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Foreword

It is a privilege to write the Foreword to this wonderful book
on Urolithiasis by Dr. Said Abdallah Al-Mamari from the
Royal Hospital of Muscat, in the Sultanate of Oman. This
handbook will be a very useful resource for urologists in
practice as well as other physicians interested in the common
condition of urolithiasis.

This manual is both comprehensive in its scope and cur-
rent in all aspects of medical and surgical diagnosis and treat-
ment of urinary stone disease. Each chapter begins with a
memorable historic quote that immediately engages the
interest of the reader. The figures, illustrations, and tables are
tremendous in their quality and variety. All of the chapters
are well supported with suitable references that are current
and, in the case of historic material, interesting and valuable.
The chapters related to surgical management are particularly
notable in capturing the shifting landscape in the relative role
of shock-wave lithotripsy versus various forms of endoscopic
surgery for renal and ureteral stones.

While many textbooks of urology can be rather dry and
factual, I found this book to be easy to read, concise in the
delivery of relevant information, and engaging all in one
package. For a resident with a query surrounding patient care
or preparing for certification examinations, it will be a very
useful reference with easy to find answers to common ques-
tions. Indeed, as an academic urologist with a strong subspe-
cialty interest in urolithiasis I fully expect to be referring to
this book myself, both for patient care questions and for
purposes related to teaching students and residents.



X Foreword

Dr. Al-Mamari is to be congratulated for the production of
this excellent work for which he is the sole author. One has
the sense that production of this text has been a labor of love
for Dr. Al-Mamari and he can be very proud of the final
product.

Urolithiasis in Clinical Practice is an excellent contribution
to our existing resources on urolithiasis.

John Denstedt, MD, FRCSC, FACS, FCAHS
Department of Surgery

Schulich School of Medicine and Dentistry
Western University, London, ON, Canada



Preface

Books are inherently confined within the human limits of
their authors and no single manual contains all that is needed
by the readers. Nevertheless no effort has been spared in the
present publication to provide the essential information in all
aspects of the urinary stone disease. These include the history,
the etymology, the epidemiology, the pathophysiology, the
etiology, the symptomatology, the differential diagnoses, as
well as the latest diagnostic means and treatment options of
urinary lithiasis.

The most recent and relevant publications in the medical
literature have been meticulously decorticated and harmo-
nized to produce a manual with the most up-to-date informa-
tion. International guidelines have also been referred to
when applicable and controversial issues raised whenever
present. Although the concern of producing a digestible read-
ing material was constantly kept in my mind, I did not hesi-
tate to dig deeper whenever details were deemed necessary
in order to avoid truncated information.

Accounts on the various surgical techniques performed
for the urinary stone disease have been provided in this book
with the intention to accompany the Urological Surgeon
inside the operating room. However these are by no means
intended to replace more comprehensive manuals on opera-
tive techniques that the reader is encouraged to consult for
detailed information.

I believe this book will fit the needs of the resident in a
urology training program as well as the Registrar and the
Senior Consultant, serving as a pocket guide in their daily
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practice. I hope also it will be an excellent memory refreshing
reference for the medical student and the urology trainee
preparing for examinations.

Said Abdallah Al-Mamari
Urology Department

The Royal Hospital
Muscat, Oman
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Chapter 1

Introduction

“One must be reasonable in one’s demands on life. For myself, all
that I ask is: (1) accurate information; (2) coherent knowledge; (3)
deep understanding; (4) infinite loving wisdom;, (5) no more kidney
stones, please.”

Edward Abbey (1927-1989)

Humans are afflicted by the urinary stone disease since the
dawn of time. Today this ailment is considered as the third
most frequent urological pathological condition after infec-
tions and prostatic diseases, and statistics show a worldwide
increase in its incidence and prevalence.

In 1994 data from the US National Health and Nutrition
Examination Survey (NHANES) estimated the prevalence
of stone disease at 5.2% of the American population, mark-
ing a significant increase compared to the year 1980 when a
prevalence of only 3.2% has been observed [1]. A more
recent study performed in 2010 suggested a further increase
reaching 8.8% prevalence, roughly equivalent to 1 in 11
people [2]. The same trends have been observed all over the
world and the highest prevalence of urinary stones was
reported in Saudi Arabia with an estimated value of 20% [3].

Inexorably, urolithiasis treatment costs have dramatically
increased and constitute a heavy economic burden today. In
the United States alone, urinary stones have caused two mil-
lion outpatient visits in the year 2000, corresponding to a
40% increase compared to 1994 [4]. The management cost in
emergency departments alone varies from over 400 US$ per
patient merely for diagnostic procedures (formal ultrasound

© Springer International Publishing AG 2017 1
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2 Chapter 1. Introduction

in the X-ray Department, point-of-care ultrasound, or CT-
scan) to around 1000 US$ for the total visit cost [5]. The
estimated annual cost of acute management of urolithiasis in
the USA varies from US$ 1.83 to 2.1 billion [4, 6], reaching a
total of US$5.3 billion when including the direct costs of
stone-related management and the indirect costs of produc-
tivity time lost [7]. These values are very close to those calcu-
lated by a comprehensive study conducted by the Canadian
Agency for Drugs and Technologies in Health which esti-
mated the overall economic burden of urinary stone treat-
ment at approximately five billion US$ in 2003, including
direct and indirect costs [8].

Furthermore, due to the agonizing pain and the tendency
of repeated renal colic on the one hand, and the multiple
possible complications of urolithiasis on the other hand,
kidney stone formers have been found to have a worse
health-related quality of life than the standard American
population, with the greatest impact seen in cystine stone
patients [9].

In the last three decades, significant progress has been
made in the surgical management of stone disease, while a
relatively small amount of new information has been learnt
in the preventive and conservative measures. The successive
introduction of percutaneous nephrolithotomy (PCNL),
extracorporeal shockwave lithotripsy (ESWL), and flexible
ureteroscopy in the Urologist’s armamentarium as well as the
subsequent development of retrograde intrarenal surgery
(RIRS) and Holmium Laser fragmentation has led to a new
era in the treatment of renal stones. This has resulted in mini-
mally invasive approaches being performed in the majority of
cases as opposed to open surgery.

Undoubtedly a better understanding of the pathology, a
rational approach to investigative methods, a judicious use of
conservative and preventive measures, and skillful surgery
are essential to reduce the cost and optimize efficacy in the
management of this disease.
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Chapter 2

History of Stone Disease

“If you don’t know history, then you don’t know anything. You are a
leaf that doesn’t know it is part of a tree.”

Michael Crichton (1942-2008) (Edgar Award in 1969)

“Calculus” is a Latin word meaning “small pebble”. It is the
diminutive form of calx (genitive: calcis) which means lime-
stone or chalk. Pebbles were used in the Antiquity and
Middle-age for counting of goods, animals, and slaves
(Fig. 2.1). By synecdoche, the use of the word calculus pro-
gressed to refer to the whole counting operation as well as to
more complex mathematical analyses.

In 1901, the English Archaeologist Elliott Smith discov-
ered a stone in the pelvis of a mummy preserved inside a
prehistoric Egyptian tomb. C'*-isotope studies helped dating
the mummy at 4800 BC [1]. Since then paleopathology has
revealed many other prehistoric and ancient cases of stone
disease in various continents of the globe [2] (Table 2.1).

Stone disease has been described in all civilizations
throughout the antiquity, including India, China, Persia,
Greece, and Rome, as well as in the medieval European and
Islamic period [2-4].

Perineal lithotomy was reported as earlier as around 600
BC by Sushruta, an ancient India surgeon, and this procedure
continued to be performed later on in the Greco-Roman
period [4]. Nevertheless it was rightly considered a very dan-
gerous and delicate operation, being reserved exclusively to
specialized surgeons as stated by Hippocrates (460-370 BC)
in his oath: “...I will not use the knife, even upon those

© Springer International Publishing AG 2017 5
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FiGure 2.1 Counting with small pebbles

suffering from stones, but I will leave this to those who are
trained in this craft.” The term “lithotomy” was coined in 276
BC by the Greek surgeon Ammonius of Alexandria and was
later on described by the Roman surgeon Aulus Cornelius
Celsius (25 BC-50 AD) [5]. This so-called “celsian method of
cystolithotomy” remained unchanged for centuries and was a
particularly terrifying and often fatal procedure [5].

By the year AD 1000, the Arab surgeon Abul-Qasim
Khalaf Ibn Abbas Alzahrawi (mostly known in western
countries as ‘“Albucasis”) from Cordova (Al-Andalus)
revolutionized the technique of perineal lithotomy
(Fig. 2.2). In a 30-volume encyclopaedia of medical infor-
mation called “Kitab Al-Tasreef”!, he described the opera-
tive steps aiming at improving the technique and reducing

'The complete title in Arabic “Gfl so e oo Lt U7 is difficult to be
exactly translated in the English language. However it can be meaning-
fully paraphrased as follows: “A book providing enough information to
whoever cannot make further research”, or simply “A sufficient book
for researchers”.
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TaBLE 2.1 Urinary stones and some relevant paleopathology

findings
Geographic area Date Finding
Europe Italy, Sicily 6.500 B.C. Bladder stone
Southern France 2.100 B.C. Bladder stone
United Kingdom, 2.000-700 B.C.  Bladder stone
Yorkshire
Hungary Bronze age Bladder stone
Germany 500-250 B.C. Bladder stones
(probably)
United Kingdom, 450-1.000 A.D.  Bladder stones
Somerset
Hungary Sixth to seventh Bladder stone
century A.D.
Denmark 1.300-1.500 A.D. Renal stone
Italy Early nineteenth Bladder stone
century
Africa Predynastic 3.900-3.100 B.C. Three bladder
skeleton stones

Abido, Egypt
Helouan, Egypt

Naga-el-Deir,
Egypt

Mummy, Old
Kingdom, Egypt

Mummy, XXI
dynasty, Egypt

Jebel Moya,
Sudan

3.500 B.C.
3.100 B.C.

2.800 B.C.

2.650-2.150 B.C.

1.069-945 B.C.

1.000-100 B.C.

Bladder stone

Renal stones
(several
individuals)

Four renal
stones

Renal stone

Triangular
stone located
into the naris

Bladder
stones (several
individuals)

(continued)
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TaBLE 2.1 (continued)

Geographic area Date Finding
America  Kentucky 3.500-3.000 B.C. Renal and
bladder
stones (three
individuals)
I1linois 1.500 B.C. Renal stone
Arizona 100 B.C.-500 Bladder stone
A.D. (mummy)
Utah 950-1.100 A.D.  Bladder stone
Chile 1.000 A.D. Urethra stone
(mummy)
Arizona 1.100-1.250 A.D. Bladder stone
Indiana 1.500 A.D. Bilateral renal
stones

West Virginia 1.600-1.700 A.D. Renal stone

From Manfredini R et al. [2]. With permission from Verduci Editore
Sl

the complications. He notoriously invented new instru-
ments such as “nechil” lithotomy scalpel, “Al-Kalaleeb”
forceps to crush large bladder stones and “Al-Mishaab” to
drill and fragment an impacted urethral stone, and greatly
influenced surgery in Europe from the Middle-Age up to
the renaissance period [6].

Further steps were achieved in the renaissance period
when a bladder stone removal was performed on a criminal
by Germain Collot in 1475 and various urological surgical
instruments were introduced [3]. Pierre Franco (1505-1578)
published the first case of cystolithotomy in a child in 1556,
but only to surprisingly preach against its reproducibility
because of the extreme hazards of his technique [7]. “The
Physicians and Surgeons can defend themselves when unfor-
tunate, but if we lithotomists have a mishap, we must run for
our lives”, he wrote.
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FiGURE 2.2 Albucasis (Al-Zahrawi) blistering a patient in the hospi-
tal at Cordova. By Ernest Board. Credit: Wellcome Library, London

Before the nineteenth century, bladder stones were only
managed by open approaches, either through perineal route
(Fig. 2.3) or suprapubically, or even trans-rectally, each
technique carrying a very high mortality rate. The French
Surgeon Jean Civiale (1792-1867) was the first to introduce
a lithotrite transurethrally in 1832 to crush a bladder stone
[4, 8] (Fig. 2.4). Later on this approach was popularized in
the UK by one of his students, Sir Henry Thompson (1820—
1904) who successfully treated the Belgian King Leopold I
in 1862. In his book “Paralléle des divers moyens de traiter
les calculeux?, Civiale published encouraging results of
the new “Lithotripsy” technique in comparison with the
“Lithotomy” approach, showing mortality rates of 2.2 and
18.8% respectively. He was then granted the Montyon Prize

’Free translation: “Comparison of the various methods to treat stone
patients.”
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Wellcome Images

FIGURE 2.3 Surgical removal of a stone from the bladder. By Charles
Bell (1821) Credit: Wellcome Library, London

FiGURE 2.4 The lithotrite invented by Jean Civiale. From Karamanou
M et al. [8]. With permission from Elsevier
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(a nineteenth century precursor of the Nobel Prize) by the
French Academy of Sciences in Paris in 1836 and is also rec-
ognized as a pioneer of evidence-based medicine [8, 9]. After
the successful introduction of transurethral lithotripsy, one
can better understand over 2400 years later why Hippocrates
was so reluctant to use the knife upon stone patients.

In 1874, the American Surgeon Henry Jacob Bigelow
(1818-1890) developed a stronger and harder lithotrite that
was introduced into the bladder under anaesthesia to success-
fully perform in a single session a rapid lithotrity with evacua-
tion of the stone. This procedure, called since then “litholapaxy”
(from Greek lithos: stone, and lapassein: to clear, to empty, to
washout), resulted in a dramatic improvement of the mortality
rate from 25 to 2.4% compared to lithotomy [4, 10].

Further advances were realized in Western Europe in the
second half of the nineteenth century, especially in France
where many researchers, chiefly Félix Guyon (1831-1920) and
Joaquin Albarran (1860-1912) initiated and organized special-
ized management of urinary tract disease. The devotion of these
Surgeons and of their companions and subsequent disciples
made France to be rightly regarded today as the cradle of mod-
ern Urology [8, 11]. Urology became a separate specialty from
General Surgery in 1890 with Felix Guyon as the first Professor
of Urology in Paris. Herein a credit should also be given to the
French Master Cutler and metallic tools designer Joseph-
Frédéric-Benoit Charriere for his great contribution to the
development of urological instruments (Fig. 2.5) [12].

Both Civiale lithotripsy and Bigelow litholapaxy were per-
formed blindly being merely guided by the stone click on the
metallic sound until Hugh Hampton Young® (1870-1945) and

SAmong other accomplishments HH Young also performed the first
perineal radical prostatectomy at the age of 33 years in 1903. He is also
considered a pioneer in pediatric urology being the first to recognize
and surgically treat posterior urethral valves, the first to perform a surgi-
cal correction of incontinence in patients with the epispadias-exstrophy
complex, and the first to propose bilateral subtotal adrenalectomy to
overcome the virilization syndrome in congenital adrenal hyperplasia
[17]. For his outstanding contribution to modern Urology, HH Young is
considered as the father of American Urology by many authors
[18-20].
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FIGURE 2.5 A set of Charriere instruments. Credit Science Museum,
London, Wellcome Images (1820-1860). The name “Charriére” is
linked to the measurement unit of endoscopes and catheters caliber:
1 Charriere = 1 mm outer circumference (approximately 1/3 mm
outer diameter). So 3 Charriere = 1 mm outer diameter, and 12
Charriére = 4 mm outer diameter. In English speaking countries, the
unit “French” is used in lieu of “Charriere” [12]

RW MacKay developed their cystoscopic lithotrite in 1904,
based on the first modern diagnostic cystoscope introduced
by the German Urologist Maximilian Nitze in 1877 [4, 13].
Young and MacKay opened a further perspective by
performing the first ureteroscopy using a 9.5 Fr Cystoscope
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in a child with megaureter and posterior urethral valve in
1912 [4, 14].

However active stone treatment through ureteroscopic
approach became a reality only in the 1970th after the experi-
ences performed by Goodman TM and Lyon ES et al. [15, 16].

The many advances which arose in the twentieth century
in open and minimally invasive surgeries (laparoscopic ure-
terolithotomy, percutaneous nephrolithotomy, rigid and flex-
ible ureteroscopies with Laser stone ablation) as well as the
advent of the Extracorporeal Shockwave Lithotripsy are still
the mainstay of the active management of urinary stone dis-
ease in the twenty-first century and will be discussed later in
the Treatment section.

Throughout history many famous personalities reportedly
suffered from urinary stones. These include the French
Emperors Napoleon Bonaparte and Napoleon III, Kings
Leopold I of Belgium, Peter the Great of Russia, Louis XIV
of France, and George IV of the United Kingdom, the
English military and political leader Oliver Cromwell, the
American Politician and Scientist Benjamin Franklin, the
English scientist Isaac Newton, the physicians Harvey and
Boerhaave, the anatomist Scarpa, the philosopher Bacon, and
the artist Michelangelo [2, 4, 21] (Table 2.2).

TaBLE 2.2 Some of the historical personalities documented to be
kidney stone formers

Emperors, Politicians, Artists,

kings, religious philosophers,

popes, persons, physicians, Performers
presidents statesmen scientists, writers  (music, cinema)
Caesar Martin Epicurus (341- Cole Porter
Augustus Luther 270 b.C.) (1891-1964)
(63 b.C— (1483-15406)

14a.D.)

James I John Calvin  Michelangelo Alfred
Stuart (1509-1564)  Buonarroti Hitchcock
(1566-1625) (1475-1564) (1899-1980)

(continued)
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TABLE 2.2 (continued)

Emperors, Politicians, Artists,

kings, religious philosophers,

popes, persons, physicians, Performers

presidents statesmen scientists, writers  (music, cinema)

Innocent XI ~ Oliver Michele de Bing Crosby

(1611-1689)  Cromwell Montaigne (1903-1977)
(1599-1658)  (1533-1592)

Luois XIV Cardinal Francis Bacon Ava Gardner

(1638-1715)  Jules (1561-1626) (1922-1990)
Mazarin

Peter the
Great
(1672-1725)

Anna of
Russia
(1693-1740)

George IV
(1762-1830)

Napoleon I
(1769-1821)

Leopold I
of Belgium
(1790-1865)

Napoleon
11T (1808-
1873)

Lyndon
B. Johnson
(1908-1973)

(1602-1661)

Samuel
Pepys
(1633-1703)

Benjamin
Franklin
(1706-1790)

Mother
Teresa
(1910-1997)

Indira
Ghandi
(1917-1984)

William Harvey
(1578-1657)

Thomas
Sydenham
(1624-1689)

Robert Boyle
(1627-1691)

Isaac Newton
(1642-1727)

Gottfried von
Leibnitz (1646—
1716)

Antonio Scarpa
(1752-1832)

Jack London
(1876-1916)

Roger Moore
(1927-)

Burt Reynolds
(1936-)

Billy Joel
(1949-)

Tim Burton
(1958-)

From Manfredini R et al. [2]. With permission from Verduci Editore

S.r.l.
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Did Urinary Stone Disease Change
the Course of the Modern Human History?

This question could appear supererogatory at first sight.
However it soon becomes pertinent when considering the
two French Emperors alone and the deleterious effect of
intense pain and uraemia on humans’ judgments and
decisions. One can then imagine how much the agonizing
pain suffered by Napoleon Bonaparte from a bladder stone,
combined with piles and dysuria caused by his prostatic ade-
noma, might have influenced the outcome of his Russian
campaign in 1812. Historians may also be wondering what
would have happened in the battlefield of Sedan (France) in
1870 had an effective stone treatment be given to Napoleon
III [22]. Perhaps the French sovereign would have resisted
Otto von Bismarck’s troops and the epilogue of the Franco-
Prussian war would have been different. It was too late when
the defeated and exiled Emperor underwent a multistage
intervention performed by Sir Henry Thompson in England
in January 1873, 1in an attempt to remove his vesical stone. He
died before the third session and the autopsy revealed bilat-
eral marked pyonephrosis and a large residual stone frag-
ment in the bladder measuring 5 x 3 cm and weighing 22 g
which is still preserved in the Hunterian Museum of the
Royal College of Surgeons of England [21, 22, 23].
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Chapter 3

Epidemiology of Urinary
Stones

“As our world continues to generate unimaginable amounts of data,
more data lead to more correlations, and more correlations can lead
to more discoveries.”

Hans Rosling (1948-2017) (Grierson Awards of Best Science
Documentary in 2011)

There is a global increase in the incidence and prevalence of
urinary calculi in developed as well as in developing coun-
tries. In addition to the use of more accurate diagnostic tools,
many factors play an important role in this increase, including
population aging, diet, lifestyle, and global warming of the
planet (Fig. 3.1a, b) [1].

There are geographic variations in the overall probability
to develop urinary stones; the risk of developing urolithiasis
in adults is higher in the Western countries (5-9% in Europe,
12% in Canada, 13-15% in the USA) than in the rest of the
world (1-5%), with the exception of some Middle-East coun-
tries such as Saudi Arabia where the reported risk is as high
as 20.1% [2]. Urolithiasis mostly affects patients of 25-60 years
of age [3] (Fig. 3.2).

A cross-sectional analysis of data from the US National
Health and Nutrition Examination Survey (NHANES) for the
period from 2007 to 2010 revealed an overall prevalence of
urinary calculi in the American population of 8.8%, compris-
ing of 10.6% among men and 7.1% among women [4]. This
represents a significant increase compared to an earlier study
conducted in 1994 which showed only a prevalence of 5.2% [5].

© Springer International Publishing AG 2017 19
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FiGURE 3.1 (a) Increase in urolithiasis prevalence in the developed
and developing worlds over time. Reproduced and modified from
Atalab et al. [1], with permission from the IJKD. (b) Increase in
urolithiasis incidence in the developed and developing worlds over
time (per 100,000 population). Reproduced and modified from
Atalab et al. [1], with permission from the IJKD

Strong associations were found with obesity and diabetes
and approximately 1 in 11 people in the United States is
likely to be affected during his lifespan [4]. In the USA,
urolithiasis is mostly encountered in the South-Eastern
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FiGURE 3.2 Age distribution of 1590 valid incident stone formers in
Olmsted County, Minnesota, 1984-2003. From Krambeck AE et al.
[3]. With permission from Elsevier

region, within the so-called “North-American stone belt”
which includes the states of Virginia, North Carolina, Georgia,
Tennessee, and Kentucky [2] (Fig. 3.3).

The same trends have been observed in European coun-
tries, Japan, and China. A so-called “African-Asian stone
belt” was also described and includes North African, Middle
East, and Asian countries (Fig. 3.4) [1, 2].

In contrast, very scarce reports exist from the Russian
Siberian region, Sub-Saharan Africa, and Latin America
(with the exception of the Northeast region of Brazil)
(Fig. 3.5) [6].
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FiGure 3.3 The so-called “North-American stone belt”. From
Loépez M, Hoppe B. [2], with permission from the International
Pediatric Nephrology Association (IPNA) and Springer

/

FiGURE 3.4 The so-called African-Asian stone belt. From Lopez M
and Hoppe B. [2], with permission from the International Pediatric
Nephrology Association (IPNA) and Springer
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FiGURE 3.5 The so-called stone belt (red) extends all the way around
the world and is characterized by urinary stone prevalence of
10-15%. From Fisang C et al. [6]. With permission from the Authors
and Deutsches Arzteblatt

The prevalence and incidence of stone disease in the USA
are strongly associated with race or ethnicity, being higher
among white population compared to Hispanics, Blacks, and
Asians in decreasing order. However the prevalence has
doubled in African Americans aged 60-74 years from the
years 70s through the 90s. In all races, the disease burden is
higher in men than in women [5]. The Male to Female ratio
in the world varies from 2.5:1 in Japan to 1.15:1 in Iran [7].

Stone disease incidence has also shown an increase in the
paediatric population in many countries. In the United States,
The Rochester Epidemiology Project study has estimated
this increase to be 4% per calendar-year throughout a
25-year period (1984-2008) [8] and there was a significant
increase in the percentage of patients having calcium phos-
phate stones during the same period (18.5-27%) while the
percentage of calcium oxalate has declined (60-47%) [9].

After a first stone episode, an old study has estimated the
natural cumulative recurrence rate of urolithiasis to be 14%,
35%,and 52% at 1,5, and 10 years respectively [10]. However
the recurrence progression pattern was found to be slower in
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a more recent research, being 11%,20%, 31%, and 39% at 2,
5,10, and 15 years respectively [11]

Worth of note, urinary stone disease still kills in the
twenty-first century. Worldwide there were 19,000 urolithiasis-
related deaths reported in 2010 versus 18,400 in 1990 [12].
Not surprisingly this mortality is higher in developing coun-
tries as shown by the Global Diseases HealthGrove, with Sao
Tomé and Principe, Honduras, Armenia, and Thailand carry-
ing the highest mortality rate in 2013 [13]. However this mor-
tality does exist even in developed countries and a study
conducted in England and Wales over a 15-year period from
1999 to 2013 has revealed as much as 1954 deaths solely
attributed to the complications of urolithiasis (mean 130.3
deaths/year), with a female to male ratio of 1.5:1 [14].
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Chapter 4

Stone Composition

“The truth of the story lies in the details.”

Paul Auster (1947-) (Prince of Asturias Award
for Literature in 2006)

The determination of the exact stone composition is necessary
when one aims to understand its pathophysiology and to pro-
vide the optimal treatment to the patient. Contrary to a general
belief, stone analysis is recommended in all first-time formers
and not only in those with recurrent history of urolithiasis [1].

4.1 Stone Components

A comprehensive table of urinary stones composition with
detailed chemical and mineral names as well as chemical for-
mulas is presented below (Table 4.1) [2].

Many of the mineral names are eponymous given after
famous Scientists or Explorers [3, 4]:

— Whewellite (calcium oxalate monohydrate) (Fig.4.1a—c) is
named after the English Professor William Whewell
(1794-1866) who published an extensive research on min-
eralogy, geology, and many other fields.

— Wheddelite (calcium oxalate dihydrate) (Fig. 4.2a, b) is
named after the Antarctic Weddell Sea, itself named after
the British sailor and navigator James Weddell (1787-
1834). As a mnemonic to differentiate between
Wheddelite and Whewellite, just remember that there are

© Springer International Publishing AG 2017 27
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TABLE 4.1 Stone composition

Chemical name

Mineral name

Chemical formula

Calcium oxalate
monohydrate

Calcium oxalate
dihydrate

Basic calcium
phosphate

Calcium hydroxyl
phosphate

b-tricalcium phosphate

Carbonate apatite
phosphate

Calcium hydrogen
phosphate

Calcium carbonate

Octacalcium phosphate

Uric acid
Uric acid dihydrate
Ammonium urate

Sodium acid urate
monohydrate

Magnesium ammonium

phosphate

Magnesium acid

phosphate trihydrate

Magnesium

ammonium phosphate

monohydrate

Cystine

Whewellite

Wheddelite

Apatite

Carbonite apatite

‘Whitlockite
Dabhllite

Brushite

Aragonite

Uricite

Uricite

Struvite

Newberyite

Dittmarite

CaC,0,H,0
CaC,0,2H,0
Ca,,(PO,)(OH),
Ca,(PO,),(OH)

Ca,(PO,),
Ca,(PO,),OH

CaHPO,2H,0

CaCO3
CaH2(PO,)5H,0
CHN,0

577443

C,H,0,2H,0

577473

NH,C,H,N,0

377473

NaC,H,N,0,H,0
MgNH,PO,-6H,0
MgHPO,3H,0

MgNH,(PO,)-1H,0

[SCH,CH(NH,)
COOH],
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TABLE 4.1 (continued)

Chemical name Mineral name Chemical formula

Gypsum Calcium sulphate ~ CaSO,2H,0
dihydrate
Zinc phosphate Zn,(PO,),-4H.O
tetrahydrate

Xanthine

2,8-Dihydroxyadenine
Proteins

Cholesterol

Calcite

Potassium urate

Trimagnesium

phosphate

Melamine

Matrix

Drug stones * Active
compounds
crystallising in
urine

e Substances
impairing urine
composition

Foreign body calculi

From Turk C et al. [2], reproduced and modified with Permission. ©
European Association of Urology 2015

two “d” in Wheddelite corresponding to the two “d” in
“dihydrate”.

— Struvite (Magnesium ammonium phosphate) (Fig. 4.3) is
named after the Russian Diplomat and naturalist Heinrich
Christian Gottfried von Struve (1772-1851) who lived in
Germany.
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FIGURE 4.1 Calcium oxalate monohydrate stones. (a) Gross appear-
ance. (b) and (¢) electron micrographs. Courtesy of Louis C Herring
& Co Lab, Orlando, Florida, USA

FIGURE 4.2 Calcium oxalate dihydrate stone. (a) Gross appearance.
(b) Electron micrograph. Courtesy of Louis C Herring & Co Lab,
Orlando, Florida, USA
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FIGURE 4.3 A struvite stone.
Courtesy of Louis C
Herring & Co Lab,
Orlando, Florida, USA

FIGURE 4.4 A brushite
stone. Courtesy of Louis C
Herring & Co Lab,
Orlando, Florida, USA

— Newberyite (Magnesium acid phosphate trihydrate) is
named after the Australian geologist and mineralogist
James Cosmo Newbery (1843-1895).

— Brushite (Calcium hydrogen phosphate) (Fig. 4.4) is
named in honor of the American mineralogist George
Jarvis Brush (1831-1912).

— Whitlockite (b-tricalcium phosphate) is named after the
American mineralogist Herbert Percy Whitlock
(1868-1948).

- Dittmarite (Magnesium ammonium phosphate mono-
hydrate) is named after the German-Born Professor of
Chemistry William Dittmar (1833-1892) who lived in
Britain.

— Hannayite: Very rare, this mineral composition was
named after the Scottish chemist James Ballantyne
Hannay (1855-1931).
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FIGURE 4.5 (a) Apatite
crystal in Mexico (By Reno
Chris, Public domain).

(b) Electron micrograph of
apatite stone. Courtesy of
Louis C Herring & Co Lab,
Orlando, Florida, USA
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The name Apatite however was coined by the German
geologist Abraham Gottlob Werner in 1786. It derives from
the Greek verb “armarteiv” (apatein), which means to deceive
or to be misleading because this mineral is often mistaken for
quartz or nepheline, or other more valuable minerals such as
the gems peridot and beryl [3, 4] (Fig. 4.5a,b).

In contrast, other stones exclusively form in living humans
or animals and do not have geological equivalents in the
nature. These include Uric acid (Fig. 4.6a, b), Cystine
(Fig. 4.7a, b), cholesterol, drugs, proteins, Xanthine,
2,8-dihydroxyadenine stones, etc.

4.2 Stone Subtypes and Associated Common
Causes

Within the main stone morphological types, several subtypes
have been described in relation to the causes. There are for
example five subtypes of Whewellite (type I), three subtypes
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FIGURE 4.6 Uric acid stone. (a) Gross appearance of a cut section.
(b) Electron micrograph. Courtesy of Louis C Herring & Co Lab,
Orlando, Florida, USA

daky  Fasn

FIGURE 4.7 (a,b) Cystine stone. (a) Gross appearance. (b) Electron
micrograph. Courtesy of Louis C Herring & Co Lab, Orlando,
Florida, USA

of Wheddelite (type II), and five subtypes of urate stones
(type III), and associations frequently exist between the
subtypes [5] (Table 4.2 and Figs. 4.8, 4.9, and 4.10).

4.3 Methods to Determine the Stone
Composition

No standard technique exists to determine the composition
of a stone. Instead there are dozens of methods which should
be performed meticulously, combining structural with mor-
phological techniques, in order to reach to the best informa-
tion [9]. The currently available means for stone analysis are:
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FiGure 4.8 COM stones subtype le. Left: surface, right: section.
From Cloutier J et al. [5] Creative Commons Attribution License

FiGURE 4.9 Uric acid stone subtype I11a. Left: surface, right: section.
From Cloutier J et al. [5]. Creative Commons Attribution License

FIGURE 4.10 Brushite stones type IVd (left surface; right section).
From Cloutier J et al. [5]. Creative Commons Attribution License.

Note: Brushite is considered the precursor phase of hydroxyapatite
(calcium phosphate). Therefore brushite stones will form if brushite
does not convert to hydroxyapatite [6, 7]. However unlike hydroxy-
apatite, brushite stones are hard and particularly resistant to extra-
corporeal shock wave lithotripsy [7, 8]



38 Chapter 4. Stone Composition

e wet chemical analysis,

e thermogravimetry,

e optic polarizing microscopy,

e scanning electron microscopy (SEM),
e and various methods of spectroscopy:

— Fourier Transform Infrared spectroscopy (FTIR):
examines molecular structure

— X-Ray Powder Diffraction: determines the crystalline
structure

— Elementary Distribution Analysis

The wet chemical analysis was the most commonly used
method to determine stone composition in the 80*-90%, but
there has been a considerable decline in its use nowadays. It
is even considered obsolete because of a very high propor-
tion of errors (6.5-94%) with both the pure substances and
binary mixtures [1,10]. The EAU experts give a preference to
the use of FTIR or X-ray Powder Diffraction, and also to
optic polarizing microscopy if available [1]. However a recent
French study has reemphasized on the limitations of all the
above methods when used separately, achieving accuracy
only when the stone is made of a single specific component
such as uric acid, cystine, 2,8-dihydroxyadenine (DHA), stru-
vite, ammonium hydrogen urate or a drug [11]. These tests
are not reliable for common calcium nephrolithiasis, because
the mere identification of the presence of calcium oxalate
(CaOx) and/or calcium phosphate (CaP) is not sufficient to
determine the stone aetiology since these constituents may
be derived from various causes.

Moreover qualitative differences between the core and the
shell of the stone are known since long and have been
reported in 29.5% of stones [12]. This could be explained by
the fact that the nucleation process is probably initiated by a
mechanism different from the factors responsible for the
subsequent stone growth [5] (Figs. 4.11 and 4.12).

Therefore, for accurate determination of the stone composi-
tion, it is advised to perform a comprehensive
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FIGURE 4.11 Uric acid kidney stone in a man aged 58 years old. The
patient had a BMI above 30 kg/m? and suffered a type 2 diabetes
mellitus and hypertension. Uric acid was the consequence of meta-
bolic syndrome and diabetes. However, stone analysis provided
evidence that uric acid was secondly deposited on a whewellite
stone (white arrow) and that the first step of stone formation was a
carbapatite Randall’s plaque (black arrow), suggesting the stone
was initiated for a long time. From Cloutier J et al. [5] Creative
Commons Attribution License

FIGURE 4.12 Section of a stone presumably related to urinary tract
infection. In fact, while the peripheral layers are made of a mixture
of carbapatite and struvite as a consequence of chronic UTI, the
core of the stone is made of pure whewellite, suggesting that meta-
bolic factors are first involved in the stone process. Of note, the
morphology of the initial whewellite stone shows a papillary imprint
(arrow) which is highly suggestive of heterogeneous nucleation
from a Randall’s plaque (not visible). From Cloutier J et al. [5]
Creative Commons Attribution License



40 Chapter 4. Stone Composition

morpho-constitutional analysis of urinary stones by combining a
careful morphological examination of the surface and the sec-
tion of stones with detailed FTIR analysis of the nature, location,
crystalline phases and a respective proportion of stone constitu-
ents [11].

A novel urine based assay using nanoscale flow cytometry
of fluorescently labelled bisphosphonate probes
(Alendronate-fluorescein/Alendronate-CyS) was introduced
recently; its combination with petrographic thin sections was
proposed as an alternative means for determining stone com-
position [13].

Beside laboratory studies, Dual CT-scan can be used to
predict kidney stone composition with a reported 82% accu-
racy [14] (see Chap 9: Investigations of Urinary Lithiasis), but
this has shown limitations in predicting struvite stones [15].

It is also important to note that stone composition may
change with repeat sample from the same person, and this has
been shown to occur in as much as 21% of patients subjected
to multiple stone analyses [16]. Subsequently it is recom-
mended to perform a repeat stone analysis in patients having
recurrent stones after receiving drug therapy, in those with
early recurrence after a complete stone clearance, as well as in
those with late recurrence after a long stone-free period [1].

Moreover the stone composition can be discordant in 25%
of bilateral synchronous stones [17].

4.4  Statistics in Stone Composition

The reported stone compositions vary slightly from one study
to another and hereafter are some of the most recent and
relevant studies.

The largest stone composition study was probably con-
ducted in Mayo Clinic in 2014 and included 43,545 patients
[18]. This study has shown an overall predominance of
calcium oxalate stones representing 67.3% of all the stones,
followed by apatite, uric acid, struvite, and brushite calculi
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accounting for 16.1, 8.3, 3, and 0.9% respectively. Cystine
stones were seen in 0.35% only. It also showed that the cal-
cium oxalate type was preponderant at all ages, starting with
40% in children, and then rising gradually to reach 75%
between 50 and 60 years before progressively declining to
around 40% by the age of 90. Interestingly it revealed that
the gap between calcium oxalate and apatite stones is smaller
in women (58 and 25% respectively), compared with men
(74 and 9.6% respectively). It was also noted in this study
that at the age of 50, the apatite and uric acid curves cross
over with the uric acid composition surpassing that of the
apatite from that age onwards.

A different study has observed a nearly similar trend
among Olmsted County residents (Minnesota) (Fig.4.13) [19].

More recently another comprehensive retrospective study
from Mayo Clinic including 2961 first-time symptomatic
kidney stone formers revealed similar stone compositions as
above. These are described as follows: majority calcium oxa-
late (76%), majority hydroxyapatite (18%) (i.e. calcium

100%
90% -~
80%
70% -
60% 1 M Others
50% 1 o
M Uric acid
40% 1
30% - B Calcium phosphate
20% - M Calcium oxalate
10% -
0% - T T T T

18-29 30-44 45-59 60-69 >=70
Age group

FIGURE 4.13 Stone composition as function of age among Olmsted
County, Minnesota residents. From Krambeck AE et al. [19], with
permission from Elsevier
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stones made up a total of approximately 94% of cases), any
uric acid (4.8%), any struvite (0.9%), and any brushite
(0.9%) [20].

Stone composition during pregnancy showed predominat-
ing calcium phosphate (hydroxyapatite) (65-74%) over cal-
cium oxalate stones (26% of cases), probably because of
physiological elevation in maternal urinary calcium excretion
and pH [21, 22].

4.5 Geographic Variations of Stone
Composition

There are no statistical differences in stone composition
within developed countries where the following values have
been found: Calcium oxalate/calcium phosphate (81-92%),
uric acid stone (5.5-16%), struvite (5.1-7%) [23-26].

There are however small differences observed in develop-
ing countries attributable to dietary, socio-economic, and
environmental factors, and the following patterns have been
reported notably showing a higher proportion of infective
stones: calcium oxalate(59.5-87.3%), uric acid (1-19%),
phosphate calculi (3-16.7%), struvite (1.4-14.6%) [26].

In the Arabian Peninsula, a Saudi study confirmed that
calcium-based stones formed the great majority (84.6%), fol-
lowed by uric acids (12.8%) [27], while an Omani study char-
acteristically showed a higher rate of cystine stone (4%) than
the reported values in the literature [28].

4.6 Changes in Community Stone
Composition Over Time

Several investigators have addressed the variations of stone
composition in the same community over time. A study in the
American state of Massachusetts evaluating a 20-year period
(1990-2010) and including over 11,000 stone analyses, found
that the percentage of stones from women (i.e. female/male
ratio) increased from 29.8 to 39.1%. Furthermore the
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percentage of uric acid-predominant stones in females
increased from 7.6 to 10.2%, while the struvite stones
decrease from 7.8 to 3.0% [29]. In the male population, there
was no significant change in majority uric acid stones (from
11.7 to 10.8%), while the percentages of apatite, struvite (2.8
to 3.7%), and cystine stones (0.1 to 0.6%) increased signifi-
cantly. Another study found that the stone composition in
Australia has remained relatively static over the past 30 years
with regard to the percentage of uric acid (16-17%) and cal-
cium oxalate stones (64-68% ), despite modifications in diet
and body habitus [25]. There was however a decreased trend
in struvite stones (14-7%).
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Chapter 5

Lithogenesis

“If you can’t explain it simply, you don’t understand it well enough”

Albert Einstein (1879-1955) (Nobel Prize in Physics in 1921, Time
Person of the Century in 1999)

5.1 Mechanisms of Stone Formation

The physiopathological mechanism of stone formation is a
very complex, progressive, and incompletely understood pro-
cess which includes precipitation, nucleation, crystal growth,
aggregation, and concretion of various modulators in urine
(Fig. 5.1) [1].

