readers to search and look up relevant information at a glance 
without having to read through the entirety of the chapter. Firstly, diagnosis of 
renal calculi is explored, as renal tract pain can mimic a variety of abdomino-
pelvic conditions and cause the same constellation of symptoms. Evidence based 
investigation modalities are discussed. Subsequently, management of renal tract 
calculi are divided into conservative management with analgesia and medical 
expulsion therapy, extracorporeal shock wave lithotripsy, ureteropyeloscopy and 
laser lithotripsy, as well as percutaneous nephrolithotomy. The different stone 
size, composition, location and patient factors have all contributed to the different 
surgical options as detailed above. Each section end with a discussion of new and 
exciting innovations in each of the areas that may lead to even more efficient and 
safer interventions for the Urology of the future.

Keywords: urolithiasis, extracorporeal shockwave lithotripsy, Ureteropyeloscopy, 
percutaneous Nephrolithotomy, renal tract stones

1. Introduction

Renal tract calculi is a common presentation to an emergency department, and 
accounts for approximately 75% of presentations due to disorders of the genito-
urinary system [1, 2]. One in ten people will have kidney stones in their lifetime. 
Recurrence of renal stones within five years approaches 50% [3]. However, not 
all renal tract calculi require surgical intervention, with 75–90% of these passing 
spontaneously with conservative management [3]. Despite this, the large volume 
of work in this area had prompted medical professionals, pharmaceutical compa-
nies and researchers alike to explore different avenues of approach to tackle this 
problem.
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2. Diagnosis

2.1 History taking and examination

Haematuria is a common feature of ureteric calculi and is associated with approxi-
mately 82% of renal colic presentations [4]. Nausea and vomiting as well as lower 
urinary tract symptoms such as urinary urgency, frequency, dysuria or hesitancy are 
also often present. Associated fevers might be indicative of another inflammatory or 
infective processes or signal the presence of an infected obstructed kidney, which is a 
urological emergency.

A comprehensive examination of all abdominopelvic organ systems is essential to 
rule out other important or life-threatening conditions. It is important to remember 
that a diagnosis of renal colic does not exclude other concomitant medical conditions 
that may require more urgent attention.

2.2 Bedside tests

Patients who are thought to have renal stones should have the following tests: [5].

• urine dipstick analysis/urine culture

• full blood examination

• C-reactive protein

• serum urea, electrolyte, creatinine

• serum calcium and uric acid

• serum parathyroid hormone

• 24-hr urine metabolic screen

In conjunction with individual patient (eg age, comorbidities, renal function) 
and disease (stone, duration) factors, these investigations are important in helping 
to identify a subset of patients who are not suitable for conservative management, 
especially if there are markedly raised inflammatory markers or severe renal failure in 
the absence of other infections/inflammatory conditions.

2.3 Diagnostic imaging

Expedient imaging should not be delayed in patient populations suspected of suffer-
ing from renal tract calculi. Low-dose, non-contrast computed tomography (CT) of the 
kidneys, ureters and bladder (KUB) is the current gold-standard imaging of choice. CT 
KUB accurately determines stone location, size and density, aiding in surgical planning. 
Mimickers of renal colic such as appendicitis, cholecystitis, bowel obstruction, diver-
ticulitis or adnexal pathology can also be reliably excluded. A meta-analysis by Worster 
et al. has demonstrated that CT KUB has a pooled sensitivity of 93.1% and specificity of 
96.6% in detecting renal tract calculi [6]. Especially when patients are not obese with 
BMI <30 kg/m2, sensitivity for detection of stones >3 mm in size approaches 100% [7].
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KUB ultrasonography (USS) is a useful alternative first-line imaging tool to pick 
up renal tract calculi, especially in patients who are more vulnerable to radiation 
exposure. USS KUB can also identify hydroureter and hydronephrosis secondary to 
post-renal obstruction. Unfortunately, sensitivity of USS is compromised due to its 
poor penetration of air, and is also highly dependent on factors such as operator skill 
and patient body habitus. Overall, KUB ultrasonography is safe, reproducible and 
inexpensive, with acceptable calculi detection rates for both renal (sensitivity 45%, 
specificity 88%) and ureteric (sensitivity 45%, specificity 94%) calculi [8].

X-Ray KUB readily picks up calcium containing calculi but are often inhibited 
by lack of sensitivity in picking up small renal tract calculi due to obscuring overly-
ing bowel gas and presence of phleboliths. Brisbane et al. argues that XR KUB has 
value in monitoring of growth in cases of known renal calculi under surveillance 
and is less useful in the acute setting. This modality is not widely used anymore in 
tertiary centres to diagnose renal tract calculi where ultrasound and CT services 
are widely available.

3. Management of renal stones

The management of renal stones depend on many different factors and has to be 
individualised to patient needs and availability of resources. The table below lists 
some of the important factors to consider when determining the best therapeutic 
approach in a given scenario (Table 1).

There are various therapeutic options available to tackle renal and ureteral calculi, 
and one or more of these can be utilised in conjunction in the management of more 
complex cases. It is important to remember that not all calculi need surgical interven-
tion, at least not at initial presentation, and that the above factors mentioned are 
dynamic and so should the therapeutic option selected.

The average diameter of a ureter measures 3-4 mm and a plethora of studies have 
been performed to determine factors that would predict spontaneous stone passage. 
The size of a stone is a known independent factor, with stone size <7 mm being 
the usual cutoff for trial of conservative management with analgesia. In a meta 
analysis by Pearce et al., likelihood of passage is 60% for stones smaller than 7 mm 
in a cohort of 1093 patients [9]. Another important factor studied was the location 
of the stone, with proximal ureteric stones generally having a lower spontaneous 
passage rate as compared to distal ureteric stones, although this finding was not uni-
versal. This is likely due to patients electing to undergo elective surgery for symp-
tom control as well as lack of consistency in time period allowed for spontaneous 
passage before surgical intervention is organised. Medical expulsion therapy (MET) 
is frequently used in conjunction with analgesia to quicken passage of stone and 
reduce opioid use, thereby reducing risk of complications and providing symptom-
atic relief. Various medical therapies have been studied, and this will be discussed 
later in the chapter.

Extracorporeal shock wave lithotripsy (ESWL), first invented in 1980 in Germany, 
is still widely used to treat renal and ureteric calculi in healthy individuals with low 
stone burden. This approach to stone management is enticing as it allows for a mini-
mally invasive method to fragment certain types of calculi in favourable locations, 
circumventing the need for more invasive options. ESWL is highly effective when 
applied to the appropriate patient population and should be incorporated into the 
repertoire of urological centres where available.
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Calculi fragmentation with laser lithotripsy is now the mainstay of nephroli-
thiasis management, and is widely employed for this purpose, with many urolo-
gists favouring its use due to its easy availability, flexibility, and ability to deal with 
almost any situation. Recent advancements in this field have allowed for greater 
and more accurate energy delivery, reduced retropulsion of stone fragments, and 
more customisable options to achieve better stone clearance with shorter operating 
times.

As for larger calculi >2 cm in size, percutaneous nephrolithotomy (PCNL) remains 
the gold standard surgical approach when attempting to achieve stone clearance. 
Patients do need to be counselled carefully as this procedure have higher preoperative 
complication rates as compared to the other interventions described. Open nephroli-
thotomy is now rarely used given its high morbidity rate and exclusive indications and 
is not within the scope of discussion in this chapter.

Factors Impacting Treatment of Renal Stones

Disease Factors:

• Size

• Location

• Composition

Patient Factors:

• Renal anatomy - ptosis, horseshoe, pelvic, cross-fused, single functioning

• Intrarenal anatomy - infundibulo-pelvic angle, infundibular length, infundibular width

• Ureteric anatomy - strictures, pelvi-ureteric junction obstruction, duplication, ectopic

• Medical comorbidities - including but not limited to coagulation status, pregnancy, cardiac/renal/respira-
tory function, immunosuppression, inflammatory or malignant conditions*

• Surgical history - previous intervention for urological and non-urological pathologies, cardiothoracic and 
vascular procedures along retroperitoneum

• Fitness for surgery

• Superimposed infection

• Preference

• Compliance with follow up

• Socioeconomic considerations - length of stay, morbidity, cost, legal

• Geographic consideration - rural/urban/suburban

Service Provision Factors:

• Infrastructure/equipment availability

• Technical expertise

• Perioperative support availability

• Imaging and radiology expertise availability

*Many medical factors are implicated in decision making, as they impact on the general fitness of an individual. 
The list stated is not exhaustive and a patient’s comprehensive medical and medication history need to be taken into 
consideration when deciding on interventional therapies.

Table 1. 
Factors that impact the management of renal tract calculi.
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4. Conservative management

4.1 Analgesia

Non-obstructing renal calculi are generally asymptomatic and are frequently 
discovered incidentally in patients who have undergone either ultrasound or com-
puted tomography (CT) imaging for other causes. The classic renal colic is triggered 
by an acute ureteric or calyceal obstruction leading to stretching of the corresponding 
proximal calyx, ureter, renal pelvis and/or peripelvic renal capsule [10, 11]. This pain 
cycle occurs in a predictable pattern and can be categorised into phases:

• acute - insidious, constant with intermittent exacerbation leading to severe pain, 
crescendo picture that lasts up to 6 hours

• constant - sustained, maximal pain intensity, lasts up to 4 hours

• relief - gradual diminishment of pain intensity, lasts up to 6 hours

• This cycle can and often does repeat till offending stone is removed or passed.

Renal colic is unique in its migratory nature and pattern of referred pain. Sensory 
innervation of the ureter is fed back via the sympathetic autonomic nervous system of 
levels T10-L2 [12]. Depending on the level of obstruction, the distribution of referred 
somatic pain varies. Intrarenal or proximal ureteric obstructing calculi tend to cause 
renal angle tenderness and flank pain. As the stone migrates into the middle and distal 
third of the ureter, patients with lower abdominal or groin pain that radiate to or from 
the scrotal/labial region [13]. Distal ureteric obstruction is also associated with stor-
age lower urinary tract symptoms (LUTS) such as urinary urgency, frequency, dysuria 
and oliguria. However, it must be noted that renal colic is highly variable, and no one 
symptom or painful region can reliably predict the location of the offending stone.

4.2 Non-steroidal anti-inflammatory drugs (NSAIDs)

Renal colic is mediated by the secretion of prostaglandins secondary to local 
stimulation of the obstructing calculus. In turn, these prostagladins stimulate vaso-
dilatation with greater permeability of glomerular afferent arterioles, increasing 
urine production and renal pelvic pressure in the acute phase [14]. The tight fibrous 
renal capsule does not allow room for expansion to accommodate this increased urine 
volume, with the increased intrarenal pressure manifesting as pain.

NSAIDs have been included in various guidelines and protocols across general 
practitioner and emergency department services as a first line analgesia drug for 
management of renal colic. Paracetamol and NSAIDs are non-selective or selec-
tive COX inhibitors and they inhibit the production of prostaglandins. Depending 
on formulation, this class of medication takes 3–7 days to reach maximal effect, 
causing a reduction in prostaglandin production, reducing glomerular filtration by 
up to 35%, thereby relieving renal pelvic pressure [15]. They also have local effects 
in reducing ureteric oedema and peristalsis, further reducing local stimulation 
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of pain receptors [16–18]. This is evident with per-rectal (PR) administration of 
indomethacin for distal ureteric stones resulting in much better symptomatic pain 
relief as compared to other forms of analgesia.

Studies have shown that patients receiving NSAIDs as part of routine analgesia 
regimen for renal colic experience greater reduction in pain scores, require lower 
amounts of rescue analgesia for breakthrough pain and lower doses of opioids and 
therefore experience less opioid related side effects such as nausea and vomiting 
(5.8% vs. 19.5%) [19, 20]. Also, both oral PR NSAIDs reduce colic episodes when 
used as a regular medication, and reduce hospital admission rates by 28–57% [21]. 
However, it is worth noting that despite its benefits, NSAID administration does not 
reduce time to stone passage, nor does it increase the likelihood of spontaneous stone 
passage [22].

NSAIDs are versatile and come in different preparations including oral, intrave-
nous, and PR formulations with analgesic effect seen from 30mins of administration. 
As only short courses of NSAIDs are required for symptomatic pain relief for renal 
colic, the potential side effects of exacerbating gastric irritation, renal and cardiac 
failure are rare even in patients with pre-existing disease if used with caution.

4.3 Opioids

Opioids are medications that work via binding to opioid receptors found pre-
dominantly in the nervous system and gastrointestinal tract, thereby producing its 
analgesic and anaesthetic effects [23]. There are many different opioids, binding to 
various receptors to varying degrees, either as agonists or antagonists, and these have 
found widespread application in the management of both acute and chronic pain. In 
the setting of renal colic, opioids mediate a quicker analgesic effect, although there is 
no significant difference found between opioid and NSAID for pain relief by 30mins. 
Also, opioids are ineffective in treating the underlying cause of renal colic, unlike 
NSAIDs, and require frequent, repeated dosing to achieve the desired pain relief, 
resulting in higher risk of gastrointestinal and neurodepression side effects.

