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Foreword

Urolithiasis is a very common clinical problem which uses a lot of medi-
cal and society resources since ancient times. The lifetime prevalence of
urinary tract stone is estimated to be around 10%. It means 1 out of 10
population needs medical care for urinary tract stone sooner or later.
Furthermore, the incidence of stone disease is rising gradually attributed
to changing climate and lifestyle modification. The management of uri-
nary stone is becoming more important clinically. It is my honor to be
invited to share my opinions in the preface for the book entitled Practical
Management of Urinary Tract Stone. The authors are internationally
renowned urologists, Professor Anthony C.F. Ng, Michael Y.C. Wong, and
Shuji Isotani; all have abundant experience and knowledge on urolithia-
sis. They invited many outstanding scholars in Asia to publish this book.
This is a comprehensive book covering many important topics from “basic
principle and management of urinary calculi, instruments for endouro-
logical treatment of urinary calculi, and ureteroscopy to percutaneous
nephrolithotomy and other approaches. It also addresses many novel sur-
gical techniques such as intrarenal flexible ureteroscopy with laser or
non-laser intrarenal lithotripsy, mini-PCNL, supine PCNL, tubeless per-
cutaneous nephrolithotomy, and endoscopic combined intrarenal surgery.
This is a practical tool and handy book, which is very useful for urologists
in their daily practice such as how to treat urinary stones in patients with
challenging intrarenal anatomy, patients with special medical condition,
patients with special anatomy, etc. As the Secretary General of Urological
Association of Asia whose main purpose is to elevate the horizon of urol-
ogists in this region through education, I truly believe you will benefit a
lot after reading this book, especially for urologists who are practicing
urinary stone management in Asia.
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Preface

Urinary calculi is an ancient disease and has affected millions of patients in
the world. Although bladder stone was the predominant stone described in
history, the improvement in medical technology and healthcare system has
changed the scene. Currently, renal and ureteric stones are the most common
urinary stones occurring in the modern world, with an incidence of up to 10%
in their lifetime. The prevalence of urinary stone varies in regions, and people
in the so-called stone belt regions are at highest risk of stone formation. This
may be related to the climate and lifestyle in these regions. In Asia, the stone
belt has covered various countries, including Southern China, India, Japan,
and Korea. Not surprisingly, patients with urinary stones are one of the main
workloads for Asian urologists. Meanwhile, this also helps to nourish the
experience in managing urinary stones in the region.

With the aim of training young urologists for increasing demand from our
Asian patients, a group of Asian urologists have formed the Asian Urological
Surgery Training and Education Group (AUSTEG) in 2015. The mission of
the group is to advance the standard of urological surgery in Asia and develop
next-generation leaders in Asia. AUSTEG has a unique focus on training of
operation skills, through didactic lectures, experience sharing, case discus-
sion, and hands-on workshops. This was particularly important for the train-
ing of stone management, as stone cases vary from one another, with different
stone size, location, composition, and management further complicated by
diverse patients’ anatomical and medical factors. Moreover, the rapid devel-
opment in technologies related to endoscopy, lithotripsy, and other accesso-
ries has also changed the landscape of stone management in recent years.
Therefore, there is a continuous gap in the demand for stone treatment train-
ing and the availability of workshops that we could provide in the past few
years. As a result, we have gathered a team of experienced “stone surgeons”
in Asia to prepare this book Practical Management of Urinary Stone. We
aimed to provide not only the most up-to-date knowledge in the field but also
experience sharing on practical tips in different procedures. Moreover, we
also provide advice on the management of challenging stone conditions, such
as stones in various anatomical anomalies and patients with complicated
medical conditions. In line with our group’s mission, we want to make the
content as practical as possible to meet the needs of our young surgeons.

The planning of the book was made before the COVID-19 pandemic,
which has changed the mode of training completely in the past one year.
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Preface

While face-to-face experience sharing and hands-on workshop might not be
feasible at this moment, we hope our book could help to bridge this knowl-
edge gap and help the continuous development of stone management in Asia
and the world.

Hong Kong, Hong Kong Anthony C.F. Ng
Singapore, Singapore Michael Y.C. Wong
Tokyo, Japan Shuji Isotani



PartI Basic Principle and Management of Urinary Calculi

1 Symptoms, Signs and Basic Investigations
for Urinary Calculi......... .. .. .. .. .. ... ... ... ... 3
Nitesh Ranasinha and Srinath Chandrasekera

2 Imaging for Urinary Calculi ............................. 11
Kay-Seong Ngoo and Selvalingam Sothilingam

Part II Instrument for Endourological Treatment
of Urinary Calculi

3 Understanding the Instruments: Endoscope ................ 27
Shuji Isotani

4 Understanding the Instruments: Endourology Accessory . . ... 37
Kantima Jongjitaree and Ekkarin Chotikawanich

5 Understanding the Instruments: Intra-corporeal
Lithotripsy—Non-laser Types . . .......... ... ... ... ... ... 47
Ritesh Goel, Prabhjot Singh, and Rajeev Kumar

6 Understanding the Instruments: Intracorporeal
Lithotripsy—Laser........... ... ... .. .. .. . . .. .. ... 57
Ji Won Kim and Sung Yong Cho

7 Understanding the Instruments: Ureteric Stent . ............ 65
Kantima Jongjitaree and Ekkarin Chotikawanich

8 Understanding the Instruments Imaging System:
Radiation Safety and Ultrasound Technique . ............... 75
Takaaki Inoue

Part III Ureteroscopy

9 How to Perform Semi-rigid Ureteroscopy: Step by Step. . ... .. 89
Yung-Ting Cheng and Chen-Hsun Ho



10 How to Perform Flexible Ureteroscopy: Step by Step.........
Shimpei Yamashita and Takaaki Inoue

11 Management of Complications Related to Ureteroscopy ... ...
Hyung Joon Kim

Part IV Percutaneous Nephrolithotomy

12 Percutaneous Nephrolithotomy: Preparation and
Procedure Overview . .......... ... ... ... ... .. ..
Bannakij Lojanapiwat

13 How to Perform Renal Puncture: Fluoroscopic Approach. . . ..
Palaniappan Sundaram, Henry Ho Sun Sien, and
Michael Y.C. Wong

14 How to Perform Renal Puncture: Ultrasound Approach . . .. ..
Kai-Yi Tzou, Shao-Wei Dong, and Chen-Hsun Ho

15 Tips and Tricks of Supine PCNL. .. .......................
Suriaraj Karppaya, Wei Lun Tam, Li Yi Lim, and
Noor Ashani Md Yusoff

16 Mini-PCNL . ... . .
Ravindra Sabnis, Abhishek Singh, and Michael Y.C. Wong

17 Recent Development of Endoscopic Intrarenal
Stone Surgery: Approaches and Surgical Tips. ... ...........
Min Soo Choo and Sung Yong Cho

18 Percutaneous Nephrolithotomy: Management
of Complications . . ........... ... ... . ... .. ... ...
Srinath Chandrasekera

PartV Other Approaches

19 Principles of Modern ESWL and Best Lithotripsy Practice. . . .
David Leung and Anthony C.F. Ng

20 Laparoscopic Stone Surgery ................ .. ...
Sridhar Panaiyadiyan, Prabhjot Singh, and Rajeev Kumar

Part VI Practical Advices on Special Situation

21 Overview of Treatment Selection for Individual Patient. . . . . ..
Christy W. H. Mak and Anthony C.F. Ng

22 Challenging Intrarenal Anatomy. . ........................
Anthony C.F. Ng and Lukman Hakim

23 Patients with Special Medical Condition ...................
Shuji Isotani

197

Contents



Contents

24 Patients with Special Anatomy . ..........................
Selvalingam Sothilingam and Kay-Seong Ngoo

25 Management of Stone Diseases in the Special
Patient Population. . ............... ... ... ... ... .. .....
Wonho Jung and Hyung Joon Kim

Xi



Part |

Basic Principle and Management of
Urinary Calculi



®

Check for
updates

Symptoms, Signs and Basic
Investigations for Urinary Calculi

Nitesh Ranasinha and Srinath Chandrasekera

1.1 Introduction
‘Listen to your patient, (s)he is telling you the
diagnosis’—Sir William Osler, 1849-1919.

A thorough clinical history is fundamental to
patient assessment in any clinical context. A diag-
nosis of urinary stone may be suspected based on
the clinical history and physical exam findings,
strengthened by laboratory results, and ultimately
confirmed with imaging studies. However, a thor-
ough clinical history informs not merely diagnosis
but can also suggest underlying aetiology, appro-
priate management strategies and risk of recur-
rence, in patients with urinary stone disease.