The hypothesis of stone formation is based on 3 mecha-
nisms [2-4]:

e The concentration and the solubility of the precipitating
substances in urine
e The presence of promoters of crystallization:

Calcium,

— oxalate,

urate and
phosphate ions.

e The absence or insufficiency of inhibitors of crystallization:

— small ions
— molecules such as magnesium, citrate and
pyrophosphate
© Springer International Publishing AG 2017 47
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Urinary supersaturation
hyperoxaluria and hypercalciuria

l

Oxidative stress

Cell apoptosis and/or
necrosis

|

Upregulation of crystal Cell injury and cell
binding molecules *(OPN, — membf'a;ye rupture
HA, SA, CD44, etc.) l

Homogenous/heterogeneous pEE—

. | Modulators
Exposure of crystal nucleation
binding molecules l
Crystal growth e

|

Crystal aggregation e

l

Crystal binding to cell <¢=m===) (rystal-cell interaction
menbrane

: l

Crystal movement into Crystal
interstitium, inflammation, = e—) retention/adhesion e
and release of *MCP-1

Stone
formation

FiGURE 5.1 Schematic representation of various cellular and extra-
cellular events during stone formation. *OPN osteopontin, HA
hyaluronic acid, SA sialic acid, MCP-1 monocyte chemoattractant
protein-1. From Aggarwal KP et al. [1]. Creative Commons
Attribution License

— macromolecules such as osteopontin [5, 6], bikunin [7],
matrix GLA protein, Tamm-Horsfall protein, the uri-
nary fragment 1 of prothrombin, diphosphonate, glycos-
aminoglycans [3, 8].
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Inhibitors can further be divided into two sub-groups
according to their effect:

— effect on crystal growth: citrate, pyrophosphate and
magnesium

— effect on crystal aggregation: glycosaminoglycans, pyro-
phosphate, and citrate [9].

A “culprit” generally advocated in triggering urinary
crystallization and precipitation is a circumstantial poor
hydration state of the individual, as seen during hot seasons
[10-12].

An easy way to summarize the process of lithogenesis can
be proposed as follows:

Hypersaturated urine with a particular solute (either low
urine volume or increased excretion of the solute) — crystals
formation — progressive growing and aggregation — stone.

Despite being correct, this simplistic explanation does not
tell us how and where exactly crystallization starts in the
renal parenchyma. The following are findings and advocated
theories attempting to lighten this shadowed area.

5.2 Randall’s Plaques

In 1937, Alexander Randall stated that crystalline growth
starts from plaques of calcium phosphate in the interstitium
within renal papillae at the bottom of the renal calyces [13]
(Figs. 5.2, 1-6). These plaques have been named after him
since then. Although Randall’s plaques have not been
observed in few conditions, this theory has not yet been con-
tradicted, and contemporary authors are attempting to give
more precision on the origin of the plaques. When analysing
intra-operative biopsies of kidneys from idiopathic calcium-
stone formers, some authors found that the plaques arose
from the basement membrane of the thin loop of Henle
before spreading through the interstitium to beneath the uro-
thelium. In addition there was no plaque development
observed in patients with stones due to obesity-related bypass
procedures, who form instead intratubular hydroxyapatite
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FiGurke 5.2 (1) Drawing of a typical subsurface calcium plaque in the
wall of a renal papilla. (2) Detailed drawing of high magnification of a
subsurface calcium deposit on the renal papilla. Note the shrunken
tubules at the base of the plaque, their loss of normal epithelium, and
the absence of any reaction suggesting infection. (3) Colored photo-
graph of a renal papilla, showing the subsurface calcium deposit, and in
its center a tiny black secondary deposit. This is the earliest evidence of
secondary deposit which forms stone. (4). Colored photomicrograph of
3, showing the calcium plaque which has lost its covering mucosa, and
on which is a secondary deposit of brown material, taken to be the
earliest evidence of renal calculus formation. No evidence of infection.
(5) Colored photograph showing calcium deposits in two papillae, and
a stone attached and growing on the calcium deposit in the third papilla.
Another stone of similar character found in this kidney has been ana-
lyzed and proven to be composed of calcium phosphate. (6) Colored
photomicrograph of 5, showing the papillary stone attached to its cal-
cium plaque. The differential staining shows the stone composed of
calcium phosphate. The plaque with some phosphate staining; counter-
stains for calcium of different composition. No evidence of infection.
From Randall [13]. With permission from Wolters Kluwer Health, Inc
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FIGURE 5.2 (continued)

crystals in collecting ducts [14]. Other authors pointed out a
deeper origin of the plaques within the papilla in an intimate
association with the collecting tubules and vasa recta [15].

5.3 The Free or Fixed Particle Theory

Are the stones developing from an aggregation of free crys-
tals in the tubular lumen or from coated crystals on the tubu-
lar wall? An attempt to answer to this crucial question can be
summarized in the following points:

(a) In 1978 B. Finlayson and F. Reid excluded the possibility
of stone formation in the renal tubules and renal pelvis
developing from unattached (free) particles, and stated
on the likelihood of this mechanism occurring for blad-
der stones only [16].

(b) In 1994, DJ Kok and SR Khan demonstrated that during
the normal transit time through the kidney, large free
crystalline particles can be formed in long loop of Henle
and be retained at the end of the collecting ducts, becom-
ing the nidus of a stone [17, 18].

(c) Both mechanisms (free and fixed particles) seem to be
accepted nowadays, and four distinct pathways in litho-

genesis have been proposed based on endourological
findings [19]:
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— growth over white (Randall’s) interstitial hydroxyapa-
tite plaque, especially for calcium oxalate stones in
hypercalciuric patients (Fig. 5.3a, b). Nowadays, thanks
to the electron microscopy, a better and more detailed
histological definition of the Randall’s plaque is pro-
posed by contemporary researchers (Fig. 5.4a—g).

— growth over Bellini duct plugs: this mechanism is pos-
sible for all stone types, but has not yet been proven
independently to trigger stone formation. Some investi-
gators have proposed a unified theory of plaque and
plug formation for renal stones [20].

— formation of micro-liths within inner medullary collect-
ing ducts (IMCD) (Fig. 5.5a, b).

FiGURE 5.3 Attached stone to site of Randall’s plaque in an idio-
pathic calcium oxalate stone former. (a) Endoscopic view of a cal-
cium oxalate stone (arrow) attached to the tip of a papilla. Several
sites of interstitial (Randall’s) plaque (arrowheads) are seen around
the attached stone. Note the normal appearance of the papilla. (b)
The same papilla seen after the stone was removed. The papillary
surface of that same stone is seen by light microscopy as an inset at
the bottom left of this panel. A small site of whitish mineral (marked
by asterisk) is clearly visible and was identified as hydroxyapatite
while the rest of the stone is calcium oxalate. From Evan AP et al.
[19], with permission from Springer-Verlag
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-

e ‘Dum of Bellini g

FIGURE 5.4 Histologic images showing initial sites of Randall’s
plaque and its progression. (a) Light microscopy revealing the initial
sites of interstitial deposits (arrows) to be in the basement mem-
branes of the thin loops of Henle at the papilla tip. (b—e) Transmission
electron microscopy showing that the sites of interstitial deposits are
made up of numerous micro-spherulites of alternating lamina of
matrix with and without crystals. The individual deposits are as small
as 50 nm and grow into multi-layered spheres of alternating light
and electron dense rings with the light regions representing crystals
and the electron dense sites matrix material. (f) Extensive accumu-
lation of crystalline deposits occurring around the loops of Henle
(double arrows). (g) Spread into the nearby interstitial space
extending to the urothelial lining of the urinary space. Disruption of
the urothelial layer exposes the site of interstitial deposits to the
urine which can trigger overgrowth of mineral and thus stone for-
mation. From Evan AP et al. [19], with permission from Springer-
Verlag
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FiGure 5.5 Endoscopic unroofing of an IMCD ductal stone in cys-
tinuric stone former. (a) Micro-liths of cystine are present at the
distal ends of IMCD and are easily seen at the time of percutaneous
nephrolithotomy to lie under the urothelium at a site marked by a
dark shadow (arrow) on a dilated duct. (b) When the IMCD is
unroofed with a laser, an unattached, round tiny ‘stone’ is exposed
(double arrow) within dilated IMCD and easily flows out of the
IMCD lumen. (IMCD: inner medullary collecting ducts). From
Evan AP et al. [19], with permission from Springer-Verlag

— formation in free solution within the calyces or renal
collecting system (Fig. 5.6a, b): No attachment site for
the stone is seen on renoscopy. This has been observed
for all cystine stones, but also for some CaOx stones in
Primary Hyperoxaluria type I (PH1) and obesity bypass,
most brushite and hydroxyapatite stones.

5.4 Further Hypothesis

A new theory has recently been raised stipulating that
Randall’s plaque at the papillary tip doesn’t form until a
threshold of proximal mineralization is reached. More pre-
cisely it was found that mineral density measurements vary
between 330 mg/cm® and 270 mg/cm?® respectively in proximal
intratubular and in distal interstitial deposits supporting that
proximal mineralisation triggers distal Randall’s plaque for-
mation [21].
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FiGURE 5.6 (a) Stones from cystinuric patients have consistent char-
acteristics of a stone formed in ‘free solution’. (b) The cystine stones
look like ‘Easter eggs’ in that they are completely smooth, oval in
shape, have a homogenous yellow coloration and are freely floating
in a renal calyx. They are easily grasped and removed. From Evan
AP et al. [19], with permission from Springer-Verlag
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Chapter 6
Etiology of Urolithiasis

“Shallow men believe in luck or in circumstance. Strong men believe
in cause and effect.”

Ralph Waldo Emerson (1803-1882)

Kidney stone disease is a complex disorder associated with a
multitude of possible causes, among which metabolic and
genetic components occupy an important position, being rep-
resented by hyperoxaluria, hypercalciuria, hypocitraturia,
hyperuricemia, renal tubular acidosis, hypophosphatemia,
cystinuria, etc. Other causes include: urinary infections,
impaired drainage (i.e. obstruction), post-bariatric surgery,
foreign bodies, drugs, etc. In many cases these factors are
intermingling, necessitating a comprehensive clinical evalua-
tion of the patient.

The primary cause and contributory factors of urolithiasis
can only be determined after a thorough history, physical
examination and paraclinical investigations including: 24-h
urine analysis, urinary microscopy and culture, stone analysis,
shape, radiodensity/radiopacity, size, number, and location,
determination of any associated dysmetabolism, and imaging
of the kidney and urinary tract anatomy.

It should always be remembered that a complete clinical
description is invaluable as a first step in the route to the etio-
logical definition of a stone. Herein several parameters help
to describe the urinary lithiasis:

e Symptomatic or asymptomatic, i.e. fortuitously discovered
during investigations for other pathologies,
e Radiopaque or radiolucent,
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e obstructing or non-obstructing,

e anatomical locations: renal (pelvis, upper, mid, lower caly-
ceal, or diverticular), ureteric (upper, mid, or lower), vesi-
cal (in the bladder lumen or in a diverticulum), or urethral
(posterior or anterior urethra, or urethral diverticulum)

e size: small (<5 mm), intermediate (5-19 mm), or large

(>20 mm).

number: solitary or multiple

shape: roundish, irregular, stellar, spiky, staghorn

Laterality: unilateral or bilateral

First time seen, recurrent, or residual after treatment of

the primary stone

e Associated with an obvious cause: dysmetabolism, urinary
infection, anatomical or functional abnormality, i.e. reten-
tion or impaired drainage,

e Family history

The trainee or the practitioner in Urology is expected to
complete this description as meticulously as possible, as a
clue to reach to the aetiology and a guide in the initiation of
the correct management.

In the present section we will systematically discuss the
possible causes of urinary stones.

6.1 Genetic Predispositions

A distinction has been made between the common polygenic
and rare monogenic forms of urolithiasis [1-3].

The polygenic forms are well exemplified by the idiopathic
calcium oxalate urolithiasis, a common entity affecting the
majority of stone formers and associated with many meta-
bolic disorders [3]: hypercalciuria, hyperoxaluria, hypoci-
traturia, hyperphosphaturia, hyperuricosuria, etc. For sake of
clarity these disorders will be addressed separately below
under the paragraph “Dysmetabolism”.

The monogenic forms account only for 2 and 10% of adult
and pediatric kidney formers respectively [2]. However they
are characterized by a more severe clinical pattern and their
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propensity to progress to renal impairment. They include rare
entities such as cystinuria, primary hyperoxaluria, Dent’s dis-
ease, adenine phosphoribosyltransferase (APRT) deficiency,
hypoxanthine-guanine phosphoribosyl-transferase (HPRT)
deficiency and familial hypomagnesemia with hypercalciuria
and nephrocalcinosis (FHHNC) [3].

6.1.1 Dysmetabolism

It is of paramount importance to undertake a metabolic
evaluation following initial diagnosis of urolithiasis. This will
allow for more specific prescription, either of pharmacologi-
cal or non-pharmacological interventions, aiming at prevent-
ing recurrent stone formation [4].

Eighty-five percent of children presenting with urinary
stones were shown to have a positive family history of uro-
lithiasis and 93.2% of them had a metabolic abnormality
with hypercalciuria being the most common finding [5].
Consequently hereditary metabolic causes should be sus-
pected in children presenting with a urinary stone particu-
larly at a younger age.

Analyses of 24-h urine composition performed in the
Harvard Medical School (Boston) comparing first-time and
recurrent stone-formers in the adult population showed simi-
lar urine abnormalities in both groups. Overall metabolic
abnormalities were encountered in 83.1% and 88.8% respec-
tively, and the rates of various abnormalities did not show any
significant difference between the two groups (Table 6.1) [6].

Comparable results were found in another study per-
formed in Pakistan where metabolic abnormalities were
found in as much as 90.5% of adults presenting with either
multiple or recurrent urinary stones. Again hyperoxaluria,
hypercalciuria and hypocitraturia were the most encountered
disorders, and 78.5% of the patients had multiple abnormali-
ties. The only notable difference is the higher rate of hyper-
oxaluria reported in the latter study, being the most frequent
abnormality with 64.5% (Table 6.2) [7]. These differences can
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TaBLE 6.1 Univariate analysis of urine abnormalities in first-time
and recurrent stone-formers

First-time Recurrent

stone-former stone-former P value
Hypercalciuria 28 (39.4%) 104 (43.3%) .56
Hyperoxaluria 23 (32.4%) 80 (33.3%) .88
Hyperuricosuria 32 (45.0%) 108 (45.0%) .99
Hypocitraturia 21 (29.5%) 56 (23.3%) 29
Any abnormality 59 (83.1%) 213 (88.8%) 22

From Eisner BH et al. [6], with permission from Elsevier

TaBLE 6.2 Frequency of metabolic abnormalities

Metabolic abnormality Frequency %age
Hyperoxaluria (oxalate >45 mg/day) 129 64.5
Hypercalciuria (>250 mg/day for women 87 43.5
and >300 mg/day for men)

Hypocitraturia (citrate levels <320 mg/day) 81 40.5
Hypernatriuria (sodium level >220 mmol/ 59 29.5
day)

Hyperuricosuria (>600 mg/day in women 43 21.5
and >750 mg/day in men)

Hypomagnesuria (magnesium level <3 mg/ 27 13.5
day)

Hyperphosphaturia (phosphate level 23 11.5
>1.3 g/day)

Hypercalcemia (calcium above the normal 93 46.5
range i.e. 8.4-10.2 mg/dL):

Hyperuricemia: (normal range 2.5-8 mg/dL 59 29.5

for males and 1.5-6.0 mg/dL for females)

From Ahmad I et al. [7]. Creative Commons Attribution License
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probably be explained by genetic and dietary variations as
suggested by the following two studies which are character-
ized by very low hyperoxaluria rates.

It was found among 3040 kidney stone formers in
Argentina that biochemical abnormalities were present in
91.5% of patients. The abnormalities consisted of idio-
pathic hypercalciuria in 56.88 %, hyperuricosuria in 21.08 %,
unduly acidic urine in 10.95%, hypocitraturia in 10.55%,
hypomagnesuria in 7.9%, primary hyperparathyroidism on
3.01%, hyperoxaluria in 2.6%, and cystinuria in 0.32% of
patients [8].

The most frequent metabolic abnormality in Thai popula-
tion with recurrent idiopathic calcium stones has been
reported to be hypocitraturia accounting for 69.6% of cases,
while hyperoxaluria was the lowest reported in the literature
with only 1.3% [9].

Notwithstanding these variations, all these studies and
many others underscore the need for a metabolic evaluation
of patients presenting with urolithiasis.

6.1.1.1 Hypercalciuria

Many studies have reported hypercalciuria to be the most
common metabolic abnormality associated with urolithiasis
[6, 8]. It is defined as the urinary excretion of more than
0.1 mmol/kg/24 h of calcium (or more than 4 mg calcium/kg/
day) in an individual on normal diet. Due to the sexual differ-
ence, this definition can be globally adjusted as more than
300 mg calcium per day in men and more than 250 mg cal-
cium per day in women.
Two categories of hypercalciuria have been described:

e Idiopathic: This is the most frequent one, being observed
in about 50% of patients with calcium oxalate/apatite
nephrolithiasis [10]. There is no detectable cause and the
patient does not exhibit hypercalcemia.
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Pak et al. described three types of idiopathic hypercal-
ciuria, absorptive, resorptive, and renal [11], which consist
of the following mechanisms respectively: increased intes-
tinal absorption of calcium, increased bone resorption, and
defective reabsorption of calcium by the renal tubule [12].
Absorptive hypercalciuria has three sub-types: Sub-type 1
is dietary independent, sub-type II is dietary dependent,
and sub-type III is secondary to a phosphate renal leak
which triggers a secondarily increased parathyroid hor-
mone level and vitamin D production.

e Secondary: Has underlying causes which include parathy-
roidism, Renal tubular acidosis, Paget disease, paraneo-
plastic syndromes, malignancies (multiple myeloma,
lymphoma, leukemia, skeletal metastasis), sarcoidosis,
granulomatous disease, Addison disease, milk alkali syn-
drome, sarcoidosis, iatrogenic (glucocorticoid, Vit D intox-
ication, loop diuretics), prolonged immobilization
(quadriplegia or paraplegia).

6.1.1.2 Hypocitraturia

Hypocitraturia occurs in 20-60% of urolithiasis cases and is
defined as a daily citrate excretion inferior to 320 mg
(1.67 mmol) in adults [13]. Citrate acts by forming complexes
with calcium in the renal tubules, thereby increasing the solu-
bility of the latter, and also by binding the surface of calcium
oxalate monohydrate crystals preventing their agglomeration
and growth as well as their adhesion to renal epithelial cells
[14, 15]. The most commonly encountered form of hypoci-
traturia is idiopathic. Secondary hypocitraturia was shown to
be predominantly of dietary origin (high-protein low alkali
diet) [16], but is also seen in association with renal tubular
acidosis (RTA), hypokalemia, intestinal malabsorption,
genetic abnormalities (Vit D receptor gene polymorphism),
and drugs (Acetazolamide, Topiramate, Angiotensin-
converting enzyme inhibitors, etc.) [13].
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6.1.1.3 Hyperuricosuria

(a) Etiologic factors contributing to hyperuricosuria and uric

acid (UA) nephrolithiasis [17, 18]:

e Metabolic syndrome (MS)': This is regarded as the
most common cause of uric acid (UA) stone forma-
tion. These patients have the so-called “gouty diathe-
sis” (latent gout) but with no identifiable secondary
cause of the UA stones. It is rare to encounter recur-
rent UA stone formers with no sign of MS.

e Primary gout: These patients have hyperuricemia
defined as serum UA level >7 mg/dL in men and
>6 mg/dL in women. Nearly only 15-20% of patients
with uric acid stones have a history of gout, and a small
proportion of hyperuricemic patients (about 10-20%)
develop kidney stones. These stones are produced
by precipitating insoluble purine metabolism when
urinary pH is low, namely 2- or 8-dihydroxyadenine,
adenine, xanthine, and uric acid.

e Chronic diarrhoea and inflammatory bowel diseases
(including ulcerative colitis and Crohn’s disease). The
suspected triggering factor is the loss of bicarbonate in
the stool which results into systemic metabolic acido-
sis and lowering of the urinary pH.

e Mpyeloproliferative disorders, large solid tumours, hae-
molytic anaemias: The high cell turnover in these dis-
eases lead to a release of nucleic acids overproduction
of UA, and this phenomenon is also triggered by
tumour lysis with chemotherapy.

e Rare Mendelian disorders: Association with medul-
lary cystic kidney disease and familial juvenile hyper-
uricemic nephropathy

'"The metabolic syndrome is a constellation comprising of metabolic
disorders, including hypertension, central obesity, dyslipidemia, athero-
sclerosis and hyperglycemia.



64

Chapter 6. Etiology of Urolithiasis

e Low-carbohydrate high-protein diets (i.e. high-purine
diet).

e [leostomy (uric acid stones may comprise 2/3 of all
stones in these patients)

e Type 2 diabetes mellitus and obesity as independent
factors [19-21].

(b) Uric acid metabolism:

(©

Purine metabolism in mammals — UA as end-product —
catabolized by uricase? to allantoin (more soluble) —
excretion into the urine.
Mechanism of uric acid stone formation: The urinary excre-
tion of UA in humans generally exceeds 600 mg/day. This
produces a concentration of 200-300 mg/L for a normal
24-h urine output of 2-3 L. Since the limited urinary uric
acid solubility is 96 mg/L, there appears to be an obvious
risk for UA precipitation. Nonetheless low urine pH
appears to play the major role in this mechanism as spec-
trophotometric data indicate that uric acid is a weak organic
acid with an ionization constant (pKa) of 5.35 at 37° [22].
Precipitating factors in the UA stone formation can be
summarized by the following tripod: Acidic urine, hyperuri-
cosuria, and low urine volume [23]. Out of these, unduly
acidic urine is the most important and obligatory factor and
is universally and always encountered in all UA stone form-
ers [18]. At pH levels below the pKa, uric acid is predomi-
nantly found in a nonionized form which is less soluble than
the urate ion. At a urinary pH of less than 5.5, uric acid is
poorly soluble, and solubility increases when the pH is
above 6.5. Therefore any urine pH < 5.5 will lead to precipi-
tation of the UA, increasing the risk of nephrolithiasis [17].
In addition to the role of urinary pH, the fact that uric acid
concentration which is often superior to the higher solubil-
ity limit doesn’t always precipitate could probably be due to
the presence of urinary inhibitors and/or the lack of promot-
ers of crystallization. Some of these factors have been stud-
ied in vitro [24] but are yet to be identified in vivo [17].

*Humans and higher primates lack uricase, therefore serum and urine

uric acid concentrations are high.
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6.1.1.4 Renal Tubular Acidosis

RTA is subdivided into two major types: type 1 or distal where
there is inability of the distal nephron to excrete the daily load
of endogenous acid and type 2 or proximal where there is
impairment of bicarbonate resorption by the proximal neph-
ron. The daily retention of acid in distal RTA triggers hyper-
calciuria which explains the high frequency of nephrocalcinosis
and nephrolithiasis (Fig. 6.1), as opposed to proximal RTA
where urinary stones seldom occur [25].

6.1.2 Cystinuria

This entity is one of the most challenging stone diseases and
perhaps the most extensively researched topic in the
urolithiasis-related genetics. It deserves the grim title of
“Cancer of lithology”.

The estimated global prevalence of cystinuria is 1 per 7000
population, but there are important geographical variations
even among European countries where the rates in UK and
Sweden are 1:2000 and 1:100,000 respectively, while Australia

FiGuRre 6.1 (a, b) KUB Radiograph and coronal CT-scan showing
nephrocalcinosis in a 48-year old man with type 1 RTA and impaired
renal function. Note the predominance of calculi in the periphery
(renal parenchyma) rather than in the collecting system (Courtesy
Salim Al Busaidy, Urology, The Royal Hospital, Muscat, Oman)
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and Japan have intermediate values with 1:4000 and 1:18,000
respectively [26]. The prevalence is equal in both sexes.

This disease was first described clinically by Sir Archibald
Garrod in 1908 [27] but had already been mentioned by
Lassaigne in dogs in 1823 [28]. It is an inherited autosomal
recessive disorder characterized by the formation of cystine
calculi in the kidneys. The primum movens is the mutation in
the SLC3A1 gene on chromosome 2 (which contains 10
exons and encodes rBAT), or the SLC7A9 gene on chromo-
some 19 (which contains 13 exons and encodes bo*AT), or in
both genes. This mutation prevents reabsorption of dibasic
amino acids by the proximal nephronic tubes as well as by the
intestinal microvillosities [29-32]. The dibasic amino acids are
Cystine, Ornithine, Lysine, and Arginine, and are better
remembered by the mnemonic COLA or COAL.

This chapter is an ever-growing topic as new gene muta-
tions are frequently being discovered almost every year, and
around 160 different mutations in the SLC3A1 gene and
116 in the SLC7A9 gene have been reported to date [33-39].
Similar mutations are also observed in the canine model [40].

It has been proposed to genetically classify cystinuria into
type A, type B, and type AB, where type A comprises of
mutations in both alleles of SLC3A1, type B comprises muta-
tions of both alleles of SLC7A9, and type AB is caused by 1
mutation in SLC3A1 and 1 mutation in SLC7A9 [41].
Contrary to hyperoxaluria which can develop a systemic
form, the only manifestation of cystinuria is urolithiasis.

The amino-acid Cystine derives from the combination of
two cysteine molecules via a disulfide bond (Fig. 6.2a, b).

Clinically three urinary phenotypes have been described
for this aminoaciduria:

Type I: This is the most common form. There is normal
aminoaciduria in heterozygotes (<200 mg/day), and
high excretion if homozygotes (400 mg/day).

Type II: a significant hyperexcretion of cystine and other
dibasic aminoacids is seen in homozygotes, but less in het-
erozygotes (200400 mg/day) who may still form stones.
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FiGURE 6.2 (a) Cysteine a (o)
molecule. From https://en.wiki-

pedia.org/wiki/Cysteine#/media/ HS OH
File:L-Cystein_-_L-Cysteine.svg NH,

(Public domain). (b) A molecule
of cystine. From https://en.wiki-
pedia.org/wiki/Cystine#/media/
File:Cystine-skeletal.png (Public
domain)

Type III: the intestinal absorption of cystine and dibasic
acids is only mildly diminished and cystinuria values are
intermediate between types I and II [26, 32, 42].

The final diagnosis of Cystinuria is made by the stone
analysis which reveals the characteristic hexagonal-shaped
cystine crystal (see chapter “Investigations of Urinary
Lithiasis”’). However a positive family history of cystinuria,
hypercystinuria in a 24-h urine analysis (>400 mg/day), or a
positive borohydride-cyanonitrosylferrate (sodium cyanide-
nitroprusside) test or Brand’s test can be sufficient for the
diagnosis [43-46].

The sodium Cyanide-nitroprusside test is a rapid, simple
and qualitative assay which detects cystinuria of more than
75 mg/L (normal excretion is 30 mg/day or 0.13 mmol/day).
Cyanide breaks the di-sulphide bond of cystine, converting it
to cysteine which then binds to Nitroprusside producing a
purple hue in 2-10 min [46]. When positive, it is better fol-
lowed by a quantitative study of a 24-h urine sample. The
limitation of these colorimetric methods is their inability to
differentiate between cystine, cysteine, homocystine and
homocysteine, as well as the interference of sulfa-containing
drugs such as the thiols.
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A novel test, called positive cystine capacity is now
commercially available in the USA; it directly measures the
ability of a patient’s urine to solubilize or precipitate cystine
and avoid the difficulty in the interpretation for patients
using thiols. It enables accurate assessment of the drug effect
and the eventual need for dosage adjustment [47, 48].

6.1.3 Hyperoxaluria (HO)

Hyperoxaluria may be primary or secondary.

Primary hyperoxaluria (PHO) is a very rare autosomal
recessive disorder. A French survey conducted over 20 years
ago and addressing PHO type I (the most common and strik-
ing type) revealed a prevalence of 1.05/1,000,000, and an
average incidence rate of 0.12/1,000,000/year [49]. This entity
would fail to dethrone cystinuria from the title of “cancer of
lithology” only because of its extreme rarity. However it car-
ries the worst prognosis with a high proportion of patient
developing renal failure (64%) and a mortality rate of 19%
at a median age of 36 years [49].

The commonest type (type I) (PH1) consists of a defi-
ciency in the activity of the peroxisomal hepatic enzyme
alanine-glyoxylate aminotransferase, leading to endogenous
overproduction of oxalate, and causing urolithiasis, progres-
sive nephrocalcinosis, and end-stage renal disease (ESRD) in
children. The equivalent form in adults is generally a mild
disorder with occasional urolithiasis, but more severe forms
with rapid progression to ESRD have also been documented
even in this category of age [50, 51]. Due to consanguineous
marriages, Tunisia has perhaps the highest reported PH1 inci-
dence and prevalence as this disease is responsible of 13% of
ESRD in the pediatric population, while it accounts for less
than 0.7% of ESRD in North America and Europe [52].

Currently three types of PHO have been described with a
different enzyme deficiency for each [53] (Table 6.3 and
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Primary hyperoxaluria: metabolic
overproduction

Type I: alanine: glyoxylate
aminotransferase deficiency

Type 1I: D-glycerate
dehydrogenase deficiency

Type III: 4-hydroxy-2-
oxoglutarate aldolase

Secondary hyperoxaluria

Enteric hyperoxaluria

Extensive intestinal resections
with colon intact

— Jejunoileal bypass

— Partial gastrectomy

— Bariatric surgery
Inflammatory bowel disease
— Crohn’s disease

— Biliopancreatic disorders
(including cystic fibrosis)

Increase of precursors
Ethylene glycol intake

Abuse of vitamin C

Colon decolonisation of oxalate
metabolising bacteria

From Lorenzo V et al. [53], with
permission from the Authors and
Revista Nefrologia
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For diagnostic doubts

Clinical suspicion (depending on availability)

(especially the presence of

nephrolithiasis-nephrocalcinosis in the imaging tests) Glycolate in urine: TPHO-I

¢ Glycolate in urine: TPHO-II
Oxalaemia:

GFR <30 mL/min: Oxalaemia >20
i 2
Oxaluria (x2) >0.7 mmol/day/1.73 m GFR <20 mU/min: Oxalasmia >50

(63 mg/day/1.73 m?) Dialysis: >80 pmol/L.

v -

Screening for common mutations
(DNA in peripheral blood)
Family study if possible

Renal biopsy if doubts about renal
tissue damage

No mutation

Diagnosis Liver biopsy
PHO-I (enzyme activity)
PHO-II

PHO-III

FiGURE 6.3 Primary hyperoxaluria diagnostic algorithm. From
Lorenzo V et al. [53], with permission from the Authors and Revista
Nefrologia. GFR Glomerular filtration rate, PHO Primary hyperox-
aluria

Fig. 6.3): types I, IL, I11. The type I1I was described as recently
as the year 2010, leaving the probability for further types still
remaining to be discovered. In all types, 24-h oxaluria is in
excess of 1 mmol or 80 mg/1.73 m? body surface area per day
(normal <0.5 mmol or 40 mg/1.73 m?)?, and induces recurrent
urolithiasis and progressive nephrocalcinosis. When kidney
damage occurs, it is followed by a systemic deposition of cal-
cium oxalate crystals, known as systemic oxalosis. Progressive
ESRD develops in > 30% of type I PHO:; it can also affect
type 11, but has never been reported in type III patients [54].

Similar to Cystinuria, there are many genetic variations
described in PHO; p.Gly170Arg AGXT mutation was found
to be associated with a better outcome in type I [S5].

Five different clinical presentations have been described
for type 1 PHO [55, 56]:

*The normal value of 24-h oxaluria is generally higher in men than in
women with respective values of <43 mg/day and <32 mg/day.
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(a) infantile form with early nephrocalcinosis and renal fail-
ure (26%),

(b) recurrent urolithiasis and progressive renal failure lead-
ing to diagnosis in adolescence or early adulthood (30%),

(c) late-onset form with occasional stone passage leading to
diagnosis in adulthood (21%),

(d) diagnosis occurring on post-transplantation recurrence
(10%), and

(e) diagnosis made by family screening (13%).

Diagnosis of PHO is suspected when there is a positive
family history, supported by the finding of high urinary
oxalate levels (normal 10-40 mg per 24 h) or, more accurately
by high plasma oxalate levels in combination with chronic
kidney disease (Table 6.4) [53].

However the final diagnosis of PHO type I requires to
determine the hepatic alanine: glyoxylate amino-transferase
activity and to perform genetic studies. If these are inconclu-
sive or not available, liver biopsy should be undertaken [57].

Systemic oxalosis is the most dramatic complication of
PHO and is defined as the widespread deposition of high

TaBLE 6.4 Clinical parameters in which the diagnosis of primary
hyperoxaluria (HPO) must be studied
— Family history of nephrolithiasis

— Infants and children with a first episode of urolithiasis

— Adults with recurring nephrolithiasis associated with early
renal failure. Especially in patients with a family history of
nephrolithiasis

— Any individual with nephrocalcinosis and renal function
deterioration

— Presence of monohydrate calcium oxalate crystals in
biological fluids or tissues

— Family members of patients with PHO or suspicion of
disease

From Lorenzo V et al. [53], with permission from the Authors and
Revista Nefrologia
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plasmatic oxalate levels in various organs or systems. This
condition is associated with a high mortality rate and should
be prevented by an early diagnosis. Unfortunately delay in
diagnosis occurs in more than 40% of patients [58].

Contrary to its primary counterpart, secondary hyperoxal-
uria is caused by an increased dietary ingestion of oxalate or
of its precursors (dietary hyperoxaluria), or by alteration in
intestinal microflora (enteric hyperoxaluria) (Table 6.3).
Dietary oxalate is found in high concentrations in animal as
well as in vegetal sources, including chocolate, tea, nut, cocoa,
beetroot, nuts, plums, tofu, strawberries, spinach and rhubarb
[58]. Enteric hyperoxaluria can be due to malabsorption syn-
dromes (Crohn’s disease, ulcerative colitis, celiac disease,
cystic fibrosis, post ileal resection or jejuno-ileal bypass, etc.)
or to oxalate-degrading bacteria such as the obligate anaer-
obe bacterium Oxalobacter formigenes, Enterobacter faeca-
lis and lactic acid bacteria [59].

Secondary hyperoxaluria is suspected in the presence of a
suggestive dietary or malabsorption history and its diagnosis
may be reached through tests aiming at the detection of
increased intestinal absorption of oxalate, like stool examina-
tion for Oxalobacter formigenes and the [“C)] oxalate
absorption test [58].

Pyridoxine (Vit B6) has been found to be helpful in about
30% of patients with primary hyperoxaluria type 1. Combined
Liver-kidney and isolated kidney transplantation are the
treatment of choice in primary hyperoxaluria type 1 and type
2 respectively [49, 58]. In ESRD patients, time on dialysis
should be short and transplantation be offered as soon as
possible to avoid overt systemic oxalosis [54].

6.1.4 Other Monogenic Hereditary Disorders
Associated with Nephrolithiasis

(a) Hereditary xanthinuria type I: This rare metabolic
disorder was first described in 1954 by Dent and Philpot
in a 4-year-old girl [60]. The primum movens is a genetic
deficiency of xanthine oxidase which triggers a defect of




(b)

(©)
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purine metabolism resulting in hypouricemia and hypou-
ricosuria. On the other hand however there are elevated
serum levels of xanthine and hypoxanthine and a subse-
quent increased urinary excretion of these oxypurines
[61]. Very few cases have been reported in the literature
[61-63]. In addition to the hereditary xanthinuria, xan-
thine stones have also been described in association with
Lesch-Nyhan syndrome and conditions where there is
profound hyperuricemia such as myeloproliferative dis-
ease after treatment with allopurinol [62].

Dent’s disease: This rare X-linked recessive renal tubu-
lopathy is caused by mutations in both CLCNS and
OCRL genes, and characterized by low-molecular-
weight-proteinuria in nearly all the patients (98.4%), fol-
lowed by hypercalciuria in 85.9% and nephrocalcinosis in
71.9% of patients. Other features are phosphaturic tubu-
lopathy, bone disorders, nephrolithiasis, and chronic kid-
ney disease (CKD) seen in 40.6%, 34.4%, 29.7%, and
14.1% respectively [64].

Hypophosphatemia: This rare entity may be caused by
dietary deficiency or intestinal malabsorption of phos-
phate. Genetic disorders are an important cause of the
intestinal phosphate waste; they manifest in infancy and
include the autosomal dominant hypophosphatemic rick-
ets, the heterozygous mutations in the main renal sodium-
phosphate cotransporter (NPT2a) gene [65], the X-linked
dominant hypophosphatemic rickets (XLHR) [66] etc.

(d) Others: Many more genetic causes of hypercalciuric

nephrolithiasis have been described [67]. These
include the mutation of calcium-sensing receptor
(CASR), the adenine phosphoribosyltransferase defi-
ciency (an autosomal recessive disease, also known as
2,8-dihydroxyadeninuria) [68, 69], the polymorphism
of klotho gene (G395A gene) [70], the Bartter syn-
drome type V, the oculo-cerebro-renal syndrome of
Lowe, the hereditary hypophosphatemic rickets with
hypercalciuria, the familial hypomagnesemia with
hypercalciuria and nephrocalcinosis due to paracel-
lin-1 (claudin 16) mutations, etc.
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6.2 Urinary Infections

Infective stones account for 3-15% of all urinary stones, the
proportion being higher in developing countries. They are
mostly composed of struvite which consists of Magnesium
Ammonium Phosphate (MAP), and smaller proportions of
carbonate apatite and monoammonium urate seen with urease-
producing bacteria also referred to as Urea-splitting organisms
such as Proteus, Staphylococcus, Klebsiella and some
Pseudomonas [71]. These organisms are notoriously known to
split urea into ammonia and carbon dioxide, resulting in an
alkaline urinary pH; the formation of struvite and carbonate
apatite crystals subsequently lead to struvite calculi [72].

In contrast to the uropathogenic Escherichia coli which
readily forms intracellular bacterial communities, Proteus
mirabilis generally fails to establish an intracellular niche and
rather forms extracellular clusters in the bladder lumen.
These clusters produce foci of mineral deposition and conse-
quently lead to the development of urinary stones. A recent
study has identified two virulence factors required for the
development of these extracellular clusters: urease and
mannose-resistant Proteus-like fimbriae [73].

An experimental murine model study has revealed the
interaction between enterobacteriaceae infection and uroli-
thiasis, showing the increased risk of pyelonephritis in the
presence of calcium oxalate deposits, and the secondary trig-
gering of further calcium deposit [74].

It is important to note that stones associated with infec-
tion are not necessarily composed of struvite, nor are they
always associated with urea-splitting bacteria. Secondarily
infected non-struvite stones were detected in approxi-
mately 20% of a prospective cohort study of 125 PCNL
patients, and neurogenic bladder appeared to predispose
patients to either struvite or secondarily infected stones
with hypocitraturia playing a contributing role. The most
commonly-cultured Gram-negative organisms in this study
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were Escherichia coli and Proteus mirabilis while the most
prevalent Gram-positive organisms were Enterococcus Spp.
and Staphylococcus [75].

6.3 Impaired Drainage

Often combined with infection, urinary stasis may potentially
be found at all anatomical levels of the urinary tract.
Hereafter the various urinary tract malformations and struc-
tural defects are reviewed from proximal to distal:

1. Horseshoe kidney (HSK): This is the most common con-
genital genito-urinary abnormality with a reported inci-
dence of 1/400 to 1/600 births [76]. Stone formation occurs
in 1-2:5 patients with HSK due to impaired urinary drain-
age and infections [76-79].

2. Calyceal mouth stenosis, calyceal and parapelvic diver-
ticulum (Fig. 6.4a—d)

3. Pelviureteric junction (PUJ) obstruction. Also referred to
as ureteropelvic (UPJ) obstruction, this is the most com-
mon cause of congenital abnormality of the ureter being
observed in about 1 in 2000 children, with a M:F ratio of
3:1, and is bilateral in 20-25% [80]. There is an estimated
70-fold increased risk of secondary renal stone associated
with PUJ and recurrent renal lithiasis was observed in
68% of children who present with PUJ and concurrent
renal stone [81].

4. Ureteral duplicity or bifidity [82] and retrocaval ureter
[83, 84, 85] (Fig. 6.5).

5. Ureteral diverticulosis [86] (Fig. 6.6a, b). There is not yet
evidence that stones form de novo within ureteral
diverticulosis. More probably the stones are formed in the
kidney and are trapped within the diverticula during their
descent.