4.4 Medical expulsive therapy (MET)

MET has been extensively studied as there is evidence that it reduces the time for 
passage of stones that would otherwise not have required surgical intervention, thereby 
achieving earlier symptomatic relief, reducing need for prolonged analgesia and risk 
of side effects, as well as reducing emergency department presentations and number 
of surgeries performed [24]. It was discovered that the distal ureters are rich with 
alpha-adrenergic receptors and that alpha blockers could possibly relax ureteral smooth 
muscle without impeding ureteral peristalsis as well as reduce ureteral oedema [25].

Alpha-blockers prove efficacious in increasing the rate of expulsion (RR 1.54, 95% 
CI: 1.29, 1.85; p < 0.01), reducing time to expulsion (p < 0.01), reducing analgesia use 
and providing relieve from renal colic (p < 0.01) [26]. The most well studied alpha-
blocker is tamsulosin. The effect of this class of medication is most evident in larger 
stones (>5 mm) within the distal ureter. Newer, more selective medications of the 
same class such as silodosin (α1A) and naftopidil (α1D) show great promise, at the 
same time reducing the risk of experiencing the most common reported side effect 
of postural hypotension [27–30]. Alpha-blockers have also found a place as adjunct to 
surgical intervention, for example laser lithotripsy or external shockwave lithotripsy 
(ESWL), in aiding in the passage of residual stone fragments [31].
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The use of calcium channel blockers, steroids and phosphodiesterase type 5 (PDE5) 
inhibitors are historic, and they have been shown to be inferior to alpha-blockers in sev-
eral small studies. Therefore, the use of these medications should not be first line in MET.

4.5 Advancements

A multidisciplinary team approach to management of renal calculi has been 
shown to improve patient outcomes. The team should consist of a urologist, general 
practitioner, nurse practitioner. A radiologist, pharmacist and dietician should also 
be part of the team for the management and prevention of renal calculi. Conservative 
management of renal colic requires active monitoring, as stones that do not pass within 
4 weeks require surgical removal to reduce risk of chronic renal scarring and atrophy.

5. Extracorporeal shockwave lithotripsy (ESWL)

ESWL was first invented in the 1970s and introduced as a novel method for 
management of renal tract stones in the 1980s, gaining widespread recognition and 
utility as a first-line treatment option [32]. Over the last 40 years, better technology 
and more advanced equipment have been developed, yet there has been little modi-
fication to the way the shock waves are generated or delivered to its intended target. 
The acoustic shockwave, a pressure pulse, produced by a lithotripter is responsible for 
both the fragmentation of renal tract calculi. Newer lithotripters have been built to 
focus on the efficient and safe delivery of these acoustic waves through body tissue to 
the intended target.

5.1 Basis of ESWL

A typical shockwave is short (~5 μs duration), with its energy spread over a large 
frequency range. Regardless of the type of lithotripter, the waveform of the shockwave 
produced is similar, consisting of a near instantaneous shock front, followed by a com-
pressive phase, then a slowly diminishing tensile phase [33–35]. The difference in energy 
generated and magnitude of focal area determines the performance of the lithotripter.

An acoustic wave is created when an object moving through an air or fluid medium 
causes local compression and excitation of the medium surrounding it [36–38]. These 
molecules in turn excite their neighbours, leading to the successive propagation of the 
wave of energy. The speed at which the wave propagates depends on the medium in 
which it is travelling. When the object moves away from a medium, there is an oppo-
site resultant disturbance called rarefaction, with its ensuing propagation leading to 
a tensile phase [39–41]. Shock waves generated by a lithotripter have compression 
and tensile phases travelling at different amplitude and speed, as the generation of a 
shockwave is nonlinear in nature [42–44].

The amount of energy delivered to the renal tract calculi is dependant on the 
wave intensity and its transmission or reflection. In relation to the above, acoustic 
impedance, the effective resistance of a medium to the propagation of an acoustic 
wave, is an important property [45–47]. The acoustic impedance of tissue, renal tract 
calculi, bone and air relative to water increases in orders of magnitude respectively, 
therefore it is important to minimise any air medium separating the lithotripter and 
the patient [48, 49]. As a comparison, up to 95% of energy would be transferred 
from water-to-stone via a shockwave, but only 0.1% of the same energy would be 



Nephrolithiasis – From Bench to Bedside

22

delivered water-to-air. Naturally, a flank approach through a predominantly tissue 
medium is favoured for an effective ESWL procedure.

Similar to the theory behind delivering radiotherapy, focusing and minimising 
diffraction of an energy source would ideally maximise damage to a particular area 
or object in question whilst minimising collateral injury as much as possible [50, 51]. 
Due to the nature of shockwave propagation, a focal area of high acoustic pressure is 
unavoidable. The size of the focal area is depending on how the lithotripter focuses 
the shockwave as well as the shape of the waveform it generates. A safe design feature 
would aim to deliver as large an acoustic pressure over as small a focal area as possible.

Shockwave generation can be created via a spark source (electrohydrolic litho-
tripter), magnetic repulsion (electromagnetic lithotripter) or crystal deformation 
(piezoelectric lithotripter) [52–55]. All of the above lithotripters would require a 
means of focusing shockwaves, whether it be an ellipsoid reflector, an acoustic lens 
or a spherical cap respectively. Once the shockwave is generated, coupling between 
the lithotripter and body is required for good transference of energy. Most modern 
lithotripters utilise an ellipsoid rubber couplant filled with water placed against a 
patient’s body with a coupling gel in between to reduce any air pockets present, so as 
to deliver as much energy to the calculus as possible [56, 57].

5.2 Mechanism of action

The surface of a renal tract calculus is generally complex and irregular, meaning 
that the angle of incidence between a shockwave to stone is different at different 
regions. This results in a longitudinal compression wave as previously discussed, but 
also a perpendicular transverse shear wave that cause oscillation of molecules it passes 
through. These two waves travel at different speeds, reflect and refract again at dif-
ferent angles, and this interference causes high tensile stress within the calculus itself. 
Proposed mechanisms of stone fragmentation with ESWL include:

Spall fracture [58] - reflection of shockwave from posterior wall of calculus into incom-
ing tensile phase pressure tail causes focal large tensile stress leading to material failure.

Shear stress [59] - interference between shear waves and compression waves 
exploit layered nature of calculus, leading to fracture along weakness of organic bind-
ing material between each layer of crystalline stone.

Superfocusing [60] - the amplification of stresses within a calculus due to its 
inherent geometry and elastic properties with initial shockwave reflected via diffrac-
tion and refraction to varying degrees.

Squeezing [60] - difference in property between calculus and surrounding urine/
fluid medium results in circumferential hoop stress from shockwave travelling outside 
the calculus, leading to maximal axial tensile stress and material failure.

Cavitation [60] - collapsing bubbles predominantly on the proximal surface of the 
calculus created from the negative pressure tail of the acoustic pulse lead to genera-
tion of secondary shockwaves that are equally powerful.

Fatigue [60] - imperfections in stone material, coupled with repeated high stress 
insults lead to formation of cracks and eventual material breakdown.

5.3 Discussion

Due to the physical properties of wave formation and propagation, ESWL should 
be utilised selectively for management of renal calculi to achieve optimum success 
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rates. Careful selection of patients should take into account of multiple factors, 
including:

• size of stone (renal calculi <20 mm, proximal or distal ureter calculi <10 mm)

• location (ureter, renal pelvis, renal calyx)

• stone composition

• patient habitus

• lithotripter availability

Snicorius et al. demonstrated that stone size or volume is the greatest prognostic 
factor in determining ESWL success, with an 80–85% stone clearance rate for stones 
<20 mm in size, down to 33–65% for stones >20 mm [61]. Stone clearance rates in the 
renal pelvis (86–89%), upper pole calyx (71–83%), inter polar calyx (73–84%) and 
lower pole calyx (37–68%) also differ significantly [61]. Stone composition deter-
mines material tensile and shear strength and therefore susceptibility to stress. For 
example, cystine and calcium oxalate monohydrate stones are difficult to comminute, 
and frequently fractures into larger fragments that are difficult to expulse, requir-
ing further medical and surgical therapy [62]. Obesity translating into increased 
skin-to-stone distance is another independent predictive factor for stone failure 
[63]. Therefore, the importance of proper patient selection cannot be understated in 
improving treatment success rates.

Complications from ESWL is not uncommon and can result in devastating 
outcomes. As previously discussed, the mechanisms causing stone fragmentation 
also result in the same stress damage to body tissue. Due to the need to adjust the 
length of the focal area to penetrate deep into tissue onto stone, as well as patient 
movement or potential misalignment, many of the shockwaves pass directly onto 
surrounding tissue, which over prolonged and repeated insult will suffer collateral 
damage in spite of inherent tissue protective factors [64–66]. Mechanical stress 
from direct compression of tissue, variation in tissue impedance, expansion and 
collapsing cavitation bubbles all contribute to tissue damage [67]. Also, stone clear-
ance may not be achieved satisfactorily, leading to secondary complications from 
residual stone fragments. Commonly cited complications and risk of individual 
events is described (Table 2).

ESWL complications

Steinstrasse 4–7%

Renal colic 2–4%

Urinary tract infection 7–23%

Haematoma 4–19%

Cardiac dysrhythmia 11–59%

Bowel perforation, other solid organ haematoma rare

Table 2. 
ESWL complications and rates [68].
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There is no general consensus regarding maximum number of shock waves that 
can be delivered per session, although small case series demonstrate >4000 shocks 
delivered, in an effort to reduce complication rates [69, 70]. Each session usually lasts 
45-60mins, and repeated sessions can be performed to improve stone clearance rates. 
Insertion of a ureteric stent prior to commencement of ESWL therapy has not been 
shown to improve stone clearance. Another potential beneficial measure with weak 
evidence include commencing treatment at a low-power, low-frequency setting and 
subsequent stepwise power ramping may increase stone clearance rates and reduce 
tissue damage by inducing vasoconstriction and therefore renal bleeding [71–73].

Absolute contraindications of ESWL include: [74].

• pregnancy

• untreated urinary tract infection

• decompensated coagulopathy

• uncontrolled arrhythmia

• abdominal aortic aneurysm greater than 4 cm

5.4 Advancements

Greater understanding of shock wave generation and its mechanism of stone 
fragmentation have allowed for devices with producing waves with wider focal zones 
and lower peak pressures to reduce risk of injury yet at the same time improve stone 
fragmentation efficiency [75]. Secondly, experimental devices with twin sources 
firing in tandem or sequentially have been shown to improve stone fragmentation 
by increasing the number and amplitude of cavitation bubbles via a second pulse 
[76–78]. Combinations of piezoelectric with an electrohydraulic or piezoelectric with 
electromagnetic lithotripter have been experimented with.

Raskolnikov et al. describes a new ultrasound technique that takes this even further, 
with promising results in vitro. The new technology, utilising ultrasound technology 
and named burst wave lithotripsy (BWL), utilises a prolonged burst of consecutive, low 
amplitude ultrasound pulses rather than a single high amplitude shock wave produced 
in ESWL [79–81]. ESWL pulses lead to a focused fracture point, with resulting unsatis-
factory stone fragmentation into large fragments that are then subsequently more dif-
ficult to break up with successive pulse waves. BWL, on the other hand, causes multiple 
fracture points to develop along the stone surface, with smaller fragments breaking off 
the main stone body, theoretically achieving better fragmentation. Fragment sizes are 
also more controlled depending on frequency of the ultrasound waves as compared to 
erratic fragment sizes produced by ESWL. Finally, BWL devices are more portable, less 
cumbersome and have the potential to be incorporated into pre-existing ultrasound 
devices, culminating in an exciting avenue of research for the future.

6. Ureteropyeloscopy with laser lithotripsy

Light amplification by stimulated emission of radiation, or laser for short, has 
found various applications in medicine since its inception in 1951, with dermatologist 
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Dr. Leon Goldman utilising a ruby laser to remove skin tattoos, while Dr. McGuff 
made use of one to ablate atherosclerotic plaques [82]. More recently, lasers are used 
extensively in the field of dentistry, cosmetic surgery, opthalmology, plastics surgery, 
and of course urology. In 1968, Mulvany first attempted to use a rubidium laser to 
fragment bladder stones, and has been a hallmark in the management of calculi in the 
urinary tract from the 80s [83].

6.1 Mechanism of action

All laser generators compose of an energy source, an active medium from which 
electromagnetic radiation is produced, and finally a resonant cavity with two mirrors 
(reflective and partially reflective) at each end [83]. The active semi-conductive, 
solid state medium (e.g Yttrium Aluminium Garnet, also known as YAG) is doped 
with excitable ions of neodynium, erbium, holmium or thulium [83]. An electric 
current is passed through the active medium, exciting atoms within its molecules, 
leading to the subsequent discharge of this energy as photons. Once the number of 
excited photons outnumbers the non-excited photons, a laser beam is produced. 
These laser beams have the same wavelength, travels in a single direction, and can be 
directed to travel in collimation with little divergence, with energy being delivered 
to a finite space with minimal dispersal [83]. Laser production is delivered in pulses, 
which can be controlled either with phase lock or a shutter mechanism, thereby 
reducing the potential for collateral tissue damage due to sustained exposure during 
procedures [83].

