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Abstract

Introduction: Urolithiasis, characterized by the formation and deposition of crystal
agglomerates within the urinary tract, is a prevalent condition affecting up to 20% of the global
population. This disease is considered systemic, as its rising incidence is linked with
comorbidities such as obesity, diabetes, hypertension, and chronic kidney disease. The growth
of kidney stones can obstruct urine flow in the kidney, ureter, bladder, or urethra, potentially
causing acute symptoms such as renal colic, which manifests as sharp pain in the lower back or
abdomen radiating to the groin, accompanied by nausea, vomiting, hematuria, or dysuria.
State of knowledge: Conservative treatment methods for urolithiasis include the administration
of non-steroidal anti-inflammatory drugs (NSAIDs) and paracetamol, along with adequate
hydration. However, surgical intervention may be necessary in certain cases. Current surgical
treatments encompass minimally invasive techniques such as extracorporeal shock wave
lithotripsy (ESWL), ureteroscopy (URS), retrograde intrarenal surgery (RIRS), and
percutaneous nephrolithotomy (PCNL), as well as traditional open surgical procedures
including nephrolithotomy, cystolithotomy, pyelolithotomy, and ureterolithotomy.
Additionally, there are modified and combined approaches such as endoscopic combined
intrarenal surgery (ECIRS), mini-PCNL, and ultra-mini PCNL.

The aim of this article: This article aims to demonstrate the epidemiology and risk factors
associated with kidney stone formation and to provide a comprehensive review of the surgical
treatment options for urolithiasis.

Conclusion: The treatment method for urolithiasis should be chosen individually for each
patient, taking into account the patient’s specific anatomy and characteristics, stone localization
and size, past history and the whole clinical picture.
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Introduction

Urolithiasis is a common disease associated with the formation and deposition of crystal
agglomerates in the lumen of the urinary tract, affecting up to 20% of the population
worldwide®. The exact prevalence varies, depending on the region, socio-economic status,
genetic factors, ethnicity, and dietary habits, ranging from 7 to 13% in North America, 5-9% in
Europe, and 1-5% in Asia. Urolithiasis is considered a systemic disease? with its increasing
incidence, connected with obesity, diabetes®, hypertension, and chronic kidney disease. The
condition affects all age groups and is more frequent in men?, recently narrowing the gender
gap".

The formation of the stone is usually asymptomatic and small deposits may be excreted without
any symptoms. However, when the stones grow and obstruct the flow of urine in the kidney,
ureter, bladder, or urethra, it may cause acute symptoms in the form of renal colic, which is a
sharp pain in the lower back or abdomen radiating to the groin or crotch, nausea, vomiting,
blood in the urine or painful urination.

Urolithiasis may be more frequent in patients with systemic diseases such as obesity, diabetes,
and cardiovascular disease?. Previous stone history, chronic kidney disease®, the onset of the
disease in childhood, positive family history, recurrent urinary tract infections,
hyperparathyroidism, sarcoidosis, polycystic kidney disease, reduced fluid intake, increased
ambient temperatures, a diet with high levels of sodium and protein intake, congenital

malformations of urinary tract contributes to kidney stone formation®.

The treatment method for urolithiasis should be chosen individually for each patient, taking
into account the stone localization, size, and the whole clinical picture ’. When the deposit is
small, below 5 mm, and has moved into the ureter, a conservative treatment is recommended
as 75% of these stones may pass spontaneously®. In such treatment, pain control is applied by
administering non-steroidal anti-inflammatory drugs, and paracetamol with a proper fluid
balance and hydration is recommended®. Before the surgical intervention, medical expulsive
therapy may be used, facilitating ureteral stone passage with alpha-blockers such as tamsulosin,

doxazosin, or alfuzosin, which can be effective for stones larger than 5 mm?,

However, sometimes surgical treatment is inevitable. Currently, available surgical treatments
for urolithiasis include minimally invasive methods such as ESWL, URS, RIRS, PCNL and
classic, open surgery methods of stone removal such as nephrolithotomy, cystolithotomy,
pyelolithotomy, and ureterolithotomy*!. There are also combinations and alterations of the
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abovementioned, such as ECIRS, mini PCNL, and ultra-mini PCNL. This article reviews the
methods of surgical treatment of urolithiasis.