6. Megaureter [82,87] (Fig. 6.7a,b)
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FIGURE 6.4 (a—d) 3-D reconstruction of oblique views CT-scan
showing multiple calculi within a left renal parapelvic-diverticulum
in a 38-year-old woman. Courtesy of Sébastien Novellas. Diagnostic
Medical Imaging and Interventional Radiology, Arnault-Tzanck
Institute, Saint-Laurent-du-Var, France

7. Vesico-ureteral reflux (VUR): Children with VUR are
prone to develop UTI and urinary stasis. They also have a
high frequency of hypercalciuria and hyperuricosuria
which greatly contribute to the increased association of
microlithiasis or stone formation. The frequency of
urinary stones and microlithiasis was found to be as
higher as 29.6% in a study of 108 children with VUR [88].

8. Ureterocele in children [82] as well as in adults [89].
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FIGURE 6.5 Intravenous pyelogram showing low-looping fish hook
appearance of dilated upper ureter with a radioopaque shadow at
the tip suggesting stone (arrow). From Kanojia RP et al. [84], with
permission from Springer

9. Ileal conduit and continent reservoir: The incidence of
urolithiasis in ileal conduit varies from 4.9 to 15.3% [90,
91]. Metabolic disturbances including chronic acidosis
and increased excretion of calcium, phosphate and mag-
nesium have been proposed to explain this high incidence,
and it was suggested that the risk of urolithiasis may be
greater in continent reservoir such as Koch or Indiana
pouch [92]. Urinary infection is an important contributing
factor of stone formation in these patients.
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FIGURE 6.6 Retrograde urography images showing multiple left
lower (a) and upper (b) ureteric diverticula. This was performed for
a left upper ureteric stone that was found to be in one of the diver-
ticulum. Reproduced from Teo JK et al. [86], with permission from
Singapore Medical Journal
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FIGURE 6.7 (a) X-ray kidneys, ureters and bladder showing multiple
mobile left renal calculi and bilateral ureteral calculi. From Kumar
A et al. [87] with permission from BMJ Publishing Group Ltd. (b)
Intravenous urography showing bilateral dilated ureters and pelvi-
calyceal systems. From Kumar A et al. [87] with permission from
BMJ Publishing Group Ltd
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Bladder diverticulum: Bladder diverticula can be congen-
ital or secondary. The congenital form often occur in male
children, with an incidence of about 1.7%, and the sec-
ondary is mostly described in elderly males (>60 years),
with an incidence of 1-6%, in association with a concomi-
tant prostatic hyperplasia [93]. Factors triggering the
stone formation are: intradiverticular urine retention, uri-
nary salt deposition, infection and chronic inflammatory
stimuli.

Vesico-urachal diverticulum: This an extremely rare
entity with only a handful of cases reported in the litera-
ture (Fig. 6.8) [94].

However this pathological entity may be underre-
ported, since our recently increased awareness during the
preparation of this chapter led us to discover an asymp-
tomatic stone contained in a urachal remnant in a patient
investigated in our institution for a left renal calculus
(Fig. 6.9a,b).

Atonic or augmented bladder: In paediatric augmented
bladders, stone formation rates vary with series, from
10% to near half of the cases over a 10-year follow-up
[95] and recurrence was observed to occur in almost half
of the patients within 5 years [96]. The use of abdominal
stoma was shown to expose patients to reservoir calculi
more significantly than the use of the native urethra [97].
Stone formation appeared to be predominantly caused by
mucus retention within the augmented bladder, and rou-
tine bladder irrigation as well as the use of mucolytic
agents can significantly reduce the rate of stone forma-
tion. Stones have also been reported after closure of blad-
der exstrophy [98].

Neuropathic bladders (e.g. secondary to spinal cord
injury): the stone formation here is due to the combina-
tion of urinary infection and impaired drainage.
Supra-trigonal location of vesico-vaginal fistula (VVF):
This is an extremely rare cause of urolithiasis that com-
bines urinary infection and urinary stasis. Obstetrical
trauma is the leading cause of VVF in sub-saharian African
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FIGURE 6.8 Stone in a vesico-urachal diverticulum. (a) Axial, (b) sagit-
tal reformatted, and (¢) 3-dimensional computed tomographic images
showing a tubular structure, containing a hyperdense stone on the
anterosuperior aspect of the urinary bladder, slightly on the right side.
Reprinted from Atalar MH et al. [94] Copyright © Pol J Radiol, 2016.
With permission from the Polish Journal of Radiology and the Authors



FiGURE 6.9 (a,b) X ray
KUB and NCCT showing
an incidental calculus seen
in a urachal remnant (c).
Note also the presence of a
small left renal stone
(Courtesy Qais Al Hooti,
Urology, the Royal
Hospital, Muscat, Oman)

15.
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countries. Cases of neglected VVF have been reported in
Nigeria and India where the condition resulted in the
formation of a giant dumb-bell calculus filling the vagina
and the urinary bladder (Fig. 6.10) [99, 100].
Bladder outlet obstruction, especially in prostatic
hypertrophy (Fig. 6.11), bladder neck stenosis, and ure-
thral stricture with or without urethral diverticulum. In
children urinary stone formation can be secondary to pos-
terior urethral valves [82]. Urethral stones generally
migrate from the bladder, are small in size, and are more
commonly found in men. However literature has reported
on larger stone sizes [101], on exceptional female occur-
rence within a urethral diverticulum [102] (Fig. 6.12) or
without underlying genitourinary anatomical abnormali-
ties [103], and even on infantile cases [104, 105].

Urinary bladder stones associated with obstructive
BPH may also assume a characteristic stellar morphology.
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FiGURe 6.10 CT scan showing a 7 x 4.6 cm dumbbell shaped vesico-
vaginal calculus with vesico-vaginal fistula. From Sawant A et al.
[100], with permission from the Journal of Clinical and Diagnostic
Research, Roop Nagar, Delhi, India

FiGuRrE 6.11 Supine pelvis X-ray showing three oval-shaped calculi
(c) in an 86-year old man presenting with benign prostatic hypertro-
phy and chronic retention of urine (Courtesy Salim Al-Busaidy,
Urology, The Royal Hospital, Muscat, Oman)
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FiGure 6.12 Radiograph showing giant calculus in a urethral diver-
ticulum in a 60-year-old woman. From Dong Z et al. [102]. With
permission from Wolters Kluwer

16.

17.

Because of their dense central core and radiating spicules,
they were likened to children toy jacks. These so-called
jackstones were first described by Everidge in 1927 [106]
and are mostly made of calcium oxalate dihydrate [107]
(Fig. 6.13a,b).

Jackstones have exceptionally been reported also in
the kidney where they may be made of calcium oxalate
monohydrate [108] (Fig. 6.14a—d).

Obstructive ejaculatory duct calculi. This is an extremely
rare cause of obstructive azoospermia or low-volume oli-
gospermia [109]. It has been reported in a patient with
myelomeningocele and neurogenic bladder who under-
went bladder augmentation but was incompliant with reg-
ular emptying [110]. The open bladder neck and spastic
external sphincter in this scenario gave rise to formation
of struvite stone in the prostatic urethra and ejaculatory
ducts.

Prostatic calculi: These are a common finding on X-ray pel-
vis being seen in up to 40% of men presenting with prostatic
enlargement with bladder outflow obstruction. Prostatic
stones are asymptomatic per se, but they can rarely be an
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FIGURE 6.13 (a) Plain X Ray KUB showing a large jackstone in the
urinary bladder (Courtesy Qais Al Hooti, Urology, The Royal
Hospital. Muscat, Oman). (b) The same stone seen on (a) after its
retrieval by cystolithotomy (courtesy Qais Al Hooti, Urology, The
Royal Hospital, Muscat, Oman)

independent cause of pain or voiding difficulty when they
reach very large sizes [111-114]. Prostatic calculi have
been described as primary or endogenous, i.e. formed in
acini from prostatic fluid, or as secondary or exogenous, i.e.
formed in the prostatic duct. Some investigators consider
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FIGURE 6.14 (a—c) X-ray KUB, axial and coronal CT scans showing
a jackstone in the extrarenal pelvis of a malrotated left kidney
(courtesy Qais Al Hooti, Urology, The Royal Hospital, Muscat,
Oman). (d) Multiple renal Jackstones made of Calcium oxalate
monohydrate. Courtesy of Louis C Herring & Co Lab, Orlando,
Florida, USA

prostatic stones merely as calcified forms of corpora amy-
lacea, and studies have shown that they are caused by
acute and/or chronic infections [115, 116].

18. External meatal stenosis: This is a common clinical find-
ing which may cause voiding difficulty and eventually an
impaction of a urethral stone in the fossa navicularis.
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Urethrocele: This is a rather rare finding associated with a
stone and potentially causing recurrent UTI and urinary
retention [117, 118].

Phimosis: Preputial calculi have been reported in
association with phimosis and consequent impaired drain-
age. They seem to develop through inspissated smegma
mixing with lime salts and infected stagnant urine, but
migrated upper urinary tract stones can also get trapped
in the preputial sac [119-121]. They affect mostly elderly
men with poor hygiene in the developing world [119];
however they have also been reported in young adults
[120] (Figs. 6.15 and 6.16a, b) and even in children [121]
(Fig. 6.17a—d). Either multiple or solitary, these stones are
completely removed after a dorsal slit or a circumcision
which eliminates the risk of recurrence.

FiGure 6.15 Plain X ray KUB of a 32-year old man showing multi-
ple preputial calculi and two bladder stones. From Nagata D et al.
[120] with permission from John Wiley and Sons
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FIGURE 6.16 Same patient seen in Fig. 6.15. (a) Gross appearance of
the penis with preputial calculi. (b) Brown calculi seen in the prepu-
tial cavity after dorsal incision. These were made of magnesium
ammonium phosphate, calcium phosphate and calcium carbonate.
From Nagata D et al. [120], reproduced with permission from John
Wiley and Sons

FIGURE 6.17 (a) Penis of a 5-year-old child showing severe swelling
from the tip upto nearly the penoscrotal junction; there is also a
tight phimotic ring with ulceration on its circumference; (b-d)
removal of a thick preputial sac molded on a 3 x 2 cm oval calculus
with the glans imprint on it. From Spataru RI et al. [121], reproduced
with permission from Springer
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6.4 Post Bariatric Surgery

A comparative study in Mayo Clinic based on a treated popu-
lation of 759 patients and a control group of equal size has
shown a significant increase in the rate of new urinary stones
in the operated group compared to the control group with
11.1% and 4.3% respectively [122]. One should not overlook
the magnitude of this problem when considering that the
number of bariatric surgeries has tremendously increased in
the developed countries during the last two decades. In the
USA alone, bariatric procedures have reached a peak of
136,000 in the year 2004 [122]. Three mechanisms have been
found to explain the high incidence of calcium oxalate stones
after malabsorptive bariatric surgery [123]: hyperoxaluria,
low urine volume, and hypocitraturia.

6.5 Foreign Bodies

Any foreign body left in contact with the urothelium is a
potential nucleus or nidus around which stones may form:
The most commonly encountered are:

1. Stitch: This has become rare in the modern era. It was com-
mon when slowly-absorbable suturing materials were used
to repair a calyceal violation during partial nephrectomy,
or to close a pyelo-nephrolithotomy, a dismembered pyelo-
plasty, to perform a ureteric anastomosis or closure, and
uretero-vesical anastomosis. It can also be seen after gyn-
aecological procedures when synthetic materials are used
for the surgical treatment of a prolapsed uterus and come
inadvertently in contact with the bladder urothelium [124].

2. Long standing indwelling urethral catheter or catheter bal-

loon fragments. The presence of an indwelling catheter is a
well-known predisposing factor to urinary infection and
this is an additional factor exposing to stone formation.

. Forgotten ureteral DJ stent.

4. Migrated intra-uterine contraceptive device (IUCD):
Many articles in the medical literature have reported on a

W
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migrated ITUCD eroding the uterine and bladder walls,
protruding into the vesical lumen and inducing a second-
ary calculus formation around it [125, 126] (Fig. 6.18a—c).
There is an extreme case of forgotten IUCD in an
elderly woman for 39 years resulting in an enormous vesi-

FIGURE 6.18 (a) Pelvis X-ray of a 52-year old woman with vesical
calculi encrusted around a Copper-T intrauterine contraceptive
device which migrated into the urinary bladder. From Amin U and
Mahmood R [125], reproduced with permission from the Editors,
Journal of Radiology Case Reports. (b, ¢) 52-year old woman with
vesical calculi encrusted around a Copper-T intrauterine contracep-
tive device which migrated to the urinary bladder. Intraoperative
view. From Amin U and Mahmood R [125], reproduced with per-
mission from the Editors, Journal of Radiology Case Reports



90 Chapter 6. Etiology of Urolithiasis

FIGURE 6.18 (continued)

FIGURE 6.19 Plain pelvic x-ray revealing a massive calculus around
a foreign body (Lippes loop). From Karsmakers R [127], reproduced
with permission from BMJ Publishing Group Itd

cal stone, a vesico-vaginal fistula with urinary incontinence,
recurrent urinary tract infections, and advanced chronic
kidney disease [127] (Fig. 6.19).
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5. Migrated coil used to treat pseudoaneurysm in a segmental
branch of right renal artery [128].

6. Mesh used for herniorraphy after erosion through the
bladder [129].

6.6 Drugs

The proportion of drug-related stones varies from 0.1% in
recent publications [130] to 1% in older studies [131].

Some authors have proposed to divide lithogenic drugs
into two groups [132]:

e poorly soluble drugs with high urine excretion favoring
crystallisation in the urine: In this group the drug compo-
nent is identified in the stone analysis. It includes
Triamterene (Dyrenium) (the leading cause of drug-
related stones in the 1970s) and the anti-HIV infection
drugs, namely Protease inhibitors and sulfadiazine (most
frequent cause from the 1990s).

e drugs inducing urinary calculi as a consequence of their
metabolic effects: calcium/vitamin D supplementation,
laxatives, Furosemide, carbonic anhydrase inhibitors such
as Acetazolamide (Diamox) [133]. A careful history is
required to differentiate this etiology from common meta-
bolic calculi.

Historically sulfonamides are known for more than half a
century to be associated with renal stones [134]. Cases of
sulfonamides lithiasis are still being reported nowadays and
some studies suggest the toxic effect of acetylsulfapyridine, a
metabolite of Sulfasalazine which is prescribed for psoriasis
or ulcerative colitis [135, 136].

Protease inhibitors are another important group of drugs
introduced in the 1990s in the combination therapy against
HIV infection better known as highly active antiretrovi-
ral therapy (HAART). Indinavir is the most commonly
encountered member of this group in association with renal
stones; crystalluria and renal stone formation have been
reported in 20-50% of patients taking this drug [137, 138]
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FiGure 6.20 Urinary indinavir crystals on light microscopy. From
Schwartz BF et al. [137], with permission from Elsevier

(Fig. 6.20). However, Atazanavir, Nelfinavir, Amprenavir,
Saquinavir, Ritonavir and Darunavir have also been incrimi-
nated [139]. Non-protease inhibitors antiretroviral drugs
are also involved, including Raltegravir and Efavirenz [139,
140]. Indinavir stones are notoriously known to be radio-
lucent stones and are also not detectable even on a plain
CT-KUB. Ultrasonography is useful for their diagnosis [137]
(Table 6.5). Intravenous pyelography may help to detect ure-
teral stones as filling defects eventually causing obstruction,
but the same information can also be obtained with Contrast-
Enhanced CT scan.

Many other drugs with a potential for crystallization and
renal stone formation have been reported in the medical litera-
ture. Here after is their non-exhaustive list: Aminopenicillin (a
combination of ampicillin and amoxicillin) [141], Ceftriaxone
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TaBLE 6.5 Radiographic findings in patients with presumed indina-
vir calculi

No. No. diagnostic
Total No. suggestive  of urinary

Study no. nondiagnostic  of calculus  calculus
Abdominal 12 7 5 0

radiograph

VP 13 5 7 1

Renal 11 2 5 4

ultrasound

CT 12 5 7 0

Reproduced and modified from Schwartz BF et al. [137], with per-
mission from Elsevier

[142], Guaifenesin, Dextromethorphan (antitussive and
recreational drug), Ephedrine [143, 144], Gelopectose in
children [145] Piridoxilate (glyoxylate + pyridoxine) [146],
Glafenine (Glifanan®), metabolites of phenazopyridine
(Pyridium), N-acetylsulphamethoxazole hydrochloride
(Bactrim®) and N-acetylsulphaguanidine (Guanidan®), flume-
quine (Apurone®) [131], Topiramate (antiepileptic) [147],
Triamterene, amorphous silica [148] etc. Even Allopurinol
which is used to lower the hyperuricemia can paradoxically
crystallise and form urinary calculi as shown in a murine
model [149]. A rare case of ethanol gel injection in the
prostate to treat lower urinary tract symptoms (LUTS) in
an elderly patient with coagulopathy was reported in the
literature to cause a soft bladder stone [150]. The stone was
formed by prostatic tissue slush following the ethanol-induced
necrosis.

6.7 Renal Matrix Stones

Renal matrix stones are also known as fibrinomas, colloid
calculi or albumin calculi. These are extremely rare stones
with only about 60 cases reported to date, being observed in
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FIGURE 6.21 (a, b) Pictures of renal matrix stones. From Shah HN
et al. [152], with permission from John Wiley and Sons

females and associated with recurrent urinary infections
especially due to Proteus mirabilis or Escherichia coli, history
of renal surgery, and chronic kidney failure. They are so-
named because their matrix component accounts for about
65% of their dry weight, while this represents only 2.5% of
calcium oxalate or urate stones and 9% of cystine stones. This
gives them their soft, pliable, and amorphous characteristics
[151,152] (Fig. 6.21a, b).

6.8 Gas-Containing Renal Stones

This is a rare entity with yet unknown pathophysiology.
Putative theories state that gas-containing stones may result
from a combination of metabolic and infectious factors, and
female patients as well as diabetic subjects are reported to be
more susceptible [153] (Fig. 6.22a, b).
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FIGURE 6.22 (a) NCCT-scan showing a large gas-containing stone in
the left kidney. From Manny TB et al. [153]. With permission from
Elsevier. (b) Cut section of the stone after its removal. From Manny
TB et al. [153]. With permission from Elsevier
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6.9 Fetal Origin Hypothesis

Observational studies have shown links between the various
medical conditions associated with renal stones (namely
hypertension, diabetes mellitus, metabolic syndrome, and
osteoporosis) and adverse early-life events, such as low-birth
weight. A hypothesis has been formulated recently stating
that the stone-associated syndromes have a common pro-
graming pathway in early life, suggesting that nephrolithiasis
could have developmental origins [154].

6.10 Diseases and Syndromes Associated
with Renal Stones

There are frequent associations found between calcium stone
formation (derived from alterations in the metabolic
regulation of calcium and sodium) and various medical dis-
eases such as hypertension, osteoporosis, and cardiovascular
disease, as well as between uric acid stones and the metabolic
syndrome (impaired fasting glucose, elevated blood pressure,
dyslipidemia, and central obesity) and insulin resistance [155].

Links have also been found between urolithiasis and car-
diovascular diseases, namely myocardial infarction, angina,
carotid artery atherosclerosis, and stroke [156, 157]. Theories
behind this association suggest the role played by vessel walls
that buffer the excessive quantity of calcium delivered by a
high bone turnover in some renal stone formers. This results
in a higher arterial calcification score, an increased arterial
stiffness and a reduced bone density [158, 159].

Some of the major syndromes or diseases associated with
urolithiasis, namely Cystinuria, primary hyperoxaluria and
hyperuricemia (gout) have already been discussed above.
Others are:

1. Medullary sponge kidney: First described in 1948 by the
Italian Pathologists Cacci R and Ricci V [160], and also
referred to by the eponymous Cacci-Ricci disease, medul-
lary sponge kidney is a benign congenital disorder con-
sisting of a malformation of terminal collecting ducts with
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secondary ectasis (cysts) and intra-parenchymal stone
formation (nephrocalcinosis), mainly composed of cal-
cium phosphate and calcium oxalate. The patients are
usually asymptomatic and develop incomplete distal RTA
(type 1), hypercalciuria, and hypocitraturia. Recurrent
calcium stone formation is found in 12-20% of patients,
mainly consisting of CaP and CaOx [161].The diagnosis is
suspected on X-ray KUB and U/S kidneys. The cysts have
different sizes, and are generally diffuse and bilateral.
This entity may be associated with Caroli’s syndrome (a
rare congenital non-obstructive multifocal dilatation of
the intrahepatic bile ducts) [162].

. ADPKD: Patients with autosomal dominant polycystic
kidney disease (ADPKD) have a renal stone incidence
which is approximately 5-10 folds higher than the reported
rate in the general population, ranging from 20 to 36%
[163,164]. A Mayo Clinic study revealed a high proportion
of uric acid (56.6%) and calcium oxalate (46.6%) as well
as hypocitric aciduria, suggesting the contribution of met-
abolic factors in the high frequency of urolithiasis in
ADPKD [165]. However mechanical factors such as intra-
renal anatomical obstruction also play an important part
because larger polycystic kidneys are more prone to
develop stones. A renal volume >500 mL was shown to be
an independent significant predictor of nephrolithiasis in
patients with ADPKD and normal renal function irrespec-
tive of the presence of metabolic disturbances [163].

. Lesh-Nyhan Syndrome: Congenital disease characterized
by motor dysfunction, cognitive and behavioral disturbances,
and uric acid overproduction (hyperuricemia). The diagno-
sis is established by the measurement of hypoxanthine-
guanine phosphoribosyltransferase (HPRT) enzyme activity
which is less than 1.5% of normal in any tissue sampled from
the patient’s cell. The HPRT] is the only gene known to be
associated with Lesch-Nyhan syndrome [165].

. Hyperparathyroidism: either isolated or as part of
Multiple Endocrine Neoplasia (MEN) syndrome type I
(or Wermer’s syndrome: parathyroid, pancreatic and
anterior pituitary tumor). Hyperparathyroidism causes
renal stones through hypercalcemia.
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. Intestinal fat malabsorption [166, 167].
. Cushing disease [168].
. Chronic inflammatory bowel disease (Crohn’s disease

and ulcerative colitis) [169, 170].

. Sarcoidosis: The frequency of nephrolithiasis in sarcoid-

osis is 20 times more than in the general population [171]
and renal stone can be the first manifestation of sarcoid-
osis in rare cases [171,172].

. Milk-alkali syndrome: This entity is caused by the inges-

tion of large amounts of calcium and absorbable alkali.
Hypercalcemia and metabolic alkalosis are the direct
result with a remote possibility of renal stones and renal
failure. Some authors recommend changing its name to
calcium-alkali syndrome which better reflects the etio-
logical origin of the modern version of this disorder. This
is now the third most common cause of hospital admis-
sion for hypercalcemia after hyperparathyroidism and
malignancy hypercalcemia [173, 174].

Megacalycosis: A rare pathological entity characterized by
dilatation of all renal calyces with normal renal pelvis and
ureter and with no identifiable obstructive cause [175].
Bartter’s syndrome, Dent’s disease and X-linked reces-
sive nephrolithiasis [176, 177].

Sjogren’s syndrome [178].

Nail-Patella syndrome (Hood syndrome) [179].

6.11 Other Factors

The ritual Islamic fasting during the holy Ramadan month
is sometimes pointed out but a recent study showed that
fasting in Ramadan does not change the number of renal
colic visits [180]. Evidence is still lacking to prove that the
transient changes caused in the urinary metabolites during
day-time fasting increase urinary calculus formation if
there is enough nocturnal compensatory water intake.
Lack of physical activity and smoking [181].

Long term bed rest and space flight [182].
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Chapter 7

Symptomatology and Signs
of Urinary Stones

“In examining disease, we gain wisdom about anatomy and
physiology and biology. In examining the person with disease,
we gain wisdom about life.”

Oliver Sacks (1933-2015)

7.1 Presenting Symptoms

1. Renal colic: The most common presentation. The pain is

triggered by tension in the renal capsule, renal collecting
system, or ureter, and travels with the sympathetic nerves
along the subcostal, iliohypogastric, ilioinguinal, and/or
genitofemoral nerves, to be experienced over the T8 to L2
dermatomes [1, 2]. It is characteristically spasmodic and
agonizing and starts at the loin area below the rib cage, and
radiates to the ipsilateral flank, iliac fossa and inguinal
region. Therefore it can sometimes reach the correspond-
ing labium majus in females and hemiscrotum in males as
well as the proximal anterior aspect of the thigh due to
L1-2 nerve roots pain transmission through the genitofem-
oral nerve (Fig. 7.1) [1, 2]. There are paroxysmal and
intermittent attacks during the same episode, frequently
associated with nausea and vomiting. When the stone
causes an obstructive uropathy, in addition to pain, the
patient may present with fever, and his laboratory param-
eters will show deranged renal function and increased
inflammatory markers. Renal colics mostly occur during
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FiGure 7.1 Location of pain in the flank, right lower quadrant, and
groin depends upon the location of pathology in the urinary tract,
i.e., a stone making its way to the bladder. Red indicates pain origi-
nating in the kidney or at the uretero-pelvic junction (UPJ), blue
shows pain from upper and middle ureteral pathology, and yellow
indicates pain from the distal ureter or uretero-vesical junction.
From Noble MJ [2] with permission from Springer

hot seasons. However the association with lunar phases
remains controversial; some authors reported that most
cases of renal colics presented around day 15 of the lunar
phases and the lowest number was found on days 1 and 30
[3], but these observations were not confirmed by other
investigators [4, 5].

2. Haematuria: Frequently associated with the renal colic,
haematuria may be microscopic or macroscopic. In rela-
tion with urolithiasis confirmed by unenhanced helical
Computed Tomography scan (UHCT), the sensitivity,
specificity, positive predictive value, and negative predic-
tive value of microscopic haematuria detected on urinaly-
sis are 84%,48%,72%, and 65%, respectively [6]. The low
specificity is explained by the multiple possible alternative
diagnoses associated with haematuria (infections, trauma,
foreign body, malignancy, glomerulonephritis, etc.).
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3. Urinary retention: this occurs in the presence of a bladder
or urethral stone. It is typically a hyperacute and very pain-
ful event.

4. Irritative syndrome: It consists of recurrent suprapubic
pain associated with frequency and urgency due to trigonal
irritation of a vesical stone.

5. Vague loin pain: This ill-defined pain occurs mostly with
non-obstructive calyceal or staghorn calculus possibly
associated with chronic pyelonephritis.

6. Asymptomatic: Nowadays due to the liberal use of imaging

studies of the abdomen (ultrasound and CT-scan), more
stones are being discovered serendipitously with or with-
out any clinical bearing.
A random study of 1590 validated incident symptomatic stone
formers among Olmsted County adult residents (Minnesota)
has shown that with increasing age, patients were more likely
to present with atypical or no pain, but with fever, diarrhea,
pyuria, UTI, and bacteremia [7] (Table 7.1). This atypical pre-
sentation in elderly patients represents a clinical challenge
requiring a high index of suspicion for a timely diagnosis and
intervention. There was a significant increase of UTI, and the
most commonly cultured organism was Escherichia coli seen
in 39%, followed by Klebsiella pneumonia, Staphylococcus
aureus and Proteus mirabilis encountered in 12%, 6.2%, and
6.2% respectively. The great majority of patients with UTI
were females accounting for 82.6%.

A Turkish review study of 950 patients confirmed the
above trend showing relatively less flank pain and more hae-
maturia in patients aged more than 60 years compared to
younger subjects [8]. Ureteral stones were more frequent in
the younger age while elderly patients had a higher rate of
bladder stones accounting for their increased frequency of
dysuria and haematuria in this study.

More rarely, patients may present with odd complaints or
signs and the relation with urolithiasis will be difficult to
establish at first glance. These include:

e Male infertility with obstructive azoospermia [9],



Chapter 7. Symptomatology and Signs of Urinary Stones

116

(%) swoydwAs

80000 (92) 9z (82) 1w (60 e (99 vz (p) €1 SuIproa 'oN
(%)
AS°00T uey)
1918913 10 D]E
uey) 10918013
010070 (L1) L1 @ 1T ) 9T ) LE (s LT IOAJY 'ON
(%)
¥10°0 (8€) 8¢ (8¢9) 9 (2€) ger  (ov) sz y) vl SISOWId "ON
(%)
L£T0 (85) 8¢  (29) 6 (Ls) v (#9) L (s9) o012 BOSnRU "ON

(o1) or (9 6 (2] 91 (€ 91 (m ¥ SUON

(L1) L1 (18) (9 e (L) 97 (©) 91 Teordfyy

(€L) ¢L (98) Lzr (88)  sLe  (06)  0gs  (¥6)  SoE  onod [eUSY
1000°0€ (%) ured -oN
00T i ST 68S cTe s1d "oN

anpep d 1p[o SIBIX 69—09 SIBdX 6S-SP SIBdX ph—0€ SIBdX 6781
10 SIBdX (L

siIsougeip je gy

SIQULIOJ QUOJS JUAPIOUI ()6ST Jo swordwiAs Sunuasord 1°L a14v],



117

7.1 Presenting Symptoms

$0°0=d 193 puaiL,
1014981 woy uorssturiad yim [£] '[e 12 Yooquiers] woi

850°0

1000°0¢

1000°0¢

850

060

98000

(60'1)09°9
0T

(s1) ST
(61) 61
¥9) 9
(02) 0T

(61)

61

(88°0) sL'S

91

(o1) ST
(9) 6

(29) 26

(22) €¢

((49) L1

(20'1)€0°9
8T
($) 0T
(¥) 81
r9)  siT
(1) 88
(8) €€

(80'1)92°9
1€
(¥) w
(¥) 1T
(z9)  L9¢
(zd)  6ul
(6) 18

(96°0) 6£9
9z
(L) 1T
9) 61
(89) oz
(61) €9
(D o¢

(a@s) uea
ON
‘Hd ourn jodg
(%)
ennAd -oN
(%) Tw

/32 000001
uey) 101eaId

PIM ILN ON
(%) eumjewoy
ordoosororu
ON

(%) eLmyeWoY
SS0I3 "'ON

(%) eayLIRIp
I0 S[00]S
9S00[ "ON



118  Chapter 7. Symptomatology and Signs of Urinary Stones

e Hemospermia for ejaculatory duct inspissated material or
stones [10],

e Combination of recurrent lower urinary tract infections
and painful ejaculation [11].

7.2 Calculating the Probability of Renal
Stone Symptoms Recurrence

The Recurrence of Kidney Stone (ROKS) nomogram was
developed by Rule et al. based on clinical characteristics of
2239 first-time adult kidney stone formers. It showed that
about y of them had recurrent symptomatic episodes. The
pattern of recurrence progression was 11%, 20%, 31%, and
39% at 2, 5,10, and 15 years respectively [12]. In this study the
following factors were found to be associated with increased
risk of recurrent symptomatic episodes: younger age at the
first episode, male sex, white race, family history of stones,
prior asymptomatic stone on imaging, prior suspected stone
episode, gross hematuria, nonobstructing (asymptomatic)
stone on imaging, symptomatic renal pelvic or lower-pole
stone on imaging, no ureterovesicular junction stone on
imaging, and uric acid stone composition [12]. The recurrent
pattern of the stones associated with cystinuria, primary hyp-
eroxaluria and other genetic abnormalities should not be
forgotten at this point.
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Chapter 8

Complications of Urolithiasis

“Just when you think it can't get any worse, it can.”

Nicholas Sparks (1965-)

Many complications may arise from urolithiasis especially if
there is a delay in the diagnosis or incomplete treatment.
These complications are enumerated hereafter:

1. Obstruction and uremia: generally caused by pelvi-
ureteric and ureteral stones, but can also be the conse-
quence of a giant bladder stone as reported in a few
studies [1-3].

2. Sepsis: a common consequence of obstruction in presence
of UTIL.

w

. Chronic pyelonephritis [4].
. Renal failure: acute or chronic.

(a)

(b)

Acute renal failure occurs mostly as the result of
bilateral obstructing ureteral stones, stone on a soli-
tary kidney, or as the result of sepsis with multiorgan
failure.

Chronic renal failure is the result of chronic pyelone-
phritis in the setting of recurrent multiple renal
stones or staghorn calculus. A study showed that cys-
tinuria in the United Kingdom often presents with
staghorn calculi and commonly progresses to chronic
kidney disease in as much as 70% of the cases [5]. The
grim tendency of primary hyperoxaluria to progress
to chronic renal failure has already been discussed in
an earlier chapter.
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Xanthogranulomatous pyelonephritis

This is a very rare entity, predominantly affecting adult
patients >50 years, females (F:M =2.5:1), and mainly caused
by staghorn calculus (51.4%) and obstructing ureteric
calculi (22.9%). Only a minority of patients are diabetic.
The most common clinical presentations appear to be flank
pain, high grade fever > 38 °C, dysuria and weight loss. The
left kidney is more affected than the right one. Laboratory
results are consistent with anemia, leukocytosis, and pyuria
in the majority of cases. Imaging studies show hydronephro-
sis, generalized kidney enlargement, or a localized renal
mass [6-10]. The diffuse form is more frequent (81%) than
the focal one, and extra-renal extension has been described
in more than half of the cases [10, 11]. Nephrectomy is
curative with a good outcome [6-10]. Histologically, the
renal parenchyma is destructed and replaced by granuloma-
tous tissue containing lipid-filled macrophages (xanthoma
cells) [11]. These macrophages are thus named because of
their yellow appearance (Greek “Xanthos”: yellow).
Hypertension:

ADPKD with renal stones have increased risk to develop
HTN than ADPKD without renal stones [12]. Remember
the suggested role played by vessel walls in buffering
calcium delivered by a high bone turnover in some renal
stone formers, resulting in a higher arterial calcification
score and an increased arterial stiffness (see section
Etiology of Urolithiasis, paragraph 6.10).

. Emphysematous pyelonephritis (EPN):

This is an uncommon acute, life-threatening, suppurative
and necrotizing infection of the renal parenchyma and
perirenal tissue, accompanied by gas within the renal
parenchyma, collecting system, or perinephric tissue.
From a 48-patient cohort Huang and Tseng proposed in
2000 a clinico-radiological classification of EPN based on the
radiological extension of the gas or abscess in a CT-scan [13]:

— Class 1: gas in the collecting system only;
— Class 2: gas in the renal parenchyma without exten-
sion to extrarenal space;
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— Class 3A: extension of gas or abscess to perinephric
space;

— Class 3B: extension of gas or abscess to pararenal
space; and

— Class 4: bilateral EPN or solitary kidney with EPN.

The association of EPN with urolithiasis is well docu-
mented in the literature [14-17] (Fig. 8.1), but DM is a
nearly constant factor seen in > 90% of cases of EPN [15].
The female gender is another frequently encountered factor
and, for unknown reason, the left kidney is more frequently
involved than the right one. The association with urolithiasis
varies according to the studies, being 22% in old studies [13,
18] to as higher as 57% in a very recent publication which
also showed that EPN in patients with urolithiasis exhibits a
less severe course than in patients without urolithiasis [19].

Escherichia coli is the most commonly encountered
causative micro-organism present in half of the cases or
more [13, 20]. Other possible organisms are Klebsiella
pneumonia and Proteus mirabilis. More than 80%
respond to conservative treatment based on an early

Ficure 8.1 Noncontrast CT revealing the presence of gas in the
right pelvicalyceal system with bilateral intrarenal calculus. From
Sridhar et al. [17] with permission from Oxford University Press
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broad-spectrum IV antibiotic therapy, renal drainage and
a rapid control of blood sugar. Nephrectomy may be
required in a minority of cases [21]. The patient is better
managed in a high dependency or an intensive care unit
and the recommended initial antibiotics are third-genera-
tion cephalosporins. However Carbapenems are to be
introduced if the progress is not favourable with the for-
mer antibiotics, or in debilitated patients who require
emergency hemodialysis or develop disseminated intra-
vascular coagulation (DIC); Fluoroquinolone and genta-
micin are better avoided [20].

. Pyonephrosis:

Pyonephrosis follows infection in a completely obstructed
kidney. It may present with acute flank pain associated
with sepsis and a palpable and tender kidney, but gener-
ally the patient will come with a long standing history of
dull ache in the ipsilateral loin associated with a low-
grade fever and a progressive unwellness. Pyonephrosis is
frequently seen in developing countries due to a delay in
the diagnosis of an obstructive uropathy, and was found
to be caused by urolithiasis in 73% of cases [22]. However
it has also been observed in developed countries in
patients with spinal cord injury who develop silent pro-
gression of the disease [23].

. Myocardial Infarction

Kidney stone formers were found to have an increased
risk of myocardial infarction, estimated to reach 31%
after a mean follow-up of 9 years, independently of
chronic kidney disease and other risk factors [24].
Ureteral stricture:

This is often caused by an aggressive ureteroscopy aiming at
removing a stone, and is exceptionally the direct conse-
quence of a longstanding stone causing local inflammatory
reaction in the ureteral wall. A recent prospective study
showed a stricture rate of 7.8% 3 months after ureteroscopy
has been performed for impacted stones [25], however this
figure varies with the experience of publishing centers.
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Fistulization:

Although uncommon, this complication has been
reported in many articles and occurs as a late event of
pyonephrosis or xanthogranulomatous pyelonephritis.
Renal fistula generally open into the adjacent organs such
as the skin (through the psoas muscle), the colon, the
peritoneal cavity and the spleen, but rarely it can even
open above the diaphragm into the bronchial tree [26-28]
(Fig. 8.2a—c).

An exceptional case of large renal fistula to the poste-
rior abdominal wall has been reported in a patient with
spina bifida and paraplegia resulting in spontaneous
extrusion of part of a staghorn renal calculus [29].

Spontaneous bladder rupture and subsequent vesico-
cutaneous fistula is an extremely rare event scarcely
reported in the literature and caused by a giant bladder
stone [30, 31].

Spontaneous renal pelvis or ureteral rupture

This is an extremely rare event with only 18 cases reported
in the literature, ten of them being caused by an obstruct-
ing ureteral stone [32], while malignancy accounted for
the majority of the remaining cases.

Mechanical dystocia

This is an extremely rare event caused by enormous blad-
der stone [33].

Epididymoorchitis

Infection of the epididymis may occur as a complication
of an infected urethral stone [34].

Urothelial carcinoma

A cohort including nearly 22,000 Taiwanese patients with
urinary stone revealed an increased risk of developing
urothelial carcinoma, which was greater in women [35].
Penile gangrene

There is one case of penile gangrene and sepsis reported in
the literature directly resulting from impacted multiple ure-
thral stones in a 54-year-old patient in Trinidad and Tobago
who did not surprisingly have other co-morbidities [36].
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a

Ficure 8.2 (a) Fistulogram showing nephrocutaneous fistula with
contrast leakage cranially (blue arrow) and caudally (red arrow)
from the kidney. From Snoj Z et al. [26]. Creative Commons
Attribution License. (b) The computer tomographic scan performed
immediately after the fistulogram; the patient was positioned on her
right flank. (A) Contrast in the oesophagus (blue arrowhead) and
communication with the left lower lobe of the lung (blue arrow). (B)
Cutaneous fistula (red arrow), contrast retroperitoneally (red star)
and in the duodenum (red arrowhead). (C) Contrast in bladder
(green star), ureter (green arrow) and in the psoas muscle (green
arrowhead) just proximally to lesser trochanter. From Snoj Z et al.
[26]. Creative Commons Attribution License. (¢) The computer
tomographic scan with intravenous contrast. (A) Staghorn calculus
(blue arrowhead) and extremely atrophic parenchyma of the left
kidney (blue arrow). (B) Retroperitoneal abscess (red arrow) and
staghorn calculus (red arrowhead). (C) Fistulisation along the psoas
muscle (green arrow) and large pelvic abscess (green arrowhead).
From Snoj Z et al. [26]. Creative Commons Attribution License
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Chapter 9

Investigations of Urinary
Lithiasis
“Supposing is good, but finding out is better.”

Mark Twain (1835-1910)

This chapter will review the diagnostic methods that are
required to demonstrate the existence of a urinary stone, fol-
lowed by the investigations needed to detect the eventual
cause(s) of stone formation. Finally a brief account will be
given on the studies performed to evaluate the aftermath of
the urinary stone disease.