Laser-tissue interactions consist of photomechanical and photothermal processes 
[82]. Photomechanical processes induced by laser directed at calculi is akin to the 
mechanisms discussed for ESWL in previous sections. The deposition of energy from 
the laser beam around a calculi causes a transient, unstable stress wave leading to 
spallation or mechanical disruption, as well as formation and collapse of cavitation 
bubbles, both of which cause stress fractures to occur along the stone matrix and the 
ejection of ablated material through recoil [82]. Photothermal processes are a result of 
direct absorption of energy by the calculi and depending on the temperature induced, 
results in ablation, fragmentation and eventual vaporisation of material [82]. This 
energy transfer occurs via direct photon absorption by the calculi or indirect transfer 
from surrounding water through explosive vaporisation [82].

6.2 Laser fibre construct

There are certain requirements to be met for a laser fibre to be able to deliver 
photons from its energy source to its intended target: [84–86].

• light travelling without impediment

• minimal energy loss or dissipation

• low back-burn

• easy insertion and travel within ureteroscopes (semi-rigid and flexible) or 
nephroscopes

• lightweight with ease of transport and storage
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• able to sustain prolonged use

• flexible, able to bend and maintain use

To that end, a laser fibre is usually constructed from a fused silica-glass compound 
at its core, with multiple layers of cladding around it to reduce risk of fibre failure due 
to bending and heat absorption [87].

Fibre tip design is vital in determining ease of use of the fibre as well as minimis-
ing back-burning, whereby the tip of the fibre with its covering jacket might be dam-
aged due to overheating or contact with calculi [88]. A variety of tips are in use today, 
namely the flat tip and the ball tip. Other advancements including usage of a hollow 
steel tip (increased durability), tapered fibre (increased flexibility) and inverse 
tapered fibre (reduced overheating) have also been experimented with success [88].

6.3 Laser parameters

As discussed, photothermal processes induce dehydration, vaporisation and 
carbonisation of the stone surface when a critical thermal threshold is reached, and is 
effective in all stone types [89, 90]. As this process is going on, the photomechanical 
processes then exploit this weakness, leading to material failure, fragmentation, and 
retropulsion through cavitation bubble disruption. Ease of calculus fragmentation 
is dependent on both stone and laser properties. There are multiple parameters that 
determine or influence the laser beam, with the following three described being the 
most commonly calibrated by urologists during a procedure: [91].

• frequency: number of pulses emitted per second (Hz)

• pulse energy: total energy power of the laser pulse (J)

• pulse duration: time during which the laser pulse energy remains above half its 
maximum value

Generally, to fragment and basket a calculus in the ureter, typical settings used 
would be one of high pulse energy and low frequency [92]. To dust a stone, on the 
contrary, a low pulse energy and high frequency is employed [92]. Pulse duration 
is another important parameter gaining more scrutiny as it influences efficiency of 
calculus fragmentation. Long-pulse mode reduces stone fibre back-burn without sac-
rificing stone retropulsion. Newer energy sources allow for the Moses effect, whereby 
a shorter, lower energy pulse is first projected to create a cavitation bubble followed 
by a longer, higher energy pulse which improves fragmentation efficiency [93–95].

Also it must be noted that increasing fibre size does not correlate with increased 
energy delivery. Conversely, larger fibre sizes are associated with increased energy 
dispersion and poorer fragmentation rates [96].

6.4 Dusting versus fragmentation

Dusting of calculi refer to the use of low energy, high frequency laser pulses to 
break them down to dust or minute fragments, after which the larger residual frag-
ments can be broken down further with the “whirlpool” and “popcorning” method 
[97]. The fragmentation technique aims to break down calculi into larger, bite-sized 
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fragments measuring ~3 mm or so and retrieving them with a basket, thereby leaving 
the patient stone free [98]. Both methods are widely used, and although Chatloff et al. 
demonstrated that re-presentations to the emergency department was more frequent 
with the dusting group (30–3%), Humphreys et al. found no difference in re-presen-
tations or complication rates between the two groups, with the fragmentation group 
requiring a longer operative time [98, 99].

The method of choice should depend on the stone composition, size, location 
and patient preference. Dusting would arguably reduce the need for use of a ureteric 
access sheath and stent, with a shorter operating time whilst increasing risk of 
subsequent renal colic. Fragmentation, on the other hand, necessitates the use of a 
ureteric access sheath with increased risk of ureteric trauma, as well as requiring stent 
placement post-operatively.

6.5 Safety and complications

Safety principles when operating laser equipment include: [100].
deploying laser fibre at a safe distance away from the tip of ureteroscope and not 

close to or within it

• directing laser fibre tip away from tissue surfaces

• maintaining irrigation throughout procedure

• minimise prolonged, continuous laser activation

• Injury to human tissue could be due to direct contact or indirect thermal dam-
age. Complications from laser lithotripsy are rare, but can include operator eye 
injuries, ureteral injuries/perforations, bladder injuries/perforations, air emboli, 
bleeding and skin burns [100].

6.6 Future directions

The Holmium:YAG laser has been the dominant system utilised globally over 
the last 20 years, with the newer Thulium fibre laser (TFL) system showing major 
improvements over its predecessor. Apart from offering the most comprehensive 
modifiable laser parameters to improve stone ablation efficiency, it also has greater 
water absorption peak, meaning risk of optical or tissue damage is reduced to a 
quarter as compared to the Holmium:YAG system [101]. The TFL also uses nine times 
less energy, is more flexible and breaks calculi into smaller fragment by virtue of its 
smaller fibre. It also boasts a more manoeuvrable energy system that is seven times 
smaller and eight times lighter than a conventional Holmium:YAG model [102, 103]. 
Future improvements with the TFL include being able to use different endoscopic 
instruments simultaneously as well as miniaturisation of instruments with important 
applications.

6.7 Conclusion

Laser lithotripsy is an extremely flexible procedure that could be used in most 
situations to break up stones of any composition. Indeed, it is the most widely 
used technique for stone fragmentation at present, quickly overtaking ESWL and 
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percutaneous nephrolithotomy (PCNL) with most guidelines recommending it as 
first-line therapy in various situations.

The only absolute contraindication to the use of laser lithotripsy is untreated 
urinary tract infections that may lead to severe urosepsis.

7. Percutaneous nephrolithotomy (PCNL)

7.1 Introduction

PCNL is a minimally-invasive surgical technique that allows removal of stones 
through a percutaneous access, typically through the back and into the kidney. The 
first nephroscopy was described by Rupel and Brown in 1941 in which a rigid cysto-
scope was passed into the kidney during open surgery [104]. Shortly after, Goodwin 
placed the first nephrostomy tube after performing the first antegrade nephrosto-
gram. This lead to Fernström and Johansson to describe the first technique of stone 
extraction through percutaneous access under radiological guidance in 1976. With 
ongoing advancement of technology starting from the Godfathers of endourology 
such as Kurt Amplatz and Arthur Smith, the PCNL technique has developed into a 
reliable and effective technique for stone extraction.

PCNL monotherapy, or in combination with ESWL, is currently the most effective 
treatment option for patients with large stone burden. Stone free rate is seen up to 
80–90% after PCNL for renal calculi and 86% for proximal ureteric stones. Multiple 
tracts allow for the successful treatment with a single surgical session in almost all 
stone burden.

PCNL is reserved for patients with large stone burden in the kidney and upper 
ureter, as seen in patients with complete or partial staghorn calculi, renal stones larger 
than 2 cm, proximal ureteric stones larger than 1 cm and multiple stones between 1 
and 2 cm [105–107]. Patients with large (>1 cm) lower pole stones where retrograde 
access is difficult, may also benefit from PCNL. Additionally, patients who have failed 
conservative options such as retrograde lithotripsy or shockwave lithotripsy may 
also be considered for PCNL. Given the more invasive nature of PCNL, patients with 
uncorrected coagulopathies are excluded from PCNL due to the high risk of bleeding. 
Untreated urinary tract infections are another absolute contraindication for perform-
ing PCNL. Careful consideration should be made for patients with single kidneys.

Pre-operative assessment of patient prior to PCNL should include a complete medi-
cal history and physical examination. Assessment of the before mentioned contra-
indications should be addressed. Antiplatelet and anticoagulation therapy should be 
assessed and individualised to each patient in order to balance the bleeding risk with the 
thromboembolic risk. The underlying pathology for each patient necessitating antico-
agulation/antiplatelet therapy differs and should be taken into account when deciding 
on the cessation period and reinitiating timing [108–110]. Bridging therapy may be 
required in patients with high thromboembolic risks such as mechanical prosthetic 
heart valves. If medically suitable, antiplatelet and anticoagulation therapy should be 
withheld according to local protocols. Current literature recommends cessation of anti-
platelet therapy 7 days prior to surgery. Anticoagulation therapy cessation depends on 
the type of therapy and patient ability to excrete medication. Preoperative urine culture 
should be performed to exclude UTI and appropriate antibiotic therapy given. Broad-
spectrum antibiotics can also be given prophylactic to assist with the bacteria colonised 
on calculi [105]. Anaesthesia review should also be obtained.
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Preoperative planning with computed tomography (CT) scans is essential for 
planning of percutaneous access. CT allows identification of stone burden, location 
and puncture trajectory. The kidney typically lies within the retroperitoneum on the 
psoas and quadratus lumborum muscles. Significant structures surround the kidney 
includes the ribs, liver, duodenum and colon on the right, and the ribs, pancreas 
(tail), spleen and colon on the left. Bilaterally, the diaphragm and pleura lie in close 
relation with the upper pole of the kidney. Planning of puncture site and trajectory 
should consider these surrounding structures as well assessment of complex anatomy 
such as hepatomegaly or retrorenal colon. It is also particularly useful in cases of 
anatomical variations such as horseshoe kidneys, congenital renal anomalies, trans-
planted kidney, morbid obesity and evaluation of adjacent visceral structures [105].

7.2 Approaches

Patients are typically positioned in prone, prone-flexed, supine, supine oblique 
or split-leg modified lateral positions. The ideal position for optimal access is still 
controversial and is usually determined in a case-by-case method. Complex anatomy, 
patient characteristics (such as body habitus) and surgeon training are all factors to 
be considered.

PCNL is performed with percutaneous access into the renal collecting system. 
There are multiple modalities of imaging that can be used to assist with access. 
Common modalities include fluoroscopy, ultrasound, CT or MRI guidance and 
endoscopic guidance. Often, the surgeon urologist prefers to obtain their own 
access over interventional radiology as it allows targeting of calyces that maximise 
calculi access.

Most urologists are familiar with fluoroscopy guided percutaneous access, clar-
ity of visibility of their needle and guide wire and the ability to visualise the calculi 
[111, 112]. During fluoroscopic puncture of the calyx, radiation exposure should be 
considered as the fluoroscopic screening time during PCNL is higher than most other 
urological procedures. At the beginning of a procedure, cystoscopy and retrograde 
placement of a ureteral catheter or access sheath assists with injection on contrast. 
The renal collecting system is initially opacified with contrast to assist with localising 
the target calyx.

Ultrasonographic guidance uses real-time diagnostic ultrasonography (US) to 
identify a renal collecting system to target calyces. Agarwal et al. have identified the 
overall success rate of this technique to be 88–99%. US utilises no radiation, minimis-
ing the radiation exposure for patients and staff, making it safe for pregnant and 
paediatric patients. USS allows visualisation of soft tissues including surrounding 
structures, which assists with avoiding iatrogenic injury to the surrounding struc-
tures. US can be more difficult in patients without a dilated system, as visualisation of 
the calyces will be more difficult. Instruments such as wires and needles are harder to 
identify on US.

Once access into the collecting system is gained, a nephroscope is introduced to 
identify the stone. Stone extraction can be performed by different methods.

7.2.1 Manual

If calculi are smaller than 1 cm in size, they may be manually extracted through 
the access sheath with a grasper. Graspers can be toothed or non-toothed. Other 
devices such as stone baskets, made of soft, pliable material, can be used as well.
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7.2.2 Laser lithotripsy

As previously described, laser can be used to fragment stones for extraction.

7.2.3 Ultrasonic lithotripsy

The use of ultrasonic lithotripter is the author’s preferred method of stone extrac-
tion. The setup typically includes a handheld device, a metal rod containing the working 
channel and master control unit [112–114]. A handheld device is used to convert electri-
cal current into vibration waves by utilising a piezoelectric crystal. The ultrasonic waves 
are translated down a metal rod, which fragments the stone when brought into direct 
contact. Variable suction is also applied through the working channel to allow stone 
removal, post-fragmentation. Heat energy is produced as a byproduct though, a risk 
of thermal injury to both the patient and surgeon needs to be considered when being 
used. Current technology combines the use of ultrasonic energy with ballistic energy to 
increase the rate of stone clearance. Ballistic devices repeatedly drive a solid probe into 
the target to drill and fragment stones. Similar to a jackhammer, it is particularly useful 
in hard stones resistant to ultrasonic lithotripsy. The lack of heat production and dissipa-
tion mitigates the thermal injury risk that is associated with ultrasonic lithotripsy.