Description of the state of knowledge

ESWL

Extracorporeal shock wave lithotripsy (ESWL) is a non-invasive way of disintegrating kidney
stones using a powerful acoustic pulse. The main advantages of this method are that it does not
require an operating room, overnight hospital stay, and general anesthesia. The physical
fundamentals of this method are generating extracorporeal impulse (shock wave) which causes
deposit disintegration through different forces, such as pressure, compression, and shear
stress!2. There are various sources of shock generators, based on electromagnetic effect,

piezoelectric or electro-hydraulic effect®®,

History

The method was born in the middle of the twentieth century. The patent for using shock waves
in kidney stone treatment was made by Lev Alexandrovitch Yutkin in 1950, The first
application of the method in urolithiasis treatment was created by Victor Goldberg in 1959 in
Riga, Latvia. It was performed using the wave-generating tool constructed by an engineer Leo
Rese, according to the principles set by Lev Alexandrovitch Yutkin®®.

Later, the German Dornier Institute in the 1960s, spontaneously discovered how shockwaves
affect the human tissues during a project focused on supersonic aircraft and projectiles. One of
the employees accidentally touched the plate and felt a shockwave, similar to an electric
impulse. However, It occurred that there was no electricity. Furthering their research on this
topic, Dornier Institute performed experiments on animal tissues and focused on kidney
stones'®. The research was supported by the German Department of Defensel’. Finally, in 1974
the successful kidney stone disintegration was made. In 1980, using an HM1 extracorporeal
lithotripter, the first patient underwent successful ESWL therapy without subsequent
complications.

The American Urological Association resisted embracing new technology at first as they
refused a presentation about ESWL. In the following year, the reviewed scientific papers were
published and most common complications and contradictions were established, some of them
remained. This helped in ESWL becoming the widespread non-invasive method for kidney
stone treatment. In 1984 the Food and Drug Administration approved the ESWL to use, entering
the USA.
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Contraindications And Complications

ESWL is contraindicated in patients with coagulopathy or those using platelet aggregation
inhibitors, during pregnancy, with aortic aneurysm, severe or poorly controlled hypertension,
or present urinary tract infections®. These factors increase the risk of bleeding and perinephric
hematoma?®. In patients with an implanted pacemaker or cardioverter-defibrillator the
procedure may be safely performed, however after a cardiologist's approval or changing the

device’s operating parametersZ’.

After ESWL treatment, as after any procedure, complications may occur. Possible
complications include:

e pain

e hematuria

e hematoma

e steinstrasse?

e renal colic®?

e infection, including septic infection?®24

e arrhythmias

e even bowel perforation®
However, ESWL has fewer complications compared to ureteroscopy (URS) or percutaneous
nephrolithotomy (PCNL)?.

Shock Wave Frequency And Ramping

Regarding the technical aspects, it has been shown that reducing shock wave frequency from
120/min to 60-90/min (1,0-1,5 Hz) not only improves stone-free rate after the procedure but
also reduces tissue damage?2°. To lower the risk of renal damage, a stepwise voltage ramping
can be used instead of using a fixed maximal voltage, without sacrificing the effectiveness of
therapyC. It means starting the procedure with lower energy to provoke constriction of blood
vessels and diminish tissue damage and then increasing the energy during the procedure. It has

been shown that power ramping increases the stone-free rate!.

It has been shown that medical professionals with more experience are more efficient in the
treatment of urolithiasis using ESWL, therefore effects of treatment are dependent on the
operator®2, A hypothesis is that it enables more accurate localization of deposits and monitoring
them during the treatment, using X-rays and ultrasounds.
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There are no established rules regarding prophylaxis with a specific antibiotic during ESWL
therapy, however, antibiotic prophylaxis is recommended when the patient may be suspected
of having infected stones, has bacteriuria, or internal ureteral stent placed3®3*,