9.1 Diagnosis of a Urinary Stone

This is mainly based on the following imaging methods:

9.1.1 Kidney-Ureter-Bladder (KUB)
Plain X-ray

X-rays were accidentally discovered by the German Professor
Wilhem Conrad Rontgen in his Wiirzburg (Germany) labora-
tory in 1895 while working with a cathode-ray tube. He
named these rays “X” as he didn’t know their exact nature.
He observed their ability to cross fleshy or soft anatomical
tissues but not dense structures such as bones. Rontgen was
granted the first Nobel Prize of Physics in 1901 for this
discovery.
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Nowadays the medical use of X-rays has become wide-
spread and can be rapidly performed in every center.
However it has a limited sensitivity for urolithiasis; it will
not detect any radiolucent stones (20-40%), most border-
line radio-opaque stones, and even some radio-opaque
stones in the presence of suboptimal bowel preparation.
Calcium stones, i.e. calcium oxalate dehydrate and monohy-
drate as well as calcium phosphate stones, are notably
known to be radiopaque. Brushite stones are among the
densest stones (Fig. 9.1) [1], while uric acid stones are

FiGure 9.1 Large left renal roundish brushite stone. Its radiodensity
is well superior to that of the bones. From Krambeck AE et al. [1]
with permission from Elsevier
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well-known radiolucent entities. Other known radiolucent
stones include ammonium urate, xanthine, 2,8-dihydroxyad-
enine and drug-stones. Magnesium-Ammonium-Phosphate
(MAP), apatite and cystine stones have a borderline radi-
opacity [2].

KUB X-ray is concordant with the gold standard
Unenhanced CT-scan in only 50% of patients. It has a very
low sensitivity of 18.6%, but an excellent specificity of 95.1%,
a good positive predictive value of 84.6%, but a poor negative
predictive value of 44.8% [3].

Some predictive factors for stone radiopacity have been
proposed using computed tomography parameters. The first
factor is the visibility of the stone in the scout film which
predicts radiopacity of the stone on a KUB X-ray in nearly
100%. For the scout-negative stones, the cut-off of Hounsfield
Units (HU) value used to predict radiopacity varies
from > 630 HU to > 772 HU according to published series.
Other predictive factors are a stone size > 9.7 mm, a non-
midureteral stone location, and an anterior abdominal wall
fat thickness < 23.9 mm [4, 5].

Plain radiograph is also useful as an initial investigation
for severe LUTS with fever and haematuria to exclude a
stone in the bladder or the prostatic urethra. An impacted
stone in the prostatic urethra may appear as a double dumb-
bell structure especially in children [6]. Cases of giant dumb-
bell vesicoprostatic calculi have also been diagnosed in the
adult population in post-retropubic prostatectomy patients
[7] as well as in association with a stricture of the bulbo-
membranous part of the urethra (Fig. 9.2a, b) [8].

X-ray digital tomosynthesis (DTS) is a refined technology
aiming at increasing the sensitivity and accuracy of the stan-
dard X-ray imaging. The basic components of D TS are simi-
lar to those of a simple digital radiography, but it provides
some of the benefits of computed tomography (CT) [7]. It has
widely been studied for lung pathology [9, 10]; its application
to urolithiasis diagnosis is still limited but has shown encour-
aging results [11, 12].
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FiGure 9.2 (a) Erect X-ray KUB of a 38-year-old male patient
showing a giant dumb-bell vesico-urethral calculus and a smaller
urethral stone distally. These were secondary to a stricture of the
bulbo-membranous part of the urethra. From Prabhuswamy VK
et al. [8]. Creative Commons Attribution License. (b). Picture of the
large dumb-bell vesico-urethral calculus and the smaller urethral
stone after their removal via transvesical approach. From
Prabhuswamy VK et al. [8] Creative Commons Attribution License

9.1.2 Intra-venous Urography or Pyelography
(IVU or IVP)

“Intravenous urography is dead. Long live the computerized
tomography!”, so loudly exclaimed some investigators in
2010 [13]. Since this announcement other authors have pre-
pared the IVU coffin [14]. However IVU is still not yet bur-
ied; it has been suggested here and there to be a quicker
means than CT-scan in the emergency department [15], to be
superior to X-ray KUB in the diagnosis of ureteral indinavir
stone [16], or to be more accurate in the diagnosis of retroca-
val ureter [17]. Moreover I'V-contrast medium injection (not
formal departmental IVU) is still used nowadays, though
exceptionally, for localization of a radiolucent ureteric stone
being treated by Extracorporeal Shock-Waves Lithotripsy
(ESWL), when ureteroscopy is not possible or contra-indi-
cated [18]. Nonetheless there are fewer and fewer nostalgic
advocates to stand for IVU today in the era of helical
CT-scan.
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9.1.3 Ultrasonography (U/S) KUB

“Ultra” is a Latin prefix that means “beyond”, “greater”, or
“higher”. Ultrasound refers to sound waves whose frequency
is higher than what can be heard by the human ear. The fre-
quency of audible sounds for humans ranges between 20 and
20,000 Hertz or 20 kiloHertz (kHz). Therefore ultrasounds will
be defined as those having a frequency higher that 20 kHz.
The existence of Ultrasounds was demonstrated for the first
time by the Italian Physiologist Lazzaro Spallanzani who dis-
covered in 1794 that bats use inaudible sounds for hunting and
navigating, introducing the principle of echolocation. Then the
Swiss Physicist Jean-Daniel Colladon used an underwater
church-bell as an ultrasound transducer in 1841 and discovered
that sound travels faster through water than air (indeed, the
speed of sound in water is 4.3 times faster than in air, being
1,484 and 343 meters per second respectively). 'The French
brothers Pierre and Jacques Curie discovered the piezoelec-
tricity in 1880. The Physicists Paul Langevin (France),
Constantin Chilowsky (Switzerland), and Robert William
Boyle (Canadian/British) are credited for the first application
of ultrasounds as they succeeded to generate and detect ultra-
sounds using piezoelectricity in 1916-1917. This launched the
use of sonars (acronym for SOund Navigation And Ranging)
by submarines during World War 1. However it took nearly
three more decades until the first application of ultrasound in
Medicine was performed for the diagnosis of brain tumors by
the Austrian Neuro-Psychiatrist Karl Theodore Dussik in 1942.
Nowadays Ultrasonography is a readily available tool used
for medical imaging in almost all emergency departments. It has
the capability of detecting a variety of abdominal pathologies,
and is very accurate in diagnosing renal and urinary bladder

"The principle of Piezoelectricity (from the Greek verb “piezein”: to press
or to squeeze) can be summarized by the production of electricity by pres-
sure application.Indeed when submitted to high pressure, various solid
materials such as quartz, ceramics, crystals, etc. accumulate a potential
energy that is instantly delivered as an alternating electric current. The
simplest example of piezoelectricity nowadays is a gas lighter. “Reverse or
inverse piezoelectricity” is the faculty of the same solid materials to become
mechanically stressed, i.e. deformed in shape when submitted to electricity.
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stones. It is the recommended modality for detecting urinary
stones in pregnancy where radiating methods are contra-indi-
cated. Also, to avoid the cumulative deleterious effects of
repeated radiation exposure in children during their lives, many
guidelines recommend Ultrasonography as the primary imag-
ing technique in children suspected with urolithiasis [2, 19, 20].

However, in addition to its operator-dependency, the limita-
tion of ultrasonography is the low sensitivity for ureteric stones
which are often not detectable, but will be suspected because of
the symptoms and presence of ipsilateral signs of obstruction
when hydro-ureteronephrosis is present. A novel technique,
namely the native tissue harmonic imaging ultrasonography
has been proposed which aims at improving contrast and spa-
tial resolution although its use is very scarce. When coupled
with a KUB X-ray to define ureteral stones, the sensitivity,
specificity, and accuracy have been shown to improve to 96%,
91%, and 95% respectively, when compared to plain CT [21].
Another drawback of ultrasonography is its tendency to over-
estimate the stone size. The stone shadow width was shown to
give a more accurate stone size than the direct measurement of
the stone itself, and once again harmonic imaging seems to per-
form better than the other Ultrasound modalities, namely the
conventional ray line and the spatial compound, with a one-mm
accuracy comparable to CT-scan [22].

9.1.4 Plain Computed-Tomography (CT)
Scan KUB

Both the British Engineer Godfrey Hounsfield and the
South-African-American Physicist Allan MacLeod Cormack
have been recognized as the inventors of the Computed-
Tomography (CT) scan in 1972, and shared the Nobel Prize
in Physiology/Medicine in 1979.

Etymologically the word tomography derives from the
Greek roots “tomos” which means “section” or “slice”, and
“graphia” which means “image”, “writing”, “drawing” or
“describing”. In Medicine, tomography is a cross-sectional
image of the human body generally using X rays, but the term
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also applies to ultrasonography, positron emission, or mag-
netic resonance imaging.

Non-Contrast-enhanced CT-scan (NCCT), also referred to as
Unenhanced Helical CT-scan (UHCT), is the standard means to
diagnose urolithiasis and is used to assess the accuracy of all
other diagnostic methods. It is the imaging modality of choice
for the diagnosis of urinary stones, due to its high sensitivity (up
to 97%), specificity (>96%), and accuracy (97% ). Furthermore
it can detect extra-urinary causes of acute flank pain, and has
also the advantage of a faster speed of acquisition [23, 24].

However CT-scan is not always available. Moreover it has
a high workload and requires sometimes time-consuming and
complex arrangement with the Radiographer and the
Radiologist for its performance, especially during night
duties and week-ends. In addition, its major drawback is the
use of a significant X-ray load; it is contraindicated in preg-
nant ladies and may be particularly dangerous for children.

The use of low-dose NCCT is an attempt to attenuate the
hazardous effects of this imaging means. A low-dose NCCT
delivers a radiation exposure of only two-fold greater than
that produced by a KUB radiography [2] (Table 9.1).
Nonetheless caution is still required when using NCCT to
diagnose urolithiasis as radiation exposure may lead to
malignancy in 0.5/1000 cases [25], among other deleterious
effects. Therefore the old hippocratic golden principle of
“Primum non nocere” (first,do no harm) as well as the radio-
logical principle of ALARA (as low as reasonably achiev-
able) should always be borne in mind when prescribing or

TaBLE 9.1 Radiation exposure of imaging modalities

Method Radiation exposure (mSv)
KUB radiography 0.5-1

IVU 1.3-3.5

Regular-dose NCCT 4.5-5

Low-dose NCCT 0.97-1.9

Enhanced CT 25-35

mSy milliSievert. From Tiirk C [2]. With Permission from Elsevier
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TaBLE 9.2 Stone density values measured on CT in Hounsfield units
(HU)

Hounsfield units (HU)

Number (%)
Mean £SD Minimum Maximum of stones

CaOxMH 1499 = 269 840 1940 40 (47)
CaOxDH 1505 +221 1050 1800 12(14)
CaP 1106 =220 790 1440 11 (13)
UA 348 + 67 270 450 9 (10)
Cystine 563 +115 320 720 14 (16)

SD Standard deviation, CT computed tomography, CaOxMH cal-
cium oxalate monohydrate, CaOxDH calcium oxalate dihydrate,
CaP calcium phosphate, UA uric acid. From Bulak¢t M et al. [28].
With permission from the Turkish Association of Urology

performing this investigation. This warning is not superfluous:
NCCT was still the first imaging modality in children with
urolithiasis, being performed in 63% of cases in the USA up
to the year 2011 despite the recommendations of several
guidelines for the use of ultrasounds as the primary imaging
technique in the pediatric population! [26, 27].

When interpreting stone characteristics on a CT-scan, the
density definition in Hounsfield Units (HU) is important to
predict its composition. Table 9.2 shows approximate density
values of some common stones [28]. It should be remem-
bered that the densities of air, water, and bone are —1000, 0,
and +1000 HU respectively.

Additional information on the composition of the stone
may be obtained by a color Doppler Ultrasound study where
cystine stones were shown to produce a twinkling artefact
contrary to uric acid. Therefore, cystine composition, as
opposed to UA composition, should be suspected when the
measured density value of the stone is below 780 HU on CT
and there is a grade 3 twinkling artefact intensity observed on
Doppler U/S [28].

A further advantage of CT-Scan is the accurate evaluation
of the stone burden which has a direct bearing in the selec-
tion and success of treatment.
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The three main methods used to estimate the stone burden
are: the cumulative stone diameter, the Ackermann’s formula,
and the sphere formula. A French study has shown that all the
three methods provide good size estimation for stones smaller
than 20 mm, but suggested that calculation of volume, i.e. the
sphere formula should be preferred for stones greater than
20 mm [29]. However the EAU guidelines favor the
Ackermann’s formula (an ellipsoidal algebral formula) [2, 30].

An additional advantage of NCCT is its superiority in
detecting residual stones after PCNL regardless of the stone
size, compared to KUB X-ray and US [31].

Dual-energy computed tomography (DECT) is an
advanced technology with the potential to differentiate uric
acid from non-uric acid stones with almost 100% accuracy for
stones greater than 3 mm in size, and is also very useful in
identifying cystine stones [32, 33].

9.2 Investigations of the Cause

After an anamnesis directed towards the predisposing factors
(acquired or inherited) and a physical examination, the etio-
logical investigations should be focused on metabolic distur-
bances and anatomical abnormalities. A few decades ago, it
was accepted that extensive metabolic evaluation is unneces-
sary in patients presenting with a first renal stone episode,
because the subsequent use of specific drug therapy in those
patients carried specific risks while providing only modest
beneficial effects compared to placebo [34].

Nowadays this dogma has been revisited and currently
accepted guidelines recommend metabolic testing in recur-
rent stone formers, but also in high-risk or interested first-time
stone formers [19]. Also stone analysis should be performed
in all first-time stone formers and repeated in patients with
recurrent lithiasis [2].

However the controversy is not yet over since a recent
publication proposed to differentiate between uncomplicated
and complicated urinary stone patients with the former
group accounting for about 75% [35] (Tables 9.3 and 9.4). The
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TaBLE 9.3 Classification of urinary stone patients as uncomplicated
on the basis of their medical history

Findings

Action

First episode
Age: adult

No anatomic
abnormalities

Probable correlation
with lifestyle

Negative family
history of urolithiasis

Single stone

Cave: History of “frequent kidney pain”
in childhood, but unclear origin

Exclusion of for example, horseshoe
kidney and outlet stenosis

For instance, stone formation at or soon
after a time of unusual stress and specific
compensation reactions

Cave: Hints of possibly undiscovered
stones in family members through
statements such as “There was something,
but I can’t quite remember...”

Assessment with suitable imaging
procedures

From Fisang et al. [35], with permission from the Authors and

Deutsches Arzteblatt

TaBLE 9.4 Classification of urinary stones as high risk

Finding

Action

Age; child or adolescent

Brushite, uric acid/urate,
infectious stones

Chronic psychovegetative
stress

Single kidney

Malformation of the urinary
tract

Disorders of gastrointestinal
function

Consider assessing siblings for
risk of lithogenesis

Bear other accompanying
minerals in mind in diagnosis and
treatment

Establish severity, perhaps with
aid of validated stress-assessment
systems

E.g., Crohn disease, ulcerative
colitis, sprue, chronic pancreatitis,
liver cirrhosis, small bowel
resection
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TABLE 9.4 (continued)
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Finding

Action

High recurrence rate

Hyperparathyroidism (HPT)

Nephrocalcinosis

Positive family history

Primary hyperoxaluria

Renal tubular acidosis

Residual stone fragments

Cystine,

2,8-dihydroxyadenine,
xanthine stones

More than three stones in 3
years. Changes in stone type
(principal and subsidiary mineral
phase) or composition may
indicate alterations in metabolic
conditions

Five forms of HPT, primary to
quinary

Numerous causes, e.g., following
renal tubular acidosis, primary
hyperoxaluria, sarcoidosis, HPT,
chronic glomerulitis

Consider assessing patient’s
children for risk of lithogenesis

Two types, autosomal-recessive
hereditary disease

Test by means of urinary pH
curve, blood gas analysis, and
ammonium chloride load test

Possibly consider endoscopic
means of stone removal,
particularly when the concrement
is of a type that resists
disintegration by ESWL, e.g.,
brushite, cystine, whewellite
Stone formation genetically

determined; lifelong metaphylaxis
is mandatory

ESWL extracorporeal shockwave lithotripsy
From Fisang et al. [35], with permission from the Authors and
Deutsches Arzteblatt International
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authors propose avoiding extensive metabolic studies for the
uncomplicated group but still recommend carrying out gen-
eral investigations based on the type of stone, including a
comprehensive anamnesis of the potential risk factors [36].

9.2.1 Metabolic Abnormalities

The metabolic investigations comprise of a random urine
analysis and microscopy, an analysis of the first-voided morn-
ing urine, and a 24-h urine examination performed without
any specific diet and aiming at defining the following values:
pH, total volume, calcium, oxalate, sodium, potassium, creati-
nine, citrate, etc.

The normal values of 24-h urine examination are pre-
sented in the Table 9.5 [36].

It is worth noting that the urinary pH follows a circadian
rhythm, being acidic in the morning and tending to be more
alkaline in the course of the day, especially after meals. An
alkaline pH (>7) is generally associated with CaP and infec-
tious stones while an acidic one (<5.4) favours uric acid, cys-
tine and CaOx stones.

A nomogram using 24-h urine parameters, including uri-
nary sodium, calcium, oxalate and uric acid, in combination
with patient’s age and BMI (Body Mass Index) was shown to
be a significant predictor of stone composition, especially in
differentiating uric acid from calcium oxalate stones [37].

In 1975 Pak et al. have proposed a “simple” test to differ-
entiate between the absorptive, the resorptive, and the renal
form of hypercalciuria [38]:

A collection of a two-hour urine sample is performed after
overnight fast and a four-hour urine sample after a 1-g cal-
cium load per mouth. Then the patients are tested for cal-
cium, cyclic AMP and creatinine.

e In absorptive hypercalciuria, there is normocalcemia, nor-
mal fasting urinary calcium (less than 0.11 mg per milligram
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TaBLE 9.5 Twenty-four-hour urinary constituents and their ratios in
normal individuals and stone formers

Normal

individuals Stone patients
Parameters (n =25) (n =100)
Volume (mL/24 h) 1650 + 546 2852 + 1435
Oxalate (mmol/24 h) 0.39 £ 0.12° 0.63 + 0.35%
Calcium (mmol/24 h) 4.75 + 2.84° 7.30 £+ 3.99°
Magnesium (mmol/24 h) 3.84 +0.38 3.65+1.22
Citrate (mmol/24 h) 1.59 £ 0.75 1.46 + 0.94
Uric acid (mmol/24 h) 1.74 £ 0.93° 2.49 £1.29°
Phosphate (mmol/24 h) 2833 £ 18.15* 21.94 + 10.67°
Creatinine (mmol/24 h) 9.72+222  10.54 +2.84

Oxalate/Creatinine (mmol/24 h)  0.04 + 0.02° 0.07 £ 0.04°
Calcium/Creatinine (mmol/24 h)  0.48 + 0.26° 0.73 + 0.43°

Magnesium/Creatinine 0.40 = 0.09 0.38 +0.19
(mmol/24 h)

Citrate/Creatinine (mmol/24 h) 0.18 £0.12 0.15 +0.12
Uric acid/Creatinine (mmol/24 h)  0.18 + 0.10 0.26 + 0.20

Phosphorus/Creatinine 3.00 = 1.75° 2.27 £ 1.30°
(mmol/24 h)
Magnesium/Calcium 1.16 = 0.73¢ 0.63 + 0.37¢
(mmol/24 h)
Citrate/Calcium (mmol/24 h) 0.52 +0.412 0.28 + 0.30?

Statistical analysis performed by Student’s t test

The data are expressed as Mean + S.D.

ip <0.01

*p < 0.05

°p < 0.001

From Kumar R et al. [36], with permission from Springer
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of urinary creatinine), and high urinary calcium (>0.2 mg
per milligram of creatinine) after the calcium load.

e In primary hyperparathyroidism (resorptive hypercalci-
uria), there is hypercalcemia, high fasting urinary calcium,
and high urinary cyclic AMP (>4.60 pmoles per gram of
creatinine) after calcium load.

¢ In renal hypercalciuria, there is normocalcemia, high fast-
ing urinary calcium, and high or higher-normal urinary
cyclic AMP (>6.86 pmoles per gram of creatinine), normal
fasting urinary cyclic AMP.

Urinary cyclic AMP evaluation was formerly an invalu-
able method to reach to the diagnosis of parathyroidism
[39, 40]. It is however seldom assayed nowadays and has
been replaced by the measurement of the intact parathor-
mone (PTH) in order to determine primary hyperparathy-
roidism in the presence of hypercalcemia as per the
following protocol [41]: Low-calcium diet 3 days before the
calcium load test (CLT) — CLT of 1 gm Ca/50 kg — mea-
surement of intact parathormone and ionized calcium at 0,
1,2, and 3 h after CLT. PTH is suppressed in patients with
normal parathyroid function at 3-h, while those with hyper-
parathyroidism have a rebound of PTH after a transient
decline at 2-h.

9.2.2 Crystalluria

The determination of stone composition has already been
discussed earlier. This study implies providing the biochemis-
try Physician or the laboratory technician with a stone sample
after its spontaneous passage or surgical retrieval. Nowadays
this procurement is hindered by technological advances that
allow endourological treatment with complete intra-corporeal
stone disintegration. The same drawback is observed when
vaporizing a prostatic adenoma with Laser as no specimen
will be available for histopathology.
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Nonetheless, microscopic crystals can sometimes be identi-
fied in a urine specimen, and this provides possible sugges-
tions as to the stone composition and contributes to the
etiological diagnosis [42, 43].

The term “Crystal” is derived from the ancient Greek
word “kpoctarrog” (pronounced “kristallos”) which means
“clear ice”. In the context of urinary stones, it refers to the
solid phase of the stone, i.e. the hard component, as opposed
to the organic phase or matrix.

Crystalluria is best studied on the whole volume of the
first voided urine in the morning because of a good concen-
tration of urine, and determination of the urine pH is essen-
tial for their interpretation [42, 43]. When present, a
comprehensive examination of crystals should be under-
taken for their identification, quantification and size, using a
microscope equipped with polarized light or even utilizing
infrared spectroscopy for unusual crystals [42, 43]. The main
crystals identifiable in urine include calcium oxalate, calcium
phosphate, uric acid and urate, struvite, and aminoacids
(cystine). Rarer ones are purines (2,8-dihydroxyadenine and
xanthine) and drugs-associated [42, 43] (Figs. 9.3,9.4,9.5,9.6,
and 9.7).

Furthermore a study has shown the usefulness of follow-
up serial crystalluria analyses in determining the future risk
of stone recurrence in patients presenting with urolithiasis
for the first time. After a prospective evaluation of 205 cal-
cium stone formers for a median duration of 7 years, Michel
Daudon et al. found that the presence of crystals in 50% or
more of urine samples was associated with stone recur-
rence in 87% of cases, whereas only 9% of patients with
less frequent crystalluria developed stone recurrence [43]
(Fig. 9.8).

2Urate is defined as a salt of uric acid, i.e. a combination of uric acid
with another element, usually the sodium, but also calcium and
ammonium.
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FIGURE 9.3 Calcium oxalate crystals. (a) Whewellite crystals with the
typical ovoid shape. (b) Typical octahedral (bipyramidal) crystals of
weddellite and a small red-cell like crystal of whewellite (arrow). (¢)
Elongated hexagonal crystals of whewellite as found in the urine of
patients after the ingestion of ethylene-glycol. (d) Octahedral and
dodecahedral (arrow) crystals of weddellite. From Daudon M and
Frochot V [42], with permission from De Gruyter and the Authors

9.2.3  Anatomical or Structural Abnormalities

Imaging studies are needed to detect any abnormality that
may be the direct cause of the stone formation or a contribu-
tor to the lithogenesis.

Although U/S is generally used to initiate the diagnosis,
CECT is the investigation of choice for a final and accurate
definition of abnormalities of the upper urinary tract, includ-
ing narrow calyx, calyceal diverticulum and PUJ obstruction.
When further definition of the upper urinary tract is needed,
a retrograde pyelogram (RGP) may be indicated, but this
invasive modality is seldom performed alone nowadays.

For bladder stones, uroflowmetry and ultrasonographic
determination of the post-voiding residual volume of the
bladder are mandatory. Large solitary spiky (Jackstone) or
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FIGURE 9.4 Calcium phosphate crystals. (a) Amorphous granula-
tions of carbonated calcium phosphate. (b) Asymmetrical rod-
shaped crystals of calcium hydrogen phosphate dihydrate (brushite).
(¢) Crystal aggregate of brushite intermingled with weddellite
(arrows). From Daudon M and Frochot V [42], with permission from
De Gruyter and the Authors

multiple roundish stones are commonly seen in the bladder
secondary to bladder outlet obstruction.

When there is history and/or physical signs suggesting neu-
rological causes for the bladder voiding dysfunction, urody-
namic studies are indicated.

Note: Bladder stones are generally classified into two cat-
egories: Primary and secondary.

— Primary bladder stones may be totally formed de novo
inside the bladder or their nuclei may have been formed in
the kidneys before they migrate and further grow-up
inside the bladder. In both cases they are considered pri-
mary because of the absence of local causes such as
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FiGURE 9.5 Uric acid crystals. (a) Typical lozenges of uric acid dihy-
drate crystals. (b) Amorphous uric acid granulations. (¢) Correlation
between uric acid dihydrate crystals and urinary pH. (d) Correlation
between amorphous uric acid granulations and uricosuria. From
Daudon M and Frochot V [42], with permission from De Gruyter
and the Authors

obstruction, infection, foreign bodies or neurogenic blad-
der. These stones are endemic and generally affecting the
pediatric population. They are found in developing African
and Asian countries in association with malnutrition, diar-
rheal disease, chronic dehydration, and are mostly made of
ammonium acid urate which can be mixed with CaOx and
CaP [44, 45]. This disease in mostly found in children
below 10 years with a peak at 2—4 years and boys are more
commonly affected than girls with a male/female ratio of
12-13:1 [46, 47].

Secondary vesical calculi are caused by bladder outlet
obstruction or any other local cause including diverticulum,
neurogenic bladder, foreign body, catheterization or trauma.



9.2 Investigations of the Cause 149

FIGURE 9.6 Struvite crystals as seen under polarized light. (a)
Coffin-shaped crystal of struvite. (b) Rod-shaped and coffin-shaped
crystals of struvite. (¢) A hexagonal crystal of struvite and small
agglomerates of amorphous carbonated calcium phosphate grains.
(d) Trapezoidal crystals of struvite. (e) A large X-shaped crystal of
struvite with birefringent small aggregates of ammonium hydrogen
urate crystals (black arrows). From Daudon M and Frochot V [42],
with permission from De Gruyter and the Authors
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FIGURE 9.7 Uncommon crystals. (a) Cystine crystals. (b)
2,8-dihydroxyadenine crystals as seen by polarized light. (¢) Diamond-
shaped crystal of N-acetylsulfamethoxazole hydrochloride very simi-
lar to uric acid dihydrate crystals. (d) Oval-shaped crystal of
N-acetylsulfamethoxazole hydrochloride very similar to whewellite.
(e) Hexagonal crystals of N-acetylsulfamethoxazole hydrochloride
that may easily be misidentified as cystine crystals. (f) Needle-shaped
crystals of atazanavir surrounded by leukocytes. From Daudon M and
Frochot V [42], with permission from De Gruyter and the Authors

9.3 Investigations of the Aftermath
of Urolithiasis

Once the diagnosis of urolithiasis has been ascertained and its
cause eventually elucidated as accurately as possible, the
Urologist’s next aim is to evaluate the local and systemic con-
sequences of the stone disease, either as a single episode or a
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recurrent phenomenon. The detrimental effects arising from
the presence of a stone in the urinary system can be detected by
serum renal function tests or by functional and anatomical
imaging tests. However it is important to note that functional
imaging studies should be reserved only for selected patients in
whom there is a strong suspicion of kidney scarring or ureteral
stenosis with compromised renal function [48]. The importance
of these studies is first medico-legal as they allow one to define
the baseline function of the affected kidney before performing
any procedure;secondly there is an obvious practical interest as
a non-functioning kidney would necessitate a nephrectomy
rather than a treatment limited to the stone.

9.3.1 Laboratory

Blood urea and creatinine, and evaluation of the esti-
mated glomerular filtration rate (¢eGFR): Recurrent kid-
ney stone formers have been shown to have a chronic
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kidney disease prevalence of 9.3% compared to 1.3 % for
a control group [49].

Urine culture is also important to evaluate chronic UTI
which correlates with persistent stones.

9.3.2 Isotope Renogram Tests

9mTc-MAG3 (mercaptoacetyltriglycine or mertiatide), ™ Tc-
DMSA (dimercaptosuccinic acid), “™Tc-DTPA (diethylene-
triaminepentacetic acid), 131-iodine labelled OIH
(Ortho-iodohippurate), " Tc-Glucoheptonate, EC (ethylcys-
teine) etc.

Radiopharmaceuticals aiming to assess renal function and
anatomy are traditionally categorized into three groups [50]:

e Those excreted by glomerular filtration: ™ Tc-DTPA

e Those excreted by tubular secretion: B!I-OIH,
9mTec-MAGS3.

e Those retained in the renal tubules for long periods:
“mTc-DMSA.

— ”“"Tc-MAG3 is presently the preferred radio-tracer
because it is predominantly secreted through renal
tubules with only a small amount being filtered through
glomeruli due to its considerable protein binding [51].
Its extraction fraction (the percentage of the agent
extracted with each passage through the kidney) is
40-50%. It provides excellent images of the kidney
including scars, and gives also good ureteric visualiza-
tion in many cases allowing one to diagnose obstruc-
tion. Usual dose: 70-120 MBq (2-3 mCi) [50, 51].

— 1Z[-Hippuran (*'I-OIH) was the reference standard in
the 80s, but the high cost has precluded its distribution
nowadays. It is excreted primarily by the renal tubules.
Usual dose: 20 MBq (=0.5 mCi) [51].

— ¥mTc-DTPA has the advantages of cheapness and ease
of production. It is cleared by the glomerulus and can
therefore be reliably used for GFR measurement.
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However it is a slow agent with a very low extraction
fraction of only 20%, making it unsuitable in patients
with impaired renal function. The curve forms and
diuretic responses of *™ Tc-DTPA are also more diffi-
cult to interpret than those of MAG3 and '*I-hippuran.
Usual dose: 70-120 MBq (2-3 mCi) [50, 51].

— ¥mTC-DMSA is an excellent cortical imaging agent due

to its long retention in the renal tubules. About 40% of
the injected dose binds to the renal cortex. It provides
therefore high-quality anatomic images which are
needed to diagnose pyelonephritis. It is unsuitable for
the study of obstruction [50].

9.3.3 Retrograde Pyelography

Helps to define a ureteric stenosis and other anatomical
abnormalities in the urinary tract, but should be performed
only if there is clinical suspicion and possibility of a concomi-
tant endourological intervention for final treatment or alle-
viation of the symptoms.
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Chapter 10

Differential Diagnosis
of Urolithiasis

“If you’re not confused, you’re not paying attention.”

Tom Peters (1942-)

The differential diagnosis of urolithiasis includes all the
causes of abdominal pain, dysuria, haematuria, and hydroure-
teronephrosis. They also include all entities susceptible to be
mistaken for stones on imaging investigations.

1. Abdominal pain:

(a)

(b)

Appendicitis is the most commonly encountered alter-
native diagnosis competing with urolithiasis in the
acute presentation. The pain pattern may help to dif-
ferentiate the two entities: appendicitis causes a con-
tinuous pain in the right iliac fossa at the McBurney’s
point often with a localized peritonitis (positive
rebound sign), whereas urolithiasis causes colicky pain
in the corresponding loin and flank, which can radiate
to the ipsilateral iliac fossa and external genitalia
(hemiscrotum or labium majus). Moreover it is well
known in semiology of the acute abdomens that the
renal patient is agitated and shouting, while the perito-
neal one is prostrated and sick looking.

Lumbar pain from any etiology is another common
differential diagnosis of urolithiasis, either in an acute
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or chronic presentation. The causes can be osteo-
muscular or neurological as seen in lumbar disc pro-
lapse. A very rare case of severe unilateral loin to groin
pain due to an acute paravertebral lumbar compart-
ment syndrome has been reported after weightlifting
exercises [1].

Other causes of pain that can be confused with uroli-
thiasis are: acute epididymitis, testicular torsion, retro-
peritoneal fibrosis, acute cholelithiasis, cholecystitis,
diverticulitis, pancreatitis, large or hemorrhagic renal
cyst, inflammatory bowel disease, papillary necrosis,
peptic ulcer, pyonephrosis, cystic fibrosis [2], viral
gastro-enteritis, bowel obstruction, Henoch-Schonlein
purpura [3], acute renal infarction (e.g. secondary to
atrial fibrillation) [4], Fitz-Hugh-Curtis syndrome, and
various gynaecological pathologies such as pelvic
inflammatory disease, salpingitis, oophoritis, ovarian
cyst torsion, ectopic pregnancy,endometriosis. Ureteral
endometriosis produces periodic ipsilateral pain, hae-
maturia and hydrouretero nephrosis.

A rare cause of loin pain is the “nutcracker syn-
drome” also referred to as “left renal vein entrapment”.
The left renal vein crossing in front of the aorta is com-
pressed anteriorly by the superior mesenteric artery
arising from the anterior aspect of the aorta [5]. There is
also a so-called “posterior nutcracker” where a ret-
roaortic or circumaortic left renal vein is compressed
between the aorta and the vertebral column [6]
(Fig. 10.1).

Another extremely rare case of acute loin pain is
the obstructive uropathy associated with ureteral her-
niation. This has been described in elderly patients and
the most commonly encountered hernial site is the
inguinal canal. However few cases of ureteral hernia-
tion through femoral canal and greater sciatic foramen
have also been reported [7, 8] (Fig. 10.2a—d).
Munchausen syndrome: Named after Baron
Munchausen, a fictitious character created by the
German writer Rudolf Erich Raspe (1737-1794), and
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Interior
i

FiGure 10.1 Axial MRI and CT-scans showing compression of the left
renal vein between the aorta and the vertebral column in a 45-year
female patient complaining of intermittent left loin pain. Courtesy Dr
Salim Al-Busaidy, Urology, the Royal Hospital, Muscat, Oman.

Note: In this case the left renal vein courses in a descending pathway
reaching the level of L3 vertebra before it joins the inferior vena
cava. This is not uncommon for retrocaval veins [9]

based on a real baron, Karl Friedrich Hieronymous
von Miinchhausen (1720-1797), nicknamed “the baron
of lies” (“Liigenbaron” in German) [10]. This is a syn-
drome of factitious illness, associated with self-inflicted
signs of disease such as haematuria. The individuals
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FiGURE 10.2 (a-d) A Computer tomography showing marked
hydronephrosis of the left kidney and hydroureter to the level of the
sciatic notch. The left ureter (arrow) is herniating through the greater
sciatic foramen and is seen posteriorly and lateral to the ischial
spine. From Tsai PJ et al. [8], with permission from Elsevier

exhibiting this syndrome often wander from hospital
to hospital in an attempt to renew attention to their
condition. They may also present false calculi picked
up on the ground in an attempt to make their drama
credible [11].

Some characteristicfeatures differentiate Munchausen
syndrome from malingering or hysteria [11]:

e Imposture: bizzare stories with fantastic past
experiences and unusual life-styles

e Patients wandering from place to place

¢ Intelligent patients: For example, they will claim
to have history of radiolucent stone and to be
allergic to IV-contrast in order to avoid being
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proven wrong by investigations.! They anticipate
the questions and answers of young inexperi-
enced doctors.

e Masochistic and self-destructive behavior. The
patients accept painful and potentially danger-
ous diagnostic and operative procedures in order
to preserve their “cover”.! This extremist or
die-hard attitude is not seen in malingering and
hysteric patients.

2. Dysuria: Lower urinary tract infection and obstruction.

3. Haematuria: Renal arteriovenous malformation, renal
vein thrombosis, renal cell carcinoma, upper tract urothe-
lial carcinoma, urinary tuberculosis, haematological disor-
ders (Henoch-Shonlein purpura), nutcracker syndrome,
etc. Haematuria arising from the upper tract can also give
colicky pain due to blood clots passage. In Munchausen
Syndrome, patients may bite their lips or prick their gums
or fingers with a needle to provoke bleeding that is then
used to stain their urine [11].

4. Hydroureteronephrosis: PUJ obstruction (usually unilat-
eral), retroperitoneal fibrosis (bilateral), urinary tubercu-
losis, advanced pelvic malignancy, any cause of ureteral
stricture, ureteral herniation, etc. There is a dull continuous
pain accompanying these pathologies.

5. Entities that can be mistaken for stones on imaging studies
include:

(a) Phleboliths:These are mostly encountered in the pelvic
region and can mimic a lower ureteric stone on a KUB

"Nowadays, with the widespread use of Unenhanced CT-scans, it is
extremely rare to undertake surgical procedures for urinary stone with-
out confirmation of the diagnosis. The comedy of patients with
Munchausen syndrome has become easy to discover obliging them to
frequently change hospitals, cities or even states in order to regain atten-
tion from a new audience elsewhere.
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X-ray. An old study of 1000 subjects aged 16-79 years
showed a prevalence of pelvic phleboliths in 44.2%
of the subjects (37.3% of the males and 50.1% of the
females) [12]. Phleboliths number increase with age
and their distribution in the pelvic region is not sym-
metrical, being more frequent on the left side than on
the right (Fig. 10.3). They are also found in association
with venous malformations (Maffucci and Klippel-
Trenaunay syndromes etc.) [13, 14].

Phleboliths can also be seen in the suprapelvic or
abdominal area where their frequency was shown to
reach 2% of plain radiographs, raising confusion with
upper ureteric stones. Herein the affected patients
were all multiparous females, and the underlying

FiGure 10.3 X-ray KUB showing multiple left mid and lower ure-
teral calculi (C) and phleboliths (P). Note the characteristic round-
ish shape and radiolucent center of phleboliths as well as their
predominance on the left side (Courtesy Salim Al-Busaidy, Urology,
the Royal Hospital, Muscat, Oman)
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FIGURE 10.4 1 and 2. Intra-operative fluoroscopies showing an
open-ended ureteral catheter abuting on a left upper ureteric calcu-
lus while suprapelvic phleboliths (of ovarian veins) are well seen
lateral to its path on both sides. 3. X ray KUB of the same patient
showing a DJ stent in situ with a small residual left upper ureteric
stone (partially fragmented during ureteroscopy) and the suprapel-
vic phleboliths seen laterally. The patient was a 54-year old multipa-
rous and diabetic woman who presented with an obstructed left
kidney. Courtesy Salim Al-Busaidy, Urology department, The Royal
Hospital, Muscat, Oman

pathologies were pelvic masses, hepatic disease, portal
hypertension, or varices [15] (Fig. 10.4).

Some radiological features help to differentiate
between ureteral calculi and phleboliths:

e The roundish shape and the characteristic radio-
lucent center of phleboliths are generally easily
noticeable on plain X-ray KUB (Fig. 10.3).



166  Chapter 10. Differential Diagnosis of Urolithiasis

However it is important to remember that the
low attenuation-center of phleboliths is not pres-
ent on routine clinical CT examinations [16].

The rim and comet-tail signs: A soft tissue rim
sign around a calcific focus helps identifying ure-
teral stones while phleboliths have a comet-tail
shape. However there are interobserver discor-
dances even among Radiologists raising ques-
tions about the reliability of these signs [17].

To reduce the interobserver bias, a recent study has
demonstrated a good correlation between phleboliths
and cut-off values of less than 171 mm? volume and 643
HU density (Table 10.1) [18].

Phleboliths can also be encountered in remote ana-
tomical regions, such as the calves, but these will not be
discussed as a differential diagnosis with urolithiasis.

(b) Renal vein thrombosis

(Fig. 10.5a—d).

with calcification [19]

TaBLE 10.1 Differentiation of distal ureteral stones and pelvic
phleboliths using cut-offs of 171 mm? size and 643 HU density

Density and Distal

size of pelvic ureteral

radio- Phlebolith stone [n Total

opacities [n (%)] (%)1] [n (%)] p Value
<643 HU and 48 (92.3 6(11.5 %) 54 (51.9 0.0001
<171 mm? %) %)

<643 HU and 0(0 %) 7 (13.5 %) 7 (6.7 0.0126
>171 mm? %)

>643 HU and 4(77 %)  7(13.5 %) 11 0.5256
<171 mm? (10.6%)

>643 HU and 0(0 %) 32 (61.5 32 (30.8 0.0001
>171 mm? %) %)

Total 52 (100%) 52 (100%) 104

From Tanidir Y et al. [18] with permission from Springer
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FiGURE 10.5 (a—d) Computed tomography (CT) of left renal vein
calcified thrombus. (a) The NCCT suggests a left upper ureter calcu-
lus (but no hydronephrosis!). (b) The contrast enhanced CT indi-
cates a hyperdense mass in the left renal vein. (¢) The
contrast-enhanced CT reveals peripheral veins (red arrow) around
the left renal hilum. (d) The three-dimensional CT clearly displays
the calcified left renal vein thrombus with varicose ovary vein (white
arrow). Note: This 38-year-old woman presented with sudden onset
of left flank pain and nausea, and was found to have microscopic
hematuria. Initial diagnosis of a “left kidney stone” was made after
Ultrasonography in a regional hospital and the patient underwent
ESWL which failed. She was then referred to a tertiary care hospital
for PCNL. A NCCT-scan showed the “stone” to be in the upper
ureter but surprisingly no hydronephrosis was noted. Only CECT
and CT-angiography allowed the treating team to reach the correct
diagnosis!. Further management consisted of active monitoring with
periodic ultrasonography and symptomatic treatment, and the
patient had a good clinical course. From Wang Y et al. [19]. Creative
Commons Attribution License
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(c) Calcified renal artery aneurysm. This can mimic a renal
pelvis stone on 2-D dimension representations, such as
X ray KUB, U/S and IVP. A CT-scan is of paramount
importance to rule out this rare pathology before
embarking in a dangerous extracorporeal shockwave
lithotripsy (ESWL) for what is believed to be a stone
[20,21] (Fig. 10.6a—c).