Calyceal stone clearance is confirmed with a combination of careful inspection of 
the collecting system and ensuring all shadows on fluoroscopy have been removed. 
Following completion of lithotripsy, depending on surgeon preference, a ureteral 
stent, nephrostomy tubes or nothing may be inserted. Nephrostomy tube, usually a 
foley catheter, insertion may assist with a second access (relook PCNL or emergency 
access) and provide low intrarenal pressure to assist with haemostasis. Ureteral stents 
may assist with residual stone fragments or dust passage. In very select patients who 
are deemed to have total clearance and without pelvi-ureteric junction oedema, stent 
and nephrostomy tubes may be omitted.

7.2.4 Endoscopic combined intrarenal surgery (ECIRS)

In recent years, the popularisation of ECIRS has been experienced with studies 
supporting the efficacy and efficiency of stone clearance during PCNL. Initially 
described in 2008 by Scoffone et al., it describes a technique that combines retrograde 
and antegrade access to large and complex renal stones using both rigid and flexible 
endoscopes [115]. Cracco et al. published a systematic review in 2020 that updated 
the results and outcomes of ECIRS since its popularisation [116]. Studies have shown 
ECIRS demonstrates better stone clearance rates in a single surgical procedure 
(61–97% with ECIRS vs. 57–78% with standard PCNL) with reduced number of per-
cutaneous punctures. ECIRS has reported similar complications rates when compared 
to standard PCNL techniques, with the majority of complications reported being 
low grade. However, ECIRS is associated with lower risk of bleeding complications, 
which is likely related to the single puncture site compared to multiple punctures by 
standard techniques. The reduced need for multiple access is an important factor that 
reduces the adherent risk of haemorrhage, infection and operative time.

7.3 Complications

Common complications from PCNL include mild bleeding immediately post-
operative, residual stone burden requiring a second operation, recurrent (new) stone 
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formation and urinary tract infections [105, 117]. Less common complications include 
haemorrhage, sepsis requiring intensive care admission, pneumothorax/hydrothorax. 
Moderately severe bleeding from the kidney or pseudoaneurysms requiring inter-
ventional radiological intervention for embolisation, failure of access to the kidney, 
infection of the nephrostomy puncture site and anaesthetic or cardiovascular related 
complications. Extremely rare, major damage to major renal vessels may result in emer-
gency nephrectomy to control bleeding. Urine leak, bowel, spleen or liver injury is rare, 
but may also occur. Complications are outlined in Table 3. Both clinical and biochemi-
cal assessment is required in order to identify complications early for management.

During a PCNL, haemorrhagic complications may occur from the puncture, tract 
dilatation and stone fragmentation, thus careful pre-operative planning is required 
to prevent these from occurring. Lee et al. described body mass index (BMI) as a 
contributing factor to bleeding in PCNL [110]. Conversely, Said et al. and Gok et al. 
found no significant correlation with this [108, 119]. Yesil et al. had identified previ-
ous open abdominal surgery, stone treatment (ESWL) and those with previous PCNL 
all held a higher risk of haemorrhagic complications [120]. This was backed by Said 
et al. and Arora et al. A more significant risk factor for haemorrhagic complications 
is diabetes mellitus. It has been hypothesised that the arteriosclerosis can be the 
source of bleeding post-PCNL in diabetic patients. The other identified risk factor 
is the presence of pre-operative urinary tract infections. An urinary tract infection 
can cause inflammation of renal parenchyma that makes it more friable and impairs 
coagulation, which results in haemorrhagic complications. Interestingly, current 
literature shows no convincing evidence of correlation between bleeding post PCNL 
with age, stone position and anticoagulation use [108, 109, 119, 121]. Despite no 
correlation, the authors still recommend careful pre-operative planning with antico-
agulants and anti-platelet therapy cessation.

8. Summary

There are many approaches to managing renal and ureteric stones as mentioned, 
and careful patient selection is required for optimal outcomes. Tables 4 and 5 detail 
current guideline recommendations regarding treatment modality of choice listed by 

PCNL complications

Haematuria 4–7%

Haemorrhage

Requiring Transfusion 0.6–11.2%

Requiring Intervention 0.3–2.0%

Fever 11–32%

Sepsis 0.8–1.8%

Recurrent stone formation 50%

Residual stone requiring another surgery 4.8–20%

Bowel or surrounding organ injury 0.3–2%

Table 3. 
PCNL complications [118].
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Renal calculus

Larger than 20 mm 1. PCNL

2. URS or ESWL

10-20 mm 1. URS or ESWL

2. PCNL

Lower pole 10-20 mm (unfavourable) 1. URS

2. PCNL

3. ESWL

Lower pole 10-20 mm (favourable) 1. URS or ESWL

2. PCNL

Smaller than 10 mm 1. URS or ESWL

Table 4. 
Current guideline recommendations for the management of renal calculi.

Proximal ureteric calculi

Larger than 10 mm 1. URS or ESWL

Smaller than 10 mm 1. ESWL

2. URS

Distal ureteric calculi

Larger than 10 mm 1. URS

2. ESWL

Smaller than 10 mm 1. URS or ESWL

Table 5. 
Current guideline recommendations for management of ureteric calculi.
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Guideline Based Algorithmic 
Approach for the Management  
of Renal and Ureteric Calculi
Anshuman Singh, Milap Shah and B.M. Zeeshan Hameed

Abstract

Urolithiasis is a global pathology with increasing prevalence rate. The surgical 
management of kidney and ureteral stones is based on the stone location, size, the 
patient’s preference and the institutional availability of various modalities. To date, 
the available modalities in the management of urolithiasis includes external shock 
wave lithotripsy (ESWL), percutaneous nephrolithotomy (PNL), ureterorenoscopy 
(URS) including flexible and semirigid ureteroscopy. Tremendous technological 
advancement in the urological armamentarium has happened since its inception lead-
ing to multiple acceptable modalities for the treatment of a particular stone. In accor-
dance with the available recommendations from various institutions and the newer 
evidence we recommend that the initial choice of modality for the treatment of a 
renal calculus depends on the stone size and whether the location is lower pole or not. 
For lower pole stones upto 20 mm PNL and RIRS is efficient irrespective of location 
while ESWL should only be considered for lower pole stones upto 10 mm. For stones 
larger than 20 mm mini PNL is effective for stones upto 40 mm while RIRS holds 
acceptable efficiency for stones not larger than 30 mm. For stones larger than 40 mm 
standard PNL only should be considered if single stage treatment is attempted.

Keywords: PNL, nephrolithiasis, urolithiasis, SWL, RIRS, URS

1. Introduction

Urolithiasis is a common urinary tract condition with a prevalence of approximately 
14% [1]. There are multiple factors which influence an individual’s propensity for 
formation of urinary tract calculi, the most common of which are age, sex, and 
ethnicity [1, 2]. Anatomically they can have origin in the upper tract or the lower tract 
of which those originating in the upper tracts are more common while approximately 
5% are found within the bladder [3]. They present a significant clinical and economic 
burden to the healthcare systems [4, 5]. In an attempt to bring uniformity in manage-
ment worldwide, many institutions have developed extensive guidelines to aid in the 
evaluation and management of urolithiasis.

Once the diagnosis of urolithiasis is confirmed, the goal of a diagnostic evaluation 
is to identify, efficiently and economically, the differences present in the patient’s 
metabolic physiology to guide effective preventive strategies for recurrence and 
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better assessment of prognosis. The extent of evaluation depends on the factors like: 
severity and type of stone disease; new stone formation or recurrent stone formation; 
co-existence of any systemic disease and/or risk factors for recurrent stone formation; 
family history of nephrolithiasis and last but not the least patient’s interest in stone 
prevention (Figure 1).

Technological advancements in the endourological armamentarium have hap-
pened at a rapid pace since its inception and is still going on. As a result, the search for 
the best treatment modality for any given stone undergoes a frequent shift from one 
modality to other in accordance with the newer available evidence. The aim of this 
chapter is to highlight and summarize in the form of an algorithmic approach the best 
possible treatment of renal and ureteric calculi in accordance with the recommenda-
tions from various urological institutions worldwide along with the newer available 
evidence.

2. Evaluation of suspected nephrolithiasis

The entire diagnostic workup can be broadly categorized into two categories viz. 
biochemical and systemic assessment by various laboratory parameters and secondly, 
imaging specific to nephrolithiasis which will aid in treatment planning [6].

2.1 Biochemical and systemic evaluation

The main aim of biochemical evaluation is identification of any systemic adverse 
effects secondary to the urinary tract calculi along with a baseline workup of patient 

Figure 1. 
A stepwise approach for the diagnostic evaluation of suspected nephrolithiasis.
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as a part of preparation for definitive surgical therapy. This baseline assessment 
should include evaluation of basic hematological parameters, renal function, urinaly-
sis along with an abbreviated metabolic workup for hypercalcemia, hyperuricemia 
and hyperphosphatemia. Every attempt should be made to diagnose and treat any 
urinary tract infection (UTI) prior to definitive surgical therapy to avoid the risk of 
urosepsis [7].

2.2 Diagnostic imaging

The aim of diagnostic imaging is to confirm the presence of urinary tract calculi 
and to guide the decision making for the specific modality to be undertaken for 
treatment. Factors that influence the choice of treatment modality include stone size, 
location, density and composition, condition of contralateral kidney and presence or 
absence of complications of stone disease.

2.3 Selection of modality

CT of the abdomen and pelvis without contrast performed using low-radiation-
dose protocols is that the gold standard imaging modality for adults with suspected 
urinary tract calculi, if not contraindicated. In the case of unavailability of CT scan, 
ultrasonography of the kidneys and bladder in combination with abdominopelvic 
radiography should be performed [8]. However, in the presence of small radiolucent 
stones there will be high fraction of stones that will miss the diagnosis. Other imaging 
modalities like intravenous urography (IVU) and magnetic resonance imaging (MRI) 
are not preferred as first line investigations and have specific and limited indications.

CT scan also accurately describes stone size and location for treatment planning 
as it also provides accurate information on the size and number of other stones in 
the kidneys. If available, there are very few contraindications to perform a low-dose 
CT [9, 10].

• If the patient is pregnant, an ultrasound is the preferred modality and CT is con-
traindicated because of risk of teratogenicity to the developing fetus.

• If the patient has a body mass index (BMI) >30 kg/m2, then a standard-dose CT is 
preferred because of better exposure.

Computed tomography (CT) of the abdomen and pelvis without contrast reli-
ably detects hydronephrosis and demonstrates the best diagnostic performance for 
nephrolithiasis. Sensitivity and specificity of CT for detecting ureteral calculi, using 
conventional radiation doses is, greater than 94% and 97% respectively [11–14]. CT 
done using low dose protocols is also highly sensitive and specific for detection of 
>2 mm calculi with a sensitivity and specificity of 97% and 95% respectively [9, 11, 
12, 15–17]. Low-dose CT may be less reliable for detecting small stones (<2 mm) and 
ureteral stones in patients with obesity (BMI >30 mg/k2). Patients with urolithiasis 
are at increased risk of recurrent stone formation and also may require repeat imaging 
sessions. Therefore, low dose CT, if not contraindicated, should be the standard of 
care to minimize the cumulative radiation exposure to the patients as the sensitivity 
for detection of stones >3 mm is high and comparable to the standard dose CT in 
non-obese patients [18, 19]. For the estimation of stone size, low and standard dose 
CT yield equivalent measurements [20].



Nephrolithiasis – From Bench to Bedside

44

3. Surgical treatment of nephrolithiasis

3.1 Goals of surgical therapy

As a part of shared decision making as recommended by American Urology 
Association, the following factors should be discussed and explained to the patients 
and the choice of surgical modalities should be made keeping the following factors 
into consideration along with the patients’ preferences.

3.1.1 Stone clearance

Treatment success for ureteral or kidney stone surgery is generally defined in 
terms of stone clearance rates. Although the definition successful stone clearance 
is not having unanimous acceptance globally, the absence of residual stones or the 
presence of residual stone fragments ≤4 mm in size are generally considered a suc-
cessful outcome. Achieving a stone-free status is important, since small residual stone 
fragments, particularly those >4 mm, may act as a nidus leading to aggregation and 
recurrent stone formation. Many centres also evaluate the need for re-treatment or 
additional procedures for complete stone clearance and consider it as another impor-
tant measure of efficacy of any modality of treatment.

3.1.2 Risk of adverse events

The benefits of surgical stone removal must be balanced against the risk for 
adverse events and complications. Procedures that offer the highest stone clearance 
rates (such as ureteroscopy [URS] and percutaneous nephrolithotomy [PNL]) are also 
believed to have higher complication rates. The decision making should incorporate 
a detailed discussion with the patient regarding the possible adverse events and the 
subsequent need for ancillary treatments.

3.1.3 Effect on quality of life (QoL)

The treatment planning should also take into account the patients’ perspective 
regarding the treatment and the subsequent overall impact on patient’s quality of 
life depending upon factors like patient’s perception of pain and other discomforting 
symptoms, the total number of hospital visits and admissions and the overall health-
care related economic impact on the patient.