This chapter offers the basic principles of a
focused history and physical examination and an
overview of biochemical investigations to aid the
practical management of urinary stone.

1.2  History

1.2.1 Demographics

The lifetime prevalence of urinary stone forma-
tion is estimated to be around 10% [1], with the

N. Ranasinha
Medical Sciences Division, University of Oxford,
Oxford, United Kingdom

S. Chandrasekera (D<)
Faculty of Medical Sciences, University of Sri
Jayewardenepura, Nugegoda, Sri Lanka

probability of having a stone affected by a num-
ber of factors:

Gender. Urinary stone typically affects adult
men more commonly than adult women, with a
male-to-female ratio between 2:1 and 3:1 [2].
However, there is now evidence that this differ-
ence in incidence between men and women is
narrowing [3].

Race. In US men, the highest prevalence of
urinary stone is found in white men, followed by
Hispanic, Asian and black men [2]. Among US
women, the prevalence is highest among white
women but lowest among Asian women [4].

Age. Historically, urinary stone occurrence
was relatively uncommon before age 20 years,
but the incidence of stones in children and ado-
lescents is rising [5]. In adults, stone incidence
peaks in the fourth to sixth decades of life [6].
When children present with stones, they fall into
the ‘high-risk’ category and should be investi-
gated extensively for an underlying cause.

Geographic location. Urinary stone has a
higher prevalence in hot, arid or dry climates,
such as mountains, desert or tropical areas.
Worldwide regions of high stone prevalence
include the United States, British Isles and
Scandinavian and Mediterranean countries. The
Afro-Asian stone belt, encompassing North
Africa, the Middle East and South and East Asia,
has a particularly high prevalence of urinary
stone, estimated at 4-20% [7]. Indeed, these
areas offer rich historical evidence of early medi-

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021 3
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cal literature on urinary stone; a study of ancient
Egyptian mummies shows evidence of urethral
catheterisation for bladder stones, while
Mesopotamian and ancient North Indian stone
tablets detail how pulverised ostrich egg shell,
with a high content of calcium carbonate, was
ingested to bind lithogenic substances [1].

1.2.2 Presenting Complaint

The clinical presentation of urinary stones
depends largely on the site of stone location/
impaction, infection status and specific patient-
related factors, such as renal functional status of
the contralateral kidney.

Classically, obstructed ureteric stones cause a
ureteric colic: severe, acute flank pain that may
radiate to the ipsilateral groin, commonly associ-
ated with nausea and vomiting. Frequently, this is
accompanied by haematuria [8]. The triad of
acute loin to groin pain, nausea and vomiting and
haematuria are typical of a ureteric colic.
Obstruction of the collecting system leads to an
increase in intraluminal pressure, stretching
nerve endings to cause the sensation of a ureteric
colic. Pain from urinary calculi can also be attrib-
uted to local inflammatory mediators, oedema
and hyperperistalsis. As stones pass and get
lodged in the distal ureter or intramural tunnel,
this can lead to bladder mucosal irritation mani-
fested as urinary frequency or urgency. Ipsilateral
testicular and groin pain may occur in men with
obstructive stones where the stone is impacted in
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the lower ureter or classically in the vesico-
ureteric junction. Fever, accompanied by urinary
obstruction, indicates an obstructed infected kid-
ney, which requires urgent resuscitation and
decompression. Furthermore, recurrent upper
urinary tract infections may indicate struvite
stones [9]. However, in the absence of obstruc-
tion, calculi may frequently be asymptomatic.
Such stones may grow to large size resulting in
chronic obstruction and subsequent impairment
of renal function.

It is important to exclude a broad range of dif-
ferential diagnoses for ureteric colic. Other
causes of abdominal pain, such as biliary and
intestinal colic, have different characteristics
(Fig. 1.1), though these differences are clearer in
theory than in practice. In contrast to patients
presenting with ureteric colic who find constant
movement mitigates discomfort, peritonitic
patients typically lie motionless, as movement
exacerbates peritonism. Gynaecological causes,
especially ectopic pregnancy and twisted ovarian
cysts, should always be excluded in female
patients presenting with flank or lower abdomi-
nal pain.

As a general rule, pregnancy and associated
complications should be foremost in the differen-
tial diagnosis of females of the childbearing age
presenting with abdominal pain. Occasionally,
severe strangury, the painful desire to pass urine
when stones are impacted at the vesico-ureteric
junction, can be misinterpreted as acute urinary
retention. Radiating loin to groin pain may also
result from radiculopathy and, on occasions, neu-
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ritis due to varicella zoster, manifesting with a
typical rash along the dermatome several days
after the onset of pain. Dissecting aortic aneu-
rysm is another rare but important cause of radi-
ating left-sided loin to grain pain, presenting
sometimes even with haematuria.

In patients with a single kidney, the complete
obstruction to the only functioning kidney will
present as anuria and acute kidney injury. Larger
ureteric stones may pass through the ureter and
impact at the bladder neck causing acute urinary
retention. This is a frequent cause of acute uri-
nary retention in young males in the tropics [10].

Stones in the bladder typically present with
filling-type lower wurinary tract symptoms
(LUTS:s), supra-pubic pain and haematuria. Very
rarely, long-standing, untreated urinary stones
may result in malignant transformation of the
urothelium, resulting in squamous carcinoma of
the bladder or kidney [11].

1.2.3 Past History

1.2.3.1 Urological

Previous episodes. Details of any previous epi-
sodes of ureteric colic or stone disease are impor-
tant to ascertain as this increases the likelihood of
reaching a urinary stone diagnosis and suggests
the patient’s risk of recurrence. More than 50% of
patients with urinary stones will have another epi-
sode within 10 years [12]. Visual features of pre-
viously sieved stones can provide useful clues to
stone composition. Patients may recall, for exam-
ple, whether a previously passed stone was dark
brown (suggestive of calcium oxalate), bright yel-
low (suggestive of uric acid) or white (suggestive
of struvite or calcium phosphate) [13].

Solitary or transplanted kidney. This is impor-
tant as the single kidney by itself increases the
risk of stone formation; prevention of stone
recurrence is of more importance in protecting
such a ‘precious’ kidney. Significantly, trans-
planted kidneys are surgically denervated, and
ureteric obstruction therefore will not cause pain.
Instead, the clinical manifestations would be due

to other factors such as obstruction (anuria/AKI)
or sepsis.

Renal disease. Structural renal diseases, such
as medullary sponge kidney [14], horseshoe kid-
ney [15], polycystic kidney disease [16], pelvico-
ureteric  junction obstruction and ureteric
strictures, can result in urinary stasis and are
associated with stone formation. Moreover, in all
forms of chronic kidney disease, renal stones are
an important preventable cause of ‘acute-on-
chronic’ deterioration of renal function.

Urological surgery. History of urological sur-
geries, such as continent urinary diversion and
ileal conduit formation, predispose to turbulent
urinary flow, stasis and stone formation. Moreover,
history of any abdominal surgery increases the
risk of urological scarring, adhesions, strictures
and diverticula, which may also predispose to uri-
nary stasis and stone formation. The presence of
foreign bodies from previous interventions, such
as forgotten stents and inappropriately used non-
absorbable sutures, predisposes to infection and
the formation of struvite stones.

1.2.3.2 Medical
Hypercalcaemia. Hyperparathyroidism, sarcoid-
osis and increased levels of vitamin D [17] pre-
dispose to hypercalcaemia and to the formation
of calcium stones [18]. The relationship of low
vitamin D to stone risk is not well established.
Hyperuricosuria. Myeloproliferative disorders,
tumour lysis syndrome and gout predispose to
hyperuricosuria and uric acid stone formation [19].
Metabolic syndrome. Diabetes and obesity are
also associated with urinary stone formation,
with the magnitude of association higher in
women than in men [20, 21]. Evidence linking
obesity with low urine pH and hypercalciuria
may account for an increased risk of uric acid and
calcium oxalate stones in these patients [22].
Malabsorptive conditions. Gastrointestinal
disease, such as inflammatory bowel disease
[23], and surgery, such as jejuno-ileal bypass,
intestinal resection and bariatric surgery [24], can
impair gut absorption leading to biochemical
abnormalities. For example, malabsorbed fat
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Table 1.1 Pharmacological compounds associated with
urinary stone formation

Active compounds Substances impairing urine

crystalising in urine composition

Allopurinol/oxypurinol Acetazolamide

Amoxicillin/ampicillin Allopurinol

Ceftriaxone Aluminium magnesium
hydroxide

Quinolones Ascorbic acid

Ephedrine Calcium

Indinavir Furosemide

Magnesium trisilicate Laxatives

Sulphonamides Methoxyflurane

Triamterene Vitamin D

Zonisamide Topiramate

sequesters calcium in the gastrointestinal tract,
generating excess free oxalate for absorption
[24]. The ensuing hyperoxaluria predisposes to
oxalate stone formation.