(d) Renal milk-of-calcium (MOC) cysts: This entity was
first described in the literature by Liidin and Howald in
1940 [22]. Formerly reported rare findings, MOC cysts

FiGURE 10.6 (a) Duplex ultrasonographic examination shows a
hyperechoic focus in the left renal pelvis with acoustic shadow
(arrow). (b) Images from intravenous pyelography. (A) A plain
abdominal radiograph showed a left-sided renal calcification
(arrow). (B) After injecting contrast medium, intravenous pyelogra-
phy showed left hydronephrosis due to compression of the pyelo-
ureteral junction by a 25-mm calcification (arrow). (¢) Images from
computed tomography. (A) The noncontrast scan shows a mass with
a calcified rim. (B) The contrast-enhanced scan shows partial filling
of the mass. (C, D) The coronal image and 3-dimensional recon-
struction clearly show the aneurysm, which was located at the first
bifurcation of the left renal artery and involved the posterior seg-
mental artery. From Chen S et al. [21] with permission from Elsevier
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FIGURE 10.6 (continued)

are observed quite often nowadays with the increase
awareness of Radiologists and Urologists. They con-
sist of colloidal suspensions of calcium salts to which
the predisposing factors are stasis, obstruction (by a
true stone for example), and infection. They typically
appear as spherical radiopaque structures on supine
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X-ray KUB and are “half-moon-shaped” on standing
beam radiography. These gravity-dependent structures
appear on U/S as echogenic shadowy material in caly-
ceal cysts or diverticula, and exhibit on CT-scan either a
fluid level or a semi-lunar pattern with characteristically
low density values, ranging from 100 to 600 HU [23-26]
(Figs. 10.7a, b, 10.8a—c, and 10.9a, b). It is important to
recognize this entity in order to avoid unnecessary and
potentially hazardous procedures like ESWL. The ter-
minology of milk-of-calcium stone has also been used
by some authors [26]. MOC cysts generally don’t require
any treatment or further follow-up. However they can
be associated with a UTI, and may also become symp-
tomatic. In these scenarios, they may justify a PCNL
with suction and retrieval of their contents; however
the open approach appears to be an overtreatment for
these colloidal microliths-containing materials [26].
Gallbladder stones: these are rarely radiopaque and
can then be mistaken for right renal stones on a KUB
X-ray (Fig. 10.10a—c).

FiGURE 10.7 (a) Milk of calcium in supine abdominal radiograph.
(b) Milk of calcium in standing abdominal radiograph. From Liu KL
et al. [25]. With permission from Elsevier
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FiGUre 10.8 (a—¢) CT-scan from three different patients showing

MOC with typical fluid level. From El-Shazli [26], with permission
from Springer-Verlag

(f) Others: Gastro-intestinal foreign body, fecalith or
fecolith or coprolith, -especially appendicolith? [27,
28], paragonimus calcified ova [29].

2Appendicoliths are generally seen well lateral to the sacroiliac joint on
abdomen radiographs and have roundish shapes avoiding confusion
with a ureteric stone but not with an ectopic kidney stone. However they
may sometimes be more medial when located at the tip of a long and
mobile appendix. Moreover in case of appendicular perforation, an
appendicolith can extrude outside the appendix lumen and become free
in the peritoneal cavity. If inadvertently forgotten during surgery, this
“retained appendicolith” may migrate to ectopic sites (even in the chest
cavity!) where it has the potential to cause localized infection and
abscess formation [30]. An abdominal X ray may show this “wandering
radio-opaque structure” lying over the ureteric path, adding to confu-
sion with a urinary stone. CT-scan is indicated to clarify this diagnosis.
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FIGURE 10.9 (a and b) CT-scan showing MOC with semilunar pat-
tern in two different patients. An associated left upper ureteral stone
is seen on the figure (b). From El-Shazly M. [26] with permission
from Springer-Verlag

Figure 10.10 The KUB Radiograph (a) of a 53-year old woman
shows multiple left kidney (LKS) and right ureteral stones (RUS).
The patient was also thought to have a right renal calculus until
plain NCCT scan showed that it was in reality a gall-bladder stone
(GBS) (b and ¢) (Courtesy Salim Al-Busaidy, Urology, The Royal
Hospital, Muscat, Oman)
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FIGURE 10.10 (continued)
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Chapter 11

Treatment of Urolithiasis

“Challenges in medicine are moving from ‘Treat the symptoms after
the house is on fire’ to ‘Can we preserve the house intact?’”

Elizabeth Blackburn (1948-) (Nobel Prize in Physiology/
Medicine in 2009)

This section will be approached systematically starting with
the management of incidentally discovered urinary stones,
then the treatment of a painful episode of urinary stones pre-
senting in the emergency department as well as the manage-
ment of obstructed kidneys with sepsis. Thereafter we will
discuss the various active modalities performed when symp-
toms persist, or when at first glance the stone appears not to
be prone for spontaneous passage. Active stone removal is
also recommended when there is stone growth, de novo
obstruction, or associated infection [1]. We will also develop
the topic of dietary and medical preventive measures and will
give a brief account on phytotherapy.

11.1 Management of Incidentally Discovered
Urinary Stones (Non-obstructive
and Asymptomatic)

1. Renal or ureteral stone <5 mm: Active surveillance (AS) is
the best and the most cost-effective way to manage these
stones as long as they remain asymptomatic, due to their
likelihood to pass spontaneously.
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2. Renal stones 5-10 mm: Extracorporeal ShockWave
Lithotripsy (ESWL) is the first-line treatment [1, 3]. AS
still applies but the patient must be warned about the pos-
sibility of these stones persisting in their position and, more
worrisomely, the potential to get stuck during their descent
through the ureter and cause obstruction. A study of the
natural history of 160 nonobstructing asymptomatic renal
stones measuring around 3-11 mm (average 7 mm) was
conducted over an average period of 3 and a half years;
symptoms developed in 28% of cases during follow-up and
obstruction occurred in 3% only. Less than 20% of the
cases underwent surgery and 7% of stones passed sponta-
neously, while the rest of the stones remained unchanged
[2]. In this study, besides the stone size, the only significant
predictor of spontaneous passage or symptom was shown
to be the stone location; upper and mid polar renal stones
being more likely to become symptomatic and to pass
spontaneously than lower pole stones.

3. Uncomplicated ureteral stones <10 mm: Observation, and
in distally located stones, medical expulsive therapy with
a-blockers is advised [3].

4. Renal stones 10-20 mm: ESWL, except for lower calyceal
position, where flexible URS and PNCL are more effective
options [1, 3]. Again AS can apply in special cases: patient
reluctance or lack of medical fitness.

5. Ureteral stones >10 mm: Rigid ureteroscopy and in-situ
lithotripsy. ESWL is an option if the patient is unwilling or
unfit for endourology (very advanced age) [3].

6. Renal stones 20-30 mm: No place for ESWL here [3].
RIRS or PCNL are the best solutions [2, 3]. Again AS can
apply in special cases: Patient unwillingness or unfitness
(very advance age etc.).

7. Stones >30 mm: PCNL or open pyelolithotomy/nephrolitho
tomy. Rarely multi-sessions RIRS can be proposed (high
volume center), but not for stone >40 mm.

When renal stones are kept under active surveillance, it is
recommended to re-evaluate the disease after 6 months, then
perform an annual follow-up of symptoms and stone status
using U/S, X-ray KUB or CT [1].
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11.2 Treatment of a Painful Episode
of the Stone Disease

11.2.1 Symptomatic Treatment

A Cochrane meta-analysis including 87 studies for a total of
10,217 participants has shown that Nonsteroidal anti-
inflammatory drugs (NSAIDs) significantly reduced pain
compared to antispasmodics (Hyoscine); and among NSAIDs,
Indomethacin and Lysine acetyl salicylate (Aspegic®, a solu-
ble salt of Aspirin) were found to be the least effective.
Conflictual results were obtained when comparing combina-
tion therapy of NSAIDs plus antispasmodics with NSAIDs
alone, however the majority showed that the addition of
antispasmodics to NSAIDS does not result in a better pain
control. No significant difference in pain recurrence at 72 h
was observed when comparing IM Piroxicam (Feldene®)
alone with the combination of IM Piroxicam with
Phloroglucinol (Spasfon-Lyoc®), and none between IM
Piroxicam and IV paracetamol. No major adverse effects
were reported in the literature during the use of NSAIDs for
treatment of renal colic [4].

We can conclude from this study that NSAIDs such as IM
Diclofenac (Olfen®, Voltaren®), or IM Piroxicam (Feldene®),
as well as IV Paracetamol can be considered as the first-line
drugs for pain control in renal colic. However when the pain
is severe and doesn’t respond to these drugs, narcotics should
be used as a second line, namely Tramadol, or Pethidine, or
even Morphine as recommended by the EAU panel [1].
There should be a constant reminder that NSAIDs are to be
avoided in the presence of renal failure and their repetitive
or continuous use should be avoided in all patients.

11.2.2 Medical Expulsive Therapy

Medical expulsive therapy (MET) is indicated for distal ure-
teral stones. The drugs act by relaxing the smooth muscle of
the ureter, causing an increase in the physical force proximal
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to the calculus and a decrease of resistance distally, enhancing
the antegrade stone progression.

The two most important factors in predicting stone pas-
sage are the size and the site of the stone:

(a) Passage rates of 68 and 47% have been reported for
stones measuring <5 mm and 5-10 mm respectively [1, 5].

(b) Stone passage is more likely for vesicoureteric stones
than for more proximal stones with reported passage
rates of 89.7% and 75.2% respectively [6].

The most used drugs are a-1 adrenergic receptor blockers
which have the biggest effect on anatomical sites known to
harbor the highest a-adrenoreceptors density, i.e. the distal
ureter and the bladder neck. Nowadays Tamsulosin (Omnic®)
is the most widely prescribed drug of this family at an adult
dose of 400 pg HS daily. Other drugs of this family which
demonstrated effectiveness are S5-methylurapidil [7] and
Alfuzosin [8].

However the effects of Tamsulosin are hindered by its slow
action: It does not increase the stone passage rate within a
week [9]. Moreover the effect of 0.4 mg of Tamsulosin daily
was not proved to be superior over placebo for distal ureteric
stone less than or equal to 5-mm in terms of spontaneous pas-
sage and its effectiveness was shown only for larger stones
(5-10 mm) [6].

Further controversy was raised by the SUSPEND trial
conducted in 24 British NHS hospitals in 2015 which showed
that the use of Tamsulosin does not increase the rate of ure-
teric stone passage even over a 4-week period [10]. However
a recent meta-analysis including 55 randomized controlled
trials has supported the current guidelines on the use of
alphablockers for ureteric stones measuring >5 mm, and also
showed effectiveness of these drugs regardless of the stone
location (including upper, middle or lower ureter) [11].

Silodosin (Rapaflo®) is a novel highly selective alA-
adrenoceptor blocker with promising effectiveness in MET
for ureteral stone as shown in another meta-analysis [12].
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This study suggested superiority of Silodosin at the dose of
8 mg/day for 3-8 weeks over other selective al-adrenergic
receptor antagonists such as Tamsulosin 0.4 mg/day or
Naftopidil (Flivas®) 50 mg/day, and compared to inactive
placebo, in terms of stone expulsion rate, time to stone
expulsion, and analgesic requirements. However the num-
ber of studies included in this meta-analysis was small and
the authors themselves do recognize the need for more
high-quality trials with larger sample sizes to fully establish
the role of Silodosin in the treatment of distal ureteral
stones.

A common side effect of alpha-blockers is the retrograde
ejaculation; however patients should be reassured that this is
a reversible side effect and normal ejaculation is restored
after cessation of the medication.

Another family of drugs used in MET consists of calcium—
channel blockers which aim at “softening” the ureteral
smooth muscles, resulting in the dilatation of this hollow
tubular organ. The most frequently mentioned drug in this
family in Nifedipine (Adalat®) [7].

Cortico-steroids form the third group of drugs pro-
posed for stone expulsion because of their anti-edematous
effect; however NSAIDs were shown ineffective for this
purpose [13].

11.2.3 Management of an Obstructed Kidney
with Sepsis

An acute kidney obstruction should be suspected whenever
the patient presents with severe pain and U/S or CT-scan
shows a dilated pelvicalyceal system (PCS) and ureter proxi-
mal to the stone. When in addition to the above signs, the
patient develops fever or chills often associated with a high
leucocyte count and/or raised C-reactive protein, this indi-
cates sepsis. Pain control is no longer the sole goal, and direct
treatment of the stone is not a priority, and the focus of atten-
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tion must be to decompress and drain the obstructed kidney
urgently. In this scenario, blood should be rapidly taken for
urea and electolytes, full blood count, aerobic and anaerobic
cultures and coagulation profile. Empirical Intravenous (IV)
broad spectrum antibiotics are initiated such as third
Generation Cefalosporin or Tazocin, and vitals sign
monitored.

The urgent need for kidney drainage cannot be over
emphasized in order to prevent serious complications
associated with pyonephrosis such as septic shock and
multiorgan failure especially in elderly or debilitated
patients.

Two options exist to decompress the obstructed kidney:
percutaneous nephrostomy (PCN) and retrograde placement
of a ureteral stent. It is commonplace to prefer the insertion
of a PCN tube in a septic scenario as it appears to be a rapid
procedure not requiring general anesthesia, availability of an
Operating Theater (OT) room, or pre-assessment by an
Anesthetist. It is also more adequate for a vitally unstable
patient or one with uncorrected significant electrolytes
imbalance as there would be a high risk for general anesthe-
sia. However a PCN tube insertion can be technically chal-
lenging if the pelvi-calyceal system (PCS) is not well dilated
and in a morbidly obese patient, and is contra-indicated when
there is a coagulation disturbance. Moreover randomized
controlled trials failed to show the superiority of PCN over
Double-J (DJ) stent insertion in terms of complications (sep-
ticemia) [14]. Retrograde DJ stenting doesn’t require dilata-
tion of the PCS and can be performed even with an impaired
coagulation. It can be safely performed in OT under general
anesthesia (GA) and after initiation of an empirical IV anti-
biotic; however no attempt should be made to remove the
stone at this stage. Not surprisingly, experts panels have
decided to treat equally these two techniques of kidney
decompression [15, 16]. The first urine drained by either
method should be sent for culture and antibiogram, as a
guide for further antibiotic adjustment.
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11.3 Direct Treatment of the Urinary Stone

The indications for an active stone removal can be divided
into two categories [15]:

e Stone characteristics:

— a stone which at first glance appears not prone to pass
spontaneously due to its size (>15 mm)

— a stone which fails to pass after a reasonable observa-
tion time,

— an obstructing stone de-novo,

— astone associated with persistent sepsis,

— astone associated with persistent symptoms,

— a growing stone,

e Patients characteristics:

— high-risk for recurrent stone formation (cystinuria, pri-
mary oxaluria etc.),

— renal function impairment,

— single kidney,

— special professional constraints (pilots, businessmen
with frequent travels, etc.).

Depending on the above characteristics, a urinary stone can
be directly treated either with a non-invasive modality, namely
the Extracorporeal ShockWave Lithotripsy (ESWL), or
through invasive means. The latter may be minimally invasive
such as endourological surgery, PCNL, laparoscopic, or robotic-
assisted surgeries, or may consist of open procedures. The
antegrade stone chemolysis was a minimally invasive proce-
dure reported up to two decades ago and is now obsolete.

As shown by a French survey the number of surgical pro-
cedures performed for urolithiasis has doubled or trebled
during the last three decades. ESWL was the main treatment
until 10 years back, but has been supplanted by Ureteroscopy
which represents now the leading procedure for urolithiasis
in many French institutions, while PCNL remained stable.
Nowadays open surgery for stone has become extremely rare
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there, representing only 0.1% in this study [17]. The same
trends were observed by British researchers who found a
near 50% increase in the number of ureteroscopies, espe-
cially ureterorenoscopy (i.e. flexible ureteroscopy) from the
year 2009 to 2015. Although ESWL is still the most frequent
treatment in the United Kingdom, its use has remained stable
during the S-year study interval and the gap with ureteros-
copy continues to shrink, while the decline of the open stone
surgery continues to deepen with only 30 reported cases in
the period 2014-2015 for all the United Kingdom health
systems [18].

11.3.1 Extracorporeal ShockWave Lithotripsy
(ESWL)

The term “Lithotripsy” derives from Greek words “lithos”
(stone) and “tribein” or “tripsis” (to rub, to pulverize, to
dissolve).

11.3.1.1 History

The first ESWL machines were manufactured by the German
aircraft manufacturing company Dornier. Its human clinical
application was first reported by Chaussy et al. in 1982 [19]
after a successful trial on dogs in 1980 [20]. The safety and
efficacy of ESWL were also confirmed in children [21] as well
as in solitary kidneys [22].

Dornier lithotripters were originally designed to test
supersonic aircraft parts. Then human models (HM) were
developed, starting with HM1 [23] (Fig. 11.1). The first clini-
cal experiences were performed with HM3, based on an elec-
trohydraulic shockwaves generator. The shocks were triggered
underwater by spark plug (F1) discharges. The discharges
which lasted one micro-second each caused an explosive
evaporation of water triggering the shockwaves [24]. The
shockwaves then bounced on an ellipsoidal reflector and
were focused on the stone (F2) through a water-filled metal
tub in which both the patient and the generator were
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FiGure 11.1 HM1 at the Munich University Hospital Grosshadern.
From Tailly et al. [23] Copyright Dornier MedTech Systems

80
High Overpressure

60
©
o
= 40 \
£ -) (- Short Pluse Duration
o ~0.3 us
o
3 20
8 Short Rise Time
a ~10 ns

0
20 Tensile Phase
-2 -1 0 1 2 3 4
Time tin us

FiGure 11.2 Shock wave pressure pulse as function of time mea-
sured in the shock wave focal zone F2. From Tailly et al.[23] Copyright
Dornier MedTech Systems

immersed. A single shock can generate a peak positive pres-
sure of 30-100 megapascals (1 megapascal equal to 9.87 Atm
or 10 Bars) [23, 25] (Fig. 11.2).
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FiGure 11.3 Principles of shock wave generators used in litho-
tripters. Left: Electro-Magnetic Shock wave Emitter (EMSE).
Centre: Electrohydraulic Shock wave emitter. Right: Piezoelectric
Shock wave emitter. HM1 at the Munich University Hospital
Grosshadern. From Tailly et al. [23] Copyright Dornier MedTech
Systems

With Dornier HM3, the treatment was very painful and
had to be performed under either general or regional (epi-
dural/spinal) anaesthesia. In the last three decades, the manu-
facturer presented further generations, where the used energy
source is provided by piezoelectric,! electrohydraulic, or
electromagnetic generators (Fig. 11.3), and the water-filled
tub is replaced by a more comfortable silicone-encased water
cushion that coapts to the patient anatomical region of inter-
est. The stone can be localized either by Fluoroscopy or
Ultrasound means (Fig. 11.4). There is a trend for the new
generation lithotripters to have larger focal zones and lower
shock wave pressure. Another sophistication being intro-
duced is the automated localization or the use of optical and
acoustic stone-tracking systems aiming at reducing the

'Piezoelectricity is an adjective coming from Greek words “piezein” (to
press or to squeeze) and “electron” (amber: a shining fossilized tree
resin). The principle of Piezoelectricity can be summarized as “produc-
tion of electricity by pressure application”. Indeed when submitted to
high pressure, various solid materials such as quartz, ceramics, crystals,
etc. accumulate a potential energy that is instantly delivered as an alter-
nating electric current. Piezoelectricity was reportedly discovered by the
French Physicists Jacques and Pierre Curie in 1880 and its simplest
example nowadays is a gas lighter. “Reverse or inverse piezoelectricity”
is the faculty of the same solid materials to become mechanically
stressed, i.e. deformed in shape when submitted to electricity.
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FIGURE 11.4 (a,b) Images of stone localization using X-ray (fluoros-
copy) (a) and ultrasound (b) means. On both pictures, the stone is
optimally localized within the crosshairs. The coupling cushion of
the therapy head is seen at the right of the image (a) and the bright
reflection of the stone is well seen on the image (b) accompanied by
an acoustic shadow. HM1 at the Munich University Hospital
Grosshadern. From Tailly et al. [23] Copyright Dornier MedTech
Systems

fluoroscopy time [25]. Many adult patients can tolerate the
pain related to new ESWL machines and just need be given
IM Narcotic drugs as premedication. However children are
still to be treated under general anesthesia.

Nowadays not less than ten other companies have been
licensed to produce their own models (Siemens, Karl STORZ,
Richard WOLF, EMD, Cellsonic, HYDE-medical, Elite,
ELMED, GEMSS, US healthcare solutions).

11.3.1.2 Mechanisms of Action

Various different mechanisms have been proposed for stone
comminution:

e Mechanical stress: When the shockwaves reach the
patient’s skin, they pass evenly through the anatomical soft
tissues which have acoustic impedance not significantly
different from that of the water. However when they reach
the stone surface, part of the shockwave is absorbed and
the remaining is reflected. The sudden change in acoustic
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impedance creates pressure gradients which trigger shear
and tear forces resulting progressively in stone disintegra-
tion [20, 24].

e Cavitational microbubbles: This mechanism can be sum-
marized by the following sequence [26]: Shockwaves hit-
ting the stone — fissures in the stone material — liquid
penetration through small cracks — formation of cavita-
tion microbubbles within these small split lines — implod-
ing of the microbubbles — fragmentation or disintegration
of the stone.

e Other mechanisms are quazi-static squeezing and dynamic
squeezing [25].

The critical role of the cavitation has been confirmed in a
recent in-vitro study which also introduced the principle of
controlled cavitation at strategic time points in order to
enhance stone fragmentation during ESWL [27]. Furthermore
when slow shockwaves frequency is applied (60 shocks per
minute), there is a significantly greater likelihood of a suc-
cessful treatment outcome that when high frequency (120
shocks per minute) is used [28].

11.3.1.3 Indications and Limitations of ESWL

It was written in 1995 that “ESWL remains the treatment of
choice for moderately sized, uncomplicated renal calculi”
[29]. It was also mentioned ibidem that this treatment
should not be indicated for large calculi, those within
obstructed or dependent portions of the collecting system,
and those composed of calcium oxalate monohydrate. Both
statements are still valid today [15]. Obstructed portions of
the collecting system include a calyx or a calyceal diverticu-
lum with a steep infundibular-pelvic angle, and/or with a
narrow infundibulum or neck <5 mm. On the other hand a
dependent portion is well exemplified by a long lower pole
calyx (>10 mm) [15].
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ESWL is currently the procedure of choice for treating
most renal stones in the pediatric population, for whom it is
the best option for the following situations [30]:

e all stones <1 cm or <150 mm?,

e all soft renal stones (<900 HU on CT scan) >1 and <2 cm,
provided the renal function is normal, there is no infection,
and the stones are in a favorable anatomical location.

It is also indicated in small ureteral stones >10 mm and
even for bladder calculi in patients unwilling or unfit for ure-
teroscopy and/or general anesthesia [31].

11.3.1.4 Contraindications

The contra-indications for the use of ESWL have not changed
since long and can be described as absolute or relative [32,33].

e Absolute contraindications:
— Pregnancy,
— Uncontrolled coagulation disorders,
— untreated urinary infection, overt tuberculosis,
— anatomical obstruction distal to the stone.

e Relative contraindications:

— major deformities, such as severe skeletal malforma-
tions (difficult or impossible coupling with the water
balloon),

— morbid obesity (impossibility to localize the stone and
weight in excess of the maximum withstandable by the
machine table),

— proximate calcified aortic aneurysm: this is a recom-
mendation by precaution although experience did not
actually show significant pathological damage to aneu-
rysmal tissue submitted to shock waves [34].

— implanted cardiac pacemaker or defibrillators: Here
ESWL can be safely performed using ECG-triggered
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shocks that are synchronized with R/S waves, i.e. the
terminal portion of the QRS complex which represents
the absolute refractory period of ventricles [35]. ECG-
triggered ESWL has been shown to significantly lower
the occurrence of ventricular arrhythmias compared to
respiratory-triggered ESWL [36].

11.3.1.5 Complications

Despite being a non-invasive procedure, ESWL often causes
some self-limited complications reported to reach a total of
about 15%, a figure inferior to that seen with percutaneous
pyelolithotomy (PCNL) and ureteroscopy [37].

The most commonly encountered complications are [15]:

— asymptomatic cardiac dysrhythmia (11-59%),

— bacteriuria (7.7-23%),

— asymptomatic renal hematoma (4-19%),

— steinstrasse? (3.6-7%),

2The word “Steinstrasse” is a German term which means “stone street”,
and its plural is “steinstrassen”. It was coined by Chaussy C et al. [19] to
refer to a post-ESWL adverse event where multiple stone fragments get
jammed in the ureter eventually causing an obstruction. In a large
Egyptian series of patients treated with ESWL (n = 2954), steinstrassen
were observed in 4.9% of cases [38]. They mostly form in the pelvic or
lower ureter (74 %), then in the lumbar or upper ureter (18.5-21.7%), and
rarely in the iliac or mid ureter (4.3-7.4%). Suggested risk factors for their
formation are: renal stone size >2 cm, renal pelvis or upper calyceal loca-
tion, a dilated system, and use of high power (>22 Kv) for disintegration
[39, 40]. In the pediatric population, it is also associated with age <4 years.
Some authors have proposed to classify steinstrassen into three types:
type I is made up of tiny particles (<2 mm), type II has a large leading
fragment of 4-5 mm with a tail made of tiny particles, and type III is com-
posed of large fragments [41]. Asymptomatic steinstrassen are managed
conservatively, and Tamsulosin has been suggested [42]. Complicated
steinstrassen (i.e associated with pain, hydronephrosis, fever) may require
percutaneous nephrostomy, or ureteroscopy, or both [41, 43].

Steinstrassen can rarely form spontaneously in patient with nephro-
calcinosis associated with distal RTA [44,45] and have also been reported
even in the urethra after ESWL for a renal stone, after cystolitholapaxy
in a post-renal transplant patient, in association with stricture, or de-
novo in children [46-49] (Fig. 11.5).
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FiGure 11.5 X-ray KUB showing multiple right renal calculi and a
urethral steinstrasse in a child. From Vaddi SP et al. [49] with per-
mission from Elsevier

— renal colic (2-4%), and

— urosepsis (1-2.7%)

— limited transient skin bruising in almost all the
patients

Other complications of ESWL have been reported spo-
radically including bowel perforations, liver or spleen haema-
tomas, and severe retroperitoneal haemorrhage.

Beside the above mentioned complications, the deleteri-
ous effect of the X-rays widely used in ESWL should not be
overlooked. The mean total effective radiation exposure



192 Chapter 11. Treatment of Urolithiasis

received by the patient per year varies according to the
stone number, size and localization. It was calculated to be
around 15.9, 13.3 and 27 milliSieverts (mSV) for renal
stones, ureteric stones, and multiple stone locations respec-
tively [50]. The International Commission on Radiological
Protection (ICRP) guidelines recommends the occupational
radiation dose not to exceed the safe threshold of 50 mil-
lisieverts (mSv) through a single year, or 20 mSv per year
for a 5-year period for long-term treatment [51]. Therefore,
considering that the average effective radiation exposure
dose of 20 mSv per year should not be surpassed when the
treatment has to be further treated for recurrent stones, one
can easily deduct that localization of multiple stones should
safely be performed using non-radiating means, namely
ultrasonography for renal stones group, or the patient be
offered alternative treatment, i.e. ureteroscopy for ureteral
stones group.

11.3.1.6  Success Rate of ESWL

After excluding anatomical abnormalities of the kidney and
urinary tract, the overall success rate for well-selected
patients has been reported to reach 90% in many series and
depends on the stone site, size, and composition (see below)
[33, 52-54]. However many of these studies have ignored
small residual renal fragments of less than 4 mm, and a study
assessing the absolute stone clearance reported a “corrected”
stone fragment-free rate of 57.5% [55].

11.3.1.7 Factors Influencing the Outcome of ESWL
Treatment

e Higher BMI: Obesity increases the skin-to-stone distance
(SSD). However the cut-off of the SSD above which a
stone is unlikely to be fragmented is not clearly defined,
varying from 9 to 14 cm [56, 57]. SSD was shown to be the
only independent predictor of success on multivariate
analyses [56, 58], and a better correlation was found
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between stone clearance and a BMI of around 27, while a
BMI of around 31 was related to residual stones [58].

e Stone attenuation values detected by NCCT: This is in

relation with the stone composition and is a good predic-
tor of ESWL resistence. However it is worth noting that
this relation is not absolutely linear since the chemical
composition and the crystal structure of stones are not
strictly correlated to their attenuation to X rays. This
would explain why Cystine stones are more resistant to
ESWL than calcium oxalate dihydrate stones despite hav-
ing less density on NCCT and also why Whewellite stones
are more resistant to ESWL than Wheddelite despite hav-
ing almost the same density (see Table 9.2).
The cut-off of density above which a stone is unlikely
to be fragmented is also not yet clearly defined. An
old study has shown that stone clearance was observed
for attenuation of around 580 HU, while higher atten-
uation of around 910 HU exposed to failure [59].
However a more recent prospective study proposed to
consider a density of 970 HU as the threshold below
which the stones are likely to be fragmented after one
ESWL session [60].

e Other factors: smooth contour, lower calyceal location and
stone >15 mm have less satisfactory result [61]. But no
statistical difference was detected between upper and dis-
tal ureteral localization [58].

11.3.1.8 Patient’s Satisfaction

A prospective evaluation of nearly 3000 patients revealed a
higher than 90% satisfaction rate following ESWL treat-
ment [62].

11.3.1.9 Place of a DJ Stent in the ESWL

Before the era of retrograde intra-renal surgery (RIRS), it
was commonplace to insert a DJ stent for renal stones greater
than 20 mm considered for ESWL, as a safety measure to



194  Chapter 11. Treatment of Urolithiasis

prevent secondary stone fragments impaction and obstruc-
tion. This is still in practice in institutions where the technique
of flexible ureteroscopy is not yet well developed. For ure-
teric stones however, many studies have consistently shown
that the presence of ureteral stents adversely affects the
ESWL outcome, either by unnecessarily increasing the num-
ber of sessions [63], or affecting the stone-free rate [64], or
causing significant side effects (dysuria, urgency, frequency,
and suprapubic pain) [53]. Even if the DJ stents are removed
prior to the procedure, it has been shown that they would still
impact negatively on the ESWL outcomes, because of the
induced paralysis of the ureteral smooth muscle. Some
authors advise therefore to consider patients with a recent
ureteral stent history for intracorporeal lithotripsy rather
than for ESWL [65]. Logically expert panels do not recom-
mend routine stenting for patients considered for ESWL [15,
16]. Another complication resulting from the DJ stent is the
liability of this foreign body to become incrusted with calcifi-
cations, and difficult to remove when left for several months.
It can also be forgotten or neglected by a non-compliant
patient for years, resulting in recurrent UTI, and even in
spontaneous fragmentation and passage with urine, namely
stenturia [66] (Fig. 11.6a, b).

11.3.2 Antegrade Stone Chemolysis
(Percutaneous Irrigation Chemolysis)

This historical treatment has been abandoned since the
advent of RIRS. It was indicated for persistent residual calculi
after various standard therapies such as ESWL, PCNL, and
pyelolithotomy or nephrolithotomy. It was credited with some
positive results as an appropriate management for stones in
inadequately drained sites, and for patients with high anes-
thetic risks [67]. It was mostly used for infective stones (stru-
vite) in an attempt to render the patient completely stone-free,
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FiGURE 11.6 (a) Plain abdominal radiography showing fragmented
pieces of a DJ stent in the bladder and the right kidney. From Singh
and Gupta [66]. Creative Commons Attribution License. (b) An
approximately 5-cm long piece of stent that has been passed through
the urethra. From Singh and Gupta [66]. Creative Commons
Attribution License
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using Suby’s G solution or 10% hemiacidrin, which is also
effective in dissolving apatite and carbonate stones. Different
solutions were used for other types of stones: Tromethamine-E
or acetylcysteine for cystine calculi, sodium bicarbonate or
potassium citrate solution for uric acid stones in combination
with oral alkalinisation [68]. Renacidin® irrigation was used
for struvite and apatite renal stones, but was also intravesically
infused in an attempt to dissolve struvite or apatite bladder
calculi, or as a preventive means against urethral and cystos-
tomy catheters incrustations.

With the advent of RIRS, antegrade stone chemolysis
approach has been neglected in the daily practice for the last
two decades because it requires long hospital stay (2-4
weeks) and is not cost-effective. One of the last clinical stud-
ies attempting to revive this treatment approach was pub-
lished in 2013 on 29 patients with infectious staghorn calculi
[69]. It showed interesting results of the use of antegrade
stone chemolysis as an adjuvant treatment after PCNL in
patients deemed unfit for further interventions. More recently
an in-vitro study suggested that several organic acids, namely
hydroxyacetic acid, lactic acid, and a-ketoglutaric acid are
superior to citric acid in dissolving urinary phosphate calculi,
and could be regarded as promising solutions for chemolysis
treatment [70]. The clinical echoes of these efforts are
awaited.

11.3.3 Ureteroscopy

11.3.3.1 History

The first ureteroscopy was performed by Young and McKay
in 1912, but was only reported by the year 1929 [71, 72]. The
first ureteroscopic procedures were reported by Goodman in
1977 and Lyon et al. in 1978 [73, 74]. These early procedures
were performed using pediatric cystoscopes and were merely
limited to the lower ureteric end. Nonetheless they launched
the concept of rigid ureteroscopy that was further developed
later on with the advent of longer and thinner scopes.
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Marshall reported on the first experience of the use of
fiber optics in Urology in 1964 [75]. Flexible cystoscope was
further developed with the introduction of actively deflect-
able ureteroscopes and irrigation channel, and the first series
were published by Bagley et al. in 1987 [76] and Kavoussi
et al. in 1989 [77]. This opened the era of Retrograde Intra-
Renal Surgery (RIRS) which is defined as the use of a flexi-
ble ureteroscope to treat an intrarenal pathology such as a
stone or a tumour. During the last decade, digital flexible
ureteroscope with chip-on-the-tip technology was introduced
and significantly improved the pictures and video quality
compared to the fiber-optic flexible ureteroscopes [78].

11.3.3.2 Indications

In this paragraph, we will consider both the rigid and flexible
ureteroscopies.

e Ureteral and renal stones resistant to ESWL.

e Obstructing ureteral stone: Here ureteroscopy is indicated
ab initio.

e Large renal stone >20 mm: In our common practice a flex-
ible Ureteroscopy is indicated in this scenario and we only
consider PCNL for larger stones of >3-4 cm. However
because of the increased need for multiple RIRS sessions
and placement of a ureteral stent,expert panels recommend
PCNL be considered as the first-line therapy for any stone
>20 mm [3, 12].

e Solitary kidneys [79].

e Obesity and morbid obesity [80].

e Bilateral renal and/or ureteral stones: Safe treatment in
one session [81].

e Lower calyceal stone.

e Horseshoe kidney [82].

11.3.3.3 Technique of Ureteroscope Insertion

As mentioned in the preface, the description of the operative
steps provided here is not intended to replace more
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comprehensive and specialized manuals that should be used
as references when one wants to start endourology practices
or to improve his skills. However efforts were made here to
provide to the reader the essential information and/or a prac-
tical reminder when he is preparing to enter the Operating
Theatre for ureteroscopic procedures. Articles on “Tips and
tricks” are produced every year by expert authors because
surgery in general, and endourology in particular, is an ever-
changing field where there is always something to improve.
Herein let’s share with some of those authors the following
anonymous quoting sometimes attributed to Einstein: “the
definition of insanity is doing the same thing over and over
again and expecting different results” [83].

e Generally a first generation cephalosporin antibiotic
(Cefazolin) is given on induction for prophylaxis. When
anticipating a lengthy RIRS procedure, a mechanical
thromboprophylactic measure should be started consisting
of lower limbs intermittent pneumatic compression (IPC).

e As for almost all endourological procedures, the patient in
placed in lithotomy position. After the introduction of a
30° cystoscope, the ureteral orifice corresponding to the
stone side is identified and a standard PTFE (polytetra-
fluoroethylene) guidewire is passed through the working
channel into the ureteral orifice and advanced up to the
renal pelvis, then eventually the superior calyx. At this
point an open-ended 5-Fr ureteral catheter can be option-
ally inserted through the guidewire (which is removed
immediately) for the injection of a diluted contrast mate-
rial if one wishes to document the uretero-renal anatomy
and locate any eventual obstruction or filling-defect on
fluoroscopy. The guidewire is then replaced and the open-
ended catheter is removed after this study. Before inser-
tion of the ureteroscope, it is commonplace to introduce a
2-cm balloon to dilate the ureteric orifice for 1-2 min, but
this practice is not encouraged by all authors and indeed is
not always necessary, especially when a DJ-stent has been
present, as the ureter will generally be well dilated in this
circumstance. After its use, the balloon is deflated and
removed along with the cystoscope taking care to leave
the guidewire as a safety measure.



11.3 Direct Treatment of the Urinary Stone 199

e Before the ureteroscope insertion, the bladder should be
emptied to prevent compression of the intramural part of
the ureter, which may preclude ureteroscope passage.
Intermittent or continuous bladder emptying should also
be ensured during a lengthy flexible ureteroscopy.

e For practical reason, the rigid or semi-rigid ureteroscope is
preferred for ureteral stones and the flexible one is used
for renal stones. This is simply because the ureteral stones
are reachable by the rigid or semi-rigid ureteroscope
which is easier to manipulate and quicker to insert. The
semi-rigid ureteroscope also allows the use of various
semi-rigid stone fragmentation tools (EKL, EHL, pneu-
matic, or ultrasound probe) resulting in a rapid stone dis-
impaction and fragmentation. The flexible ureteroscope
will be necessary to reach the pelvi-calyceal system, being
suitable to cross an angulated pelvi-ureteric junction, and
being deflectable to reach all the calyceal groups (superior,
mid-polar and inferior) allowing a full ureterorenoscopy.
Nonetheless the use of flexible ureteroscopes requires
more skill and only a limited number of tools can be used
through this approach to treat a renal stone, including the
laser fiber and the miniaturized electrohydraulic probe.
Flexible ureteroscopy is a longer procedure than the rigid
ureteroscopy and is generally not preferred for stone loca-
tion attainable by the latter.

e When a rigid or semi-rigid ureteroscope is to be used, it is
inserted beside the guidewire up to the level of the stone.
If there is some initial difficulty to enter the ureteric ori-
fice, turning the semi-rigid ureteroscope 90°-180° is a rec-
ommended maneuver to safely and successfully negotiate
this critical point. This maneuver is called by French
Urologists “technique du chausse-pied” (the shoehorn
technique) and is also useful when inserting a flexible ure-
teroscope through a hydrophilic guidewire [84]. In some
cases, the semi-rigid ureteroscope cannot be pushed
upward due to ureteral edema generally encountered just
below the level of the stone at the pelvic brim. It is then
recommended to insert a second standard PTFE wire as a
navigating guidewire through the working channel of the
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FiGure 11.7 The semirigid ureteroscope is advanced between
two wires into the ureteral orifice (“Ladder Technique”).
Reproduced from Noble MJ and Esac WE [85], with permission
from Springer

ureteroscope which is then progressively pushed up.
Sometimes it may be necessary to retrieve the semi-rigid
ureteroscope while leaving the second guidewire in-situ,
then reinserting the instrument back between the two
guidewires in a so-called “railroading or ladder technique”
[85] (Fig. 11.7). If all the above maneuvers are ineffective,
the lower ureter should be dilated with a balloon catheter
(Boston® or Cook®). This can produce an effective dilata-
tion upto 15-Fr from the ureteral orifice to the iliac level.
It should always be kept in mind that when difficulty per-
sists in the ureteroscope insertion despite the abovemen-
tioned maneuvers, calling for help from a more expert
colleague, or terminating the procedure by inserting a DJ
stent and coming back after 2-4 weeks is the safest deci-
sion [83]. Never forget the principle of “Primum non
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nocere” (first do no harm); so don’t try to realize heroic
exploits at the expense of the patient’s safety; you will not
impress anybody and, on the contrary, you will be the tar-
get of acrimonious criticisms, often beyond the harm you
actually caused.