URS

Ureteroscopy (URS) is a surgical, minimally invasive intervention that can be used for both
diagnostic and therapeutic purposes regarding urolithiasis. Flexible or rigid ureteroscope can
be used in this endoscopic technique - rigid can be used for the ureter, and rigid and flexible are
both feasible options for the treatment of a proximal ureteric stone, however flexible
ureteroscopy is more successful in the case of proximal deposits with 91% stone-free rate>>2°,
URS allows one to directly visualize, using a camera and light source, different parts of the
upper urinary tract, such as the ureter, kidney with the renal pelvis, and the renal calyces. After
localization, kidney stones are then fragmented using a laser into dust or smaller fragments.
Apart from urolithiasis, ureteroscopy can be used in other urological conditions, including the
diagnostic process of hematuria, ureteral strictures, or upper urinary tract tumors.

The most obvious advantages of using URS in the surgical treatment of urolithiasis are high
success rates defined as stone-free rates, low recurrence rates, high patient satisfaction, reduced
morbidity compared to traditional open surgery, and relatively shorter recovery time, therefore
usually shorter hospital stay.

As in other surgical techniques, therapeutic success starts with proper patient qualification and
preparation prior to the operation, taking into account appropriate patients’ selection to the
treatment method, the localization of kidney stone, its dimensions, and preoperative imaging
using ultrasonography and computer tomography.

Currently, URS is a cornerstone operative procedure in the field of surgical treatment of
urolithiasis, with high-quality reviewed sources and meta-analysis, defined guidelines of
treatment based on years of experience and research, moreover, with a promising future. A
hypothesis, based on ongoing research endeavors including trends of research and development
in technology, is that the future evolution of ureteroscopy may include the use of artificial
intelligence technologies to assist navigation in the upper urinary tract, which might reduce the
operation time.

RIRS

Retrograde Intrarenal Surgery (RIRS) is an established treatment method for the management
of kidney stones in the upper urinary tract - upper ureter or deposits in the kidney. This method
of surgical treatment of urolithiasis is based on the use of a camera, light source, and a flexible
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endoscope, which is passed through the external urethral opening, the urethra, the bladder,
vesical ureteral opening, the ureter into the kidney. Then, kidney stones are localized after
endoscopic direct examination of renal calyces and fragmented using a laser. Smaller kidney

stones are extracted using graspers, baskets, or passed out after the operation.

There are various techniques of deposit fragmentation®’. Dusting involves the use of a relatively
low-energy laser setting to pulverize stones into fine particles that resemble dust which can
favor the expulsion with spontaneous passage. Smaller kidney stones are eligible for dusting.
While using this method, the need for extraction using a basket is reduced, which may reduce
the risk of ureteral injury.

On the other hand, a method called fragmentation requires applying higher energy laser pulses
to break (fragmentate) larger stones into smaller pieces, which can be more manageable to be
retrieved with baskets or graspers. Apart from larger kidney stones, the deposits that are more
densely calcified are suitable for this method.

Popcorning or popcorn fragmentation entails rapidly firing laser pulses at the stones’ surface
which causes their cleavage. This type of kidney stone disintegration resembles preparing
popcorn due to the fact that deposits move around and disintegrate when the laser has surface
high power contact with many stones. Regarding the laser setting of energy, pulse time,
frequency, and power it is a mix of settings of dusting and fragmentation - medium to long
pulse time, including high energy and frequency; whereas dusting includes using long pulse of
high frequency with low energy. However, fragmentation requires short pulses of high energy
with relatively low frequency. The exact values of pulse in microseconds, energy in Joules,
frequency in Hz, and power in watts are omitted as they may differ depending on the stone
density, used laser, and other variables.

Limitations of RIRS include deposits larger than 2 cm which may need a second stage of
operation - a cumulative stone free rate in case of these types of deposits is 91%, with 1.45
procedures per patient®®, Also, stones may be difficult to reach, especially in the lower renal
pole - displacing them into more accessible renal calyx may be necessary®. Urethral narrowing
may impede the entrance of a flexible endoscope - then a prior stenting with a double-J stent is
required.