1.2.4 Drug History

Pharmacological treatments can induce stone for-
mation. These drugs can be categorised into two
groups: stones formed by crystalised drug com-
pounds and stones formed due to unfavourable
changes in urine composition under drug therapy
[25] (Table 1.1).

Drug allergies are also important to note; par-
ticularly relevant in the context of suspected uri-
nary stones are allergies to non-steroidal
analgesics, anti-emetics and antibiotics, fre-
quently employed in acute management.

1.2.5 Family History

A positive family history is associated with an
increased risk of stone formation. Twin studies
have estimated the heritability of stone formation
as 56% [26]. Patients with a family history of uri-
nary stones also have a higher incidence of mul-
tiple stones and early recurrence [27].

A number of inherited metabolic conditions,
including cystinuria, primary hyperoxaluria,
renal tubular acidosis type 1 and cystic fibrosis,

can cause urinary stone formation [28, 29]. While
rare, these conditions should be considered, par-
ticularly in children and adolescents where stone
formation is less common. With early recogni-
tion, appropriate treatments can be instigated,
and genetic risks to other family members can be
evaluated.

1.2.6 Social/Dietary History

Assessment of diet can reveal several modifiable
risk factors for urinary stone formation.

Dehydration. An inverse relationship between
high fluid intake and stone formation has been
clearly demonstrated [30, 31]. Dehydration
reduces urinary volume, promoting urinary super-
saturation and crystallisation, leading to stone for-
mation. An accurate estimation of fluid intake is an
important component of a urinary stone history.
Several approaches, including hydration diaries
and fluid questionnaires, can be utilised in clinics
to improve the accuracy of fluid intake assess-
ments. Circadian fluid intake of 2.5-3 L/day of pH
neutral beverage and diuresis of 2-2.5 L/day are
recommended. Occupational dehydration and heat
exposure are risk factors for urinary stone forma-
tion, and as such manual workers in hot environ-
ments should be identified and counselled on the
importance of hydration [32, 33].

Calcium. A demonstrable positive relation-
ship between ingested calcium and hypercalci-
uria would suggest that a high calcium diet might
promote stone formation [34]. Interestingly, the
opposite effect is seen, with the risk of calcium
oxalate stone formation reduced in men and
women on a high calcium diet [21]. This phe-
nomenon may relate to the timing of calcium
intake since dietary calcium sources, such as
dairy products, broccoli, cabbage and sardines,
are typically ingested at mealtimes alongside
other foods containing oxalate. This provides
an opportunity for dietary calcium to bind oxa-
late in the gut, resulting in decreased oxalate
absorption and urinary excretion. The resul-
tant reduction in net calcium-oxalate urinary
super-saturation (despite an increase in urinary
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calcium) may explain reduced calcium oxalate
stone formation [34].

Oxalate. The relative contributions of dietary
and endogenous oxalate to urinary oxalate remain
controversial, with dietary oxalate estimated to
account for 10-50% of urinary oxalate [35].
Oxalate-rich foods, including spinach, chocolate,
beetroot and peanuts, contribute to a moderately
increased risk of calcium oxalate stone forma-
tion, particularly in the older population [36].
However, malabsorptive conditions, like inflam-
matory bowel disease and intestinal surgery, are
typically more significant causes of secondary
hyperoxaluria than dietary factors alone.

Protein. Excessive consumption of animal
protein has several biochemical effects that
favour stone formation, including hypercalciuria,
hypocitraturia, low urinary pH, hyperoxaluria
and hyperuricosuria [37].

Salt. Excessive salt intake is associated with
higher urinary sodium and calcium levels and
decreased urinary citrate, promoting calcium
crystallisation. Salt excess can also contribute to
bone degradation, thereby worsening hypercalci-
uria [37].

Beverages. Carbonated drinks may increase
the risk of stone formation [38]. Besides its dehy-
drating effect, alcohol is thought not to have an
independent effect on the risk of urinary stone
formation.

1.3  Physical Examination

Physical examination of patients with renal colic
is non-specific and minimal despite severe pain.
The presence of tenderness or other clinical signs
may be due to further sequelae such as extravasa-
tion of urine (urinoma) following calyceal rup-
ture. Importantly, alternate diagnoses must also
be considered when a patient with a presumed
ureteric colic has unusual physical signs.
Systemic signs of sepsis, including fever, tachy-
cardia and hypotension, may indicate an obstruct-
ing stone with infection, warranting urgent
assessment and intervention.

1.4 Investigations
All first-time presentations and low-risk cases
need a basic workup, which includes urine analy-
sis and a renal profile. Retrieved stones must be
sent for analysis using infra-red spectrometry.
These measures constitute the ‘basic assessment’
required in all stone patients.

Recurrent stone formers and others with
increased predisposition (high-risk categories)
must have a ‘comprehensive assessment’.

1.4.1 Basic Assessment

1.4.1.1 Urinalysis

A simple urine dipstick and urine microscopy, cul-
ture and sensitivity are helpful in confirming a
diagnosis of urinary stone as microscopic haema-
turia is present in the majority of patients. However,
the absence of haematuria does not exclude uri-
nary stones. The presence of >5-10 WBCs per
high-powered field or pyuria is not infrequent and
may indicate the presence of urinary tract infection
or be secondary to stone-related inflammation.
The presence of nitrite raises the high possibility
of concomitant infection or the primary diagnosis
to be infective (pyelonephritis).

Urinary crystals of calcium oxalate, uric acid
or cysteine may indicate stone composition; how-
ever, only cysteine and uric acid crystals are
pathognomonic for the underlying stone type [39].

Urine pH influences the formation of various
types of urinary stone. Alkaline pH favours crys-
tallisation of struvite and phosphate stones,
whereas acidic pH promotes calcium oxalate,
uric acid and cysteine stones [40]. Consequently,
acidification agents (e.g. L-methionine) and
alkalinisation agents (e.g. sodium bicarbonate
and alkaline citrates) can be used to manipulate
urinary pH and reduce the risk of recurrence in
patients with struvite or phosphate stones and
calcium oxalate, uric acid or cysteine stones,
respectively. A urine pH greater than 7 suggests
the presence of urea-splitting organisms, such as
Proteus, Pseudomonas and Klebsiella [41].
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1.5 Biochemical Investigations
Prior to imaging, all urinary stone patients need a
succinct biochemical workup of urine and blood.

1.5.1 Serum Analysis

Serum electrolytes, urea and creatinine are impor-
tant in assessing renal function. Abnormalities
in serum calcium, phosphate and uric acid can
point towards different stone compositions. For
example, hyperuricaemia may suggest gout as an
underlying aetiology, while hypercalcaemia may
suggest hyperparathyroidism (further investi-
gated by serum parathyroid hormone levels). It is
noteworthy that the majority of patients with uric
acid stones have high urinary uric acid excretion
(uricosuria) rather than elevated serum uric acid
levels (hyperuricemia).

Standard surgical blood tests, including FBC
and CRP, are routine parameters if intervention is
planned, and a raised WBC count can indicate
pyelonephritis or urinary tract infection second-
ary to an obstructed system. Frequently, serum
creatinine level and leucocyte count are margin-
ally elevated in the acute setting of ureteric colic
and return to baseline within 24—48 h. It is specu-
lated that the acute obstruction to one kidney
transiently impairs GFR until the contralateral
kidney compensates in response. The marginal
rise in the leucocyte count may be due to the local
acute inflammatory response.

In all women of childbearing age, a serum
hCG test should be done for the dual purpose of
excluding ectopic pregnancy as the cause of
symptoms and prior to imaging with ionising
radiation.