When a flexible ureteroscope is used, the first ordinary
guidewire should be changed to a hydrophylic (Nitinol)
guidewire through an intermediate open-ended ureteral
catheter, as the fragile flexible ureteroscope is to be
inserted only through this slippery and atraumatic guide-
wire. As mentioned above, rotating the flexible uretero-
scope may be necessary to allow its intramural passage.
However this depends on the ureteroscope tip design:
rotation is required if the working channel is eccentric in
order to position the working guidewire ventrally; but this
maneuver is not required for some newer ureteroscopes
with smaller tips and centrally located working channel
[86] (Fig. 11.8a, b). If there is narrowing or edema of the
ureter, the use of a ureteral access sheath (UAS) is recom-
mended to allow progression of the flexible ureteroscope
up to the kidney.

Gravity irrigation system with saline may sometimes be
sufficient when one uses the rigid ureteroscope, but a
manual or pump pressure is often necessary. However, due
its narrow irrigating channel, a flexible ureteroscope
almost always requires a direct irrigation under manual
pressure using a 60-mL syringe. Intrarenal navigation with
a flexible ureteroscope requires the Surgeon to be well
oriented with regard to the 12 O’Clock position (the so-
called “North” pole of the endourologist). This is particu-
larly important when a fixed camera (such as with the
digital ureteroscope) is used as opposed to a pendulous
one, since it will turn during manipulation and produce an
upside down image on the monitor. A proposed trick to
detect the 12 O’Clock position is the injection of few air
bubbles in the upper urinary tract [87].
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FiGUuRE 11.8 (a, b) The intramural passage of the flexible uretero-
scope varies with ureteroscope tip design. If the working channel is
eccentrically placed (a), the ureteroscope must be rotated to posi-
tion the working guidewire ventrally. The newer scopes with smaller
tips and centrally located working channel (b) do not require rota-
tion to be passed in the intramural ureter. WC working channel, LS
light source, DOC distal optical lens. From Rabah DM and Fabrizio
MD [86], with permission from John Wiley and Sons
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11.3.3.4 Energy Sources

The energy sources used for stone ablation and their mecha-
nisms of action can be summarized as follows [88-90]:

e Ballistic lithotripsy: The term “ballistic” comes from the
Latin word “Ballista” (a military machine used for throw-
ing heavy stones) which derived from the Greec verb “bal-
lein” (to throw). In Military language, this term refers to
projectiles propelled by air drag, gravity, or rocket power.
In our context, it represents a stone destruction method in
which the pulsatile compression produced by air (pneu-
matic lithotripsy) or electromechanical forces (EKL:
Electrokinetic lithotripsy) is transmitted through a semi-
rigid metallic rod whose tip is in contact with the stone
(Fig. 11.9). Pneumatic lithotripter is well exemplified by

after impact:

probe

FIGURE 11.9 Mechanism of action of Electrokinetic Lithotripsy: fast
kinetic pulses are generated in an electromagnetic field and trans-
mitted to a rigid rod. In the rod steep longitudinal shock pulses are
forwarded to the tip. The stone which is in close contact to the tip is
effectively fragmented. Can be used in the ureter (tight ureter
stones), urinary bladder and for percutaneous kidney stone frag-
mentation (From and with permission of Walz Elektronik, Germany)
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FIGURE 11.10 The Swiss Lithoclast®Master. Credit E.M.S. Electro
Medical Systems S.A

the Swiss Lithoclast® Flexible pneumatic lithotripsy
probes have also been developed, but their use is still
limited.

e Ultrasonic Lithotripsy: The principle of ultrasonic litho-
tripsy consists of transforming electrical energy into ultra-
sound energy through the excitation of a piezoelectric
crystal. Acoustic waves with frequency of 23-25 kHz are
produced and transmitted through the rigid sonotrode to
the stone which vibrates and fragments. The Swiss
Lithoclast ®Master combines both ultrasonic and pneu-
matic energies and has also an incorporated Suction
System, namely the Swiss LithoVac® technology
(Fig. 11.10).

e Electrohydraulic lithotripsy (EHL): The mechanism of this
energy can be summarised as follows: electrical discharge
released in a liquid medium — spark at the tip of the probe
which is in direct contact with the stone — thermal energy
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Metal shielded tip of the probe
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Ficure 11.11 Disintegration of urinary or common bile duct calculi
by a shock wave that results from an intracorporeal electric dis-
charge. The probe is advanced to the stone through the working
channel of an endoscope. The position is monitored via direct endo-
scopic view and via x-ray. A controlled, very fast electric discharge
centered at the tip of the probe generates a spark plasma. This
expanding plasma and later the collapse of a cavitation bubble cre-
ate sharp rising shock waves which disintegrate the stone in seconds
(From and with permission of Walz Elektronik, Germany)

— large amount of caloric energy in a small space —
vaporization of a small quantity of the irrigation fluid —
gas bubble formation at the tip of the probe — rapid
bubble expansion (4-11 mm in 400-500 ps) pushing the
liquid with force — hydraulic shockwaves — stone frag-
mentation (Fig. 11.11). This energy can be used for ureteric
as well for renal stones because of the availability of min-
iaturized 2-3 Fr flexible electrode usable for RIRS as well
as antegrade percutaneous access [89] (Fig. 11.12).

e Lasers: The term “Laser” is an acronym for "light amplifi-
cation by stimulated emission of radiation". The first
working Laser was invented by the American Engineer
and Physicist Theodore Harold Maiman (1927-2007) in
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AUTOLIT!

Ficure 11.12 Electrohydraulic lithotrite (note the miniaturized
flexible probe). Reproduced from Miller J and Stoller ML [89] with
permission from Springer

1960. The first clinically successful laser lithotrite was the
coumarin pulse dye laser reported in 1987 [91]. However
this Laser could not fragment cystine stones. Successful
early clinical experiences of the holmium:YAG laser for
intracorporeal lithotripsy of urinary calculi were reported
in the middle of the 1990s.

Lasers with pulsatile-type emission are particularly used
for stone ablation due to their potential to deliver short
bursts of energy, creating therefore a high power with less
or no heating of the surrounding tissue. These include:

— “Pulsed-dye” laser: has 1 ps pulse duration and 504 nm

wavelength.

FREDDY Nd:YAG laser: This is the so-called
Frequency-doubled double-pulse Nd:YAG with 532-
1064 ng wavelength. FREDDY Nd:YAG laser causes
stone fragmentation through the generation of plasma
bubbles which collapse and generate a mechanical
shock [92].

Holmium-yttrium aluminum garnet (Ho:YAG) laser:
With its 2150 nm wavelength, Ho:YAG laser is now
considered the most efficient and cost-effective energy
source for intracorporeal lithotripsy, being effective
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even for cystine, calcium oxalate monohydrate and
Brushite stones. It causes stone destruction by vaporisa-
tion [92].

— Erbium:YAG laser: This is a newer laser type having
2940 nm wavelength. Initial reports showed that the
Er:YAG could be more efficient than the Ho: YAG laser
[93,94] but is still not yet widely used probably because
of the larger wavelength which precludes its transmis-
sion through the standard available silica fibres and
requires special mid-infrared fibres which are typically
less flexible, more expensive and less biocompatible
than silica fibres [95].

— Thulium laser: This is another new fiber still under
evaluation. It has the advantages of having a tunable
wavelength and a diameter of only 18 pm which allows
an easy coupling of the laser radiation into small-core
optical fibers [95].

— As opposed to the above Lasers featured with a
pulsatile-type energy emission, Nd:YAG is a continuous
emission laser. This 1064 nm —wavelength laser exposes
therefore to a high risk of tissue damage and is not suit-
able for stone ablation. Nonetheless its high coagulative
necrosis potential and excellent hemostasis capacity
have opened other surgical applications to this Laser
source: it is used to perform tissue incisions or tumour
resection and destruction.

Advantages and Disadvantages of Various Energy Sources

e Ultrasonic and ballistic lithotripters such as Electrokinetic
Lithotripsy (EKL) and pneumatic Swiss Lithoclast are
used with the rigid ureteroscope for ureteral stones. They
have the advantages of a quick fragmentation of impacted
stones, but these energies expose to an increased risk of
stone retropulsion. EKL was shown to have a very high
efficacy in fragmenting the stones (99.3%), including
some stones that have resisted to Electrohydraulic (EHL)
lithotripter, but the stone-free rate was only 80% after a
single procedure because of stone retropulsion (12%) and
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retained ureteric fragments (8%) [96]. Because of the risk
of retropulsion, it is advised to have a flexible uretero-
scope available when treating a proximal ureteral stone
with ballistic lithotripsy means. Authors have advocated
the injection of K-Y or Lidocaine jelly 2% above the
stone or the insertion of a Stone Cone™ device as means
to minimize stone retrograde migration [97, 98]. Other
proposed means are the Ntrap® the Accordion®,
BackStop® [99], etc.

e EHL and pneumatic lithotripsy were shown to have com-
parable efficacy when performed for ureteral stones with
success rate of 85.3% and 89.5% respectively, but the for-
mer exposed to a significantly higher rate of ureteral
injury than the latter with 17.6% and 2.6%, respectively
[100]. Consequently AUA experts recommend the avoid-
ance of EHL as first-line modality for in-situ lithotripsy of
a ureteral stone [16].

e Urological Surgeons may opt for a Holmium:YAG Laser
fragmentation when aiming to minimize ureteral mucosal
injury and stone retropulsion. The use of a Holmium-
YAG Laser fiber is a time-consuming procedure com-
pared to ballistic lithotripsy [101], but this drawback is
compensated by its 100% stone fragmentation rate and a
better safety profile as shown in an ex-vivo pig ureter
model [102]. The Holmium:YAG Laser is the most fre-
quently energy means used in association with the flexible
ureteroscope due to its diameter and better flexibility.
Laser fibers exist in two different groups: Small (200-
275 pm) and large diameters (365-500 pm). The two
groups perform equally in term of stone ablation, but the
advantage of the formers is the better irrigation and
deflection potentials and less stone retropulsion, and their
drawback is the more rapid “burn-back” effect with a
subsequent rapid tip degradation requiring more frequent
trimming [87]. A safe strategy is to start with low pulse
energy and frequency settings, such as 0.6 J at 6 Hz. The
energy settings can then progressively be increased upto
1-1.2 J if the stone is very hard [90].
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11.3.3.5 Technique for Stone Ablation Using
a Holmium Laser and Stone Fragments
Retrieval

Several techniques can be applied for stone ablation with
Holmium laser: initially it is recommended to perform
“painting” of the stone, and at the end to proceed to “pop-
corning” of the multiple small residual fragments. Other
techniques such as “dancing”, “chipping”, or “fragmenting”
need to be adapted to the stone characteristics. The stone
“drilling” or “perforation” should be avoided to prevent for-
mation of large multiple fragments, as these will increase the
work load and the duration of the procedure [103]. After an
in-situ lithotripsy the resulting fragments of a ureteral stone
can be removed using a forceps or a Nitinol basket (Dormia).
Renal stone fragments can only be removed using a long
Nitinol basket, but as for the ureteral stone, they can also be
left in place if they appear small enough to pass
spontaneously.

11.3.3.6 Safety Measures When a Mucosal Injury
Occurs

When a ureteral or pelvi-calyceal mucosa injury occurs, a
diluted contrast material should be injected to exclude the
possibility of extravasation which calls for immediate termi-
nation of the procedure and insertion of a DJ stent. Retrograde
pyelography is also advisable at the end of every procedure
for documentation purpose.

11.3.3.7 Controversies About the Use of Ureteral
Access Sheaths (UAS) in RIRS

UAS may be helpful to ensure an absolute stone-free status
(required for infective stones) by allowing multiple and rapid
flexible ureteroscope removals and reintroductions into the
ureter along with the Nitinol Dormia basket. They lower the
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intra-renal pressure and eliminate the need to drain the blad-
der during prolonged procedures. It has been calculated that
the average baseline pressure within the collecting system
was 13.6 mmHg, and when the ureteroscope reaches the renal
pelvis, the pressure rises to 40.6 mmHg and 94.4 mmHg
respectively when a UAS is used or not [104]. This fact should
not be overlooked when considering that by minimizing the
rise of intrapelvic pressure, the UAS is potentially protective
against pyelovenous and pyelolymphatic backflow, lowering
thereby the risk of an infection spreading into the blood-
stream in struvite stones or undiagnosed UTI. Additionally
UAS offers a mechanical protection against the burst of an
atrophied thin renal parenchyma frequently seen in long-
standing stones with recurrent pyelonephritis. Outside the
urolithiasis field, working in a low intrapelvic pressure also
provides a safer management of upper-tract urothelial carci-
noma minimizing the risk of hematogenic or lymphatic
spread of malignant cells [104]. A UAS remains very useful in
facilitating the insertion of a flexible ureteroscope through a
narrow ureteral lumen and they are more cost-effective than
balloon dilatation. Indeed some high-volume centers have
reported the use of UAS in the great majority of their cases
(around 90%), especially when dealing with large stone
burdens [87].

However studies did not show any advantage from the
UAS use with regard to the outcome, i.e. the stone-free rate,
complication rate or average number of procedures per
patients [105]. Moreover it should be remembered that UAS
are not required when one is not planning to basket retrieve
the stone fragments, and their use have been sometimes asso-
ciated with ureteral trauma and perforation in inexperienced
hands. They are suspected to have potentials to induce seg-
mental ischemia of the ureter and secondary stenosis [72].
Ureteral wall injury associated with UAS was reported in as
much as 46.5% of cases, including severe injury up to the
smooth muscle layers in 13.3%; associated risk factors were
male gender and older age, while a pre-operative Double-J
stenting was shown to significantly decrease the occurrence
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of severe injury [106]. It should be remembered however that
expert panels plead against the routine use of a D-J stent
prior to ureteroscopy, reserving it only for specific indications
(ureteral stenosis, impacted stone with sepsis, etc.) [1, 3].

Some tricks have been proposed to decrease the risks

associated with the use of UAS [87, 107]:

performing an initial semi-rigid ureteroscopy which will
enable the ureteric orifice to be dilated, will detect any
ureteric stone and will assess whether the ureter has
enough capacity to accommodate the UAS without dam-
age or not.

advancing the sheath slowly through a guidewire under
pulsed fluoroscopy monitoring and watching for any even-
tual buckling in the bladder or any early resistance or
failure to progress.

positioning the upper end of the UAS just below the PUJ,
to allow full deflexion of the flexible scope.

retrieving the scope and the UAS simultaneously at the
end of the procedure, while keeping the scope’s tip a few
centimeters out of the sheath. This strategy allows one to
detect any eventual ureteral mucosal injury.

11.3.3.8 Results

Stone-free rates

— Rigid ureteroscope: A large retrospective study con-
ducted in 2007 and including 2129 patients with ureteral
stones showed an initial stone-free rate of 73.3%, then
further 5% of patients passed the residual stones spon-
taneously, while 21% needed ESWL, and ureteroli-
thotomy or PCNL were required only in 14 patients
(0.7%) [108]. Nowadays the results have been signifi-
cantly improved and most recent studies frequently
report success rate of over 85% after a single interven-
tion [109, 110].

— Flexible ureteroscope (RIRS): This largely depends on

the size of the stone and the experience of the surgeon.
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High-volume centers reported a stone-free rate of
77-79% after one session in the immediate post-opera-
tive period, which increased up to 82% and 95% 3
months after the procedure, respectively for stones
larger and smaller than 2-cm diameter [87, 111, 112].
Encouraging results were achieved even with larger
stones of 3-4 cm, where the primary stone-free rate was
only 55%, but could improve to 80% after repeat ses-
sions [87].

e Complications
The overall intra-operative complications rate is 4.4-5.9%

and the post-operative rate may reach 7.3% [110, 113]

— Frequent: transient hematuria, fever, flank pain, urinary
tract infection, and need for rehospitalisation. It is
strongly recommended to exclude or treat UTI before
any endourological stone removal, and also to give pro-
phylactic antibiotics to all patients [15, 16]

— Rare: Ureteral mucosal tear (2.4-2.7%), persistent hae-
maturia for few days (0.7%), ureteral perforation (0.6—
1%), ureteral stricture, mucosal eversion (0.08-0.4%),
complete ureteral avulsion requiring nephrectomy
(0.1-0.2%), urethral injury (0.08%), rupture of the
Dormia basket catheter (0.16%).

e Predictive factors for intraoperative complications [110,
113, 114]:

— Larger stones,

— proximally located stones (for ureteral stones),
— previous history of in situ lithotripsy,

— longer operation duration,

— lack of experience of the operator,

— multiplicity of stones,

— congenital renal abnormalities

Note: A further important factor significantly associated
with complications is the non-compliance to the break’n’leave
policy. When the surgeon aggressively endeavors to remove
all the stone fragments after their breaking, including those
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who can easily pass spontaneously (<3 mm), he unnecessary
lengthens the operation duration and increases the risk of
iatrogenic injury [110].

11.3.3.9 The Need for DJ Stenting After
Ureteroscopy (URS)

Uncomplicated ureteroscopy for distal ureteral calculi can
safely be performed without placement of a ureteral stent,
especially if an intraoperative ureteral dilation was not per-
formed [115].

According to the AUA experts, a DJ stent insertion can
safely be omitted when all of the following criteria are met:
no suspicion of ureteric injury during URS, no evidence of
ureteral stricture or other anatomical obstacles to stone frag-
ment clearance, no impaired renal function, presence of a
normal contralateral kidney, and no plan for a secondary
URS procedure [16]. It is commonplace in this favorable sce-
nario to insert a simple open-ended 5-Fr ureteral catheter
that is fixed outside to the urethral catheter, and to remove
both catheters at the same time after an inpatient 24-h
observation.

However the insertion of a DJ stent is recommended after
the treatment of large renal stones with incomplete clear-
ance, or when a ureteral of calyceal mucosal injury has
occurred, and is also advisable when a UAS has been used,
based on the hypothesis that a mucosal edema secondary to
the UAS visceral dilatation could cause temporary obstruc-
tion and pain [87].

11.3.3.10 RIRS vs PCNL

RIRS has shown comparable surgical results with single-
session PCNL for patients harbouring a main stone size of
15-30 mm and located in the lower-pole calyx. However,
RIRS can be performed more safely than PCNL with less
bleeding. Stones in the lower-anterior minor calyx should be
carefully removed during these procedures [116].
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RIRS is a safer alternative to PCNL in patients with
coagulopathy because the bleeding risk in these patients per-
sists even after an apparent pre-operative normalization of
the clotting disorder [117].

A recent study performed in our institution also demon-
strated the feasibility and safety of a multistage RIRS for
stones measuring 2—4 cm. Seventy-one patients were included
and an 81% stone-free rate was achieved after a mean proce-
dure number of 2.1 per patient [118].

Further advantages of the flexible ureteroscopy with hol-
mium laser are the possibility to successfully treat stones in
calyceal diverticula with stenotic infundibulum [119], the
feasibility of a bilateral same-session procedure [81], the rela-
tive safety to deal with solitary and/or ectopic kidneys, and
the possibility of an effective treatment in morbidly obese
and severely kyphoscoliotic patients [120].

11.3.3.11 RIRS Combined with PCNL

A combined PCNL-RIRS approach has been introduced for
over a decade ago aiming at reducing the number of access
tracts, the retrograde treatment being used for stones not
accessible percutaneously [121]. This combination has tradi-
tionally been performed with the patient in supine position.
However it was also proved to be possible with the patient in
prone split-leg position [122, 123].

Recently the prone flexible ureteroscopy was proposed in
the University of Vermont to treat large renal stones with the
advantage of a rapid conversion to prone PCNL when
required without the need to change the patient’s position.
Seventy-five percent of patients were treated with ureteros-
copy alone and 80% of those were rendered stone-free after
one session only [124]. Experiences from another center con-
firmed the feasibility of this approach in the reverse way:
PCNL was first performed in prone position and stone clear-
ance was achieved in combination with RIRS without chang-
ing position [125].
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11.3.3.12 The Future of Ureteroscopy

After the successful introduction of digital flexible uretero-
scopes, two further steps are being tried: single-use uretero-
scopes and robotic manipulation of the endoscope. These two
technologies have proven advantages, but are still evaluated
for cost-effectiveness and are not yet widely distributed.
Furthermore, the developement of nanotechnology and
robotics may open many other perspectives in the future
which are well beyond our imagination [126].

11.3.4 PCNL

11.3.4.1 History

The technique of percutaneous nephrolithotomy (PCNL)
was first described in 1976 by Fernstrom and Johannson
[127], and became rapidly developed and standardized in the
following years [128].

11.3.4.2 Indications

Guy’s grade III or IV, i.e. complete or partial staghorn renal
calculi. In the pediatric population, a stone burden of >2 cm

. 3The Guy’s classification helps to predict the outcome of PCNL. It
comprises of four grades [129]:

— grade I: solitary stone in mid/lower pole or solitary stone in the pelvis
with simple anatomy

— grade II: solitary stone in upper pole or multiple stones in a patient
with simple anatomy or a solitary stone in a patient with abnormal
anatomy

— grade III: multiple stones in a patient with abnormal anatomy or
stones in a caliceal diverticulum or partial staghorn calculus

— grade I'V: staghorn calculus or any stone in a patient with spina bifida
or spinal injury.

e Other stone scoring systems include the Clinical Research Office of
the Endourological Society (CROES) nomogram, the S.T.O.N.E.
(stone size, tract length, obstruction, number of involved calices, and
essence/stone density) nephrolithometry, and the Seoul National
University Renal Stone Complexity (S-ReSC) score [130].
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is a sufficient indication for PCNL. For hard stones (>900 HU
on CT scan), even stones within 1-2 c¢m size can be consid-
ered for PCNL, when the anatomy of the kidney or the stone
location are unfavorable for an endourological approach.
Other indications are significant renal obstruction and
infected stones [30].

It is strongly recommended to obtain a non-contrast CT
scan before any stone-targeting procedure in general. For
PCNL in particular and especially for patients with complex
stones or anatomy, a contrast-enhanced CT scan is also
required to better define the collecting system and the ure-
teral anatomy [16]. A functional isotope study, preferably
performed with MAG-3 radiotracer, is also indicated when
there is a clinical suspicion of a significant loss of renal func-
tion of the kidney to be treated. This is important not only to
justify the treatment when a satisfactory function of the renal
unit is proven, but also as a medico-legal caution to prove
that some deterioration of the renal function pre-existed
before the intervention.

11.3.4.3 Contraindications

e (Coagulopathy

e Infection/fever

e Pregnancy

¢ Abdominal wall tumour at or near the puncture site

e Ipsilateral renal or upper tract urothelial tumour

e Solitary kidney: The recommendation to avoid PCNL in
solitary kidneys still stands valid despite some investiga-
tors have published successful series of this procedure
where the stone-free and complication rates (mainly
bleeding) were 67% and 30% respectively [131]. In this
study, factors associated with increased bleeding were
operative time and increased number of tracts.
Although some damage does occur to the nephrons, as
shown by renal scintigraphy studies [132], this remains neg-
ligible and the strongest reason for the contra-indication of
PCNL in solitary kidney remains the risk of vascular injury.
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11.3.4.4 Surgical Technique

After antibioprophylaxis (third generation cephalosporin)
and mechanical thrombophylaxis measures (intermittent
pneumatic compression), retrograde insertion of a ureteric
tube (5-Fr open-ended catheter) into the kidney of interest is
generally performed to allow for contrast material or methy-
lene blue dye injection during surgery.

Then the PCNL proper will start by a needle puncture of
the calyceal system under U/S and/or fluoroscopy guidance.
The fully anesthetized patient is either in prone (classical)
[133] or in supine position technique. The latter approach is
also called “Valdivia technique”, named after the Spanish
Urologist Valdivia-Uria, who introduced it in 1987 using a 3-L
serum bag below the ipsilateral flank and advocated it for its
anesthesiological benefit among other advantages. However
the first series was reported only 11 years later [134]. The popu-
larity of this approach was enhanced several years later when
a so-called Galdakao-modified Valdivia position was intro-
duced, featured by a modified lithotomy position allowing
combination of a retrograde flexible ureteroscopic access with
the percutaneous approach [135-137] (Fig. 11.13a, b). To date
not less than five different supine positions have been described,
including the “complete supine”, the Valdivia proper, the
Galdakao-modified Valdivia, the Barts modified Valdivia and
the Barts flank-free modified supine position [138].

The prone position implies changing the patient posture
after insertion of the ureteral catheter from the lithotomy
position, i.e. from the supine to prone position using a side
trolley parallel to the operating table in a co-ordinated
manner.

In the majority of cases, the puncture aims at the lower
posterior calyceal group. Puncturing a posterior calyx is likely
to cross the Brodel’s bloodless line of the kidney, therefore
causing less bleeding risk, but also provides a direct path to
the renal pelvis [133]. With the patient in prone position, a
good starting point for this puncture is situated 1 cm inferior
and 1 cm medial to the tip of the 12th rib [139] (Fig. 11.14a).
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Ficure 11.13 (a) The Galdakao-modified Valdivia position. (b)
Direction of the needle in the Galdakao-modified Valdivia position.
From Ibarluzea G [135]. With permission from John Wiley and Sons

In some circumstances, it is advisable to aim at the upper pole
as this is favourable for a complete staghorn removal and also
allows a direct access to the PUJ if desired [140]. Obviously
the risk associated with an upper pole puncture is the possi-
bility of a pleural injury. A trick to minimize this risk is to
avoid any puncture above the 11th rib and to stay in the lat-
eral half of the 12th rib, flush to the lateral border of the
paraspinal muscles, in order to ensure an extrapleural needle
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FiGURE 11.14 (a) For a lower pole puncture, a good starting point is
1 cm inferior and 1 cm medial to the tip of the 12th rib. The starting
point is marked with an X. From Kim SC and Lingeman JE [139],
with permission from Springer. (b) For a supracostal upper pole
puncture, the point of entry at the skin is at the inferior border of the
11th rib and just lateral to the paraspinal muscles. This point of entry
will allow the needle to enter the middle of interspace (solid needle
of inset). If the entry point at the skin is at the midpoint between the
11th and 12th rib, the needle will come too close to the 12th rib
(dashed needle of inset), and the rigid sheath will be difficult to place.
From Kim SC and Lingeman JE [139], with permission from Springer
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passage [139-142]. The puncture should also be carried out
flush to the lower border of the 11th rib in order to avoid the
rigid sheath hitting the 12th rib [139] (Fig. 11.14b). When the
upper pole is approached from below the 12th rib through a
so-called infra-costal puncture, the risk of pleural injury is
minimized but the puncture angle is less favorable for subse-
quent intra-renal stone treatment [139].

When using the fluoroscopy guidance, one can either use
the Bull’s eye appearance of the needle (also called the Eye of
the Needle technique) (Fig. 11.15), the triangulation technique,
or even the hybrid technique where the angle of the needle

FiGure 11.15 The C-arm rotation toward the surgeon to align the
needle tip with the desired entry calyx. The inset shows the ‘bull’s
eye’ appearance of the needle on the fluoroscopy monitor. From
Ko R et al. [140]. With permission from John Wiley and Sons



11.3 Direct Treatment of the Urinary Stone 221

puncture on the skin surface is measured using a protractor
[133, 140]. PCNL under a sole ultrasound-guidance is feasible
and, with increased experience, carries a high stone-free rate
(85.5%) with a very low complication profile as shown by a
large Chinese study including over 8000 patients [143].

Dilatation of the tract is performed either using rigid dila-
tors or balloon dilators. Rigid dilators include the sequential
(Amplatz dilators) or telescopic coaxial dilators (Alken
dilators).

The supine position has the following advantages:

e not necessitating to change the patient’s positioning from
the lithotripsy posture (hence less risk of central and
peripheral nervous injury),

e being time-saving,

e avoiding the cardio-vascular restrictions caused by prone
position, especially in obese patients,

e being an option for patients suffering from ankylosing
spondilytis who cannot lie in prone position (risk of neck
fracture), and

e reducing the X-ray exposure to the Surgeon.

However, as every medal has its reverse, the supine posi-
tion has also some disadvantages:

e the rigid dilators and nephroscope can abut to the operat-
ing table as they will have an upward direction to the
puncture site. The Galdakao-modified supine Valdivia
position (see below) aims at avoiding this problem which
can also be overcome by bringing the patient flush to the
operating table edge, but the latter maneuver may create
the second disadvantage below.

e X-ray blocking by the operating table edge inline with the
treated kidney.

After a successful access to the calyceal system has been
confirmed either by the observation of the retrogradely
injected methylene blue exiting through the nephrostomy
access, or by the contrast medium injected directly in the PCS,
the tract is progressively dilated using a balloon, a metal



222 Chapter 11. Treatment of Urolithiasis

telescopic, or Amplatz serial dilatation. Finally a sheath is
inserted through which the nephroscope will be deployed to
visualize and break the stone using either pneumatic, EKL,
EHL, or a Holmium Laser fiber. Smaller stone fragments will
be flushed out through the Amplatz by fluid pressure, and
larger ones will be removed with a grasper.

The standard access sheaths are 24-30 Fr. However several
centers have successfully performed mini-PCNL (‘Miniperc’)
consisting of the use of smaller sheaths of 11-20 Fr with small
rigid nephroscope and this technique has gained interest
especially when dealing with pediatric population [144-146].

The miniaturization has been further developed up to the
use of the so-called “Micropercutaneous nephrolithotomy”
(‘Microperc’) using as small as a 4.85-F (1.6 mm outer
diameter) ‘all-seeing needle’ with a 272-um laser fibre and a
0.9 mm flexible fiberoptic [147-151] (Fig. 11.16a—c).

Tubeless PCNL has also been proposed for selected
patients, where no post-op nephrostomy tube is left, nor a
ureteral DJ stent, with the advantages of a shorter hospital-
ization and lower analgesic requirement while carrying simi-
lar outcomes to standard PCNL technique, i.e comparable
stone-free and complications rates [151-154].

When considering the three main critical steps of PCNL,
namely accurate puncture, passage and location of the guide-
wire into the pelvicalyceal system in such a way as to prevent
its slipping out (the most ideal being passage of guidewire
into the ureter), and tract dilatation, some authors have pro-
posed a novel technique to help passage of the guidewire
down the ureter in order to ensure a safe and accurate dilata-
tion of the tract [155]. In this technique a semi-rigid uretero-
scope is introduced percutaneously through the puncture and
helps in maneuvering the guidewire into the upper ureter.
However it should be remembered that having the guidewire
secured in the PCS despite not progressing down the ureter
is sufficient to proceed to a safe tract dilatation [156].

The concept of daycare PCNL was recently introduced by
combining the micropercs and tubeless techniques with the
use of a composite hemostatic tract seal [157].
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4 Irrigation
%

Telescope Needle hub with Needle Shaft
connector

FiGURE 11.16 (a) 4.85 Fr “All seeing” needle in preparation for
puncture. (b, ¢) Flexible fibreoptic telescope (0.9 mm). From
Ganpule AP and Desai MR [147]. With permission from the Arab
Association of Urology

Finally it is noteworthy remembering that the learning
curve needed to master the PCNL technique is long and can
only be completed in high volume institutions;it was observed
that the mean operating time, the stone-free and the compli-
cation rates improved gradually to reach a plateau only after
60 cases [158].

11.3.4.5 Complications

In a review of 5750 PCNL procedures performed in English
Institutions over a 5-year period, infections and hemorrhage
were found to be the commonest complications of PCNL
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occurring in 5.5% and 1.4% respectively. The emergency
readmission rate within 1 month post-operatively was 9%
(almost one in ten patients), mainly due to UTI, sepsis, hem-
orrhage and acute urinary retention. The mortality rate
within the first 30 post-operative days was 0.2% [159].

A Japanese study of nearly equal size (5537 cases) con-
ducted over a 2-year period revealed that the median operat-
ing time using balloon dilation was significantly longer than
with other techniques, and was also associated with more
bleeding (9.4% vs 6.7%) and more transfusions (7.0% vs
4.9%) compared to other dilatation means, namely metal
telescopic dilation, or Amplatz serial dilation [160]. In this
study sheath size, operating time, stone load, and case load
were shown to be independent factors associated with
bleeding/transfusion.

Hereafter is a summary of complications that can occur
after PCNL:

e Sepsis and fever

e Bleeding and need for transfusion and/or embolization.
Herein a computed tomography angiography prior to the
procedure was suggested in order to define the vascular
anatomy and reduce the bleeding rate as well as the need
of transfusions [161], but its use is not widely accepted.

e Urinary leak and urinoma

e Organ injury (colon, liver, spleen, pleura with
pneumothorax)

e Major kidney injury with the need for conversion to open
surgery

e Nephronic mass loss (it results in an apparently negligible
loss of renal function, but may be of concern for initial
borderline renal function).

e death

11.3.5 Cystolitholapaxy

Bladder stones account for 5% of urinary stones in the devel-
oped countries and the incidence is thought to be higher in
developing countries.
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Cystolitholapaxy is traditionally indicated for bladder
stone <4 cm and its safety has also been proven for children
[162].

Conventional mechanical lithotripsy with serrated, jawed
instruments is preferred for smaller stones (<2 cm) that can
be trapped in the jaws and broken manually. For larger stones
electrohydraulic lithotripsy in the preferred option with
proven safety, effectiveness, and technical ease [163].

However even stones larger than 4-cm have been success-
fully and safely treated using Ho:YAG laser in an effort to
spare patients the morbidity of open cystolithotomy [164]
and the 550-p side-firing fiber was shown to perform better
for this purpose.

The AH-1 Stone Removal System (SRS) invented by Aihua
Li in 2007 was recently presented as an effective tool to treat
larger bladder stones [165] (Fig. 11.17a—c). It comprises of a jaw

FIGURE 11.17 (a) AH-1 stone removal system (SRS). From Li A [165].
BMC Urology. Creative Commons Attribution License. (b) The outer
sheath with inner sheath and endoscope. From Li A [165]. BMC
Urology. Creative Commons Attribution License. (¢) Characteristics
and functions of the jaw. (A) The jaw in endoscope; (B) Stone stabilized
with the jaw and lithotripsy performed with holmium laser; (C)
Fragments retrieved using the jaw through outer sheath. From Li A
[165]. BMC Urology. SRS was designed by Aihua Li, M.D., and manu-
factured by Hangzhou Tonglu Shikonghou Medical Instrument Co., Ltd
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FIGURE 11.17 c
(continued)
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which can grasp and stabilize stones measuring even 60-mm in
diameter, and their ablation is performed using Holmium
Laser. The fragments are grasped with the jaw and rapidly
evacuated through the outer sheath, avoiding multiple entries
of the outer sheath and potential urethral injury. If there are
more residual smaller fragments, an Ellik’s evacuator can be
connected to the outer sheath for suction. However this system
is yet to be evaluated further by multiple independent centers.

Our readers should keep in mind that open cystolithotomy
remains the safest and most effective method for the majority
of cases with stone >4-cm diameter [166].

When the stone is secondary to a bladder outlet obstruc-
tion, commonly caused by a hypertrophied prostate, cystoli-
tholapaxy can safely be performed in one session along with
the surgical treatment of the cause, namely transurethral
resection of the prostate.

Cystolitholapaxy is also particularly useful in augmented
bladder, and can be performed in an ileal conduit and in the
bladder through a Mitrofanoff catheterizable stoma in expert
hands [167, 168].

Caution must be taken in patients with spinal cord injury
to avoid autonomic dysreflexia which is associated with
larger or multiple stones, spinal injury level above T6, greater
hydraulic irrigation height, longer operation time and the use
of local anesthesia [169].

11.3.6  Percutaneous Cystolithotomy

Percutaneous cystolithotomy has been successfully per-
formed in children and showed comparable results with open
cystolithotomy and cystolitholapaxy [170].

When the calculus size in inferior to 1 c¢cm in children, a
novel technique consists of stone crushing with an artery
forceps percutaneously inserted through a suprapubic punc-
ture under cystoscopy guidance. As per the reports available,
it is a rapid technique that carries a 100% stone-free rate
[171]. In the adult population, single or multiple bladder
stones with a burden larger than 3 cm can successfully be
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treated using a pneumatic lithotripter (Swiss Lithoclast)
through a rigid nephroscope inserted percutaneously. The
access is created according to the same technique used for
PCNL: needle puncture — guidewire insertion — dilatation
of the tract using Alken coaxial dilators — insertion of the
Amplatz sheath [172]. At the end of the procedure, the frag-
ments are removed with a peanut forceps, a bladder flushing
or Ellik’s evacuator. Bladder malignancy, history of radio-
therapy or abdomino-pelvic surgery, and huge prostatomeg-
aly (>80 cm?®) are considered contraindications to this
treatment.

11.3.7 Laparoscopic Pyelolithotomy (LP)

11.3.7.1 Indications

The place of LP has shrunk nowadays with the advent of
PCNL and RIRS. It is a more technically challenging and
time-consuming procedure compared to PCNL which remains
the gold standard for most large pelvic stones [173, 174].

However LP can still be a better alternative in the follow-
ing situations:

e Very large or complex staghorn calculi de novo or after
failure of other treatment modalities [175].

¢ Infective staghorn stones that are particularly known to
have a high recurrence rate and are to be completely
removed.

e Ectopic kidneys, horseshoe kidney, and concomitant PUJ
obstruction where a dismembered pyeloplasty is to be
performed at the same time [176-180].

e Patients at high risk for PCNL, i.e. those with severe
comorbidities such as coronary artery disease (CAD) or
chronic liver disease (CLD) [181].

e Patients in whom a maximal preservation of renal function
is necessary [174].

LP was also shown to be safe and feasible in the pediatric
population [182].
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11.3.7.2  Surgical Technique

In this minimally invasive procedure, the renal pelvis dissec-
tion follows the same principle described by Gil-Vernet for
the open counterpart (see below), i.e. performing a
pyelotomy in a V-shaped manner, and creating a flap [181]
(Fig. 11.18).

LP is most frequently carried out through an intraperito-
neal approach. However the retroperitoneal route can also
be performed and was even presented as a preferable option
by authors who found it more rapid to complete, and associ-
ated with a shorter patient’s hospital stay [183]. Nonetheless
the anatomical unfamiliarity of the retroperitoneal approach
remains a barrier for many laparoscopic surgeons.

Ficurk 11.18 LP using the Gil-Vernet technique for dissecting the
renal parenchyma and pyelotomy performed with a monopolar
hook cautery. From Gandhi HR et al. [181], with permission from
the Arab Association of Urology
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LP is generally performed alone, but a recent study men-
tioned its successful combination with Ho:YAG laser litho-
tripsy, using a flexible cystoscope introduced through a
12-mm trocar. This allowed to clear calyceal stones that
were not accessible to the rigid laparoscopic instruments
[184].

Even the more complex laparoscopic anatrophic nephroli-
thotomy has been performed successfully in some centers but
remains a major surgical challenge [185].

11.3.7.3 Results

LP is credited with an approximately 90% stone-free rate in
large stones, but this rate decreases with the stone burden.
The operation doesn’t require blood transfusion, but exposes
to a 4-12% urinary leak [173, 181].

11.3.8 Robot-Assisted Anatrophic
Nephrolithotomy

This minimally-invasive technique avoids the need for mul-
tiple tracts or multiple sessions PCNL in complex staghorn
calculi. It also avoids the high invasiveness of the open coun-
terpart while producing comparable stone-free rates. Similar
to the open surgery (see below), cold ischemia is performed
with ice slush. However it is an extremely rare procedure and
only scarce cases and small series have been published from
centers of excellence [186-188].

11.3.9 Laparoscopic Ureterolithotomy (LU)

When ureteral stones are not amenable to ureteroscopy due
to their large size, the laparoscopic approach is definitely the
preferred technique and is more frequently performed than
the open counterpart [189]. This is because laparoscopy in
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general is associated with significantly less postoperative
pain, less analgesic requirement, a shorter hospital stay and a
short convalescence in comparison to the open surgery.
Moreover laparoscopy performed for a ureteral stone in par-
ticular is a less challenging and less stressful procedure than
when performed for a renal stone.