4. Choice of surgical approach

The factors that play a role in the selection of a modality for surgical treatment 
of nephrolithiasis can be divided into patient factors (comorbidities, body habitus, 
pregnancy, infection, bleeding diathesis and patient preference) and factors related 
to the stone like size, location and composition of stone. Choice of the treatment 
modality should be a part of shared decision making between the patient and 
the healthcare provider. However, it can broadly be classified into two categories 
depending on whether the indication of procedure is emergency or a planned 
intervention.
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4.1 Emergency surgery

Urgent decompression of the collecting system with either PNL or ureteroscopy 
(URS) with urinary diversion should be done if UTI is ruled out and emergency 
intervention is indicated [21]. On the other hand, in the presence of suspected or 
confirmed UTI urgent drainage of the collecting system by a ureteral stent or percu-
taneous nephrostomy tube should be instituted along with empirical antimicrobial 
therapy till urinary culture specific antibiotics can be instituted. Definitive stone 
management should be done once the infection is treated because stone manipula-
tion in the presence of active UTI may lead to life-threatening urosepsis and should 
therefore be avoided [22]. Mortality has been found to be lower in patients who are 
treated with urgent surgical decompression followed by delayed definitive manage-
ment compared with those who are taken up for upfront definitive treatment and lack 
of surgical decompression [22]. There is no specific recommendation regarding the 
choice of modality for urinary diversion as both the modalities, i.e. indwelling double 
J stents and percutaneous nephrostomy tubes, have been shown to be equally effective 
at drainage in one randomized trial [21].

4.2 Elective surgery

Ureteral stones — If emergency management of ureteric stones is not required, the 
choice of treatment modality for planned removal of stone depends upon stone fac-
tors, anatomical factors and patient factors [7]. Stone factors include the total stone 
size and total stone burden, location of stones and the density of stones (assessed 
by the Hounsfield units of the stone). Anatomical factors include the urinary tract 
anatomy, presence of any distal obstruction or any congenital anatomical anomaly. 
Patient factors include the factors like pregnancy, bleeding diathesis and obesity.

For proximal and mid-ureteric stones ≤10 mm, SWL or URS is the most com-
monly performed procedure. For >10 mm stones in the same location, SWL is not 
recommended and URS is considered the first-line therapy. For distal ureteric stones, 
irrespective of the size, URS is considered the first-line treatment option. SWL is not 
suitable in patients with obesity, pregnancy, uncontrolled bleeding diathesis, abnor-
mal urinary tract anatomy, and in stones with high attenuation (i.e., >900 Hounsfield 
units on preoperative CT scan). PNL, laparoscopic, robot-assisted, and open surgery 
are generally reserved for patients in whom SWL and/or URS are unsuccessful, or 
in patients with a complex kidney or ureteral anatomy. However, in patients who 
are planned to undergo concomitant open or reconstructive surgery for coexisting 
anatomical anomalies (e.g., ureteropelvic junction [UPJ] obstruction or ureteral stric-
ture), the procedure can be combined with stone retrieval prior to reconstruction.

The rationale for this above mentioned approach is based on the results of 
multiple meta-analyses of randomized trials that have shown that URS offers higher 
stone-free rates (SFRs) and requires fewer retreatments and secondary procedures 
as compared to SWL, but with a higher rate of complications [23–27]. A 2016 
systematic review that evaluated the efficacy of URS and SWL for the treatment of 
ureteral stones reported that the overall SFR with URS is significantly greater than 
that with SWL [23]. This difference in SFR with URS was also noted for subgroup of 
patients with stones ≤10 mm at all locations in the ureter and also for stones >10 mm 
in mid and distal ureter. For stones >10 mm in the proximal ureter, SFR was com-
parable between URS and SWL [23]. Complication rates for all the complications 
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were comparable between both the groups except for ureteric perforation which was 
higher in the URS group [23]. However, another meta-analysis by Aboumarzouk 
et al. has reported higher procedure related complication rate with URS as compared 
to SWL [24]. The number of retreatments required with URS is lower than that 
required with SWL [28].

Kidney stones — SWL, URS, and PNL are the most commonly used surgical 
modalities for patients with kidney stones. In patients where emergency manage-
ment of renal calculi is not indicated, modality for elective management is selected 
based on multiple stone factors, anatomical factors and patient factors as is the case 
with ureteric stones. Stone factors include the total stone size and total stone burden, 
location of stones and the density of stones (assessed by the Hounsfield units of the 
stone). Anatomical factors include the urinary tract anatomy, presence of any distal 
obstruction or any congenital anatomical anomaly. Patient factors include the factors 
like pregnancy, bleeding diathesis and obesity.

Traditionally, PNL has been associated with maximum stone clearance with 
the disadvantage mainly associated to the invasive nature of procedure with risk of 
hemorrhage. Advancements in technology has focused on minimizing the morbidity 
associated with PNL by reducing the diameter of sheath size and nephroscopes result-
ing in lesser invasion of renal parenchyma. This miniaturization has evolved from 
the first description of minimally invasive techniques by Lahme et al., which used 
an access sheath with outer diameter of 18F (inner diameter of 15F) and a 12F neph-
roscope, to the micro-PNL described by Bader et al. which uses a 4.85F “all seeing 
needle” only along with laser fragmentation and dusting of the stone. Other modifi-
cations include ultra-mini PNL first described by Desai et al. using a 11F amplatz and 
6F nephroscope and super-mini PNL described by Zeng et al. which uses an active 
irrigation and suction mechanism attached to a miniaturized PNL system where the 
fragment evacuation is done by the so called “vacuum cleaner effect” [29].

The current prevalent approach to the choice of surgical modality, largely in 
accordance with the 2016 American Urological Association/Endourological Society 
and 2018 European Association of Urology guidelines [23, 30], is as follows:

For ≤20 mm superior calyceal, middle calyceal or pelvic calculi, SWL or URS is the 
preferred modality while for inferior calyceal stones, URS or PNL is preferred. SWL 
is not preferred for inferior calyceal stones keeping in mind the poor stone clearance 
rates of SWL for lower pole stones. For stones that are >20 mm, PNL is considered the 
first-line option irrespective of the stone location. If PNL is not available or contra-
indicated, staged URS (i.e., performed in separate planned sessions) can be a viable 
alternative. The evidence guiding the rationale for this approach is based upon several 
randomized trials and meta-analyses [23, 31–42]. Collectively, these studies have 
shown that SFR for both SWL and URS gradually decreases with the increasing stone 
size, whereas efficacy of PNL in terms of stone clearance is minimally affected with 
the stone burden [31]. For stones <20 mm located in upper pole, middle calyx, or 
pelvis of the kidney, SWL and URS offer SFRs of roughly 50 to 80 percent [31, 43]. 
In a meta-analysis comparing SWL to URS for renal calculi of size 10 to 20 mm, 
URS provided improved SFR and lower retreatment rate without an increase in 
complication rates [32]. For lower pole renal calculi URS and PNL offer significantly 
improved stone clearance rates compared to SWL, with a moderate increase in the 
rate of complications. These findings are corroborated by the results of a systematic 
review, for lower pole renal calculi of size 10 to 20 mm, which showed highest SFR for 
PNL followed by URS and SWL [23]. For stones >20 mm, SFR for SWL was as low as 
10 percent [23]. The reason for this reduction in SFR of SWL with increasing stone 
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burden in the lower pole is mainly because of poor clearance of stone fragments post 
disintegration rand not due to poor efficiency of disintegration which is not much 
affected by the stone location within the kidney.

5.  Evidence based recommendations and comparison of various 
guidelines regarding choice of surgical procedure: a summary  
of available guidelines

Recommendations from the American Urological Association guidelines when 
analyzed in comparison to the guidelines from Canadian Urological Association, 
European Association of Urology, National Institute for Health and Care Excellence 
guidelines and Urological Association of Asia revealed a high level of consensus 
surrounding the medical management of urinary tract calculi [44]. For surgical 
management, there was noted to be a high level of consensus regarding certain 
aspects of treatment of ureteral stones, including not pre stenting for uncomplicated 
ureteroscopy and employment of either ureteroscopy or shockwave lithotripsy as first 
line treatment. Jiang et al. [44] performed a qualitative review of the available major 
guidelines on the management of nephrolithiasis and noted a consensus on most of 
the factors but a discordance was also noted in certain stone categories. Also only 
UAA guidelines distinguish between the indications for traditional PCNL vs. mini-
PCNL, micro-PCNL or ultramini-PCNL. The risk of complications, especially postop-
erative hemorrhage, after PCNL had traditionally limited its use as a first line surgical 
option only for bigger calculi (>20 mm) or lower pole calculi >10 mm. However, 
with the continued technological advancements in endourology and development 
of miniaturized techniques of PCNL have led to lesser renal parenchymal loss and 
lesser hemorrhage. The increasing use of these miniaturized PCNL techniques has led 
to availability of better quality of evidence regarding their safety and efficacy when 
compared to the other available options like SWL and RIRS. As can be seen in the 
below mentioned algorithm comparing the recommendations of various guidelines 
for the choice of modality of surgical treatment of renal calculi, the miniaturized 
PCNL techniques which are gradually replacing standard PCNL are not taken into 
consideration (Figure 2).

The greatest discordance among various guidelines for the choice of surgical treat-
ment modality can be seen in the upper pole and interpolar calculi of size <10 mm and 
10 - 20 mm where the first line options as proposed by various guidelines differ. For 
upper pole calculi of size upto 10 mm SWL is the recommended modality by NICE 
guidelines while AUA and EAU guidelines recommend for URS or SWL for stones 
upto 20 mm. UAA guidelines, on the other hand, take into account the newer min-
iaturized options of ultra-mini or micro PCNL and recommend it to be the modality 
of choice for stones upto 20 mm. For stones larger than 20 mm all guidelines unani-
mously recommend for PCNL irrespective of stone location. Discordance in recom-
mendations is also seen for lower pole stones of size 10-20 mm and in this regard, the 
AUA appears to favor the use of PCNL but does not necessarily mandate its use over 
RIRS [23]. Instead, they insist that patients should be informed about the improved 
SFR of PCNL with increased risk of adverse events. On the other hand, the EAU 
guidelines very clearly recommend the use of PNL for lower pole calculi >20 mm and 
suggest that it should be highly considered for stones in the 10 - 20 mm range as well 
(Table 1) [45]. These recommendations have not specifically mentioned about the use 
of mini, ultra-mini or super mini PCNL (Figure 2).
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  Figure 2.
  Comparative description of recommendations of various guidelines for selection of modality for surgical 
management of nephrolithiasis [ 44 ].          
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A meta-analysis of randomized controlled trials by Feng et al. [46] concluded that 
mPCNL had a higher SFR than standard PCNL and there was no significant differ-
ence between the two groups regarding ≥2 cm renal calculi. Besides, mPCNL has 
been noted to be associated with significantly less bleeding and a lower transfusion 
rate. Further, a multi-institutional comparative study by Liu et al. [47] showed SMP 
to be safe and highly effective for renal calculi upto 4 cm with lesser postoperative 
complications as compared to standard PCNL. However, for stones larger than 4 cm 
the stone clearance by SMP was lower than standard PCNL. The better efficacy of 
mini PNL in terms of stone free rates and improved stone clearance has been cor-
roborated by a recent network meta-analysis of randomized trials by Tsai et al. [48] 
Another network meta-analysis by Chungh et al. [49] comparing PCNL, RIRS and 
SWL showed PCNL to have the maximum stone free rates followed by RIRS. SWL 
was shown to have the least stone free rates. Subgroup analysis for lower pole stones 
showed similar results. Complications (in SWL, PCNL, and RIRS were 12.5%, 20.2%, 
and 15.0%, respectively) were greater in the patients undergoing PCNL but the major 
complications (15.4% in SWL, 13.8% in PCNL, and 18.3% in RIRS) were comparable 
between the three groups.

6. PCNL as a day-care procedure?

PNL is traditionally conducted as a procedure that necessitates hospitalization 
rather than outpatient care. However, there is significant pressure to use health care 
resources as effectively as possible in order to continuously improve medical quality 
and patient satisfaction with as little medical expenditure as possible. This attempt 
for optimal utilization of hospital resources, particularly in the publicly funded 
health care system, is one of the primary indications to attempt to cut down the costs 
associated with the hospitalization required for PCNL. Complications after PCNL and 
the length of hospital stay have already been steadily declining mainly attributable 
to the less invasive approaches and advancements in postoperative pain management 
[50]. Discharging the day of procedure or no later than 24 hours following surgery is 
referred to as day-care PCNL [51–53] and is regarded as a potential viable option for 
some patients, supported by emerging evidence [51–55]. Grade I and II complications 
following PCNL are the most common and may usually be managed conservatively or 
in a brief course [56]. The early studies were conducted on tiny cohorts, and in 2005, 

Guideline Stone size SWL RIRS PNL

AUA 10 mm Preferred Preferred Discouraged

10-20 mm Discouraged Allowed Preferred

>20 mm Discouraged Allowed Preferred

EAU 10 mm Preferred Preferred Discouraged

10-20 mm Allowed Allowed Allowed

>20 mm Discouraged Discouraged Preferred

Table 1. 
Recommendations for the surgical management of lower pole stones based on current AUA and EAU guidelines.
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Singh et al. published their initial findings on a small series of the day-care PCNL that 
included 10 patients. The reported readmission rates for day-care PCNL have ranged 
from 0 to 10% [51]. Jones et al. conducted a systematic review on the safety and 
efficacy of day-care PNL and concluded that it is a safe procedure when preoperative 
preparation and patient selection are done judiciously [51]. However, there still is a lot 
of concern about patient safety, which keeps this approach from being incorporated 
into routine practice. Furthermore, there aren’t many research that compare day-care 
and inpatient results and formal cost-effectiveness assessments. There is still lack of 
good quality evidence which comprehensively evaluates the safety and efficacy of 
day-care PCNL along with the advantage of cost effectiveness and this gap needs to 
be bridged before formal incorporation of day-care PCNL for management of renal 
calculi can be done for global acceptance.