1.5.2 Stone Analysis

The most accurate method for determining stone
composition is, unsurprisingly, analysis of the
stone itself [42]. Stone analysis should be con-
ducted in all first-time stone formers. Stones can
be retrieved following surgical extraction or
spontaneous expulsion. Patients should be

instructed to filter their urine to retrieve concre-
ment for analysis. Stone passage and restoration
of renal function should be confirmed radiologi-
cally and biochemically, respectively, as the mere
absence of pain is not a reliable indicator of stone
passage. The preferred analytical procedures for
retrieved stones are infrared spectroscopy or
X-ray diffraction [43]. Equivalent results can be
obtained by polarisation microscopy. Chemical
analysis (wet chemistry) is increasingly deemed
to be obsolete [44].

In clinical practice, repeat stone analysis is
indicated in certain cases:

* Recurrence under pharmacological prevention

e Early recurrence after interventional therapy
with complete stone clearance

e Late recurrence after a prolonged stone-free
period

Further urinary or serum metabolic workup is
not usually necessary for first-time stone formers
with a low risk of recurrence.

1.5.3 Comprehensive Assessment

The European Association of Urology (EAU)
guideline on urolithiasis has described categories
of patients who are at higher risk of recurrence.
These include children; recurrent stone formers;
and those with bilateral or multiple stones, a his-
tory of bowel surgery or malabsorption, hyper-
parathyroidism, gout, renal tubular acidosis or
nephron calcinosis and stones formed from cys-
teine, uric acid or calcium phosphate.

In such patients, a 24-h urine collection should
be evaluated: volume, pH, creatinine, calcium,
phosphate, sodium, oxalate, uric acid and citrate.
The 24-h urine collection is best done at least
4-6 weeks after a stone episode and in the
absence of infection. Also, medications pre-
scribed to control the recurrence of stones should
be withheld for 2 weeks prior to the study. Most
importantly, patients must be counselled not to
deviate from their normal dietary and social hab-
its during this study as often, the tendency is for
patients to ‘behave better’ during medical assess-
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Table 1.2 Distinctive risk factors for urinary stone types

Stone type | Risk factors

Calcium Hyperparathyroidism, granulomatous
stones disease, family history of renal tubular
acidosis

Uric acid | High purine diet, gout, myeloproliferative
stones disorders, tumour lysis syndrome
Infection | Neurogenic bladder, spinal cord injury,
(struvite) continent urinary diversion, ileal conduit,
stones foreign body, indwelling urinary catheter,
urethral stricture, benign prostatic
hypertrophy, bladder diverticulum,
cystocoele, calyceal diverticulum

Genetic See Sect. 1.2.5

stones
Drug See Table 1.2
stones

ments. Serum parathormone levels are recom-
mended only if there is a clinical suspicion.

1.6 Conclusion

A comprehensive urinary stone history is a key
step in a complete diagnosis. It can also yield clues
as to the type of stone (Table 1.2), severity of the
problem and underlying aetiologies. This, follow-
ing a physical examination, guides informed bio-
chemical and imaging investigations.
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Abstract

The accurate diagnosis of urinary calculi is
essential for treatment planning. Non-contrast-
enhanced computed tomography (NCCT) is
considered the gold standard for adults to
diagnose urolithiasis in acute flank pain.
Generally, CT has also overtaken the role of
intravenous urography in stone diagnosis and
treatment planning. Lower dose CT seems to
be as accurate as NCCT for the same purpose.
Ultrasonography (US) is considered first-line
imaging for urolithiasis in paediatric and preg-
nancy groups of patients. Various iterations of
US, especially with the Doppler setting, can
improve diagnostic accuracy, whereas mag-
netic resonance imaging may be an alternative
investigation tool for pregnant women. Plain
radiographs and US scans can be combined
for stone surveillance purposes. The study of
stone composition can be inferred from
double-energy CT scans. Differential kidney
function is conventionally derived from
nuclear renogram, but recently, CT-derived
parameters have been shown to be a promising
alternative.
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2.1 Introduction
The prevalence of urolithiasis is increasing world-
wide, and in Asia, it is estimated to be around
1-5% [1]. The rising incidence of stone disease is
largely attributable to changing climate and life-
style modification. Consequently, there has been
arise in emergency department visits due to acute
urolithiasis complications, while stone recurrence
is also not uncommonly encountered [2].
Therefore, it is imperative that appropriate
imaging is selected to accurately diagnose uri-
nary calculi as it not only helps with treatment
planning but also reduces the harm of ionising
radiation to the patient. Imaging modalities are
also used to help follow-up patients after conser-
vative measures or definitive treatment. Finally,
the output from imaging techniques can be used
as a surrogate for renal function.

2.2  Utility of Imaging

The radiological diagnosis of urolithiasis in an
emergency setting helps to confirm the pres-
ence of stones in acute abdomen presentations.
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Non-contrast-enhanced computed tomography
(NCCT) is now considered the gold standard
in the diagnosis of urolithiasis in adults with
acute renal colic. Ultrasonography (US) is pre-
ferred for the paediatric and pregnant groups of
patients. In the elective setting, treatment plan-
ning for stones utilises various imaging modali-
ties for stone localisation, assessment of stone
fragility and estimating differential renal func-
tion. Plain radiographs, along with intravenous
urography (IVU), still play a role in identify-
ing stones and outlining the upper urinary tract.
Magnetic resonance imaging (MRI) is usually
reserved for situations where ionising radiation
and intravenous contrast studies are contra-
indicated. Radio-isotope scans provide infor-
mation about the relative renal function, which
can aid in decision-making for urolithiasis
intervention. Lately, many new iterations from
plain radiograph, CT and US scans have been
developed to increase the accuracy of stone
detection whilst reducing exposure to ionising
radiation.

2.3  Hazards of Imaging

There are risks associated with the use of imaging
modalities, particularly those emitting ionising
radiation. Risks can be divided into determinis-
tic or stochastic effects. Deterministic effects of
ionising radiation occur at a given threshold, and
the effect is therefore proportional to the dose.
Examples include skin erythema and cataract
generation [3]. Stochastic effects relate to the
induction of secondary cancers or hereditary
effects. This can occur at any dose of radiation.
Thus, the probability for the stochastic effect to
occur increases with the dose. The severity, how-
ever, is dose-independent. In general, determin-
istic effects are rarely encountered in diagnostic
imaging radiation doses [3].

The effective dose (measured in milli-
Sievert, mSv) is a way of quantifying the risk of
radiation exposure to human beings. It estimates
the potential adverse biologic effect of the sum
of equivalent doses of radiation to the exposed
organs [3, 4].

Imaging modalities that utilise intravenous
contrast (iodine or gadolinium) also have asso-
ciated risks such as allergic reactions, impaired
renal function, nephrogenic systemic fibrosis and
death. It is therefore prudent that imaging studies
are selected based on the As Low As Reasonably
Achievable (ALARA) principle, i.e. using the
lowest ionising radiation modality to answer a
clinical question [3].

24  What Do the Guidelines Say?
Guidelines from the American College of
Radiology (ACR) [4], American Urological
Association (AUA) [3, 5], European Association
of Urology (EAU) [6] and Societe Internationale
d’Urologie—International Consultation of
Urological Disease (SIU-ICUD) [7] provide rec-
ommendations on the utility of imaging in uroli-
thiasis. For children, additional recommendations
are available from the European Society for
Paediatric Urology (ESPR) [8].

2.4.1 Adults

e For acute flank pain suspicious of urolithiasis,
all guidelines recommend performing an
NCCT [Level A]. The EAU guidelines advo-
cate NCCT after the initial US assessment.

e Low-dose NCCT should be performed when
evaluating for ureteral and renal stones [ACR],
especially in patients with BMI <30 [SIU-
ICUD: Level A].

e For a young patient and known stone former
with previous radio-opaque stones, the AUA
and ACR recommend US combined with kid-
ney—ureter—bladder radiography (KUBXR)
[Level C].

e In complex stones or anatomy, additional con-
trast imaging can be obtained if the further
definition of the collecting system and ureteral
anatomy is needed [AUA: Grade C].

e A focused area re-imaging can be performed
prior to surgery if the passage of stone is sus-
pected or stone movement will change man-
agement [AUA: Principle].
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2.4.2 Pregnancy

e US is the preferred method for imaging a
pregnant woman with suspected urolithiasis.

e The second-line option would be magnetic
resonance imaging [AUA/EAU: Level 3].

e Low-dose NCCT should be used as the last
option in pregnant women [AUA/EAU].