(a) Indications: large impacted ureteral stones (>15 mm) or

failed ESWL and ureteroscopy.

(b) Technique: Both intraperitoneal and retroperitoneal

(c)

approaches are effective but the transperitoneal route
was shown in one study to have significantly higher stone-
free rate, shorter operative time and lower rate of conver-
sion to open surgery, but with the drawback of exposing
to a longer time to oral intake [190].

Results: As shown by a meta-analysis of six randomized
controlled trials, laparoscopic ureterolithotomy is cred-
ited with a high stone-free rate compared with uretero-
scopic lithotripsy especially for larger proximal ureteral
calculi, but has a longer operative time and hospital stay,
with equal complication rates [191]. A 99% stone-free
rate was reported in a monocentric study which included
as much as 213 patients treated over a 9-year period,
with the majority of patients being treated through a
retroperitoneal approach [192]. Perhaps the largest
series of LU to date has been published by a Chinese
study comprising of 1171 cases with the following
outcome [193]:

— 1142 successful cases in one session (97.5%),

— Conversion to open surgery in two cases (0.17%),

— Calculi moving retrogradely to the pelvis in 27 cases
(2.3%).

— Ureteral stricture (the most worrisome complication)
in 12 patients (1%), 5 (0.44%) of whom developed
progressive renal atrophy, and 3 of those (0.26%) had
nephrectomy due to recurrent loin pain and persistent
urinary infection.
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11.3.10 Surgery for Urethral Stones

Urethral stones are very rare comprising less than 0.3% of
urolithiasis cases [194].

Impacted stones in the proximal urethra are treated endo-
scopically whereby they are pushed back in the bladder and
crushed in the same way like bladder stones. The same tech-
nique applies for impacted distal urethral stones that are still
far from the external meatus. When the stone is impacted at
the external meatus, a ventral midline meatotomy can be
performed under a local anesthesia in the emergency depart-
ment and the stone be removed. For small stones in the ante-
rior urethra with no documented urethral stricture, we
frequently perform an instillation of 2% lidocaine jelly into
the urethra under pressure using the dominant hand, while
the non-dominant hand compresses the base of the penis
proximal to the stone. Milking the urethra antegradely upon
release of the lidocaine pressure is very effective to eject
these stones. For impacted anterior urethral stone in children
that cannot be safely flushed back or milked out, a urethroli-
thotomy should be performed under general anesthesia: the
penile skin and urethra are incised over the stone. The stone
is retrieved, then the periurethral tissues are closed over a
urethral catheter (8-Fr) using 5/0 interrupted polyglycolic
acid sutures (Vicryl®, PolySyn®, Surgicryl®, Polysorb®,
Dexon®) and care taken not to penetrate urethral mucosa
[195]. The urethral catheter is kept indwelling for 1 week.
In-situ Holmium laser lithotripsy can also be performed for
impacted urethral stones at any anatomic levels after failure
to push back the calculus. In expert hands, this was proven to
be a safe and effective procedure [196].

11.3.11 Open Procedures

We will describe them in an orderly manner, from proximal to
distal: anatrophic nephrolithotomy, pyelolithotomy (combined
or not to the former), ureterolithotomy and cystolithotomy.
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11.3.11.1 Open Pyelolithotomy and Open Anatrophic
Nephrolithotomy (OAN)

The intrasinusally extended pyelolithotomy was pioneered by
JM Gil-Vernet in 1965.* However the anatrophic nephroli-
thotomy?® for the treatment of staghorn stones was first per-
formed by Smith and Boyce in 1968 [197]. Both operations
are now seldom performed.

A simple pyelolithotomy may be all that is required if the
stone to be removed has a relatively small size (around 2 cm)
whether located in the pelvis or in an upper or middle calyx
from where it can be retrieved using a straight or a curve
forceps. It remains also sufficient for multiple small stones in
these locations. Nevertheless such relatively small stone bur-
den is now effectively dealt with by less invasive techniques
and should not be addressed primarily by an open surgery.
Practically the open approach is only justified by the com-
plexity of the stone in the renal pelvis and its multiple coral-
liform extensionsinto the calyces (Fig.11.19a,b). Consequently
when performing pyelolithotomy, the dissection should be
extended under the renal parenchyma to maximally expose
the renal pelvis and the calyceal infundibula as described by
Gil-Vernet. It should be noted that the incision to the renal
parenchyma is better avoided. However when there are mul-
tiple coralliform extensions of the stone into the calyces,
additional radial paravascular nephrotomies are necessary to
ensure its complete removal. These paravascular nephroto-
mies can sometimes be performed without the need for vas-

“The Spanish Professor Josep Maria Gil-Vernet Vila is credited with
many other original urological contributions, such as a technique for
renal homotransplantations [198], hypospadias correction [199], vesico-
ureteral reflux correction [200], pelvic floor repair [201], complex
vesico-vaginal fistula repair [202], orthotopic renal transplantation [203],
etc. He is the son of the late Professor Salvador Gil-Vernet who pro-
posed a model for the description of the prostate anatomy in 1953 [204].
°Anatrophic is an adjective related to what is used in order to prevent
or correct atrophy of cells, tissues, or organs. However this adjective has
become almost obsolete nowadays, being merely used in the context of
nephrolithotomy.



234 Chapter 11. Treatment of Urolithiasis

T
o, 87

FIGURE 11.19 (a, b) A complexe left staghorn calculus. (a) Pre-
operative view. (b) Post open pyelo-nephrolitotomy status with a DJ
stent left in situ (Courtesy Salim Al-Busaidy, Urology, The Royal
Hospital, Muscat, Oman)

cular clamping. Yet the main renal artery must be identified,
dissected and controlled beforehand with a silastic loop. This
safety measure allows immediate clamping of the renal artery
should an wuncontrollable bleeding occur during
nephrotomies.

The bleeding can also be anticipated by performing the
so-called “anatrophic nephrolithotomy” whereby the renal
artery is occluded prior to the parenchymal incision and renal
hypothermia is achieved by cooling the kidney with sterile ice
slush. Here a single curvilinear incision will be made along
the avascular Brodel’s line® (or Brodel’s bloodless line),

¢ The eponym Brodel’s line is used in the USA and the UK, being given
after the Germano-American medical Illustrator Max Brodel, “the man
who put art into medicine” [205]. Brodel depicted this line in 1901
(Fig. 11.20a, b) [206]. However in Continental Europe and Latin America,
preference is sometimes made for the eponym Hyrtl’s line, given after the
Austrian anatomist Josef Hyrtl who described this line in 1882, almost 20
years earlier than Brodel [207]. Hyrtl was the first to suggest the “natiirli-
che Teilbarkeit der Niere” (natural divisibility of the kidney) through this
avascular line and Brodel credited him for this fact [206].
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FIGURE 11.20 (a) Lateral view of left kidney, showing the location of
the most advantageous incision through the parenchyma in kidneys
which have a normal arterial arrangement. aa”: Lateral convex bor-
der of kidney. bb": Position of lateral column of cortical substance
containing the vessels. cc”: Best incision. (b) de: Incorrect direction
of incision. cx: Correct direction of incision. From Max Brodel [206].
Original illustration 1901 Brodel Publication, reproduced with per-
mission from the Collection of the Max Brddel Archives, in the
Department of Art as Applied to Medicine, The Johns Hopkins
University School of Medicine, Baltimore, Maryland, USA

located 5-10 mm posterior to the lateral convex border of the
kidney (Fig. 11.20a, b).

Performed through a lumbar incision, this technique was
“en vogue” in the past, but has progressively lost ground with
the advent of endourological procedures and PCNL for the
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last two decades. However there are still some indications for
the open anatrophic nephrolithotomy, including in developed
countries, where it is sometimes the preferred choice for com-
plex staghorn calculi due to its high stone-free rate after a
single procedure and in presence of co-morbidities [208, 209].

OAN was shown to have the highest stone-free rate
(92.85%) compared to laparoscopic approach (80%) and
PCNL (43.75%), but carries the greatest deleterious effect on
the function of the operated kidney (minus 8.66% ) compared
to the laparoscopic counterpart (minus 6.04%) and PCNL
(minus 2.12%) [210]. However with increased experience in
PCNL, the stone-free rate can be significantly improved. The
long hospital stay and longer convalescence period are nega-
tive points inherent to the open surgery, but the reduced need
for ancillary procedures pleads in favor of the open proce-
dure for complex staghorn calculi, while PCNL may expose
to readmissions for repeat sessions and the need for a com-
bined RIRS and a DJ stent reinsertion.

11.3.11.2 Open Ureterolithotomy

This procedure is exceptionally performed nowadays as it has
been supplanted by ureteroscopy for small ureteral stones
while laparoscopic ureterolithotomy is the preferred option
for larger and impacted ureteral stones not manageable
endourologically.

11.3.11.3 Open Cystolithotomy’

Very few publications have compared cystolithotomy with
cystolitholapaxy. It is known that in both routes the stones
are removed successfully, but the hospital stay is significantly
less after endourological approaches [211].

The indications of open cystolithotomy are:

e large stone size (>4 cm) [212] (Fig. 11.21a—)

e stone in ileal conduit,

"The percutaneous cystolithomy has been mentioned above (see section
number 11.3.6).
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FIGURE 11.21 (a) An extremely large bladder stone and a small
renal stone (red arrow) seen on a KUB X ray of a 54-year-old man
with >9-year history of urinary frequency and urgency and who
presented with recent occurence of gross hematuria. (b) The oval-
shaped stone was extracted through open vesicolithotomy: It mea-
sured 13.3 x 8.0 x 9.7 cm and weighted 1048 g. (¢) Stone transection
showing many compartments of stratified lamellae, composed of
magnesium ammonium phosphate. For Ma C et al. [212], with per-
mission from Wolters Kluwer Health, Inc.

Note: The above specimen is still far from the largest stones reported
in the literature. Alexander Randall presented in 1919 what he con-
sidered to be the largest bladder stone ever documented [213,214].
The patient was a 61-year old male who presented with gross hema-
turia and constipation and died 36 h after cystolithotomy. The stone
measured 48-cm circumference and weighed 64 oz (1814 g or 4 1b).
More recently an even larger stone was removed from a neo-blad-
der in a 71-year-old man in 2010, 20 years after a radical cystectomy
with continent orthotopic diversion. It weighed 160 oz (4.5 kg or
10 1b) and was essentially made of struvite [214]
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e Any condition where there is impossibility to access the
bladder through a retrograde endourological route (trau-
matised or severely strictured urethra etc.)

11.3.11.4 Urethrolithotomy

A succinct account on this technique has already been given
above in the paragraph “Surgery for urethral stones”.

11.4 Specific Dietary and Medical Treatment
of Stones

11.4.1 Fluid Intake

To prevent stone recurrence, the minimal daily urine output
target slightly varies according to expert panels, being 2.5 L
for the AUA and the EAU and 2 L for the CLU® working
group [1, 215, 216].

The fluid intake needed to promote this urine output varies
from 2.5 to 3 L/day for sedentary adults in cold weather to as
much as 1.5 L per work-hour for militaries, manual workers or
sportsmen subjected to outdoor performance in extremely
hot conditions. When exercising in summer, the daily sweat
volume of professional sportsmen can exceed 2 L/h, and the
sodium loss in the sweat can reach 4.8-6 g, equivalent to
10-15 g salt (NaCl), and must be replaced [217-219].

11.4.2 Medical and Dietary Measures

Despite the abundant research and publications on urolithia-
sis, no new drug with proven effectiveness has been produced
for stone prevention since the introduction of potassium
citrate in the 1980s [220, 221].

8CLU (Club della litiasi Urinaria) is the Italian expert committee for
urinary lithiasis.
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Modification of the pH is an essential part of the treat-
ment. Herein readily available beverages have shown an
effective action mainly due to their bicarbonate and citrate
content and can replace alkalinization therapy with potas-
sium citrate. However, although citrus® and non-citrus' juices
have good concentrations of citrate, results of their long-term
efficacy in the prevention of various types of stones are con-
flictual [216,222].

Fruits and vegetables consumption are included in the
general recommendation to prevent urolithiasis [215]. As
stated by the CLU Working Group, the conjugate base of
potassium salts present in fruits and vegetables represents
the main dietary source of alkali while dietary acid is mainly
provided by the non-dairy animal proteins, such as those
present in meat, poultry, fish and eggs, which contain amino
acids with sulfur moieties [216]. In a very large study of near
84,000 post-menopausal women, higher intake of fruits, veg-
etables and fibers was proven effective to decrease the risk of
incident kidney stone formation, and was independent from
other factors such as BMI, water, sodium, calcium, and animal
protein intake [223]. Herein pears may be particularly useful
due to their high content of malic acid, a precursor of citrate.
A comprehensive review article has recently emphasized the
favorable action of pears in preventing renal stone formation,
in association with high fluid intake and low consumption of
meat and salt, but more evidence is needed to establish their
specific role [224].

After the above general measures about fluid intake and
urinary pH modification, further approach must be individu-
alized according to the stone composition.

°Citrus fruits: lemon, orange, mandarin, clementine, grapefruit, lime,
sudachi, calamondin, etc.

"Non-citrus fruits: melon, grapes, apricots, pears, peaches, blackberries,
raspberries, plums, etc.
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11.4.2.1 Calcium Stone Associated with Idiopathic
Hypercalciuria

The thiazide diuretics are the standard treatment here, espe-
cially for preventing idiopathic calcium-containing kidney
stone recurrence [215, 225, 226]. Hydrochlorothiazide
(Esidrex®, Microzide®) is the reference-drug of this group,
and is given at the dose of 25 mg twice daily. Other agents are:
chlorthalidone (Hygroton®) 25-50 mg/day, indapamide
(Lozol®) 2.5 mg/day, bendroflumethazide (Naturetin®,
Aprinox®) 2.5 mg thrice a day etc.

The daily dietary calcium intake for patients with calcium
stones and hypercalciuria should be limited to 1000-1200 mg
[215]. A Cochrane study on diet has recently found that long-
term (5 years) adherence to diets consisting of normal levels
of calcium, low protein and low salt may reduce the number
of stone recurrences, decrease the relative supersaturation
indexes of oxaluria and calcium oxalate in people with idio-
pathic hypercalciuria who experience recurrent kidney stones
[227]. However it should be remembered that a previous
Cochrane study showed that Thiazides produce a significant
decrease in the number of new stone recurrences compared
with increased water intake or specific dietary recommenda-
tions alone [228].

11.4.2.2 Calcium Oxalate Stone Associated
with Hypocitraturia

Citrate is known to inhibit calcium oxalate crystallization by
complexing calcium and also by directly affecting nucleation
[229]. The efficacy of potassium citrate in the prevention of
calcium stone formation in idiopathic hypocitraturia has
been proven by a randomized trial [230]. The maximal recom-
mended dose of potassium citrate is 60 mEq/day in divided
doses, which is enough to induce a daily citraturia of >500 mg/
day. However this treatment should be avoided when the
urinary pH is above 6.5 because of the risk of increasing cal-
cium phosphate supersaturation [231, 232].
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11.4.2.3 Hyperoxaluria

It is of paramount importance to clinically differentiate
between primary and secondary hyperoxaluria, and also
between the various types of primary hyperoxaluria in order
to initiate the most suitable treatment. Therefore one should
proceed to an early screening in patients with recurrent cal-
cium oxalate nephrolithiasis or in those developing this dis-
ease at young age, since delay in diagnosis in primary
hyperoxaluria is common and carries a high risk for chronic
kidney disease and systemic oxalosis.

a. Primary Hyperoxaluria (PH)

This is also referred to as the idiopathic form, and comprises
of types I (the most severe and most frequent), I and III
[232].

Pyridoxine (Vitamin B6) is a co-factor of alanine glyox-
ylate aminotransferase, a liver-specific enzyme which nor-
mally converts glyoxylate to glycine, but which is deficient
in type 1 primary hyperoxaluria (PH I). Therefore
Pyridoxine is recommended in PH I where it can reduce
hyperoxaluria in about 30% of patients [232]. The initial
recommended dose of Pyridoxine is 50 mg daily, to be
titrated up to 200 mg or until a therapeutic response in
urinary oxalate is observed [233].

Adjunctive treatment options aiming at reducing urinary
CaOx supersaturation are alkaline citrate, orthophosphate,
or magnesium which will also bind to the intestinal oxalate;
however magnesium salts supplementation are contraindi-
cated in the presence of renal insufficiency [234].

It is essential to initiate early conservative management of
this disease such as high liquid intake, pyridoxine, and to
aggressively treat any stone with acute presentation in order
to prevent renal failure and oxalosis crisis [235, 236].
Unfortunately despite optimal medical management, many
patients will develop recurrent nephrolithiasis and will need
to undergo multiple urologic procedures to ensure a stone-
free status.
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When renal insufficiency is established, dialysis is ineffec-
tive in removing excess oxalate, and even after kidney trans-
plantation, there is a rapid oxalate deposits in the graft
leading to its failure [236]. Consequently pre-emptive liver
transplantation in PH I, or combined liver and kidney trans-
plantation in patients with irreversible renal damage, is the
treatment of choice to treat this disease (Table 11.1).

TaBLE 11.1 Transplantation methods in primary hyperoxaluria and
possible indications

Isolated kidney
transplant

Simultaneous
liver-kidney
transplant

(Split) partial
liver transplant

Isolated liver
transplant

Sequential liver
and kidney
transplant

Early: not appropriate due to the uncertainty

of renal deterioration in slowly progressing
cases. If there is rapid renal deterioration or

the patient is on dialysis, the best option is dual
transplantation. It may be considered in cases of
slow renal deterioration, usually in older patients

The best option in patients with advanced renal
failure or on dialysis. It should be carried out at
the earliest possible stage (GFR 15-20 mL/min).
The donor must obviously always be deceased

Not recommended, due to the liver’s excess
residual oxalate production. Transplantation
would be from a living donor and would be
carried out using one of three methods: partial
liver (when GFR >15-20 mL/min), simultaneous
liver-kidney or sequential liver-kidney. Consider
in exceptional and critical situations

Ideal when there is not yet advanced renal
failure (GFR >20 mL/min) in young adults or
children

This option requires two donors, but it is less
aggressive from the surgical perspective. If GFR
>15-20 mL/min, the option is liver first and
assessment of subsequent kidney progression. If
GFR <15-20 mL/min, the option is kidney first.
Consider in cases of advanced kidney damage
but with very slow progression

GFR Glomerular filtration rate. From Lorenzo V et al. [236], with
permission from the authors and Revista Nefrologia
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b. Secondary Hyperoxaluria

This is also referred to as absorptive or enteric hyperoxaluria.
Dietary calcium influences the bioavailability of ingested
oxalate which accounts for a non-negligible part of urinary
oxalate excretion; when the calcium load of an oxalate-
containing diet is reduced, the urinary oxalate excretion
increases [237]. Therefore a normal dietary calcium intake
should be recommended, as opposed to a poor calcium diet.

The treatment (T) of absorptive hyperoxaluria can be
summarized by the following equation:

T = Low oxalate diet + normal calcium.

A summary of dietary values for fluid and some foods in
relation with CaOx stone prevention can be proposed as fol-
lows [216, 233, 234]:

e Daily fluid: Minimum urinary output per day is 2.5 L for
an adult. To reach this output, the required intake should
be about 3 L. In children, an oral fluid intake of >1.5 L/m?
body surface area is advised. Obviously extra fluid will be
necessary to compensate increased sweat loss in a hot
environment and during intensive physical activity as
already discussed above. Along with water, give prefer-
ence to lemon juice 4 oz per day (113 g). Alternatively one
can take melon juice or orange juice, but avoid tomato
(sodium ++), grapefruit (oxalate ++), and cranberry juice
(oxalate++). Carbohydrate-electrolyte sports beverages
(Gatorade) do not affect the urinary stone risk profile.

e Avoid low-carbohydrate high-protein diets because they
deliver a marked acid load to the kidney with the second-
ary risk of stone formation. These are specifically animal
proteins contained in meats, fish, poultry, cheese, and eggs.
A low-normal protein intake decreases calciuria and could
be useful in stone prevention and preservation of bone
mass. When facing high animal protein consumption as a
“fait accompli”, one should compensate with extra fruit/
vegetables.
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e Parsimonious consumption of spinach, potatoes, and nuts,
as well as chocolate, because they are significant sources of
dietary oxalate.

e Dietary calcium restriction is not recommended for stone
formers with nephrolithiasis. A daily calcium intake of
1000-1200 mg should be reached (equal to a 225-g glass of
milk taken four times per day). Preference should be given
to non-diary calcium-fortified products beverage or food
such as orange juice, coagulated soy milk (tofu), dark leafy
greens, broccoli, bock choy (Chinese cabbage), okra,
almonds, and fish canned with their bones.

Diets with a calcium content >1 g/day (and low protein-
low sodium) could be protective against the risk of stone
formation in hypercalciuric stone forming adults

e As mentioned above, low sodium intake should be avoided
because it increases the fraction of unbound oxalate in the
intestinal tract — increased oxalate absorption and urinary
oxalate excretion — increased risk of developing symp-
tomatic kidney stones.

e Pyridoxine (Vit B6) intake is beneficial when one aims at
reducing oxaluria. Pyridoxine-containing foods are sun-
flower seeds, pistachio nuts, cooked tuna or halibut,
bananas, avocados, soybeans, mangoes, oatmeal, dried
prunes, cooked spinach, fortified ready-to-eat cereal (corn
flakes, Froot Loops™, etc.). The administration of pyridox-
ine in oral doses of 250-500 mg daily to both normo- or
hyperoxaluric calcium renal stone formers decreases uri-
nary oxalate excretion.

e Bran of different origins (rice, oat, wheat, etc.) decreases
calciuria, but the impact on the urinary stone risk profile is
uncertain.

e Fish oil contains eicosapentaenoic acid (EPA). This n-3
fatty acid is a competitor of arachidonic acid (an n-6 fatty
acid present in vegetable oil and animal fats). Arachidonic
acid breakdowns to produce prostaglandins including
PGE, — increased intestinal calcium absorption +
decreased reabsorption in the renal tubules + increased
bone resorption — hypercalciuria. Sources of EPA are
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cold-water fish (salmon, tuna, mackerel, menhaden, her-
ring and sardines), fish oil and cod liver. EPA is also con-
tained in walnuts, flax seeds, and canola oil. Omega-3 fatty
acids decrease calciuria, but the impact on the urinary
stone risk profile is uncertain.

11.42.4 Calcium Oxalate (CaOx) Stone
and Hyperuricosuria

The effectiveness of Allopurinol (Zyloric®) at the dose of
100 mg thrice a day has been demonstrated since long by a
randomized control trial [238] and this drug is therefore
recommended in patients with recurrent calcium oxalate
stones who have hyperuricemia and normal urinary calcium
[215]. However the major concerns in the use of Allopurinol
is the large inventory of the side effects including skin rash,
gastro-intestinal upsets, and hepatic toxicity. Febuxostat!!
(Uloric®, Adenuric®) is a promising new drug proposed for
its better toxicity profile [239] at the dose of 40 mg/day per
os initially, to be increased to a maintenance dose of
80-120 mg/day per os.

11.4.2.5 Calcium Phosphate (CaP) Stones

These stones are often found in association with distal renal
tubular acidosis. Treatment is similar to that of CaOx stones
and consists of reduced dietary sodium and protein, increased
fluid intake, and use of thiazides [231, 232]. Citrate is also
recommended in the treatment of distal renal tubular acido-
sis, where it is effective in alleviating both acidosis and
hypocitraturia, thence preventing recurrent calcium
nephrolithiasis [240]. However careful monitoring through
24-h urine collections should be undertaken to avoid an
excessive rise in urinary pH and a potential worsening of CaP
supersaturation [232].

UFebuxostat is FDA-approved since 2009.
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11.4.2.6 Uric Acid (UA) Stones

Most patients with UA stones have a low urinary pH rather
than hyperuricosuria as the predominant risk factor [241].
Therefore reduction of urinary UA excretion with the use of
Allopurinol in patients with UA stones will not prevent stones
in presence of unduly acidic urine, and the AUA panel recom-
mends not giving this drug as a first-line therapy in these
patients [215]. The first-line therapy here is alkalinization of
the urine with potassium citrate. Allopurinol may only be
considered as an adjunct when alkalinization is not successful
(e.g., patients with inflammatory bowel disease, chronic diar-
rhoea and ileostomies) or for patients who continue to form
UA stones despite adequate alkalinization of the urine.

Urine alkalinization is the corner stone of the treatment
and urine pH should rise to 6.0-6.5 to increase the solubility
of uric acid in urine. Increasing the fluid intake and lowering
the protein diet to reduce concentration of UA are other
important measures. To raise the urinary pH, potassium
citrate is preferred over sodium citrate and its recommended
dosage is 30-40 mEq/day.

Weight reduction is essential to successfully treat and prevent
uric acid-containing stones as these have a significant association
with obesity. A BMI between 18 and 25 in the adult category of
age is the ideal target that the patient should be encouraged to
strive for [234]. Remember that the metabolic syndrome (MS) is
considered as the most common cause of uric acid stone forma-
tion and obesity is one of its main components.

As already mentioned, antegrade infusion of dissolving
agents through percutaneous nephrostomy access is obsolete.
The use of Allopurinol and Febuxostat has been discussed
above [239].

11.4.2.7 Cystine Stones

Their treatment remains a major challenge. Despite extensive
research and publications in this field with a better under-
standing of the molecular basis of cystinuria, no or little prog-
ress has been achieved in the last 30 years in the treatment of
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this entity. The preventive management still consists merely
of urinary alkalinization and adequate fluid intake (generally
>4 L/day), while available chelating agents should be cau-
tiously proposed for selected patients due to their excessive
side effects. There is still no curative treatment for cystinuric
patients who are at lifelong risk of urolithiasis, often requir-
ing repeated surgeries and being highly exposed to impaired
renal function in the long run.

Notsurprisingly the most effective cystine stone-prevention
measure is still hyperdiuresis with the aim to decrease the
urinary cystine concentration. It has been estimated that a
homozygous cystinuric patient excretes between 600 and
1400 mg of cystine per day. Knowing that the solubility of
cystine is 250-300 mg/L at a pH of 7.0, a simple calculation
indicates that a urine output of 4-5 L/day is to be promoted
if one wants to prevent urinary cystine precipitation for the
majority of homozygous cystinurics. Indeed hydration alone
can prevent stone recurrence in up to a third of patients
[242] and a urine output of 3 L/day is considered as the mini-
mal target. To achieve this goal, it is required to drink 44.5 L
of water per day in order to cover the insensible loss. The
following is a suggested practical regimen for daily water
intake: 240 mL every hour during daytime and 480 mL before
bed, and at least once during the night [242].

To increase the urinary pH, one can use potassium citrate at
the dose of 10-20 mEq thrice daily. Cystine-binding thiols
should be offered for patients who do not respond to dietary
modifications and urinary alkalinization, or who have large
recurrent stone burdens [243]. These chelating agents are:
D-Penicillamine? (Cuprimine®, Cuprenyl®, Depen®) 1-2 g/day
(known for more than 50 years) [244], Tiopronin (Thiola®)
800-1200 mg/day (this is the a-mercaptopropionylglycine; it has

2The chelating action of Penicillamine has been used for many other
medical indications: Wilson’s disease (where it binds with copper and
allows its elimination with urine), arsenic poisoning etc. Penicillamine
has also been used as a disease-modifying agent in scleroderma and
rheumatoid arthritis. However in all these indications its use was pro-
gressively confined to exceptional cases or banned because of the poten-
tially dangerous side effects.
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a better tolerance than D-Penicillamine, especially with regard
to allergy) [232], and Captopril (Capoten®) 75-100 mg/day.
These drugs work by interrupting the disulfide bond of cystine
and forming complexes with cysteine that are about 50-fold
more soluble than cystine [245]. However cautions should be
observed when prescribing these medicines because of the
many side effects related to their use, especially D-Penicillamine:
bone marrow suppression, dysgeusia, anorexia, vomiting, nau-
sea, diarrhoea, itching, rash, mouth sores, poor wound healing,
nephropathy, hemopathy, membranous glomerulonephritis,
aplastic anemia, antibody-mediated drug-induced systemic
lupus erythematous and myasthenia gravis, etc.

Captopril is an angiotensin-converting enzyme inhibitor,
also containing a thiol group and with proven in-vitro efficacy
in increasing cystine solubility, but with poor urinary excre-
tion at usual dose to cause meaningful changes in cystine
solubility [246, 247].

11.4.2.8 Struvite Stones

Struvite stones occur as a consequence of urinary infection
with urease-producing (or urea-splitting) organisms which
include a wide range of genera such as Proteus spp, Brucella
spp, corynebacterium spp, Staphylococcus, Mycoplasma,
Cryptococcus, etc.

Patients treated for struvite stones may still be at risk for
recurrent urinary tract infections after stone removal, and in
some patients surgical stone removal is not feasible. These
patients are also at increased risk for stone recurrence or
progression, and an aggressive medical approach is required
to mitigate this risk [243]. The use of a urease inhibitor,
Acetohydroxamic acid (AHA, Lithostat®), may be beneficial
in these patients, but the striking side effect profile limits its
use [248]. In particular, patients taking this medication should
be closely monitored for phlebitis and hypercoagulability
phenomena [249]. In view of its side-effects, AHA should be
prescribed only for residual or recurrent struvite stones that
cannot be managed surgically, and close monitoring of persis-
tent or recurrent urinary tract infections is recommended in
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these patients [215]. Acidifying the urine to a pH between 5.8
and 6.2 with L-Methionine (200-500 mg three times a day)
combined with an increased fluid intake are important
adjuncts to stone removal procedures [234].

11.4.2.9 Summary of the Dietary and Medical
Therapies

There are no specific dietary measures for cystine and stru-
vite stones. The formers are addressed merely by urinary
alkalinization and increased water intake to promote a diure-
sis of >3 L/day, and the latters by their complete surgical
removal whenever possible and aggressive treatment of UTI
with antibiotics and urinary acidification. As take-home mes-
sages, we reproduce the following two tables summarizing the
diet and medication advices in relation to specific metabolic
abnormalities associated with urolithiasis (Table 11.2) [233]
and reminding the indications of the various drugs used to
treat urinary stones (Table 11.3) [234].

TaBLE 11.2 Summary of dietary and medical therapies for kidney
stone prevention

Abnormality Diet Medications

General Fluids, limit sodium, None

guidelines citrates

Hypercalciuria Sodium restriction Thiazide, fish oil

Hypocitraturia Lemon, lime, melon, Potassium citrate
oranges

Hyperuricosuria Protein moderation Allopurinol

Hypernatriuria Sodium limit None
1500 mg/day

Hyperoxaluria Limit spinach, nuts, Pyridoxine (vitamin
berries B-6)

Low pH Increase fruits and Potassium citrate
vegetable

From Gul Z and Monga M. [233]. With permission from the Korean
Urological Association
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TaBLE 11.3 When to use which medication

Medication/dose

Indication

Potassium
citrate/9-12 g/day

Sodium bicarbonate
1.5 g 3x/day

Hydrochlorothiazide
25-50 mg/day

Magnesium salts 200—
400 mg/day

Pyridoxine 5-20 mg/
kg/day

L-Methionine 200-
500 mg 3x daily

When adjustment of the acid/base
towards the alkaline region is needed
and dietary measures are not sufficient.
This can be the case for patients with
high uric acid production, low dietary
acid tolerance (overweight, renal
acidification disorders), high intrinsic
oxalate production. Stone types: uric
acid, calcium-oxalates, ammonium urate

To correct hypercalciuria when that
cannot be corrected by dietary advice
(or by surgery in the case of primary
hyperparathyroidism)

Stone types: calcium-salts

For patients with oxalate overproduction
(hyperoxaluria that cannot be corrected
by dietary advice)

Magnesium salts should not be given to
patients with renal insufficiency

Stone types: calcium oxalates

Patients in whom hyperoxaluria remains
present despite dietary restriction of
oxalate and normalisation of calcium
intake (primary hyperoxaluria)

Goal: normo-oxaluria

When acidification of the urine

is needed. This can be to remove
fragments of infection stones (struvite/
calcium apatites) or patients with uric
acid/ammonium urate stones

Goal: urinary pH 5.8-6.2, where urine
pH remains >6.2 despite advice to
neutralise the dietary acid/base intake
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TaBLE 11.3 (continued)

Medication/dose Indication
Allopurinol 100- For patients with hyperuricosuria that is
300 mg/day not corrected by dietary advice. These

are patients who produce extra uric
acid as a result of severe overweight or
due to an enzymatic disorder. The high
dose should be reserved for patients
who have both hyperuricosuria and
hyperuricosaemia

From Kok DIJ. [234] with permission from the Arab Journal of
Urology

11.5 Herbal Medicines

Phytotherapy (from Greek “Phytos”, plant, and “Therapeia”,
treatment or cure) is as old as the mankind itself and has been
intensively used for urolithiasis since ancient human civiliza-
tions (Greco-roman, Egyptian, Indian, Chinese, Persian,
etc.). In the middle age the Persian Islamic polymath Ibn-
Sina (known as Avicenna in Western countries) has listed in
his “Canon of Medicine” (.4 ; ,sa) a total of 64 herbal, 8
animal, and 4 mineral medicines that were used to dissolve,
expel, or prevent kidney calculi [250].

Pakistani researchers have endeavored to propose a rich
taxonomy of herbs reportedly having a therapeutic or pre-
ventive effect against renal stones; they outlined not less than
35 medicinal plants whose active ingredients included flavo-
noids, terpenoids, and tannins [251]. More recently an Iranian
group has inventoried 18 species of plants used by Shirazian
herbalists to treat urolithiasis, among which Alhagi mauro-
rum (Camelthorn, Persian mannaplant, etc.), Tribulus terres-
tris (goat's-head,bindii,etc.),and Nigellasativa (black-caraway
or Kalonji) were the most frequently mentioned (Table 11.4
and Fig. 11.22a—c) [252].

Through the above mentioned studies alone, one can be
impressed by the great number of plants proposed for uri-
nary stone compared to the striking paucity of scientifically
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FiGURE 11.22 (a) Alhagi maurorum flowers. CC BY-SA 3.0. By
Eitan f. (b) Tribulus terrestris flower and leaves. CC BY-SA 3.0. By
Forest & Kim Starr. (¢) Nigella sativa photographed in the Vienna
Botanical Garden (Austria). By Andre Holz. CC BY-SA 3.0
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FIGURE 11.22 (continued)

proven drugs discussed in previous paragraphs and chapters
of this book.

Not even included in the above publications is Phyllanthus
niruri, one of the most studied botanic species used to treat the
urinary stone disease. This ubiquitous tropical plant is com-
monly known in Brazil as 'Quebra-pedra’, in Peru as ‘Chanca
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FiGURE 11.23 Phyllanthus niruri (‘quebra-pedra’) (Public Domain).
File: Keezhanelli. JPG

Piedra’ (‘the stone breaker’), in India as ‘Bhue Amala’ or
‘Keezhar Nelli’, in Malaysia as “Dukung Anak” and in many
other countries under different names (Fig. 11.23). It is known
in the English language as “gale of the wind”. Interestingly this
plant is also mentioned as “bhumyamalaki” in ancient
Ayurvedic texts in India where it is credited with many other
medical indications including liver function strengthening and
gastrointestinal tract cleansing.

Phyllanthus niruri has been proposed by several authors as
a treatment for urolithiasis alone [253, 254], or in combina-
tion with ESWL [255], but further evidence is needed to
confirm its therapeutic properties.

Another ayurvedic medicine reported to have activity
against urinary lithiasis is Cystone®, a complex product com-
prising of herbs and minerals. Nevertheless two short-term
studies (1-year duration each) failed to show any benefit in
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FIGURE 11.24 Herniaria hirsuta (hairy rupturewort). Courtesy of
Pr. Atmani F, Laboratory of Biochemistry and Biotechnology,
Department of Biology, University Mohammed the First, Oujda,
Morocco

preventing kidney stone formation and growth in recurrent
cystine and CaOx stone formers [256, 257].

A Moroccan herb, Herniaria hirsuta (hairy rupturewort)
(Fig. 11.24) has also been reported to have beneficial effect in
preventing calcium oxalate stones in rats; however human
studies are still awaited [258].

A recent in-vitro study attempted to explore the effects of
five herbal extracts on the crystallization of calcium oxalate
in synthetic urine [259]. The selection included Folium pyr-
rosiae (a Chinese plant), Desmodium styracifolium,
Phyllanthus niruri, Orthosiphon stamineus (“Java tea”)
(Fig. 11.25), and Cystone®. All these products showed a
potential in the inhibition of calcium oxalate stone formation,
the greatest effect being observed with Cystone®. Nonetheless
a large meta-analysis showed that citrate is more effective
than phytotherapy in decreasing the size of existing calculi in
the urinary tract and in decreasing the urinary excretion rate
of uric acid [260].
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FiGURE 11.25 Orthosiphon stamineus (“Java tea”). CC BY 3.0. By
Tu7uh

Therefore it should always be borne in mind that despite
their popularity, herbal solutions suffer the lack of random-
ized scientific data on their exact pharmacodynamics, efficacy
and safety to support their clinical use.



11.6 An Eye on the Future 259

11.6 An Eye on the Future

e Itis generally accepted that struvite (infectious) stones are
not to be managed conservatively and there is no place for
any dietary measure. It is essential to render the patient
stone-free, and surgery is the mainstay here (either RIRS
or PCNL, or sometimes open procedures) aiming at a
complete stone removal, in combination with a urine
culture-guided antibiotic therapy. However this attitude
has recently been tempered by some investigators who
found metabolic abnormalities even in pure struvite stone
and reported on the positive effect of a directed medical
therapy in these patients [261]. Additionally the advent of
Proteus mirabilis vaccine would be a positive step for stru-
vite stones prevention. Preliminary studies have shown
effectiveness of hemolysin (HpmA) in a mouse model
[262] and further trials are expected.

¢ Arandomized,double-blind, placebo-controlled multicenter
trial has evaluated the efficacy of Oxalobacter formigenes,
an anaerobic oxalate-degrading bacterium, which naturally
colonizes the colon of most humans. This study showed that
orally administered Oxalobacter formigenes (Oxabact®)
(not less than 107 CFU twice daily) with meals was safe and
well tolerated [263]. Disappointingly however this study
showed no significant change in urinary oxalate compared
with placebo. Nonetheless a further study has reemphasized
the interest of this probiotic therapy [264].

e Imposters that structurally mimic the L-Cystine, namely
L-cystine dimethylester (L-CDME) and L-cystine methy-
lester (L-CME), were identified through the use of atomic
force microscopy, and were proven effective to inhibit
L-cystine crystal growth in vitro and in a murine model
[265-268]. Further trials in humans are warranted to con-
firm the effectiveness and evaluate the adverse effects of
this novel therapy.

e A model of genetic manipulation has been developed
using the antisense technology to reproduce cystinuria
type 1 in vitro [269]. This research is based on the genes
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encoding the two transporters, TBAT and b(0,+)AT, whose
defects cause non-transport of cystine in proximal tubular
cells resulting in cystinuria. The authors succeeded to arti-
ficially silence the rBAT gene using antisense oligonucle-
otides complimentary to human rBAT mRNA achieving a
cystinuria type I phenotype in cultured human kidney
cells. This model could open the door to gene therapy of
cystinuria.
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Chapter 12

Special Conditions in Urinary
Lithiasis

“Effects vary with the conditions which bring them to pass, but laws
do not vary. Physiological and pathological states are ruled by the
same forces, they differ only because of the special conditions under
which the vital laws manifest themselves”.

Claude Bernard (1813-1878)

12.1 Management of Urinary Stones
in Pregnancy

Urologists are frequently called to assess a pregnant lady
presenting with flank pain and found subsequently to have
hydronephrosis (HN) after ultrasonography. It should be
remembered here that the most common cause of hydrone-
phrosis in pregnancy is physiologic, being mainly due to
mechanical causes whereby compression of the ureters by the
gravid uterus and the iliac and gonadal vessels has been pro-
posed to be an important contributory factor. The effect of
Progesterone in reducing ureteral tone, peristalsis, and con-
traction pressure appears to be modest [1, 2]. The overall
incidence of physiologic hydronephrosis was found to be
90% on the right side and up to 67% on the left side during
pregnancy [3]. The predominance of HN on the right side is
proposed to be due to the fact that the right ureter crosses the
iliac and ovarian vessels at a more acute angle than the left
before it enters the pelvis [2]. A further suggested factor is
the compressive effect arising from the dextrorotation of the
pregnant uterus while the left ureter seems to be protected by
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the gas-filled sigmoid colon [4]. Therefore it has been sug-
gested that the left lateral position may be a therapeutic
posture to both relieving pain and allowing a better drainage
of the right pelvi-calyceal system, thus preventing pyelone-
phritis [5].