PCNL

Percutaneous nephrolithotomy (PCNL) is a method of choice for a large renal calculi and
complex kidney stones. The procedure involves accessing the renal collecting system through
a percutaneous tract under the guidance of ultrasound or fluoroscopy. Kidney stones are
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disintegrated into smaller pieces and removed directly. PCNL as a method of urolithiasis
treatment is associated with high stone-free rates and has been shown to be particularly effective
for large calculi. It offers reduced morbidity and shorter hospital stays compared to open
surgical treatment methods and is higher than URS or RIRS.

In terms of available instruments, both rigid and flexible endoscopes are feasible, the selection
depends on the surgeon’s. Access sheats standard sizes are 24-30 F, however, smaller sizes of
tract such as 11-13F, which were at first used in pediatric urology, are used more commonly in
adults. Miniaturization of sheaths sizes endeavor to achieve improved outcomes and reduce
complications, including morbidity. Agrawal et at. shows that ultra-mini-percutaneous
nephrolithotomy is an effective and safe procedure for managing stones up to 20 mm“.
Systematic review of Ruhayel et al. suggest that miniaturizing PCNL results in at least the same
efficacy and safety level as the standard sizes in terms of urolithiasis treatment*. Another
analysis of the pediatric population showed that RIRS and micro-PCNL in the group of 239
children resulted in a similar stone free rate, operative time, urinary tract infection incidence,
and requirement for blood transfusion, no significant differences were found. However, micro-
PCNL had an advantage in terms of lower requirement of postoperative stenting procedure
compared to RIRS*,
PCNL compared with ESWL has higher three-month success rates with a similar effect on

quality of life, however probably leads to more complications?®.

Contradictions to PCNL include?®:

e severe, uncontrolled coagulation disorder with ongoing, anticoagulant therapy

e infection of the upper urinary tract that is not treated,

e pregnancy,

e kidney tumor that can be potentially malignant,

e skin infection or tumor in the location of the access tract.
ECIRS
Endoscopic combined intrarenal surgery (ECIRS) is a minimally invasive surgical technique,
particularly applied for the removal of complex, large kidney stones, located in anatomically
challenging positions. It combines two primary approaches: flexible ureteroscopy and
percutaneous nephrolithotomy. This modality of dual approach allows access and treatment of
kidney stones from both the upper and lower urinary tracts simultaneously*. Percutaneous
Nephrolithotomy (PCNL) enables the removal of large or multiple stones through the

percutaneous tract, made through a small incision in the patient’s back to insert a nephroscope


https://www.zotero.org/google-docs/?QdcQYv
https://www.zotero.org/google-docs/?yAGJ6Q
https://www.zotero.org/google-docs/?VJfVcq
https://www.zotero.org/google-docs/?wStcy9
https://www.zotero.org/google-docs/?u5euXU
https://www.zotero.org/google-docs/?0mGUDK

directly into the kidney. Flexible ureteroscopy involves the insertion of a flexible ureteroscope
through the urethra and the ureter into the kidney, with visualization and lithotripsy of kidney
deposits.

ECIRS provides enhanced stone-free rates - through multiple access routes, the chances of
achieving complete stone clearance increases. Also, the operating time can be reduced when a
combined approach is applied, compared to separate procedures.

In the systematic review of Cracco et al., a reported stone free rate was mostly higher than 80%
through a single procedure, ranging from 61% to 97%*44, Standard access sheats sizes (24-
30F) and smaller dimensions of kidney deposits are linked with higher SFR*®. Regarding
complications according to the Clavien-Dindo classification, the range was from 5,8% to 44%,
correlated with the longer operation time and larger staghorn stones*®. Most complication
grades were 1 and 2, with very rare grade 3 and anecdotal grade 4. No grade 5 complications
were mentioned. The mean hemoglobin drop was 0,8-2,1 g/dL, with 0,5% to 3% of patients
who required blood transfusion. The additional access was necessary in below 10% of cases
(1,6%-10%)*. The time of hospital stay ranged from 5,1 to 9,8 days.

The most advantageous conclusion from systematic review of scientific papers regarding
ECIRS is that it reduced the need for ancillary procedures, therefore it can be a solution for
even large and complex kidney stones during one procedure?®.