2.4.3 Paediatrics

e US is the first-line imaging modality for chil-
dren with suspected urolithiasis, but it should
include kidneys, fluid-filled bladder and ureter
[EAU/AUA/ACR/ESPR: Level 2b].

¢ KUBXR or low-dose NCCT is an option if US
does not provide the relevant information
[EAU/AUA Level 2b].

e For non-obstructing renal stones, active sur-
veillance can be pursued using periodic ultra-
sonography [AUA: Expert Opinion].

e Prior to performing PCNL, a low-dose NCCT
should be obtained [AUA: Grade C].

e However, ESPR is unable to recommend the
general use of low-dose NCCT in paediatric
patients.

2.4.4 Surgical Planning

e A functional imaging study (DTPA or MAG-
3) may be obtained if clinically significant
loss of renal function in the involved kidney or
kidneys is suspected [AUA: Level C].

e In planning for stone surgery, a contrast study
can be performed to evaluate the anatomy of
the renal collecting system [EAU].

* For shockwave lithotripsy (SWL), careful flu-
oroscopic and/or ultrasonographic monitoring
during SWL facilitates good outcomes [EAU:
Level 2a].

e In planning for endourological procedures,
pre-procedural imaging of the kidney with US
or CT scan, including contrast medium where
possible or retrograde pyelographic study
when starting a procedure, can be performed

to assess stone comprehensiveness and anat-
omy of collecting system [EAU: Level 1a].

* A low-dose NCCT may be obtained prior to
performing percutaneous nephrolithotomy on
paediatric patients [AUA: Level C].

e Deferred imaging is performed after SWL,
ureteroscopy or percutaneous antegrade litho-
tripsy to determine the presence of residual
fragments [EAU: Level 3].

e Paediatric patients with asymptomatic or non-
obstructing renal stones may be actively sur-
veyed with periodic US [AUA: Expert
Opinion].

2.4.5 Stone Workup

e In patients with unknown stone composition,
US is performed in the case of suspected uro-
lithiasis, which is then followed by NCCT
with determination of Hounsfield units to pro-
vide information about stone composition
[EAU].

2.5 Imaging Modalities

2.5.1 Plain Radiograph/X-Rays

Plain X-ray involves the use of a single energy
source to produce photons. These pass through
tissues, which then encounter a contralateral
receiver. Historically, kidney—ureter—bladder
radiograph (KUBXR) was used to complement
intravenous urography studies [9].

A plain KUBXR is commonly used in patients
with renal colic, as most stones contain calcium
salts and hence are radio-opaque. It can reveal the
cause of renal colic if radiopacity is detected at the
expected location of the kidney or ureter based
on the patient’s symptoms. Nevertheless, not all
stones are radio-opaque and not all calcifications
are phleboliths. The sensitivity and specificity of
KUBXR have been reported to be 57% and 76%,
respectively [9]. When assessing for new stones,
the effective radiation dose per KUBXR study
ranges between 0.7 and 1.5 mSv [10].



K.S.Ngoo and S. Sothilingam

The advantages of KUBXR include (a) low
ionising radiation exposure, (b) widespread
availability, (c) not dependent on the expertise
and (d) low cost (it is about 10% of the cost of an
ultrasound study) [9].

In addition to its relatively low accuracy in
diagnosing urinary calculi, KUBXR also does
not detect all stones (radiolucent) such as uric
acid, xanthine and drug stones [6].

Nevertheless, KUBXR remains useful in (a)
the treatment planning for radiopaque stones in
extra-corporeal shockwave lithotripsy (ESWL),
(b) the evaluation of ureteral stent placement and
(c) the follow-up of residual stone burden after
treatment [11].

To improve its accuracy, when combined with
abdominal US for initial evaluation of acute colic,
the sensitivity and specificity for the diagnosis of
ureteral stones are 96% and 91%, respectively
[12]. One study on 66 patients comparing US—
KUBXR with NCCT found that the combination
affords a sensitivity of 79% versus 93% of NCCT
in detecting stone. All the missed cases had
reported spontaneous stone passage. Therefore,
it was suggested that after a negative combined
US-KUBXR evaluation, NCCT would not add
further information [13]. Lipkin and Ackerman
suggested that KUBXR should be done before
the US as the former can detect calcifications,
direct the US examination and confirm the diag-
nosis [14]. The American College of Radiology
proposed that this combined imaging modality
may be able to detect all clinically significant
stones and hence should be considered in young
patients and those with known stone diseases [4].

Scout films on CT are performed at a lower
mA than a standard KUBXR. However, NCCT
scout image is not equivalent to a KUBXR [3].
The former can miss up to 25-51% of stones
detected on KUBXR [10]. When a ureteral stone
is detected on NCCT, the stone is only visualised
on CT scout images about half the time. Thus,
KUBXR should still be used if the stone is not
seen on CT scout, as the stone will be detected
in 10% of these patients [3]. For ureteral stone,
the AUA recommends that KUBXR has a role
for follow-up, for stones seen on CT scout image
or initial KUBXR, in those patients undergoing

medical expulsion therapy [11]. Surveillance
oblique KUBXR films may be considered in
stones located in the sacro-iliac area, which was
not visible on CT scout or initial KUBXR [3].

KUBXR findings were also found to be able
to significantly change the surgical manage-
ment in 17% of renal stones initially detected on
NCCT [15].

When assessing for new stones, KUBXR was
found to have a sensitivity of 37.0% for stones
<5 mm, and this increased to 87.5% for larger
stones. Therefore, in the follow-up of stone form-
ers, this may be a cost-effective modality for
monitoring stone size [9].

Overall, although KUBXR may confer a
lower ionising radiation dose, multiple radio-
graphs performed over time, especially for young
stone formers, may expose a patient to an effec-
tive dose similar to a low-dose CT scan [4].

2.5.2 Digital Tomosynthesis

This modality of imaging integrates KUB
radiograph scout films taken via a 60-degree
arc around the patient, with a digital detector
and special computational software system for
integration of imaged data on the opposing end
detector [9, 14, 16]. Coronal section images are
taken whilst overlying structures are subtracted
to produce an image for the area of interest [9,
14]. The enhanced visualisation of digital tomo-
synthesis (DT) in the antero-posterior axis is of
advantage over conventional KUBXR [16]. DT
has a lower resolution than a CT but at a reduced
dose of radiation compared with standard or low-
dose CT. It outperforms KUBXR or intravenous
urography in diagnostic accuracy whilst preserv-
ing image quality regardless of the patient’s BMI
[16]. DT is also less costly compared to conven-
tional CT [14].

There is emerging evidence that DT is more
sensitive in detecting renal rather than ureteral
stones in ex vivo studies [16]. In an in vivo study,
DT was found to be significantly more sensitive
than digital radiography for detecting kidney
stones but not ureteral stones. The sensitivity of
detection for stone sizes between 2 and 5 mm
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was reported as 64% and for larger stones, 76%.
Radiation dose was only slightly increased when
compared to digital radiography but substantially
lower than standard and low-dose CT [14].

2.5.3 Intravenous/Intraluminal

Urography and Pyelography

Before the widespread availability of CT scans,
intravenous urography (IVU) was the standard
imaging technique for diagnosing and planning
stone surgery. It provides information on renal
function, anatomy of the collecting system and
the level of obstruction [6]. Each examination
confers an effective radiation dose between 1.5
and 3.5 mSv [10].

In acute flank pain assessment, IVU has a
sensitivity of 85.2% and specificity of 90.4%
in detecting stone [14]. The advantages of IVU
are its ability (a) to delineate challenging renal
anatomy, particularly before percutaneous neph-
rolithotomy (PCNL), and (b) to provide relative
renal function information, in addition to evaluat-
ing for obstruction. All these pieces of informa-
tion are useful for surgical planning [10].

However, IVU has the disadvantages of (a)
higher effective radiation dose compared to
standard radiograph, (b) longer acquisition time
than CT, especially in the evaluation of obstruc-
tion, (c) inability to identify alternative diagno-
ses compared to CT scan, (d) higher cost and (e)
higher risk due to contrast use [4].