7. Conclusion

We therefore, based on the newer evidences on the miniaturized modifications of 
PCNL and their comparative analysis with RIRS and SWL, recommend the following 
approach for the appropriate selection of surgical modality for renal and ureteral calculi.

For renal calculi upto 20 mm, the choice of surgical modality should be based on 
the stone location. For lower pole stones of size upto 10 mm, super mini or ultra-mini 
modifications of PCNL can be considered the first line modality because of proven 
safety and improved efficacy in terms of stone clearance. However, RIRS and SWL 
can also be considered in case of unavailability of SMP or UMP. For lower pole stones 
of size 10-20 mm, SMP or UMP should be preferred if available due to the already 
mentioned factors. SWL for stones 10–20 mm in lower pole should be avoided given 
the increased propensity of requirement of repeat procedure due to poor stone clear-
ance in one session.

For renal calculi of size greater than 20 mm, decision should be made depending 
on further stratifying the stone size of less than 4 cm or more than 4 cm. Stones up to 
4 cm can be efficiently cleared by miniaturized PCNL and therefore it should be the 

Figure 3. 
Approach for surgical management of nephrolithiasis.
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preferred modality due to improved safety profile as compared to standard PCNL. 
However for stones larger than 4 cm, the clearance has been sub-optimal using minia-
turized techniques and standard PCNL should be the preferred approach (Figure 3).

As is easily understood by the discussion, the technical advancements and min-
iaturization of PCNL is leading to its increased use and applicability to the various 
domains which were previously being primarily managed by other less invasive 
modalities like RIRS and SWL. Given its increasing safety profile and comparable 
efficacy to standard PCNL, it can now be used for almost all stone categories except 
for very large stones without the risk of significant complications and therefore is 
becoming a promising modality to replace the standard PCNL as the gold standard 
modality for treatment of nephrolithiasis.
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Abstract

Nephrolithiasis (kidney stones) impacts a significant group of individuals today 
as a result of changing lifestyles. Over the past decade, there has been a revival of 
interest in the study of medicinal plants as a source of potential herbal medicine. 
Herbal medicine could become a new phase in the medical system for human disease 
management within the next few decades. In fact, a number of studies strongly 
suggest using medicinal herbs as one of the anti-nephrolithiatic treatments. Different 
bioactive substances found in plants, such as polyphenols, flavonoids, saponins, fura-
nochromones, alkaloids, and terpenoids, may be useful in halting the development 
of stones. These natural resources do in fact contain bioactive compounds of many 
types, including phenolic acids, flavonoids, and terpenoids, which have recently been 
shown to have potent anti-nephrolithiatic properties. However, the outcomes of the 
experiments that have been conducted with these natural substances are still in the 
preclinical stages. Future research on clinical applications may therefore be a fruitful 
way to confirm the clinical utility of these medications.

Keywords: medicinal plants, herbs, kidney stones, nephrolithiasis, flavonoids,  
phenolic acids

1. Introduction

Nephrolithiasis(kidney stone) is an illness that affects individuals of all sexes, 
races, and ages and is believed to be on the rise in many countries around the world. 
Along with the consequences of global warming, eating patterns may be a major 
factor influencing these trends [1]. Around 12% of people worldwide will get kidney 
stones at certain time in their lives. Kidney stones raise the risk of developing chronic 
kidney disease by 60% and end-stage renal disease by 40%, and papillary renal cell 
carcinoma has also been linked to kidney stones [2].

The utilization of herbal products has recently gained more attention due to the 
high cost and negative side effects of instrument implantation and urinary tract 
surgery. Humans and even animals have long relied on medicinal plants as a significant 
source of food and medicine. Nowadays, a number of researchers base their studies on 
natural resources such as medicinal herbs and a range of antiquated techniques such 
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as those used by Ibn Sina [3]. Medical plants alleviate kidney stone pain and inhibit 
lithogenesis. From the kidney, medicinal plants eliminate kidney stones. Kidney stones 
are frequently treated with medicinal plants (calcium oxalate, uric acid, struvite, and 
cysteine). The evolution of modern civilization includes the use of herbal medicine [4].

The formation of stones may be avoided by the existence of many bioactive 
components found in such as polyphenols, flavonoids, phytosterols, saponins, 
furanochromones, alkaloids, and terpenoids. Evidence points to their potential 
litholytic, antispasmodic, and diuretic properties as well as an inhibitory influence on 
crystallization, nucleation, and aggregation of crystals as the possible causes of their 
therapeutic effects. These benefits may be caused by antioxidant, anti-inflammatory, 
or antibacterial characteristics, according to the molecular pathways involved [5]. 
This chapter summarizes the role bioactive compounds and mechanisms of medicinal 
plants in the treatment of nephrolithiasis.

2. Anti-urolithiatic plants

The various traditionally based groups of medicinal plants have been used as anti-
urolithiatic drugs belonging to the families including: Amaranthaceae, Malvaceae, 
Meliaceae, Satavari, Oxalidaceae, Crassulaceae, Saxifragaceae, etc. Considering the 
presence of therapeutic activities such as anti-inflammatory, antioxidant, analgesic, 
diuretic, or lithotriptic activities, these plants have been used as mono or polyherbs in 
anti-nephrolithiatic formulations [6].

The fruits of the Rubus idaeus L. plant, also known as raspberries, are an abundant 
supply of glycosaminoglycans, citrate, and magnesium that can help prevent kidney 
stones. Epigallocatechin, a polyphenolic component that is widely distributed in Camellia 
sinensis L. (green tea), has been shown to be effective in treating kidney stones. It works 
as a potent antioxidant to reduce oxidative stress and the risk of stone development. 
Petroselinum crispum Mill. (parsley) contains large amounts of apiol and myristicin, two 
compounds with biological properties that are antioxidants and diuretics and are thought 
to be beneficial in the treatment of urolithiasis. The tree pomegranate, or Punica grana-
tum L., is a common name for a fruit that contains active ingredients such as flavonoids, 
alkaloids, glycosides, and steroids with antioxidant and anti-inflammatory properties [7].

Clinical investigations have mostly focused on finding out if the stone inci-
dence, or the frequency and size of kidney stones, has changed. Large stones 
shrank while little stones were destroyed. The majority of research found that 
herbs had diuretic properties. Typically, kidney stones are found in the ureters and 
renal pelvis. The most likely cause of stone passage and elimination is increased 
urine volume. It’s unknown what led to the size reduction. As a result, even for 
trials with encouraging findings, we may not fully comprehend how a particular 
herbal remedy functions [8]. Some of the treatments have been proven to reduce 
urine calcium excretion and increase urinary excretion of citrate, both of which 
affect urinary supersaturation. Herbs impede crystal nucleation, development, and 
aggregation, which prevents the embryonic stone from growing in size and from 
being retained within the confined renal tubules. Herbal remedies boost urinary 
output, encouraging urine flow through renal tubules and the clearance of the 
developing stone before it is too large to move and obstructs the tubular lumens. 
They might prevent the kidneys from producing reactive oxygen species, which 
are known to encourage crystal attachment and their retention in the kidneys by 
damaging the renal epithelium [9].
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3. Anti-nephrolithiatic activity of bioactive compounds

3.1 Flavonoids

Flavonols, flavones, catechins, anthocyanidins, isoflavones, dihydroflavones, and 
chalcones can be produced from the thousands of plant chemicals known as flavonoids. 
Vegetables, fruits, nuts, spices, herbs, red wine, tea, and other foods and beverages also 
contain varying levels of these chemicals. One of the major classes of polyphenols is 
flavonoids, which have a wide range of pharmacological functions and have antioxidant 
effects [10]. Several flavonoids have shown renal protective properties against various 
nephrotoxic agents that often cause acute kidney injury (AKI) or chronic kidney disease 
(CKD), such as gentamycin, alcohol, nicotine, lead, or cadmium. Hemodialysis patients 
observed vasculoprotective benefits of cocoa flavanols in humans [11].

Many flavonoids such as quercitin, hyperoside, rutin, diosmin, and apigenin 
have been investigated for their probable potential to inhibit the formation of kidney 
stones. Table 1 summarizes the main findings regarding the anti-nephrolithiatic 
activity of flavonoids [12–16].

3.2 Terpenoids

Naturally occurring pentacyclic triterpenes of plant origin can have a wide range 
of pharmacological effects. Lupeol and botulin(pentacyclic triterpenes) were simi-
larly effective in reducing tissue damage brought on by crystal-induced renal peroxi-
dative alterations as evaluated by malondialdehyde. The two substances may work 
by inhibiting calcium oxalate crystal aggregation and boosting the body’s defensive 
mechanisms to provide protection against oxalate-induced toxic symptoms and 
free radical generation [17]. Moreover, childhood nephrolithiasis or urolithiasis has 
benefited significantly from the use of essential oil preparations of terpenic, which 
contain pinene (31%), camphene (15%), borneol (10%), anethol (4%), fenchone 
(4%), and cineol (3%). The majority of essential oil preparations are sold in the 
Middle East under the brand name Urinex (Pharco Co.) [18].

Compounds Study type Results References

Quercetin In vivo Reduced damage due to hyperoxaluria.
Reduced oxalate stone formation

[12]

Quercetin and 
hyperoside

In vivo Reduced the number of crystal deposits 
Increased superoxide dismutase and catalase 
levels 

[13]

Rutin In vivo Decreased calcium and oxalate in the urine
Less tissue damage and fewer number of calcium 
oxalate deposits in kidney of animal

[14]

Diosmin In vivo The average volume of calcium oxalate  in the 
nephrolithiasis+diosmin rats was -63% lower 
than in the rats with untreated nephrolithiasis..

[15]

Apigenin In vivo Reduced calcium levels in kidneys
Enhanced renal function

[16]

Table 1. 
Anti-nephrolithiatic activity of flavonoids.
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3.3 Furanocoumarin

The impact of two furanochromes (khellin and visnagin) on ethylene-glycol-
induced hyperoxaluria in rats was only discussed in one study elaborated by 
Vanachayangkul et al. [19]. In this work, khellin and visnagin effectively reduced the 
incidence of calcium oxalate (CaOx) crystal deposition in rats with nephrolithiasis at 
doses of 5 and 10 mg/kg/day. The authors of this study hypothesized that khellin and 
visnagin interfere with calcium blocking activity rather than citrate reabsorption, 
despite the fact that these two substances did not influence urine parameters (pH, 
citrate, calcium, and oxalate) in this investigation [19].

3.4 Phenolic acids

The potent pharmacological effects of phenolic acids include antioxidant, antibacte-
rial, anticancer, antiviral, anti-inflammatory, antimutagenic, antirheumatic, antipyretic, 
antiseptic, anthelmintic, neuroprotective, and hepatoprotective properties [20].

Many phenolic acids such as ferulic acid, gallic acid, caffiec, and rosmarinic acid 
have been investigated for their probable ability to inhibit the formation of kidney 
stones. Table 2 summarizes the main findings regarding the anti-nephrolithiatic 
activity of phenolic acids [21–24].

3.5 Tannins

Green tea contains a polyphenolic hydrolyzable tannin called gallotannin. At 
non-toxic concentrations, gallotannin dramatically reduced the development of 
CaOx monohydrate crystals and their attachment to MDCK I kidney epithelial cells. 
Additionally, gallotannin decreased the amount of reactive oxygen species (ROS) 
and malondialdehyde (MDA) produced by human primary renal epithelial cells and 
increased the activity of the antioxidant enzyme superoxide dismutase (SOD) in 
response to oxalate [25]. Catechin has proven successful in inhibiting renal papillary 
calcification and the growth of CaOx monohydrate papillary calculi, which may be 
related to its stimulation of SOD activity [26].

3.6 Saponins

The saponin-rich fraction made from the fruits of S. xanthocarpum prevented the 
nucleation and aggregation of calcium oxalate crystals in artificial urine solution in 

Compounds Study type Results References

Ferulic acid In vivo Inhibition of renal stone formation and oxidative stress.
Increased lipid peroxidation

[21]

Caffeic acid In vivo Regulation of the changed biochemical parameters 
Reduction of calcium oxalate deposits.

[22]

Gallic acid In vivo Inhibition approximately 44-57% of the total calcium 
oxalate crystals formation,

[23]

Rosmarinic 
acid

In vivo Decreased tubular dilatation, Bowman’s capsule 
enlargement, degradation of the tubular epithelium, and 
localized glomerular necrosis.

[24]

Table 2. 
Anti-nephrolithiatic activity of phenolic acids.
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vitro, and it inhibited the pathological changes brought on by lithogenic treatment, 
such as polyuria, damage to renal function, oxidative stress, and crystalluria in rats 
with urolithiasis caused by EG [27].