Open Surgical Methods

Open surgical methods for the treatment of urolithiasis, although widely supplanted by
minimally invasive techniques, remain relevant in specific complex and persistent cases. These
methods depends on the deposits position and include nephrolithotomy, cystolithotomy,
pyelolityotomy, ureterolithomy. Nephrolithotomy involves a direct surgical incision into the
kidney to remove large or complicated stones when other access methods are unsuitable.
Cystolithotomy is surgical removal of bladder stones through an incision in the bladder - it can
be used for large or hard stones, usually after an attempt to fragmentate them in the other way.
Also, when there are multiple stones in the bladder and the time of minimally invasive
procedure may be severely prolonged, cystolithotomy may be taken into account.
Pyelolithotomy is the surgical excision of stones from the renal pelvis, while ureterolithotomy
is the removal of stones from the ureter. Nowadays these methods are reserved for the situation
where less invasive approaches are unsuccessful or impractical.

Open surgical methods may be necessary in the case of anatomical abnormalities, significant
stone burden, difficult to access or when stones are embedded, or impacted into the mucosa.

These procedures are associated with longer hospital stays and recovery times. However, they
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are very successful in terms of definitive stone removal, especially when less invasive methods
fail*’.

Conclusions

The management of urolithiasis should be individualized for each patient, considering specific
anatomical and physiological characteristics, stone localization and size, medical history, and
the overall clinical context. Conservative therapy is typically adequate for most cases involving
small calculi. However, larger stones causing urinary tract obstruction require surgical
intervention to prevent renal damage. A variety of minimally invasive techniques are currently
available, chosen based on the patient's unique situation. If these methods would be
unsuccessful, traditional open surgical methods remain an option, typically providing effective

and complete stone removal.

Author’s contribution:

Conceptualization: Sebastian Fedorowicz, Adrian Sutawa, Adrianna Madej

Methodology: Sebastian Fedorowicz, Julia Furgalska,

Software & Check: Aneta Basiak, Rafal Niekurzak

Formal Analysis & Investigation: Agnieszka Buczek, Aleksander Ptasinski, Oskar Targonski,
Marta Targonska

Resources & Data Curation: Sebastian Fedorowicz, Adrian Sutawa, Aneta Basiak
Writing-Rough Preparation: Sebastian Fedorowicz, Adrianna Madej

Writing-Review and Editing: Oskar Targonski, Julia Furgalska, Adrian Sulawa, Rafal
Niekurzak, Aleksander Ptasinski, Agnieszka Buczek

Visualization: Marta Targonska, Adrianna Madej, Rafal Niekurzak, Agnieszka Buczek

Supervision & Project Administration: Sebastian Fedorowicz, Adrian Sutawa

The authors have read and agreed with the published version of the manuscript.
Funding Statement: The Study Did Not Receive Special Funding.

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.

Data Availability Statement: Not Applicable.

Conflict Of Interest: The authors declare no conflict of interest.

11


https://www.zotero.org/google-docs/?fFKzfH

References

1.

Sorokin I, Mamoulakis C, Miyazawa K, Rodgers A, Talati J, Lotan Y. Epidemiology of stone
disease across the world. World J Urol. 2017;35(9):1301-1320. doi:10.1007/s00345-017-
2008-6

. Malinaric R, Mantica G, Martini M, et al. The Lifetime History of the First Italian Public

Extra-Corporeal Shock Wave Lithotripsy (ESWL) Lithotripter as a Mirror of the Evolution
of Endourology over the Last Decade. Int J Environ Res Public Health. 2023;20(5):4127.
doi:10.3390/ijerph20054127

. Abufaraj M, Xu T, Cao C, et al. Prevalence and Trends in Kidney Stone Among Adults in

the USA: Analyses of National Health and Nutrition Examination Survey 2007-2018 Data.
Eur Urol Focus. 2021;7(6):1468-1475. doi:10.1016/j.euf.2020.08.011

. Ziemba JB, Matlaga BR. Epidemiology and economics of nephrolithiasis. Investig Clin Urol.