IVU is also useful in equivocal situations of
calcific density, which may represent a phlebolith
or ureteral stone [4]. It has been shown that when
IVU is added to DT, the diagnostic quality of
standard IVU for urolithiasis rises from 46.5% to
95.5%, with a mean radiation dose reduction of
56% [17]. IVU along with an excretory CT scan
can help to characterise the lower pole anatomy
in urolithiasis to prognosticate the success of
ESWL [10].

IVU is contraindicated in renal insufficiency,
dehydration, pregnancy and in patients with past
reactions to iodinated contrast agents. Currently,
the availability of non-iodinated contrast material
has reduced the risk of contrast allergies [4].

Retrograde pyelography performed prior to
percutaneous nephrolithotomy (PCNL) or flex-
ible ureteroscopy procedures in an anaesthetised
patient helps to provide an on-table assessment
of the upper urinary tract collecting system. This
review may lead to a change in operative strategy
[5, 10]. In addition, the placement of the neph-
rostomy tube after PCNL can be facilitated by
antegrade pyelography.

In general, NCCT and contrast-enhanced CT
have supplanted the use of IVU in the manage-
ment of nephrolithiasis.

2.5.4 Ultrasonography

Ultrasonography (US) is commonly used as
first-line imaging for suspected urolithiasis.
Generally, it visualises the renal parenchyma,
renal collecting systems and the bladder well but
is poor in delineating the ureter due to overly-
ing bowel gas or thick adipose tissue [11]. Apart
from kidney and bladder stones, US is also able
to detect calculi at pyelo-ureteral and vesico-
ureteral junctions, as well as to detect upper
urinary tract dilatation [6]. The sensitivity and
specificity for the detection of ureteral stone are
45% and 94%, respectively. For renal stones, the
accuracy is 45% and 88%, respectively [9, 16].
However, sensitivity can be reduced if the stone
size is <3 mm, as it may not produce a shadow
or miss out due to a decompressed urinary sys-
tem [9]. In addition, US is useful in picking
up secondary signs of urinary obstruction (i.e.
hydronephrosis, hydroureter and perinephric
fluid) and identifying other sources of flank or
abdominal pain [3, 4].

The advantages of US include (a) its portabil-
ity, (b) its ubiquitousness, (c) no radiation expo-
sure (hence it is suitable for subsets of patients,
i.e. pregnant women and paediatric patients) and
(d) its reproducibility [6, 14].

However, US is disadvantageous because of
(a) reduced sensitivity and specificity compared
to CT scan, (b) inaccuracy in stone size determi-
nation, (c) reduced accuracy in stone detection
for obese patients [14], (d) the need for skilled/
medical personnel to perform, (e) significantly
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more time-consuming and (f) its variable find-
ings as it is operator-dependent [10].

In obese patients, US can overestimate stone
sizes compared to NCCT, up to 1 mm in stones
smaller than 5 mm [10, 16]. Furthermore, US
cannot differentiate dilatation without obstruc-
tion from true obstruction [4].

In a randomised controlled study compar-
ing the role of US and CT in the assessment of
suspected obstructive urolithiasis, no differ-
ences were reported in the sensitivity (~85%)
and specificity (~50%), or complication rates,
between the two intervention arms, at the time
of discharge from the emergency department.
However, a follow-up CT scan was performed
for 40.7% of patients who had initial point-of-
care US scan and in 27% of those who had radi-
ology departmental US. Overall healthcare costs
were also not significantly different between the
groups [18]. Therefore, it has been proposed that
US can be safely used as first-line imaging in
emergency settings for patients with symptoms
of urolithiasis [19].

Furthermore, for patients presenting to the
emergency department, especially with solitary
kidney, fever or doubt regarding the diagnosis of
renal colic, the EAU recommends US as the ini-
tial evaluation [6].

There are many iterations to an US study that
can potentially improve its accuracy in detecting
stone and obstruction. Colour Doppler US adds
value to grey-scale US alone in the evaluation of
urolithiasis [11, 16].

When the urinary bladder is visualised in
the transverse view using colour Doppler, ure-
teral jets appear as intermittent bursts of fluid on
each side of the bladder. The unilateral absence
or reduced jet flow rate with continuous jet flow
pattern due to decreased peristalsis is specific for
the presence of an obstructing ureteral stone [9,
14, 20].

The sonographic rwinkling artefact is charac-
terised by the appearance of alternating colours
located deep to the stone on colour Doppler
(typically seen as shadows on grey-scale US).
Imaging with high pulse repetition frequency
has been shown to increase the sensitivity of
urolithiasis diagnosis from 66% on grey-scale to

97% as compared to NCCT [10]. Nevertheless,
there is a high false-positive rate of about 50%
[10, 11], which, in the acute setting, may have
implications for confirmatory NCCT scan [16].
Therefore, the artefact should be evaluated with
other parameters.

Doppler US can also be used to calculate the
resistive index (RI) of the renal artery in a kidney
with hydronephrosis. This measurement has been
proposed as an indicator of ureteral obstruction
when elevated unilaterally in a hydronephrotic
kidney. Typically an RI value of 0.70 or a RI
difference of >10% between the two kidneys
indicates obstruction [10, 11]. However, the esti-
mated RI has not been widely accepted due to
conflicting results [11].

In patients presenting with acute flank pain,
US has been found to be up to 100% sensitive
and 90% specific for the diagnosis of ureteral
obstruction. However, it is worth noting that
about 11-15% of patients with urolithiasis may
not show hydronephrosis on US [20]. This may
be due to dehydration or that the hydronephrosis
has not developed, typically only visible within
2 h of clinical presentation [4].

Another role of US is providing sonographic
guidance for percutaneous access for nephroli-
thotomy procedures. In experienced hands, the
success rate of access is as high as 88-99% with
US guidance. For obese patients who require
higher effective radiation dose under fluoro-
scopic guidance for comparable image quality,
US is more advantageous [16].

Given its performance in detecting renal
stones, US can be used as an alternative to CT as
a follow-up imaging for patients with distal ure-
teric stones or renal stones undergoing conserva-
tive management [6, 7, 10].

2.5.5 Multidetector Computed
Tomography

Helical/spiral non-contrast-enhanced CT
(NCCT) was initially studied for flank pain by
Smith et al. in the early 1990s [21]. This imag-
ing technique relies on the relative absorption of
radiation by body tissues and stones, where the
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Fig. 2.1 NCCT demonstrating right gross hydronephro-
sis with a distal ureteric stone

3-D image of stone and the surrounding anatomy
are then reconstructed into multi-planar views
[9]. Thinner transverse slices (1-3 mm) are usu-
ally preferred with improved sensitivity in stone
detection. However, 5 mm axial slices with 3 mm
coronal and sagittal re-formatted images also
provide adequate stone detection with a lower
radiation dose [11].

The most commonly applied iteration of CT
scan for urolithiasis is NCCT or CT-KUB. It is
now regarded as the first-line imaging for acute
flank pain suspicious of urolithiasis in the emer-
gency department. NCCT confers high sensitivity
(95-100%) and specificity (96-98%) in detecting
stones [5, 6, 10]. Furthermore, it is useful in detect-
ing secondary signs of obstruction due to ureteral
stones such as hydronephrosis, hydroureter, peri-
ureteral oedema and renal enlargement (Fig. 2.1)
[4]. Tt can also demonstrate other organic causes
of flank pain in 9—15% of scans (Fig. 2.2). NCCT
is also considered the gold standard for detecting
residual stone fragments post-therapy [11].

Apart from stone diagnosis, NCCT provides
other qualitative measurements such as stone
size and location, as well as inference on stone
composition and density, expressed in Hounsfield

Fig. 2.2 NCCT demonstrating bilateral medullary neph-
rocalcinosis in a patient presenting with flank pain

units (see later) [4—6]. Coronal views of CT accu-
rately provide maximal stone size estimation,
which may be a factor in treatment decision and
predicting stone passage [4, 22].

NCCT also conveys skin-to-stone distance
(SSD) measurement, which is useful in treat-
ment planning using extra-corporeal shockwave
lithotripsy (ESWL). SSD greater than 9—11 cm
has been associated with lower stone-free rates
[10]. This parameter is derived from the mean of
three measurements (lateral skin-to-stone, pos-
terior skin-to-stone and 45 degrees between the
initial two measurements) [11]. Other anatomi-
cal parameters derived from NCCT, which are
predictive of successful ESWL stone treatment,
include unfavourable factors such as narrow
infundibulo-pelvic angle (<70°), long infundibu-
lar length (>3 cm) and narrow infundibular width
(<5 mm) [10].