3.7 Alkaloids

Evidence indicates that alkaloids can enhance urine production and Na+ and K+ 
excretion in a manner similar to that of a typical diuretic (hydrochlorothiazide). 
Additionally, it has been demonstrated that berberine therapy lowers the Ca2+ level of 
urine. Due to the excess calcium being the main requirement for crystal precipitation 
and one of the key risk factors for stone production, this has a lot of significance to 
urinary supersaturation [28].

4. The mechanistic insight of polyphenols in oxalate nephrolithiasis

4.1 Antioxidant

Due to the presence of flavonoids and vitamins, some plant extracts suggested to 
prevent nephrolithiasis, such as the FHE employed in this study, have a strong anti-
oxidant potential. By preventing lipid peroxidation and papillary tip epithelium dam-
age caused by hyperoxaluria, these substances may prevent the formation of calcium 
oxalate crystals in the kidney. This in turn may prevent heterogeneous calcium oxalate 
crystal nucleation on damaged cells or cellular debris, which leads to the development 
of kidney stones [24].

4.2 Diuretic

It has been frequently observed that polyphenols have diuretic properties. 
Traditional diuretics include extracts from the fruits of Opuntia ficus indica, C. 
sinensis, and Hibiscus sabdariffa. By flushing out the salt deposits, the diuretic action 
increases the amount of fluid going through the kidneys. Therefore, an increase in 
urine volume reduces salt saturation and prevents the crystals from precipitating at 
physiological pH [29].

4.3 Conclusions and perceptions

This chapter reveals the results obtained from the available literature about the 
bioactive components of medicinal plants such as flavonoids, terpenoids, tannins, 
saponins, etc. The majority of this research was exploratory, conducted on animals, 
and is insufficient for the creation of medicinal products. To evaluate the effective-
ness and toxicity of these plants, extensive preclinical and clinical investigations are 
still needed. Future research on clinical applications may therefore be a profitable way 
to confirm the clinical utility of these medications.
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Current Evidence, and Metabolic 
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Abstract

Urolithiasis is a highly recurrent disease. The incidence of urolithiasis is on the 
rise. Although stone prevention is highly desirable, there is significant controversy 
and lack of quality evidence to suggest a standard approach to prevention. In the cur-
rent chapter, we have looked at the contemporary evidence, lack of long-term compli-
ance, and various dietary and pharmacological treatment options for prevention of 
recurrent stone disease.

Keywords: prevention, metaphylaxis, translational research, dietary factors, 
urolithiasis

1. Introduction

Urolithiasis is an endemic condition in certain parts of the world, particularly 
where weather is dry and hot. However, current data suggest that it is now increas-
ingly identified in high income countries and its prevalence is independent of the 
weather conditions. Genetic and dietary influences are two important predisposi-
tions. Urolithiasis is now considered as a systemic disorder. The exact etiology is still 
elusive, however, there is a complex and intricate interplay of genetic and dietary 
factory. The epigenetics play provides an important link between environment and 
genetics. Urolithiasis is not only highly prevalent but has a very high recurrence risk. 
This chapter looks at the various preventive strategies, the contemporary evidence in 
support and influence of diet on urolithiasis prevention.

2. Why stone prevention is important?

An episode of ureteric colic or urosepsis secondary to urinary stones is an alarm-
ing experience for a patient. In many cases, stones may require medical or invasive 
endourological procedures to remove them with its attendant cost and morbidity. 
The estimated cost of urolithiasis management is likely to be ~$4.1 billion by 2030 in 
United States alone [1]. Additionally, recurrent kidney stones can lead to long-term 
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complications and continue to be a significant cause of end stage renal disease in the 
developing world [2].

3. Patients with high risk of stone recurrence

The risk of recurrence after the first stone episode may be as high as 90% in 
5 years. However, this risk is quite variable and depends upon several patient and 
stone-related factors. A subset of patients is identifiable for which the risk of recur-
rence is much higher [3]. These patients should be specifically directed for metabolic 
workup and implementation of stone prevention strategies.

3.1 Patient factors

Age at first stone episode, number of previous episodes, time since last stone 
episode, family history, male gender, and body mass index are important predictors 
of stone recurrence.

3.2 Some other factors

Uric acid, struvite, and brushite stones are more likely to recur as compared to 
calcium oxalate stones [4]. Singh and colleagues [5] noted that symptomatic recur-
rence at 10 years was approximately 50% for brushite, struvite, and uric acid but 
approximately 30% for calcium oxalate and hydroxyapatite stones (P < .001). Patients 
with cystine stones can have an episode of stone requiring intervention almost every 
year or even more frequently [6]. Moreover, patients with a greater number and size 
of stones at first presentation and those with bilateral stones are more likely to experi-
ence recurrence of the disorder.

3.3 Specific medical conditions

Rarely during basic workup is a specific medical condition identifiable which 
increases the risk of stone recurrence such as gout, renal tubular acidosis, obesity, 
diabetes, cystinuria, recurrent UTI, or hyperparathyroidism [7, 8].

Dietary and social habits such as dehydration, a high intake of sodium, and animal 
protein all increase the risk of stone recurrence [9].

4. Difficulties in developing stone prevention strategies

Multiple factors have traditionally shifted the focus of research away from 
stone prevention. Firstly, the safety and efficacy of endoscopic stone removal 
have increased exponentially over the last few decades. This has shifted the focus 
to early diagnosis and intervention for stones, whereas workup to determine a 
specific cause of stones does not always provide useful answers. The mainstay of 
workup namely 24-hour urinalysis for identifying metabolic factors is cumbersome 
and usually not a true representative of patient’s day-to-day life [10]. Lastly, even if 
a specific metabolic abnormality is identified, it may not be amenable to a specific 
treatment [11].
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Preventing stone recurrence involves identifying the underlying causes of the 
stones and implementing strategies to address those causes. Developing stone preven-
tion strategies is challenging due to several factors, including the following:

4.1 Complexity of stone formation

Kidney stone formation is a complex process that involves several factors,  including 
genetics, diet, and environmental factors. The simple pathogenesis of solutes increas-
ing the supersaturation of urine with respect to one of the stone constituents does not 
completely account for all these factors, whereas prevention strategies have mostly 
focused on either increasing the quantity of the solvent (i.e., water) or reducing that 
of the solutes (e.g., calcium, sodium, and oxalate) [12].

4.2 Limited understanding of dietary factors

Diet plays an important role in the development of kidney stones, but there is still 
limited understanding and lack of evidence for the role of specific dietary factors 
other than water intake and their contribution to stone formation.

4.3 Patient adherence

Stone prevention strategies often require significant lifestyle changes, such as 
increased fluid intake and dietary modifications. However, patient adherence to 
these changes can be challenging, which can limit the effectiveness of prevention 
strategies.

4.4 Limited access to health care

Stone prevention strategies may require access to specialized healthcare services, 
such as urology and nephrology. However, limited access to these services in some 
areas can make it difficult for patients to receive appropriate care and follow-up [13].

4.5 Cost

Developing effective stone prevention strategies may require significant invest-
ment in research, education, and healthcare services. The cost of these efforts can be a 
barrier to the development and implementation of effective prevention strategies.

5. Empiric therapy

The fact that stones are the outcome of multiple genetic, dietary, and environmental 
causes along with difficulties in identifying specific factors and targeting them for 
stone prevention has shifted focus toward a more generic empiric therapy [14]. This 
can be applied to all patients presenting with renal stones without subjecting them 
to the cost and burden of a detailed workup. However, it cannot be overemphasized 
that some of the patients who are at greater risk of recurrence, as mentioned above, 
or have a stone type other than calcium and uric acid stones, should be identified for 
targeted therapy.



Nephrolithiasis – From Bench to Bedside

72

5.1 Fluid intake

A Cochrane review published in 2019 evaluated the effectiveness of increasing 
water intake as a prevention strategy for kidney stones. The review analyzed three 
randomized controlled trials with a total of 255 participants that compared increased 
water intake to standard fluid intake. The review found that increasing water intake 
reduced the risk of kidney stone formation by 50%. The effect was most significant 
for individuals with a history of calcium oxalate stones. This provides strong evidence 
to support the importance of adequate water intake as a key prevention strategy for all 
kidney stones specially calcium oxalate stones.

Recent studies have also suggested that the timing and distribution of water intake 
throughout the day, known as circadian water intake, may also play a role in the 
prevention of urolithiasis [15]. Drinking water at regular intervals throughout the day 
can help to maintain adequate hydration levels and reduce the risk of stone formation 
by keeping the concentration of stone-forming substances like calcium and oxalate 
below their formation product [16].

5.2 Weight loss

Reducing weight can play a significant role in preventing renal stones, especially 
if the stones are caused by metabolic syndrome. Obesity is associated with insulin 
resistance, which can lead to increased urinary excretion of oxalate and calcium [17]. 
Moreover, insulin resistance can lead to metabolic acidosis, which lowers urinary pH, 
thereby promoting uric acid stone formation [18]. Losing weight can improve insulin 
sensitivity, thereby reducing the urinary excretion of oxalate and the risk of kidney 
stone formation [19].

5.3 Generic dietary manipulations

These include limiting sodium and animal protein intake besides maintaining a 
diet rich in fruits and fibers. A high intake of sodium can increase calcium excre-
tion in the urine, thereby promoting stone formation. Limiting sodium intake to 
less than 2300 milligrams per day as per American Heart Association Guidelines, 
i.e., not more than 3–5 g of salt has been found to lower the risk of renal stones as 
well [20].

Several studies have linked a high intake of animal protein to an increased risk of 
kidney stones [21–23]. However, it is important to note that not all animal proteins are 
equally problematic when it comes to kidney stone risk. Fish and dairy products, for 
example, have been shown to have a protective effect against kidney stones (refer-
ences required). This may be due to the high magnesium and citrate content of these 
foods, which can help prevent the formation of kidney stones. A systematic review of 
14 prospective cohort studies studying the effect of total protein and protein sources 
showed that each 5% increase in total protein intake was associated with a 10% 
increase in kidney stone risk [22].

A balanced diet that includes plenty of fruits and vegetables can help reduce the 
risk of kidney stones. This may be partially due to a reduction in animal proteins and 
salts in such a diet. However, diets high in citrus fruits and low-fat dairy products 
have been shown specifically to prevent stone formation [24].
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5.4 Empiric medications

These include prescription for potassium citrate, allopurinol, and thiazides 
without specifically analyzing a 24-hour urine. A comparison of empiric medications 
based upon clinical assessment alone with targeted therapy based upon 24-hour urine 
analysis showed that targeted therapy is not better than empiric therapy in reducing 
the risk of stone recurrence [25]. However, a similar comparison for high-risk groups 
including children indicated that targeted therapy is more likely to reduce stone 
recurrence in high-risk groups [26]. Therefore, a stratified approach of using empiric 
therapy for low-risk groups and targeted therapy for those with high risk of recur-
rence is appropriate.

6. Targeted therapy

Several advances in the field of precision medicine have improved our ability to 
identify and target specific risk factors for kidney stone formation. For example, 
genetic testing can identify inherited mutations that increase the risk of certain 
types of stones, while spot metabolic testing can measure urine and blood levels of 
key substances involved in stone formation avoiding the cumbersome 24-hour urine 
collection.

Using this information, clinicians can address the specific factors contributing to 
a patient’s stone formation. This may include lifestyle modifications, dietary changes, 
and medications such as thiazide diuretics, citrates, and allopurinol.

6.1 Thiazide diuretics

Generally, a low dose of a thiazide diuretic, such as hydrochlorothiazide 12.5–25 mg/
day is best suited for patients with documented hypercalciuria. By inhibiting the Na+/
Cl− co-transporter, thiazide diuretics reduce sodium reabsorption in the distal con-
voluted tubule, thereby increasing calcium reabsorption. A meta-analysis of 8 RCTs 
(what does this mean?) involving 571 patients showed that thiazide diuretics almost 
halved the risk of stone recurrence but at the expense of side effects leading to poor 
patient compliance [27]. This is one of the main reasons that thiazide diuretics are less 
commonly used for this indication.

6.2 Citrate

Citrate is commonly used for the prevention of kidney stones, particularly those 
composed of calcium oxalate or calcium phosphate. Citrate can be given in the 
form of potassium citrate or potassium citrate. Citrate acts by binding to calcium 
in the urine, which reduces the amount of calcium available to form stones. Citrate 
also raises the pH of the urine, which makes it less favorable for stone forma-
tion. Studies have shown that citrate therapy is effective in reducing the risk of 
recurrent kidney stones. A Cochrane review of seven trials involving 477 patients 
showed that citrate therapy reduced the risk of recurrent stones by 75%. Citrate 
therapy was also associated with a reduction in stone burden and fewer surgical 
interventions [28].
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6.3 Xanthine oxidase inhibitors

By inhibiting xanthine oxidase, allopurinol increases the levels of hypoxanthine 
and xanthine, which are more soluble than uric acid and are more readily excreted in 
the urine. While allopurinol is an effective medication for the prevention of uric acid 
stones, there are practical problems that limit its long-term use including adherence 
and cost. In one study, patients who were non-adherent to medication, were more 
likely to require surgical treatment for stone recurrence [29]. Febuxostat in another 
xanthine oxidase inhibitor is more effective in reducing uric acid levels both in blood 
and urine. However, this does not necessarily translate into a greater clinical effective-
ness in preventing renal stones [30].