2017;58(5):299-306. doi:10.4111/icu.2017.58.5.299

. Gambaro G, Croppi E, Bushinsky D, et al. The Risk of Chronic Kidney Disease Associated

with Urolithiasis and its Urological Treatments: A Review. J Urol. 2017;198(2):268-273.
d0i:10.1016/j.juro.2016.12.135

. Fakheri RJ, Goldfarb DS. Ambient temperature as a contributor to kidney stone formation:

implications  of  global  warming. Kidney Int. 2011;79(11):1178-1185.
d0i:10.1038/ki.2011.76

. Shah TT, Gao C, Peters M, et al. Factors associated with spontaneous stone passage in a

contemporary cohort of patients presenting with acute ureteric colic: results from the Multi-
centre cohort study evaluating the role of Inflammatory Markers In patients presenting with
acute ureteric Colic (MIMIC) study. BJU Int. 2019;124(3):504-513. doi:10.1111/bju.14777

. Yallappa S, Amer T, Jones P, et al. Natural History of Conservatively Managed Ureteral

Stones:  Analysis of 6600 Patients. J  Endourol.  2018;32(5):371-379.
doi:10.1089/end.2017.0848

. Pathan SA, Mitra B, Straney LD, et al. Delivering safe and effective analgesia for

management of renal colic in the emergency department: a double-blind, multigroup,
randomised controlled trial. Lancet Lond Engl. 2016;387(10032):1999-2007.
d0i:10.1016/S0140-6736(16)00652-8

10. Bacchus MW, Locke RA, Kwenda EP, DeMarco RT, Grant C, Bayne CE. Medical

Expulsive Therapy (MET) for Ureteral Calculi in Children: Systematic Review and Meta-
Analysis. Front Urol. 2022;2. doi:10.3389/fruro.2022.866162

11. Wood KD, Gorbachinsky I, Gutierrez J. Medical expulsive therapy. Indian J Urol 1JU J

12


https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS

Urol Soc India. 2014;30(1):60-64. doi:10.4103/0970-1591.124209

12. Physics and Technique of Shock Wave Lithotripsy (SWL) | SpringerLink. Accessed June
27, 2024. https://link.springer.com/chapter/10.1007/978-1-4471-4387-1 38

13. Rassweiler JJ, Knoll T, Kéhrmann KU, et al. Shock wave technology and application: an
update. Eur Urol. 2011;59(5):784-796. doi:10.1016/j.eururo.2011.02.033

14. The Early History of Lithotripsy. EAU European Museum of Urology. Accessed June 27,
2024. https://history.uroweb.org/history-of-urology/early-urological-
interventions/lithotripsy/the-early-history-of-lithotripsy/

15. Loske A. Shock Wave Physics for Urologists.; 2007.

16. Chaussy C, Eisenberger F, Forssmann B. Extracorporeal shockwave lithotripsy (ESWL): a
chronology. J Endourol. 2007;21(11):1249-1253. doi:10.1089/end.2007.9880

17. Keller EX, DE Coninck V, Proietti S, et al. Prone versus supine percutaneous
nephrolithotomy: a systematic review and meta-analysis of current literature. Minerva Urol
Nephrol. 2021;73(1):50-58. d0i:10.23736/S2724-6051.20.03960-0

18. Reynolds LF, Kroczak T, Pace KT. Indications and contraindications for shock wave
lithotripsy and how to improve outcomes. Asian J Urol. 2018;5(4):256-263.
d0i:10.1016/j.ajur.2018.08.006

19. Lee H ying, Yang YH, Shen JT, et al. Risk factors survey for extracorporeal shockwave
lithotripsy-induced renal hematoma. J Endourol. 2013;27(6):763-767.
d0i:10.1089/end.2012.0619

20. Platonov MA, Gillis AM, Kavanagh KM. Pacemakers, implantable
cardioverter/defibrillators, and extracorporeal shockwave lithotripsy: evidence-based
guidelines for the modern era. J Endourol. 2008;22(2):243-247. doi:10.1089/end.2007.0021

21. Ather MH, Shrestha B, Mehmood A. Does ureteral stenting prior to shock wave lithotripsy
influence the need for intervention in steinstrasse and related complications? Urol Int.
2009;83(2):222-225. d0i:10.1159/000230028