Differentiating stones that are intramural or
have already passed into the bladder in supine
NCCT during acute renal colic can be challeng-
ing [22]. In symptomatic patients who are sus-
picious of having distal ureteral stones, a prone
NCCT can be very helpful [10]. Furthermore,
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prone positioning allows for anatomic determi-
nation of kidneys with surrounding organs and
pleura in planning for PCNL [14].

NCCT can also be used to estimate stone vol-
ume in relation to the pelvicalyceal system and
surrounding organs. This can be calculated from
the water displacement method, which is com-
parable to volumetric stone measurement using
software [22]. Such information is vital for pre-
operative evaluation of the site and direction of
percutaneous renal access, for example. It can
also be used to predict the success of ESWL and
flexible ureteroscopy [10].

The advantages of NCCT include (a) the ease
of performing in the emergency department with
faster image acquisition by non-medical staff
[10], (b) no requirement for IV contrast, (c)
ability to assess other abdomino-pelvic viscera
and pathologies [14] and (d) ability to identify
radiolucent stone [16]. Interestingly, about one-
third of NCCT scans for urolithiasis resulted in
observations for other findings, while up to 70%
of acute flank pain requiring NCCT resulted in
non-urolithiasis aetiologies [14].

The disadvantages include (a) the use of
ionising radiation, which is of concern in those
at risk of stone recurrence, thus requiring mul-
tiple lifetime imaging, and (b) the inability to
image protease-inhibitor-related stones such as
indinavir.

At times, delineation of the collection system
using contrast-enhanced CT with excretory phase
is useful when stone removal is planned [5, 6,
11]. This is recommended for complex renal or
ureteral anatomy (e.g. horseshoe kidney, cross-
fused ectopia) and unusual patient body habitus
(refer to Chap. 25) [5]. Although IVU can pro-
vide this information, a randomised clinical trial
found that, for supine PCNL planning, CT scan
resulted in easier access into the pelvicalyceal
system and reduced operating time [23].

There are valid concerns regarding cumulative
exposure to radiation, especially in young patients
with urolithiasis who may undergo repeat scans
over the years, as well as obese patients who may
require three times the effective radiation dose
compared with non-obese patients [16]. Another
relevant concern is the induction of secondary

cancer, with one case in every 660 patients hav-
ing received a single CT of the abdomen [22].

2.5.6 Measures That Are Taken
to Lower the Emission
of lonising Radiation
During CT

Several advancements have been made in CT
technology to address the radiation dose concern.
This includes modification of scan parameters,
modulation of scan parameters according to the
patient’s characteristics and the use of automatic
dose-modulation software or X-ray filters, which
adjust the radiation based on the scout images
and according to the thickness and density of
various anatomic regions [10, 16]. Limiting the
range of view to the kidney, ureter and bladder
also reduces radiation dose [4].

Standard CT evaluation involves radiation
dose of up to 9.6 mSv for men and 12.6 mSv
for women, per examination. Recent advance-
ments in CT technology allow for low-dose CT
(LDCT) to be performed (with effective radia-
tion doses of 0.7-2.3 mSv) per examination.
Even low-density stones such as uric acid stone
are well detected by LDCT [14]. Similar sen-
sitivities and specificities have been reported
between standard- and low-dose CT regimens
for the diagnosis of urolithiasis [10]. A meta-
analysis of prospective studies found a pooled
sensitivity of 93.1% and pooled specificity of
96.6% for LDCT detection of urolithiasis [24].
LDCT has been shown to produce equivalent
stone measurements as compared to standard-
dose CT [4]. However, LDCT performs poorly
for obese patients (BMI > 30 kg/m?) and smaller
stones (<3 mm) [14]. Thus, LDCT is preferred
for BMI < 30, while reducing ionising radiation
dose and maintaining both sensitivity and speci-
ficity at 90% and higher [3, 6].

Advances in ultra-LDCT (i.e. effective radia-
tion dose ~1 mSv) showed that combined with
model-based iterative reconstruction, stones of
3 mm or larger can be detected [14, 22]. The sen-
sitivity and specificity of this modality are 74%
and 77% for stone size <3 mm and 92% and 82%
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for stones >3 mm, respectively. Ultra-LD CT
was also inferior to LDCT in detecting secondary
signs [14].

Limitations of ultra-LDCT are the detec-
tion of stones less than 3 mm and patients with
BMI > 30 [22]. An in vivo study by Rob et al.
compared ultra-LDCT (effective dose <1.9 mSv)
or LDCT (<3.5 mSv) versus standard-dose
CT (4.5-5 mSv). They reported sensitivity of
90-100% and specificity of 86—100% for ultra-
LDCT and LDCT, respectively [25].

Despite the benefits of low-dose CT, the
uptake of LD protocol has been less than 10%
based on cross-sectional studies performed in the
United States [22].

2.5.7 Magnetic Resonance Imaging

This imaging modality provides a comprehen-
sive review of soft tissues in the abdomino-pelvic
region. However, magnetic resonance urography
(MRU) cannot be used to directly detect urolithi-
asis [6, 10]. Using standard magnetic resonance
imaging (MRI) sequences, stones will appear as
non-specific signal void [9].

MRI is able to detect secondary effects of
obstruction due to urolithiasis, but this could
be non-specific, as filling defects in the ureter
could be due to a blood clot or tumour [10]. The
T2-weighted sequences are able to reveal signs
of obstruction such as hydronephrosis and peri-
nephric oedema [4, 10]. Compared to CT scan,
MRI performed in acute ureteral obstruction
has a greater sensitivity (77%) in detecting peri-
nephric fluid compared to perinephric strand-
ing on CT scan (45%) [14]. Diffusion-weighted
sequence allows for the detection of pathophysi-
ological changes to renal perfusion and diffusion
in patients with unilateral ureteral obstruction
and for monitoring treatment progress [10].
Nevertheless, MRI does not provide quantita-
tive information on the renal function that could
assist management in the setting of obstructive
uropathy [14].

The sensitivity of MRI for urolithiasis detec-
tion is variable. It has a reported median sensi-
tivity of 82%, which is higher than that of US

and KUBXR but lower than CT scan [3]. In
diuretic-enhanced excretory MRU in patients
with obstructive uropathy, MRI accuracy was
reported as 93% [20].

One utility of MRI is the detection of protease-
inhibitor (Indinavir) stones in HIV patients,
which is radiolucent and not visible on CT or
KUBXR [14].

The advantages of MRI include (a) no ionis-
ing radiation, thus making it desirable for paedi-
atric patients, pregnant women and nephropathy
patients who must avoid contrast [14]; and (b) its
ability to provide 3-D images without radiation [9].

The disadvantages of MRI are (a) restricted
access, (b) higher cost (i.e. three times more than
a CT scan), (c) lower accuracy and (d) longer
image acquisition time [9]. In addition, the use of
high-dose paramagnetic contrast may be terato-
genic, as shown in animal studies [10].

2.6 Imagingin Special Groups

2.6.1 Pregnancy

The risk of ionising radiation for investiga-
tive procedures during pregnancy is dependent
on the gestational age of the foetus (the low-
est risk is before 8th and after 23rd week) and
radiation dose (<50 mGy is considered safe) [6].
Radiological exposure carries a risk of <1 in
5000 (1 in 33,000 per mGy) for fatal childhood
cancers and <1 in 10,000 (1 in 40,000 mGy) for
induced heritable diseases. Hence, stochastic
effects of ionising radiation on the foetus are of
particular concern. In pregnancy, radiation harm
can be reduced further by (a) imaging only the
affected side, (b) shielding the maternal pelvis
and (c) keeping the exposure time or number of
radiographs to a minimum [26].

In pregnant women with flank pain suspicious
of urolithiasis, transabdominal or transvaginal
US is regarded the best initial study [4-7]. To
increase the accuracy in US detection, Doppler
US measurement of the resistive index (RI),
using a cut-off of 0.70 or a change in RI of 0.06,
is useful in the diagnosis of acute unilateral ure-
teric obstruction if the scan is performed within
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6—48 h of presentation [26]. However, detection
rates can be compromised if done outside this
time window in patients with renal disease and
with non-steroidal anti-inflammatory drugs on
board [26].