A ureteric stone should be clinically suspected in presence
of moderate to severe ipsilateral colicky pain in association
with hydronephrosis, but will hardly be directly visualized by
ultrasonography. The presence of macroscopic or microscopic
haematuria would be an additional clue to this etiology.

The association of urolithiasis with pregnancy is a contro-
versial topic abundantly discussed in the literature. A large
review study of over 21,000 deliveries revealed that 86
women have got symptomatic urolithiasis for an incidence of
1 in 244 pregnancies (0.4%), and the symptoms were most
likely to occur in the second or third trimester [6]. However
it is generally accepted that this incidence varies widely from
1/200 to 1/2000 women, and is finally not different from the
reported incidence in the non-pregnant female population of
the child-bearing age (0.03-0.5%) [7-9]. Even when restrict-
ing the study to the sole pregnant patients hospitalized for
renal colic, it was shown that only 19.4% were ultimately
diagnosed to have a renal or ureteric stone, while 28%
patients were found to have UTI [10].

If pregnancy does not increase the incidence of urinary
stone compared to age-matched non-pregnant women, it has
however an influence in the stone composition. As already
discussed above (See Chap. 4: Stone composition), calculi in
pregnant women are predominantly made of CaP (hydroxy-
apatite) (74%) while CaOx component is more common in
non-pregnant females [11]. More importantly, the combina-
tion of urolithiasis with pregnancy represents a challenge to
both Gynae-obstetricians and Urologists for their diagnosis
and treatment. It has been shown that nephrolithiasis exposes
to an increased risk of preterm premature rupture of mem-
branes compared with a control group with values of 7.0%
and 2.9% respectively [6]. Flank pain is the most common
presentation and the diagnosis is based essentially on
Ultrasonography [10]. However when ultrasound study is
inconclusive and diagnosis certainty is required before
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embarking in a high risk surgery, experts panel exceptionally
recommend Magnetic Resonance Imaging (MRI) as a
second-line imaging modality, while low-dose CT should cau-
tiously be used as a last-line option and care taken not to
exceed 0.05 Gy X-ray exposure [12]. Conservative manage-
ment of renal colic in pregnant patients is effective in 3/4 of
cases and should be considered as the first-line management
here [4, 9, 13]. It consists of pain control and rehydration.
Medical expulsive therapy (MET) with alphablockers or
calcium-channel blockers can be safely added in order to
increase the rate of stone passage in pregnant women [4, 14].

ESWL is absolutely contra-indicated for urolithiasis in
pregnancy and the indications of surgical intervention are
restricted to:

e failure of conservative management
e sepsis

e obstruction of a solitary kidney

e bilateral ureteric obstruction.

Surgical intervention consists of a retrograde ureteral DJ
stent insertion. This is regarded as a reliable, safe, and stable
first-line urological intervention and has been found to be
equally effective and safe as percutaneous nephrostomy, with
less complications (bleeding and stent dislodgement) and less
inconvenience (no external drainage system) [15, 16].

Whether a rigid ureteroscopy should be performed to remove
the stone straightaway in pregnant women is a matter of debate.
This may be advisable in selected cases under expert hands.
Indeed the physiological dilatation of the ureters in pregnancy
would plead for this initiative. Definitive treatment of the stone
using a Swiss pneumatic lithoclast or Holmium Lasers through a
semirigid ureteroscope under general anesthesia was shown to
be safe for the foetus [17-19], and the expert panels consider this
intervention as a reasonable alternative to avoid long-term
stenting or drainage [20,21]. However a recent study has revived
our attention showing that obstetrical risks triggered by ure-
teroscopy may reach 4% [22], a figure that is higher than in
previous studies. Consequently, as a general recommendation
before any surgery in pregnant women, the opinion of Gynae-
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Obstetricians must always be sought with regard to the probabil-
ity of complications such as miscarriage and preterm labor [21].

The use of fluoroscopy should also be avoided or reduced
to the minimum and restricted to the area of interest while
shielding the uterus with a lead apron. Ultrasonography is a
safer and effective means to guide ureteroscopy and
DJ-stenting in pregnancy to avoid harming the fetus with ion-
izing radiation exposure [23].

12.2  Management of Urolithiasis in Children

Fifty to eighty-five percent of children with urolithiasis have
a family history of stone disease [24-26] and 93.2% of them
have metabolic abnormalities detected in a 24-h urine study,
hypercalciuria being the most common (75%), followed by
hypocitraturia (44 %) and hyperuricosuria (30%) (Table 12.1).

TaBLE 12.1 Metabolic disorders in the urinary analysis of patients
with urolithiasis hospitalized in HUG during the period of 2002-
2012 (analysis performed from a 24-h urine or a single urine
sample)

Metabolic disorders N (%)
Hypercalciuria 44 (74.6%)
Hypocitraturia 26 (44.1%)
Hyperuricosuria 18 (30.5%)
Hyperoxaluria 5(8.5%)
Cystinuria 3(51%)
Hyperphosphaturia 1(1.7%)
Hypomagnesuria 1(1.7%)
Hypercalciuria + Hypocitraturia 8 (14.5%)
Hypercalciuria + Hyperuricosuria 7 (12.72%)
Hypercalciuria + Hypocitraturia + 7 (12.72%)
Hyperuricosuria

From Amancio et al. [24]. J. Bras. Nefrol. Creative Commons
Attribution License.
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Metabolic evaluation of urolithiasis in the pediatric popu-
lation should never be overlooked because the risk of renal
stone recurrence in childhood is high, ranging 50-70% within
3 years [25, 27].

Beside metabolic abnormalities, anatomical defects and
functional abnormalities are the second most important
cause (25%), and include vesico-ureteral reflux, PUJ, neuro-
genic bladder [25].

A third etiological group is formed by the so-called
endemic pediatric bladder stones that are defined as those
formed in the absence of obstruction, infection or neurogenic
disease. These stones are found in some geographic areas
where children are subjected to malnutrition, diarrheal dis-
ease, and/or chronic dehydration, such as North and Sub-
Saharian African countries, Turkey, Iraq, Iran, India, Pakistan,
Afghanistan, Nepal, Thailand, and Indonesia [28]. The patho-
physiology proceeds through two major factors: dietary and
nutritional deficiencies which promote crystalluria, and
chronic dehydratation secondary to diarrhea, hot tempera-
ture, and relatively low water intake. These stones are mostly
made of ammonium acid urate or mixtures of ammonium
acid urate + CaOx and CaP [28,29]. They are generally found
in children younger than 10 year-old with a peak at 2—4 years,
and boys are more commonly affected than girls with a male/
female ratio of 12-13:1 [30, 31].

The importance of nutritional factors in developing coun-
tries has been reemphasized by a recent Indian prospective
study conducted in Mumbai which showed only 21% of 24-h
urine abnormalities, while there was low calcium intake in
59% resulting in increased intestinal oxalate absorption, and
hypocalcemia was seen in 43% of cases. An important associ-
ated factor was the low urine volume found in as much as
65% of children [32].

The presenting symptoms of urolithiasis in children vary
with their age:

e For infants younger than 60 days, the most common symp-
tom is irritability [26].

e Children of a mean age 10.3 = 6.1 months present with
urinary tract infection and related symptoms in 50%.
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Others are admitted after incidentally diagnosed renal
stones during imaging for other causes (20%), or after a
painful stone passage, hematuria, voiding difficulty, or
antenatal detected urinary anomaly [25].

e For older children with a mean age of 8.00 = 4.25 years, the
most common clinical manifestation is diffuse abdominal
pain seen in 57%, followed by classic renal colic seen in
44%, then urinary infection, macroscopic haematuria, and
vomiting [24] (Table 12.2)

Ultrasonography with a full bladder is the recommended
first-line imaging technique to diagnose a urinary stone in
children because of his safety: absence of radiation and avoid-
ance of anesthesia [12]. Plain X-ray KUB and NCCT KUB
are only indicated when the ultrasound study is inconclusive.

The use of Alpha-1 adrenergic antagonists (either
Doxazosin 0.03 mg/kg/day or Tamsulosin >4 years:0.4 mg
<4 years:0.1 mg) increase the probability of ureteral calculus

TABIjE 12.2 Clinical Clinical manifestations N (%)
manifestations of - Apqominal pain 59 (56.7%)
hospitalized patients with
urolithiasis between Classic renal colic 46 (44.2%)
2002 and 2012 Urinary infection 39 (37.5%)
Macroscopic 33 (31.9%)
hematuria
Vomits 29 (27.9%)
Urinary symptoms 25 (24.0%)
Stones elimination 25 (24.0%)
Fever 15 (14.4%)
Nausea 13 (12.5%)
Microscopic 6 (5.8%)
hematuria
Other 2 (2.0%)

From Amancio et al. [24]. J. Bras. Nefrol.
Creative Commons Attribution License
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expulsion in children by 27% and their use is correlated with
fewer episodes of pain when compared to ibuprofen alone
10 mg/kg 2-4x/day [33].

When the conservative management of a ureteral stone
has failed, a rigid pediatric ureteroscope can safely be intro-
duced and the stone be treated using Holmium Laser. This
carries a high stone-free rate (>90%) [34]. However this
approach has shown better results with lower and mid-ure-
teral stones than with upper ureteral calculi [35]. It should
also be noticed that cystine stone composition and lower
patient’s age reduce the one-session stone free achievement,
and younger patient’s age of less than 5 years expose to an
increased complication rate and the need for conversion to
open procedure [36].

Old studies have also suggested an affective role of ESWL
in the management of pediatric ureteral stones performed
under general anesthesia with an overall successful outcome
of 87% at 3-month follow-up [37] (Fig. 12.1), however this
approach has been supplanted by Ureteroscopy nowadays.

Currently ESWL is reserved for renal stones of small to
moderate size. Nonetheless harder stones such as those made
of cystine are difficult to clear with this non-invasive tech-
nique and generally necessitate the use of a flexible uretero-
scope with Holmium Laser, and multiple sessions are
expected for larger stones. PCNL is also increasingly used in
children for large stones, and the use of smaller nephroscopes
(17-Fr) allows reducing bleeding complications [38].

De-novo or post-ESWL/RIRS small residual renal stones
can be treated conservatively [39]. However it is notoriously
known that spontaneous passage of fragments located in the
lower calyces is hindered by the physical law of gravity and
these fragments can act as a nidus to promote further stone
growth. Herein a recent study evaluated the safety and effec-
tiveness of the so-called “mechanical percussion diuresis and
inversion therapy” aiming at clearing such unfavorably
located stones in children [40]. This therapy starts by an oral
fluid intake to promote diuresis (10 mL/kg of water). Thirty
minutes later the child is laid in a prone Trendelenburg pos-
ture on a couch angled at 45°, and receives continuous 10-min
mechanical percussion applied over the affected flank by a
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FiGURe 12.1 Positioning of a 6-month-old infant on the Wolf
Lithotripter with bilateral nephrostomies due to complete bilateral
ureteric calculi. From Al-Busaidy SS et al. [37], with permission from
John Wiley and Sons

FIGURE 12.2 Application of mechanical percussor on a patient
placed in a Trendelenburg position on a 45° couch. From Faure A
et al. [40], with permission from Elsevier



12.2 Management of Urolithiasis in Children =~ 289

physiotherapist (Fig. 12.2). This study showed a good tolerance
to the treatment, no adverse effects, an overall stone-free rate
of 65%, and a 100% decrease of the stone burden.

Depending on their size, bladder stones are managed
either by Cystolitholapaxy preferably using Holmium-Laser
[41] (Fig. 12.3a-f) or by cystolithotomy.

FiGURre 12.3 (a—f) Treatment of a large bladder stone with Holmium-
Laser resulting in complete clearance. From Ramakrishnan PA et al.
[41] with permission from the Canadian Journal of Urology
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FIGURE 12.3 (continued)

12.3 Stones in Renal Transplant

Stones may be already present in the donated kidney, or form
de novo in the graft after transplantation.

Candidates for kidney donation who present with symp-
tomatic renal stones should be turned away while those with
incidentally diagnosed small calculi (<1 cm) may be accepted.
Several studies have reported successfull ESWL before
donor nephrectomy, or removal of small stones from ex-vivo
kidneys either through ultrasound-guided nephrotomy,
pyelotomy, or ureteroscopies (rigid or flexible) using an iced
saline perfusion, just before their successful transplantation
[42,43].

There are multiple potential factors which predispose a
transplanted kidney to de-novo formation of a stone. These
include secondary hyperparathyroidism with hypercalci-
uria, hyperuricosuria and hypocitraturia induced by cyclo-
sporine, ureteral complications with possible obstruction,



12.3 Stones in Renal Transplant 291

recurrent UTI, post-surgical foreign bodies (sutures, staple,
stents, etc.) [44].

However the frequency of urolithiasis in renal transplant
recipients in recent publications remains similar to that
observed in the general population (1-3%) [45-49], owing to
compensatory factors such as the generous fluid intake by
transplant patients, the glomerular filtration through only
one kidney rather than two, and the mildly impaired urinary
concentration ability [44].

The mean interval time to presentation after renal trans-
plantation is 28 + 22 months [42, 45], but a wide variation
from few months to as much as 18 years has been reported in
the literature [48]. A very recent meta-analysis showed no
gender difference in the frequency of stones in transplant
kidney [45].

It should be borne in mind that stones in the denervated
renal graft are asymptomatic and the diagnosis is generally
incidentally reached during post-transplantation follow-up,
while a minority of cases present with oliguria or anuria due
to obstructing ureteral stone, or are diagnosed after a failed
removal of stone-incrusted DJ stents [46, 47].

The unicity of the functioning kidney and the immune-
compromised status of these patients expose them to more
serious complications. Therefore a high index of clinical sus-
picion is required to detect this condition early, and it is
strongly recommended to perform U/S or NCCT to rule out
calculi in renal transplanted patients presenting with fever of
unknown etiology, or in children with unexplained failure to
thrive [12].

Metabolic causes of renal stones are probably more fre-
quent in these patients than in the general population
(60-80%) with hypocitraturia, hypercalcemia caused by
tertiary hyperthyroidism and hyperuricemia being fre-
quently encountered [47-49]. UTI is another important
etiological factor seen in 40-50% [47-49]. Associated
causal microorganisms are generally E. coli and P. mirabilis.
Stone analysis has shown predominance of calcium stones
which represent 67% of transplant kidney stones
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(subdivided as 30% mixed CaOx/CaP, 27%CaOx and
10% CaP), followed by struvite stones and uric acid stones
with 20% and 13% respectively [45].

The diagnosis is reached by Ultrasound, X-ray KUB, and/
or CT-scan, and the stone size varies considerably as in the
general population.

The treatment is multimodal. For obstructed kidney, an
urgent percutaneous drainage is required and may be fol-
lowed by antegrade DJ stent insertion. ESWL treatment in
prone position is the first-line treatment for small renal and
ureteral stones. PCNL is reserved for multiple pyelocaliceal
calculi, and staghorn calculus in the lower calyx [47, 48].

Retrograde URS with laser lithotripsy and/or basket
extraction is an effective treatment for small renal transplant
stones [50]. Localizing and intubating the transplant ureteric
orifice is generally challenging, but may be considerably
facilitated by a prior antegrade DJ stent insertion. Open sur-
gery is reserved for cases where the above approaches have
failed [45].

When efficiently treated, nephrolithiasis in graft kidneys
does not have significant negative impact on the transplant
survival [51].

References

1. Au KK, Woo JS, Tang LC, Liang ST. Aetiological factors in
the genesis of pregnancy hydronephrosis. Aust N Z J Obstet
Gynaecol. 1985;25(4):248-51.

2. Cheung KL, Lafayette RA. Renal physiology of pregnancy. Adv
Chronic Kidney Dis. 2013;20(3):209-14.

3. Peake SL, Roxburgh HB, Langlois SL. Ultrasonic assessment of
hydronephrosis of pregnancy. Radiology. 1983;146(1):167-70.

4. Celik O, Tiirk H, Cakmak O, et al. Current approach for urinary
system stone disease in pregnant women. Arch Ital Urol Androl.
2016;87(4):280-5.

5. Roberts JA. Hydronephrosis of pregnancy. Urology. 1976;8(1):1-4.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

References 293

. Lewis DF, Robichaux AG III, Jaekle RK, et al. Urolithiasis in

pregnancy. Diagnosis, management and pregnancy outcome.
J Reprod Med. 2003;48(1):28-32.

. Fligelstone LJ, Datta SN, Evans C, Matthews PN. Problematic

renal calculi presenting during pregnancy. Ann R Coll Surg Engl.
1996;78(2):142-5.

. Gorton E, Whitfeld HN. Renal calculi in pregnancy. Br J Urol.

1997;80(Suppl 1):4-9.

. Juan YS, Wu WJ, Chuang SM, Wang CJ, et al. Management of

symptomatic urolithiasis during pregnancy. Kaohsiung J Med
Sci. 2007;23(5):241-6.

Fontaine-Poitrineau C, Branchereau J, Rigaud J, et al. Renal colic
in pregnancy: series of 103 cases. Prog Urol. 2014;24(5):294-300.
Ross AE, Handa S, Lingeman JE, Matlaga BR. Kidney stones
during pregnancy: an investigation into stone composition. Urol
Res. 2008;36(2):99-102.

Tiirk C, Petiik A, Sarica K, et al. EAU guidelines on diagno-
sis and conservative management of urolithiasis. Eur Urol.
2016;69(3):468-74.

Hendricks SK, Ross SO, Krieger JN. An algorithm for diagnosis
and therapy of management and complications of urolithiasis
during pregnancy. Surg Gynecol Obstet. 1991;172(1):49-54.
Weber-Schoendorfer C, Hannemann D, Meister R, et al. The
safety of calcium channel blockers during pregnancy: a pro-
spective, multicenter, observational study. Reprod Toxicol.
2008;26(1):24-30.

Evans HJ, Wollin TA. The management of urinary calculi in
pregnancy. Curr Opin Urol. 2001;11(4):379-84.

Choi CI, Yu YD, Park DS. Ureteral stent insertion in the
management of renal colic during pregnancy. Chonnam Med
J.2016;52(2):123-7.

Rana AM, Aquil S, Khawaja AM. Semirigid ureteroscopy and
pneumatic lithotripsy as definitive management of obstructive
ureteral calculi during pregnancy. Urology. 2009;73(5):964-7.
Abdel-Kader MS, Tamam AA, Elderwy AA, et al. Management
of symptomatic ureteral calculi during pregnancy: experience of
23 cases. Urol Ann. 2013;5(4):241-4.

Semins MJ, Trock BJ, Matlaga BR. The safety of ureteroscopy
during pregnancy: a systematic review and meta-analysis. J Urol.
2009;181(1):139-43.



294

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chapter 12. Special Conditions in Urinary Lithiasis

Tiirk C, Petiik A, Sarica K, et al. EAU guidelines on interven-
tional treatment for urolithiasis. Eur Urol. 2016;69(3):475-82.
doi:10.1016/j.eururo.2015.07.041. Epub 2015 Sep 4.

Assimos D, Krambeck A, Miller NL, et al. Surgical management
of stones: American Urological Association/Endourological
Society Guideline, PART II. J Urol. 2016;196(4):1161-9.
Johnson EB, Krambeck AE, White WM. Obstetric complications
of ureteroscopy during pregnancy. J Urol. 2012;188(1):151-4.
Deters LA, Belanger G, Shah O, Pais VM. Ultrasound guided
ureteroscopy in pregnancy. Clin Nephrol. 2013;79(2):118-23.
Amancio L, Fedrizzi M, Bresolin NL, Penido MG. Pediatric uro-
lithiasis: experience at a tertiary care pediatric hospital. J Bras
Nefrol. 2016;38(1):90-8.

Serdaroglu E, Aydogan M, Ozdemir K, Bak M. Incidence and
causes of urolithiasis in children between 0-2 years. Minerva
Urol Nefrol. 2016.

Naseri M. Urolithiasis in the first 2 months of life. Iran J Kidney
Dis. 2015;9(5):379-85.

Tasian GE, Kabarriti AE, Kalmus A, Furth SL. Kidney
stone recurrence among children and adolescents. J Urol.
2016;197(1):246-52.

Soliman NA, Rizvi SA. Endemic bladder calculi in children.
Pediatr Nephrol. 2016. doi:10.1007/s00467-016-3492-4.

Naqvi SAA, Rizvi SAH, Shahjehan S. Analysis of urinary calculi
by chemical methods. J Pak Med Assoc. 1984;34:147-53.

Thalut K, Rizal A, Brockis JG, et al. The endemic bladder stones
of Indonesia—epidemiology and clinical features. Br J Urol.
1976;48(7):617-21.

Kamoun A, Daudon M, Abdelmoula J, et al. Urolithiasis in
Tunisian children: a study of 120 cases based on stone composi-
tion. Pediatr Nephrol. 1999;13(9):920-5. Discussion 926.
Gajengi AK, Wagaskar VG, Tanwar HV, et al. Metabolic evalu-
ation in paediatric urolithiasis: a 4-year open prospective study.
J Clin Diagn Res. 2016;10(2):PC04-6.

Glina FP, Castro PM, Monteiro GG, et al. The use of alpha-1
adrenergic blockers in children with distal ureterolithia-
sis: a systematic review and meta-analysis. Int Braz J Urol.
2015;41(6):1049-57.

Al-Busaidy SS, Prem AR, Medhat M, Al-Bulushi YH. Ureteric
calculi in children: preliminary experience with holmium:YAG
laser lithotripsy. BJU Int. 2004;93(9):1318-23.


https://doi.org/10.1016/j.eururo.2015.07.041
https://doi.org/10.1007/s00467-016-3492-4

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4s.

46.

47.

48.

References 295

Al Busaidy SS, Prem AR, Medhat M. Paediatric ureteros-
copy for ureteric calculi: a 4-year experience. Br J Urol.
1997;80(5):797-801.

Tiryaki T, Azili MN, Ozmert S. Ureteroscopy for treatment of
ureteral stones in children: factors influencing the outcome.
Urology. 2013;81(5):1047-51.

Al Busaidy SS, Prem AR, Medhat M, Giriraj D, Gopakumar P,
Bhat HS. Paediatric ureteric calculi: efficacy of primary in situ
extracorporeal shock wave lithotripsy. Br J Urol. 1998;82(1):90-6.
Celik H, Camtosun A, Altintas R, Tasdemir C. Percutaneous
nephrolithotomy in children with pediatric and adult-sized
instruments. J Pediatr Urol. 2016;12(6):399.e1-5.

Dos Santos J, Lopes RI, Veloso AO. Outcome analysis of asymp-
tomatic lower pole stones in children. J Urol. 2016;195(4 Pt
2):1289-93.

Faure A, Dicrocco E, Hery G, et al. Postural therapy for renal
stones in children: a Rolling Stones procedure. J Pediatr Urol.
2016;12(4):252.e1-6.

Ramakrishnan PA, Medhat M, Al-Bulushi YH, Gopakumar
KP, Sampige VP, Al-Busaidy SS. Holmium laser cystolithotripsy
in children: initial experience. Can J Urol. 2005;12(6):2880-6.
2015;6(3):114-8.

Klingler HC, Kramer G, Lodde M, Marberger M. Urolithiasis in
allograft kidneys. Urology. 2002;59(3):344-8.

Rashid MG, Konnak JW, Wolf JS Jr, et al. Ex vivo ureteroscopic
treatment of calculi in donor kidneys at renal transplantation.
J Urol. 2004;171(1):58-60.

Gdor Y, Wolf JS Jr. Surgical management of urolithiasis in trans-
planted kidneys. In: Rao NP, Preminger GM, Kavanagh JP, editors.
Urinary tract stone disease. London: Springer; 2011. p. 537-42.
Cheungpasitporn W, Thongprayoon C, Mao MA, et al. Incidence
of kidney stones in kidney transplant recipients: a systematic
review and meta-analysis. World J Transplant. 2016;6(4):790-7.
Branchereau J, Thuret R, Kleinclauss F, Timsit MO. Urinary lithi-
asis in renal transplant recipient. Prog Urol. 2016;26(15):1083-7.
Cicerello E, Merlo F, Mangano M, et al. Urolithiasis in renal
transplantation: diagnosis and management. Arch Ital Urol
Androl. 2014;86(4):257-60.

Challacombe B, Dasgupta P, Tiptaft R, et al. Multimodal man-
agement of urolithiasis in renal transplantation. BJU Int.
2005;96(3):385-9.



296  Chapter 12. Special Conditions in Urinary Lithiasis

49. Harper JM, Samuell CT, Hallison PC, et al. Risk factors for
calculus formation in patients with renal transplants. Br J Urol.
1994;74(2):147-50.

50. Swearingen R, Roberts WW, Wolf JS Jr. Ureteroscopy for nephro-
lithiasis in transplanted kidneys. Can J Urol. 2015;22(2):7727-31.

51. Rezaee-Zavareh MS, Ajudani R, Ramezani Binabaj M, et al.
Kidney allograft stone after kidney transplantation and its

association with graft survival. Int J Organ Transplant Med.
2015;6(3):114-8.



Index

A
Acetohydroxamic
acid (AHA), 248
Alanine glyoxylate
aminotransferase, 68, 241
Albarran, Joaquin, 11
Albucasis, 6,9
Allopurinol, 73, 93,245,246
American Association
of Urologists (AUA),
208,213,238, 246
Anatrophic nephrolithotomy
(open-), 233-236
Antegrade stone chemolysis,
183,194-196
Apatite, 32,40, 41,43, 61,74,
133,196
Appendicolith, 171

B
Bigelow, Henry Jacob, 11
Brodel’s line, 234

C
Calcium oxalate (CaOx)
dihydrate, 27, 30, 83,
138,193
monohydrate, 27, 30, 62,
85,132,138, 188,207

Calcium phosphate (CaP), 23,37,
38,42,49,50,87,97,132,
138, 142,145,148, 149, 240,
245,282,285,292

Calciuria, 243-245

Calculus, 5, 50,79, 81-83, 87, 89,
93,98, 115,121-123, 125,
134,172,180, 215,227,232,
234,286,292

Captopril, 248

CECT. See Contrast-enhanced
CT (CECT)

Citrate (potassium_), 196,
238-240, 246,247

citraturia, 240

Civiale, Jean, 9, 10

Collot, Germain, 8

Composition (stone), 27-43,
118,142,144,145,193,
239,282,287

Computed tomography (CT), 2,
40, 65,76, 82,85,115,122,
123,133,134,136-138, 162,
163,166-168,170-172, 189,
216,224

Contrast-enhanced CT (CECT),
92,146,167,216

Cormack, Allan MacLeod, 136

Crystallization, 47, 49, 64, 92,
240,257

Crystalluria, 91, 144-151, 285

© Springer International Publishing AG 2017 297
S.A. Al-Mamari, Urolithiasis in Clinical Practice,
In Clinical Practice, DOI 10.1007/978-3-319-62437-2



298  Index

Cysteine, 66, 67
Cystine, 2, 32,33, 38, 42,43, 54,
55,6668, 94,133,138, 139,
142,145,150, 193, 196, 206,
207,246-249, 257,260,287
cystinuria, 65-68, 246, 260
Cystolitholapaxy, 190, 224-227,
236,289
Cystolithotomy
open, 225,227,236,237
percutaneous, 227
Cystone®, 256,257

D

DECT. See Dual-energy
computed tomography
(DECT)

Diabetes mellitus (DM), 39, 64,
96,123

Diethylenetriaminepentacetatic
acid (DTPA), 152,153

Digital tomosynthesis
(DTS), 133

Dimercaptosuccinic acid
(DMSA), 152,153

Dornier lithotripters, 184

Double-J (DJ) stent, 88, 182,
193-195, 198,200, 209-211,
213,222,234,236,283,284,
291,292

Dual-energy computed
tomography (DECT), 139

E
Eicosapentaenoic acid
(EPA), 244
Endemic (pediatric bladder
stones), 285
European Association of
Urologists (EAU), 38, 139,
179,238
Extracorporeal shockwaves
lithotripsy (ESWL)
ballistic, 203
electrohydraulic (EHL), 204

electrokinetic (EKL), 207
in-situ, 178,208

laser, 205

ultrasonic, 204

F
Febuxostat, 245, 246
Fistula
renal, 125
vesico-cutaneous, 125
Fourier Transform Infrared
spectroscopy (FTIR),
38,40
Franco, Pierre, 8

G

Gas-containing (-stone), 94, 95
Gil-Vernet, Josep Marfia, 229, 233
Guyon, Félix, 11

Guy’s classification, 215

H

Haematuria, 114, 115, 133,
159-161, 163, 212,282,286

Herniaria hirsuta, 257

Holmium-yttrium aluminum
garnet (Ho:YAG) laser,
206, 207,225,230

Horseshoe kidney (HSK), 75,
197,228

Hounsfield, Godfrey, 136

Hounsfield units (HU), 133, 138,
166,170, 189,193,216

Hydrochlorothiazide, 240

Hydroxyapatite, 37, 41, 42, 49, 52,
54,282

Hyperoxaluria

primary, 59, 68, 70-72, 96, 118,
121,240-242
secondary, 68, 72,241,

243-245

Hypocitraturia, 59, 61, 62, 74,
88,97, 240,245,284,
290,291



I

Indinavir (stone), 92, 134

Intra-uterine contraceptive
device (IUCD), 88, 89

Intra-venous urography/
pyelography (IVU/IVP),
92,134,168

J
Jackstone, 83-85, 146

K
Kidney-ureter-bladder (KUB)
CT, 92,136-139,178,292
ultrasound, 97, 135, 139,
178,292
X-ray, 81, 84-86,97, 131-134,
136,139, 163-165, 168-170,
178,191,237, 286,292
Kitab Al-Tasreef, 6

L

Laparoscopic pyelolithotomy
(LP), 228

Laparoscopic ureterolithotomy
(LU), 13,230,231,236

Laser, 2,13, 54, 144,199, 205-209,
214,222,227,232,283,287

Litholapaxy, 11

Lithotomy (perineal), 5,6

Lower urinary tract syndrome
(LUTS), 93,133

M

MAGS3. See
Mercaptoacetyltriglycine
(MAG?3)

Magnesium ammonium
phosphate (MAP), 74,87,
133,237

Magnetic resonance imaging
(MRI), 137,283

Matrix (stone), 93,94

Index 299

Medical expulsive therapy
(MET), 177,178,283

Medullary sponge kidney, 96

Mercaptoacetyltriglycine
(MAG3),152,153

Metabolic syndrome (MS),
39,63, 96,246

Microperc, 222

Milk-alkali syndrome, 98

Milk-of-calcium (MOC) cysts,
168,170

Miniperc, 222

Monogenic (urolithiasis), 58

MRI. See Magnetic resonance
imaging (MRI)

N

Nephrolithotomy, 178, 194,233

Nitinol (guidewire), 201

Nitroprussidetest. See Sodium
cyanide-nitroprusside
test

Non-Contrast-enhanced CT-scan
(NCCT), 81, 95, 137-139,
167,172,193, 286,291

Nonsteroidal anti-inflammatory
drugs (NSAIDs), 179, 181

0o
Ortho-iodohippurate (OIH), 152
Oxalobacter formigenes, 72, 259

P

Penicillamine, 247

Percutaneous nephrolithotomy
(PCNL), 2,13, 54,74,
167,170,178, 183,190,
194,196,197,211,213-224,
228,230, 235,236,259,
287,292

Percutaneous nephrostomy
(PCN), 182,190, 246, 283

Phleboliths, 163-166

Phyllanthus niruri, 256, 257



300 Index

Polycystic kidney disease
(autosomal dominant),
97,122

Polygenic (urolithiasis), 58

Polytetrafluoroethylene
(guidewire), 198

Positive cystine capacity, 68

Precipitation, 47, 49, 64,247

Preputial (calculi), 86, 87

Pyelolithotomy

extended, 233

laparoscopic, 228-230
Pyelonephritis

emphysematous, 122

xanthogranulomatous, 122,125

Pyonephrosis, 15, 124,125,
160,182

Pyridoxine, 72,93, 241,244

R

Randall’s plaque, 39, 49, 50,
52-54

Recurrence of Kidney Stone
(ROKS) nomogram, 118

Renal tubular acidosis (RTA),
57,62,65,97,190,245

Renogram (isotope), 152-153

Retrograde intra-renal surgery
(RIRS),2,178,193,194,
196-198,205,209-211, 213,
214,228,236,259,287

Retrograde pyelogram (RGP),
146,153

Retropulsion (stone), 207, 208

Rontgen, Wilhem Conrad, 131

RTA. See Renal tubular acidosis

(RTA)

S

Scanning electron microscopy
(SEM), 38

Skin-to-stone distance (SSD), 192

Sodium cyanide-nitroprusside
test, 67

SOund Navigation And Ranging
(Sonars), 135

Steinstrasse, 190, 191

Stone chemolysis, 183

Struvite, 29, 31, 38-40, 42, 43,74,
83,145,149, 194, 196, 210,
237,248,249,259,292

Sushruta, 5

T

Tamsulosin, 180, 181, 190, 286
Thompson, Henry, 9, 15
Tiopronin, 247

U

Ultrasonography, 92, 135-137,
167,192,281, 282,284,286

Unenhanced helical computed
tomography scan
(UHCT), 114, 137. See also
Non-Contrast-enhanced
CT-scan (NCCT)

Urease-producing
organisms, 248

Urea-splitting organisms, 74

Ureteral access sheath (UAS),
201,209

Ureteroscopy/ureteroscopie
(URS)

flexible, 2,13, 184,194,197,
199,201,202, 208-211, 214,
215,217,287,290
rigid, 178,196, 199, 201, 207,

209,211,283,290

Uric acid (UA), 32, 33,37-43, 63,
64,96,97,118,132,
138-140, 142, 145, 148, 150,
196, 246,257,292

Urinary tract infection (UTT), 36,
39,76,86,115,121, 152,
163,170, 194,210,212, 224,
249,282,285,291

w

Wheddelite, 27, 29, 146, 193

Whewellite, 27, 32, 39, 146,
150,193



	In Memoriam
	Foreword
	Preface
	Acknowledgements
	Contents
	Abbreviations
	Chapter 1: Introduction
	References

	Chapter 2: History of Stone Disease
	References

	Chapter 3: Epidemiology of Urinary Stones
	References

	Chapter 4: Stone Composition
	4.1 Stone Components
	4.2 Stone Subtypes and Associated Common Causes
	4.3 Methods to Determine the Stone Composition
	4.4 Statistics in Stone Composition
	4.5 Geographic Variations of Stone Composition
	4.6 Changes in Community Stone Composition Over Time
	References

	Chapter 5: Lithogenesis
	5.1 Mechanisms of Stone Formation
	5.2 Randall’s Plaques
	5.3 The Free or Fixed Particle Theory
	5.4 Further Hypothesis
	References

	Chapter 6: Etiology of Urolithiasis
	6.1 Genetic Predispositions
	6.1.1 Dysmetabolism
	6.1.1.1 Hypercalciuria
	6.1.1.2 Hypocitraturia
	6.1.1.3 Hyperuricosuria
	6.1.1.4 Renal Tubular Acidosis

	6.1.2 Cystinuria
	6.1.3 Hyperoxaluria (HO)
	6.1.4 Other Monogenic Hereditary Disorders Associated with Nephrolithiasis

	6.2 Urinary Infections
	6.3 Impaired Drainage
	6.4 Post Bariatric Surgery
	6.5 Foreign Bodies
	6.6 Drugs
	6.7 Renal Matrix Stones
	6.8 Gas-Containing Renal Stones
	6.9 Fetal Origin Hypothesis
	6.10 Diseases and Syndromes Associated with Renal Stones
	6.11 Other Factors
	References

	Chapter 7: Symptomatology and Signs of Urinary Stones
	7.1 Presenting Symptoms
	7.2 Calculating the Probability of Renal Stone Symptoms Recurrence
	References

	Chapter 8: Complications of Urolithiasis
	References

	Chapter 9: Investigations of Urinary Lithiasis
	9.1 Diagnosis of a Urinary Stone
	9.1.1 Kidney-Ureter-Bladder (KUB) Plain X-ray
	9.1.2 Intra-venous Urography or Pyelography (IVU or IVP)
	9.1.3 Ultrasonography (U/S) KUB
	9.1.4 Plain Computed-Tomography (CT) Scan KUB

	9.2 Investigations of the Cause
	9.2.1 Metabolic Abnormalities
	9.2.2 Crystalluria
	9.2.3 Anatomical or Structural Abnormalities

	9.3 Investigations of the Aftermath of Urolithiasis
	9.3.1 Laboratory
	9.3.2 Isotope Renogram Tests
	9.3.3 Retrograde Pyelography

	References

	Chapter 10: Differential Diagnosis of Urolithiasis
	References

	Chapter 11: Treatment of Urolithiasis
	11.1 Management of Incidentally Discovered Urinary Stones (Non-obstructive and Asymptomatic)
	11.2 Treatment of a Painful Episode of the Stone Disease
	11.2.1 Symptomatic Treatment
	11.2.2 Medical Expulsive Therapy
	11.2.3 Management of an Obstructed Kidney with Sepsis

	11.3 Direct Treatment of the Urinary Stone
	11.3.1 Extracorporeal ShockWave Lithotripsy (ESWL)
	11.3.1.1 History
	11.3.1.2 Mechanisms of Action
	11.3.1.3 Indications and Limitations of ESWL
	11.3.1.4 Contraindications
	11.3.1.5 Complications
	11.3.1.6 Success Rate of ESWL
	11.3.1.7 Factors Influencing the Outcome of ESWL Treatment
	11.3.1.8 Patient’s Satisfaction
	11.3.1.9 Place of a DJ Stent in the ESWL

	11.3.2 Antegrade Stone Chemolysis (Percutaneous Irrigation Chemolysis)
	11.3.3 Ureteroscopy
	11.3.3.1 History
	11.3.3.2 Indications
	11.3.3.3 Technique of Ureteroscope Insertion
	11.3.3.4 Energy Sources
	11.3.3.5 Technique for Stone Ablation Using a Holmium Laser and Stone Fragments Retrieval
	11.3.3.6 Safety Measures When a Mucosal Injury Occurs
	11.3.3.7 Controversies About the Use of Ureteral Access Sheaths (UAS) in RIRS
	11.3.3.8 Results
	11.3.3.9 The Need for DJ Stenting After Ureteroscopy (URS)
	11.3.3.10 RIRS vs PCNL
	11.3.3.11 RIRS Combined with PCNL
	11.3.3.12 The Future of Ureteroscopy

	11.3.4 PCNL
	11.3.4.1 History
	11.3.4.2 Indications
	11.3.4.3 Contraindications
	11.3.4.4 Surgical Technique
	11.3.4.5 Complications

	11.3.5 Cystolitholapaxy
	11.3.6 Percutaneous Cystolithotomy
	11.3.7 Laparoscopic Pyelolithotomy (LP)
	11.3.7.1 Indications
	11.3.7.2 Surgical Technique
	11.3.7.3 Results

	11.3.8 Robot-Assisted Anatrophic Nephrolithotomy
	11.3.9 Laparoscopic Ureterolithotomy (LU)
	11.3.10 Surgery for Urethral Stones
	11.3.11 Open Procedures
	11.3.11.1 Open Pyelolithotomy and Open Anatrophic Nephrolithotomy (OAN)
	11.3.11.2 Open Ureterolithotomy
	11.3.11.3 Open Cystolithotomy�
	11.3.11.4 Urethrolithotomy


	11.4 Specific Dietary and Medical Treatment of Stones
	11.4.1 Fluid Intake
	11.4.2 Medical and Dietary Measures
	11.4.2.1 Calcium Stone Associated with Idiopathic Hypercalciuria
	11.4.2.2 Calcium Oxalate Stone Associated with Hypocitraturia
	11.4.2.3 Hyperoxaluria
	a. Primary Hyperoxaluria (PH)
	b. Secondary Hyperoxaluria

	11.4.2.4 Calcium Oxalate (CaOx) Stone and Hyperuricosuria
	11.4.2.5 Calcium Phosphate (CaP) Stones
	11.4.2.6 Uric Acid (UA) Stones
	11.4.2.7 Cystine Stones
	11.4.2.8 Struvite Stones
	11.4.2.9 Summary of the Dietary and Medical Therapies


	11.5 Herbal Medicines
	11.6 An Eye on the Future
	References

	Chapter 12: Special Conditions in Urinary Lithiasis
	12.1 Management of Urinary Stones in Pregnancy
	12.2 Management of Urolithiasis in Children
	12.3 Stones in Renal Transplant
	References

	Index