22. Tan YM, Yip SK, Chong TW, Wong MYC, Cheng C, Foo KT. Clinical experience and
results of ESWL treatment for 3,093 urinary calculi with the Storz Modulith SL 20
lithotripter at the Singapore general hospital. Scand J Urol Nephrol. 2002;36(5):363-367.
d0i:10.1080/003655902320783872

23. Osman MM, Alfano Y, Kamp S, et al. 5-year-follow-up of patients with clinically
insignificant residual fragments after extracorporeal shockwave lithotripsy. Eur Urol.
2005;47(6):860-864. doi:10.1016/j.eururo.2005.01.005

24. Tzelves L, Geraghty R, Mourmouris P, et al. Shockwave Lithotripsy Complications

13


https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS

According to Modified Clavien-Dindo Grading System. A Systematic Review and Meta-
regression Analysis in a Sample of 115 Randomized Controlled Trials. Eur Urol Focus.
2022;8(5):1452-1460. doi:10.1016/j.euf.2021.11.002

25. Maker V, Layke J. Gastrointestinal injury secondary to extracorporeal shock wave
lithotripsy: a review of the literature since its inception. J Am Coll Surg. 2004;198(1):128-
135. doi:10.1016/j.jamcollsurg.2003.06.006

26. EAU Guidelines on Urolithiasis - GUIDELINES - Uroweb. Uroweb - European Association
of Urology. Accessed June 27, 2024.
https://uroweb.org/guidelines/urolithiasis/chapter/guidelines

27. Li WM, Wu WJ, Chou YH, et al. Clinical predictors of stone fragmentation using slow-rate
shock wave lithotripsy. Urol Int. 2007;79(2):124-128. doi:10.1159/000106324

28. Yilmaz E, Batislam E, Basar M, Tuglu D, Mert C, Basar H. Optimal frequency in
extracorporeal shock wave lithotripsy: prospective randomized study. Urology.
2005;66(6):1160-1164. doi:10.1016/j.urology.2005.06.111

29. Ng CF, Lo AKY, Lee KWM, Wong KT, Chung W yee, Gohel D. A prospective, randomized
study of the clinical effects of shock wave delivery for unilateral kidney stones: 60 versus
120 shocks per minute. J Urol. 2012;188(3):837-842. doi:10.1016/j.juro.2012.05.009

30. Skuginna V, Nguyen DP, Seiler R, Kiss B, Thalmann GN, Roth B. Does Stepwise Voltage
Ramping Protect the Kidney from Injury During Extracorporeal Shockwave Lithotripsy?
Results of a Prospective Randomized Trial. Eur Urol. 2016;69(2):267-273.
doi:10.1016/j.eururo.2015.06.017

31. Demirci D, Sofikerim M, Yal¢in E, Ekmek¢ioglu O, Giilmez I, Karacagil M. Comparison
of conventional and step-wise shockwave lithotripsy in the management of urinary calculi.
J Endourol. 2007;21(12):1407-1410. doi:10.1089/end.2006.0399

32. Van Besien J, Uvin P, Hermie I, Tailly T, Merckx L. Ultrasonography Is Not Inferior to
Fluoroscopy to Guide Extracorporeal Shock Waves during Treatment of Renal and Upper
Ureteric Calculi: A Randomized Prospective Study. BioMed Res Int. 2017;2017:7802672.
d0i:10.1155/2017/7802672

33. Honey RJD, Ordon M, Ghiculete D, Wiesenthal JD, Kodama R, Pace KT. A prospective
study examining the incidence of bacteriuria and urinary tract infection after shock wave
lithotripsy with targeted antibiotic prophylaxis. J Urol. 2013;189(6):2112-2117.
d0i:10.1016/j.juro.2012.12.063

34. Lu Y, Tianyong F, Ping H, Liangren L, Haichao Y, Qiang W. Antibiotic prophylaxis for
shock wave lithotripsy in patients with sterile urine before treatment may be unnecessary: a

14


https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS

systematic review and meta-analysis. J Urol. 2012;188(2):441-448.
d0i:10.1016/j.juro.2012.04.014