7. From lab to the clinic in stone research

Translation research in urolithiasis is essentially a process of covering an observa-
tion made in the laboratory, clinic, or community into an intervention that provides 
meaningful and applicable results. In the area of urolithiasis, it has impacted two 
major domains of management, i.e., firstly, the active management which is treat-
ment of the stone itself and, secondly, the prevention of recurrence which is a major 
issue. Indeed, there has been significant progress in the first domain which is active 
management. Open stone surgery has been completely replaced by endourology even 
in the developing world [31]. Even the most complex kidney stones can be treated by 
minimally invasive surgery.

Kidney stone disease is a systemic disorder. The overall prevalence in the general 
population is increasing. In the USA, datum indicates that 1 in 11 persons have a 
kidney stone. This is almost equivalent to the prevalence of diabetes. Besides the 
high incidence of de novo stones, there is a high recurrence rate which together not 
only have a cost implication but also a significant impact on the overall health of 
patients. Stone prevention is therefore important, and measures are likely to not 
only decrease the recurrence but may have beneficial effect on other heath related 
matters. Shadman and Bastani [32] noted that urolithiasis is associated with chronic 
kidney disease, hematologic cancers, various endocrine disorders and metabolic 
syndrome, type 2 DM, autoimmune diseases, inflammatory bowel diseases, bone loss 
and fractures, hypertension, and coronary heart diseases and most recently ischemic 
strokes.

The first step in stone prevention is to identify the cause in an individual patient. 
Ferraro et al. [33] shared interesting datum concerning the practice patterns in 
various European and non-European centers. In this survey, the authors noted that 
a basic blood workup is performed in most patients and nutritional advice and stone 
composition analysis are carried out in a significant proportion. However, the 24-hour 
urinary parameters are not assessed in every patient. About half of the patients have 
only 7 out of 16 parameters assessed. So, the question is that when should it be done 
and in whom? In the review by Coninck, Keller and Traxer [34], they advised that 
medical and lifestyle history, physical examination, basic urine and blood workup, 
radiological examination, and stone analysis should be performed in all patients. 
Detailed 24-hour urine analysis is indicated in patients who are at high risk of recur-
rent stone disease. In a review written by us about five years ago, we also advocated 
the use of a tailored metabolic workup for urolithiasis which should be performed on 
selective individuals [35].
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Currently we lack quality evidence regarding stone prevention strategies. In a 
meta-analysis from the Cochrane database, it is noted that there no RCT (what does 
this mean?) on the role of increased water intake for the primary prevention of 
urinary stones. However, for secondary stone prevention, increasing urinary output 
to achieve a two-liter volume is suggested. The “PUSH trial” [36] is an interesting 
proposal published in the American Journal of Kidney Diseases for the prevention of 
urinary stone with hydration. One of the fundamental problems with advice related 
to lifestyle is the lack of compliance. The proposed trial is set to study in a randomized 
trial of a multicomponent behavioral intervention program to increase and maintain a 
high fluid intake. Participants are randomly assigned (1:1 ratio) to the intervention or 
control arm. The proposed sample size is 1642 subjects.

In pediatric urolithiasis, there is very little controversy about the role of metabolic 
analysis to identify the cause of the stone and treating the patient to prevent long-term 
morbidity and stone recurrence. Compliance and tolerating medications are a greater 
issue. In a recent Cochrane database systematic review authors noted that oral potassium 
citrate supplementation may reduce recurrent calcium stone formation in children follow-
ing lithotripsy. However, the majority of children poorly tolerate potassium citrate [37].

Besides the indication for metabolic workup, the main controversy is the extent 
of the workup. It is important to assess minerals forming stones like calcium, oxalate, 
uric acid, phosphate, etc. One also needs to assess what prevents stones such as citrate 
and stone promoters such as sodium, since hypernatriuria leads to hypercalciuria. 
Extremes of urinary pH may result in the either uric acid or magnesium ammonium 
phosphate and calcium phosphate stones. Potassium and creatinine estimations 
are indicators of adequacy of the specimen and compliance with treatment. Urine 
microscopy indicates the presence of bacteria. Red cells and white cells indicate that 
there is a likelihood of not only mechanical irritation secondary to stone but also urine 
tract infection. The presence of crystals, like those typical of cystine, is indicative 
of cystinuria. The coffin-lid crystals of magnesium ammonium phosphate and the 
double tetrahedrons of calcium oxalate dihydrate are also indicative of these respec-
tive types of stones. Kidney stone disease is associated with so many other conditions; 
for example, recurrent calcium oxalate urolithiasis is associated with osteoporosis, 
and it is not old-age osteoporosis as it is seen in male patients aged 35 years and female 
patients aged only 38 years. Dexascan can identify patients who have osteoporosis 
versus osteopenia and normal density [38]. Stone analysis to identify the mineral 
contents and composition is of utmost importance.

Interpretation of the findings is the next logical step. Following analysis, stones 
are broadly classified into calcium-containing or non-calcium containing. In the 
case of calcium-containing stones, you need to measure urinary calcium excretion. 
For normocalciuric patients, however, one needs to look for other risk factors such 
as hyperuricosuria, hyperoxaluria, and hypocitraturia. For hypercalciuric patients, 
serum calcium and PTH levels should be performed, and the patients treated appro-
priately. Non-calcium stones such as uric acid, cystine or infection-related stones 
should be treated accordingly [39].

In an interesting study, the authors noted that the consumption of carbonated 
drinks (which are high in phosphoric acid) in the presence of Proteus mirabilis 
infection can cause struvite stones [40]. Residual stone becomes the nidus for stone 
formation. In this study by Sorensen et al. [41], the authors concluded that removal of 
secondary small stones at the time of primary stone removal significantly decreases 
the chances of relapse without increasing surgery-related complications.

Most of the patients have calcium oxalate stones, without any metabolic disorder.
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8. Stone prevention; dietary components

Before embarking on to a topic as vast as the role of diet in kidney stone 
 prevention, it is imperative to first revisit briefly some of the well-known basics about 
stone formation itself. Kidney stones are aggregates composed of varying amounts of 
crystalloid substances. While theories explaining stone formation remain incomplete 
at best, there is an undeniable underlying role of supersaturation of urine in stone 
formation. Supersaturation of urine, in turn, is dependent on three major determi-
nants, namely solute content, solvent volume, and the pH of urine, and consequently, 
any factor that were to alter any of these determinants would have an eventual effect 
on stone formation to some degree [42]. It is also useful to be familiar with certain 
concepts. The first of these is solubility product, at which point the solvent has 
reached its limit of solute content, and a further increase in ionic content beyond this 
point can potentially result in crystal nucleation [43]. The reason why this usually 
does not occur is the basis of the second concept, namely the presence of certain 
urinary constituents referred to as “inhibitors”, which, as their name implies, oppose 
the formation of stones. As with the ionic concentration, alteration of the concentra-
tion of inhibitors would likewise have an eventual effect on stone formation. While 
in theory ions can still aggregate at their solubility product, the likelihood of doing so 
increases many-fold once they attain higher concentrations, a phenomenon referred 
to as the formation product [44] of the salt or acid concerned. It is postulated that 
concentrations beyond this point are unstable and can spontaneously initiate the 
process of crystal formation that may lead to stones. Lastly, it is important to be aware 
of different ions present in urine. To recall, the most important ions for causing stones 
include calcium, oxalate, phosphate, uric acid, and sodium [45], while the protective 
ions (inhibitors) mainly include citrate, magnesium, and sulphate. Rogers et al. [46] 
noted that increasing urinary sulfate could theoretically reduce calcium oxalate and 
calcium phosphate stone risk. The detailed role of each in stone formation is beyond 
the scope of this chapter. With this information, let us now proceed to the role of diet 
in stone formation.

Dietary factors can be approached in a variety of ways. The author’s preference is 
to divide dietary items into food items and beverage items and the resultant impact 
of each on stone formation. It is pertinent to remember that renal stones have been 
increasingly linked to obesity and arterial hypertension, and hence, diet that pre-
disposes to these latter conditions can reasonably be associated to have an indirect 
relationship with stone formation.

The paucity of randomized trials on diet entails that most information on the 
subject is derived from cohort studies.

8.1 Beverages

The effect of an increased fluid intake is beneficial with respect to stone 
 formation, mainly because of increased dilution of the ionic solutes, decreased 
supersaturation, and the resultant prevention of crystal nucleation. This inverse 
relationship has been demonstrated in several studies [47, 48]. However, as pointed 
out before, fluids that cause changes in urinary pH or ion-rich fluids can have vary-
ing effects. Most experts agree that the 24-hour fluid intake for stone prevention 
should be approximately 2.5 to 3 liters and that this intake be circadian rather than 
bolus-like at varied intervals [49]. Simultaneously, the target urine volume should be 
approximately 2 to 2.5 liters (higher for certain pathological conditions) [50]. While 
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the effects of beverage-induced reduced incidence of stone formation are attributable 
mainly to increased solubility of ions in urine, certain beverages including alcohol, 
coffee, and tea have an additional mechanism of stone prevention through promotion 
of diuresis with or without natriuresis. The only exception is soda, which has incon-
sistently been shown to increase the risk of stone formation, likely owing to its effect 
on the increased excretion of calcium, oxalate, and uric acid. The effect of fruit juices 
is mainly determined by the presence of citrate or bicarbonate and can work both 
ways [51]. Citric juices including lemon, orange, and grapefruit provide a high load 
of citrate and in theory can be a good alternate to pharmacotherapy [52]. However, 
fruit juices are also a source of sugar and oxalate, and hence, consumption should be 
limited to one glass per day, diluted in water.

8.2 Diet

One way to look at dietary factors is to employ a balanced-diet approach and 
avoiding excess of any food groups. However, it is helpful to elucidate the contribu-
tion of different food items to urinary ions, especially in situations where an indi-
vidual is prone to forming a certain type of stone owing to an underlying abnormality.

Meat intake is significantly associated with risk of stone formation (reference!). 
This relationship has been consistently observed in observational studies and is 
attributed to higher levels of calcium, uric acid and possibly oxalate in urine, lower 
levels of citrate, and a lower urinary pH favoring the formation of both calcium 
and uric acid stones. There have been attempts to differentiate between red meat, 
processed meat, and poultry, and while the quality of the evidence remains low, a sig-
nificant association was demonstrable with red meat while mixed results were found 
with poultry and fish, varying from null to a significant association. The consensus is 
to limit animal protein intake to 1 gram per kilogram per day [53] .

Fruits have a protective effect against stone formation owing to their citrate 
and potassium content. Dietary citrate is absorbed in the gastrointestinal tract and 
metabolized to bicarbonate, which may then increase urine pH and citrate excretion 
[54]. A similar effect on urine has been noted with potassium supplements [55].

Vegetables have been shown to exert the same effect as fruits, which seems to be 
linked to both the mechanisms linked above, or simply because a diet that is rich in 
vegetables is more likely to be lower in meat content. The main concern, however, is 
the presence of oxalate in certain vegetables such as spinach, beetroot, soya beans, 
and okra, all of which have the potential to cause mild hyperoxaluria with resultant 
stone formation. A reasonable advice is to restrict the aforementioned vegetables, 
however they can other leafy vegetables like cabbage, green peas, and turnip that have 
a lower oxalate content [56, 57].

While they are not food items in their own accord, the roles of calcium and sodium 
have also been well studied. Calcium complexes with oxalate in the gut to prevent its 
reabsorption and resultant excretion in urine. Thus, calcium intake must not be reduced, 
especially in people known to have hyperoxaluria, and should adhere to the recom-
mended daily allowance of 1000–1200 mg/day [58]. Higher intake can potentially result 
in hypercalciuria. Sodium has been shown to be a promoter of hypercalciuria with a 
simultaneous decrease in citrate. While the intake of sodium should not exceed 3–5 
grams per day, a reasonable rule of thumb is to avoid adding salt to food at the table [28].

While it is useful to know what the effect of a certain nutrient is, it might be 
difficult to individualize these nutrients in each meal. Hence, a wiser approach would 
be to target dietary patterns. One such program is the dietary approaches to stop 
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hypertension (DASH) diet. A diet rich in fruits and vegetables, and low in saturated 
fat, is advised. It has been shown to have a beneficial effect on the urinary composi-
tion with higher levels of inhibitors and lower levels of supersaturates [59].

As pointed out earlier in the text, dietary prevention of stone disease is a vast 
topic, and all aspects concerning interactions at the ionic level are beyond the scope 
of this chapter. However, the data can be summarized quite conveniently for the sake 
of better patient understanding and compliance. Circadian fluid intake with neutral 
pH beverages to maintain a urine output volume of 2–2.5 liters is the cornerstone 
of preventive measures. Patients should be encouraged to maintain a balanced diet 
comprising a high intake of fruits, vegetables and fiber, a moderate intake of animal 
protein, and a low intake of salt, while avoiding excess of any particular food group.

While the role of dietary factors in the prevention of stones is vital, it is crucial 
to remember that stone disease has also been linked to higher calorie intake, higher 
body mass index, and cardiovascular disease. Therefore, dietary recommendations 
should be made into consideration of an overall healthier lifestyle including exercise. 
Furthermore, the majority of the conclusions are drawn from large cohort stud-
ies, and stronger randomized trials will likely be needed to confirm what is already 
known.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
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