35. Preminger GM, Tiselius HG, Assimos DG, et al. 2007 Guideline for the management of
ureteral calculi. Eur Urol. 2007;52(6):1610-1631. doi:10.1016/j.eururo.2007.09.039

36. Galal EM, Anwar AZ, EI-Bab TKF, Abdelhamid AM. Retrospective comparative study of
rigid and flexible ureteroscopy for treatment of proximal ureteral stones. Int Braz J Urol Off
J Braz Soc Urol. 2016;42(5):967-972. doi:10.1590/S1677-5538.1BJU.2015.0644

37. Pietropaolo A, Jones P, Whitehurst L, Somani BK. Role of ‘dusting and pop-dusting’ using
a high-powered (100 W) laser machine in the treatment of large stones (>15 mm):
prospective ~ outcomes  over 16 months. Urolithiasis.  2019;47(4):391-394.
d0i:10.1007/s00240-018-1076-4

38. Aboumarzouk OM, Monga M, Kata SG, Traxer O, Somani BK. Flexible ureteroscopy and
laser lithotripsy for stones >2 cm: a systematic review and meta-analysis. J Endourol.
2012;26(10):1257-1263. doi:10.1089/end.2012.0217

39. Yaghoubian AJ, Anastos H, Khusid JA, et al. Displacement of Lower Pole Stones During
Retrograde Intrarenal Surgery Improves Stone-free Status: A Prospective Randomized
Controlled Trial. J Urol. 2023;209(5):963-970. doi:10.1097/JU.0000000000003199

40. Agrawal MS, Agarwal K, Jindal T, Sharma M. Ultra-mini-percutaneous nephrolithotomy:
A minimally-invasive option for percutaneous stone removal. Indian J Urol 1JU J Urol Soc
India. 2016;32(2):132-136. d0i:10.4103/0970-1591.174778

41. Ruhayel Y, Tepeler A, Dabestani S, et al. Tract Sizes in Miniaturized Percutaneous
Nephrolithotomy: A Systematic Review from the European Association of Urology
Urolithiasis Guidelines Panel. Eur Urol. 2017;72(2):220-235.
doi:10.1016/j.eururo.2017.01.046

42. Wicaksono F, Yogiswara N, Kloping YP, Renaldo J, Soebadi MA, Soebadi DM.
Comparative efficacy and safety between Micro-Percutaneous Nephrolithotomy (Micro-
PCNL) and retrograde intrarenal surgery (RIRS) for the management of 10-20 mm Kkidney
stones in children: A systematic review and meta-analysis. Ann Med Surg 2012.
2022;80:104315. doi:10.1016/j.amsu.2022.104315

43. Cracco CM, Scoffone CM. Endoscopic combined intrarenal surgery (ECIRS) - Tips and
tricks to improve outcomes: A systematic review. Turk J Urol. 2020;46(Suppl 1):S46-S57.
d0i:10.5152/tud.2020.20282

44. Liu YH, Jhou HJ, Chou MH, et al. Endoscopic Combined Intrarenal Surgery Versus
Percutaneous Nephrolithotomy for Complex Renal Stones: A Systematic Review and Meta-

15


https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS

Analysis. J Pers Med. 2022;12(4):532. doi:10.3390/jpm12040532

45. Cracco CM, Knoll T, Liatsikos EN, et al. Rigid-only versus combined rigid and flexible
percutaneous nephrolithotomy: a systematic review. Minerva Urol E Nefrol Ital J Urol
Nephrol. 2017;69(4):330-341. doi:10.23736/S0393-2249.17.02841-7

46. Hamamoto S, Yasui T, Okada A, et al. Developments in the technique of endoscopic
combined intrarenal surgery in the prone split-leg position. Urology. 2014;84(3):565-570.
doi:10.1016/j.urology.2014.04.020

47. EAU Guidelines on Urolithiasis - GUIDELINES - Uroweb. Uroweb - European Association
of Urology. Accessed June 27, 2024.

https://uroweb.org/guidelines/urolithiasis/chapter/guidelines

16


https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS
https://www.zotero.org/google-docs/?qWAuMS