The twinkling artefact of US, using B-mode
and Doppler, can improve the sensitivity of stone
detection by differentiating stones from other
echogenic structures [9]. Colour Doppler can
be utilised to detect ureteral jets, or the passage
of urine, at the uretero-pelvic junction where
an absence of jets represents complete ureteral
obstruction. However, false positives can occur
due to the ureteral compression by a gravid ure-
ter. Hence, this study should be confirmed in con-
tralateral decubitus patient position [26].

If US is equivocal in detecting stones, MRI is
proposed as the second-line imaging modality.
This investigation defines the level of obstruc-
tion, and in some situations, it provides an esti-
mate of stone size [6]. Although it has no harmful
ionising radiation to the foetus, MRI should be
avoided in the first trimester of pregnancy due to
limited data on safety during foetal organogen-
esis [26]. Nevertheless, there is inadequate data
to prove the deleterious effects of MR exposure
to a developing foetus. Non-contrast MRI at
1.5 T should be used on the basis that medical
benefits outweigh any unknown potential risks
[27]. Furthermore, there is widespread consensus
that gadolinium-based contrast agents should be
avoided during pregnancy [27].

The MRI also serves as a useful adjunct for
US in pregnant women. Kidneys do undergo
physiological dilatation 90% of the time, espe-
cially on the right side, usually seen as early as
6 weeks gestation and resolves by 6 weeks post-
partum [9]. Hydronephrosis can be attributable
to a compressed ureter between the gravid uterus
and the linea terminalis [4]. Hence, MRI is useful
if stones cannot be visualised on US, but clinical
suspicion of obstructing urolithiasis persists [9].

In the second and third trimesters of preg-
nancy, low-dose CT (LDCT) scan can be consid-
ered the last option for stone detection if US and
MRI cannot achieve a diagnosis [4-6]. LDCT has
a higher positive predictive value (95.8%) than
MRI (80%) and US (77%); thus this can poten-

tially avoid unnecessary negative interventions
such as ureteroscopy [6]. The American College
of Obstetrics and Gynaecology stated that radia-
tion exposure of less than 50 mGy, which is well
below the average for low-dose CT, is not associ-
ated with the development of foetal anomalies or
foetal loss [3, 5].

2.6.2 Paediatrics

Children with urolithiasis represent a group with
a higher risk of stone recurrence. Hence, with the
prospect of repeated imaging throughout their
lifetime, the ALARA principle should be adhered
to [6, 9]. Furthermore, imaging procedures may
require their co-operation, anaesthesia and expo-
sure to ionising radiation. Adult protocols cannot
be applied to children because (a) their stones are
small and poorly calcified, (b) they have smaller
ureters surrounded by fat, which can reduce the
diagnostic accuracy of CT scan [6, 8], and (c)
they have 10 times higher sensitivity to radiation
than adults, thus higher chance of developing
malignancies later in life [10].

US scan should be the first choice in investi-
gating urolithiasis in children. This modality can
visualise the kidney and the rest of the urinary
tract rather well, with adequate hydration and
good bladder volume. Most of the stones in chil-
dren are located in the pelvicalyceal junction or
in the proximal and/or distal ureter. Sometimes,
small concretions are detected by US, which may
be missed by IVU or low-dose CT [8]. US also
has a higher accuracy in stone detection in chil-
dren due to small body size and shorter stone to
probe distance [8].

The US features for stones in children
include echogenic foci with posterior shadow-
ing, ureteral and pelvicalyceal system dilata-
tions, and increased renal echogenicity and
size, which are more conspicuous than in adults
[8]. Nevertheless, small stones and modern US
machines with harmonic and spatial compound-
ing imaging features may fail to cast an acoustic
shadow [28]. Although less sensitive (70%) than
CT, it is an adequate screening tool to diagnose
most clinically significant stones [28]. In addi-
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tion, US can be used for surveillance for asymp-
tomatic and non-obstructive renal stones in
children [5]. US detection of stones during acute
obstruction can be enhanced by the twinkling
artefact and measurement of the resistive index
using colour Doppler, such as in pregnant women
[8]. However, US fails to detect >40% of stones
in children, and it provides limited information
regarding renal function [6]. US is advantageous
as it does not require anaesthesia and no radiation
is involved.

The use of plain X-ray can assist in localis-
ing stone before lithotripsy procedures, and it is
useful for follow-up, too [6, 8]. IVU should be
used judiciously for specific indications, and usu-
ally it supplements US findings. The IVU should
be limited to three or four views, including
KUBXR, and with adequate coning, this should
be adequate for diagnosis with a lowered radia-
tion dose [8].

There is now widespread use of CT as a first-
line study given its wide availability in the United
States. Between 2003 and 2011, about 63% of
children underwent CT scans compared to US
(24%) as first-line imaging in the United States.
NCCT confers near 100% sensitivity and specific-
ity for urolithiasis. Low-dose CT (radiation dose
<3 mSv) using stone protocol has been intro-
duced, and this achieved a diagnostic sensitivity
of 96.6% for nephrolithiasis. Nevertheless, the
accuracy of low-dose CT for paediatric nephro-
lithiasis has not been confirmed [28]. Thus, low-
dose CT can be considered an alternative if US
cannot provide information on urolithiasis [6].

2.7 Stone Composition

and Fragility

Pre-procedural determination of stone compo-
sition can assist in optimal stone management.
Traditionally, the stone composition is deduced
from chemical analysis utilising sophisticated
spectrometry, which can be costly and is not
widely available. No other chemical analysis can
determine in vivo stone composition. Stone fra-
gility can be assessed to predict the likelihood of
fragmentation.

Historically, stone density has been regarded
as a surrogate of its composition. This is mea-
sured using NCCT and expressed in Hounsfield
units (HU). In addition, HU can be used to pre-
dict success rates for stone treatment [16]. For
ESWL treatment, stones with HU of between
900 and 1200 were found to be independent fac-
tors for treatment failure. In practice, the associa-
tion between ESWL failure rate and HU values is
not linear. Furthermore, most stones have mixed
composition, resulting in overlap in their attenu-
ation values, thus making the response to ESWL
less predictable [16]. Other limitations of HU
values include variability between CT scanner
models and the high radiation dose involved in
deriving its value [29].

A Turkish study on 115 patients with renal
stones who had HU measurements and subse-
quent stone analyses found that HUyy (the dif-
ference between maximal and minimal HU
for a particular stone) and the mean HU value
(HU,,.) can reliably predict stone mineral com-
plexity. HUgy < 341.5 showed 81.8% sensi-
tivity and 67.2% specificity for identifying
mono-mineral stones [30]. Other studies iden-
tified that HU,,. < 900 predicts uric acid stone,
HU,. > 1000 favours a calcium-based stone,
whilst HU of 900-1000 is associated with other
stones (cystine, struvite and calcium oxalate
monohydrate—uric acid) [30].

Double-energy CT (DECT), which is per-
formed by scanning an object with two scanners
at two different energies (80 and 140 kV), thus
producing two sets of data, which are then merged
into a CT image, is an alternative method to pre-
dict in vivo stone composition [16]. The different
X-ray attenuation obtained from the two scanners
for various stone elements with different atomic
numbers can be used to infer stone composition
by measuring their differences [11, 16].

In vivo characterisation of urinary stones and
sub-characterisation of calcium stones are now
possible with DECT. It has been shown that
DECT is better than conventional CT in differen-
tiating uric acid from non-uric acid stones [11].
Lately, the distinction between struvite and cyste-
ine stone has also been made by DECT. This will
facilitate the selection of struvite stone patients
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for ESWL who are more likely to achieve treat-
ment success [11]. DECT can also generate a
low-to-high energy ratio. Differences in the ratios
of different stone types can be used to predict its
composition. For example, a ratio of 1.13 to 1.24
predicts cysteine stone, whereas a ratio more than
1.24 is likely to be a calcium salt [16].

Initially, DECT required a higher effective
radiation dose. Thus, Nestler et al. proposed
stratifying patients with uric acid stone in which
patients with urine pH < 5.5 should undergo
DECT, while those with urinary pH > 5.5 should
receive standard CT [22]. Recently, the radiation
dose for DECT was reported to be comparable to
standard CT (2.6 vs. 2.7 mSv). In fact, by further
reducing the current in the scanner, DECT can
still produce compositional stone analysis at 40%
lower radiation dose, equivalent to that of low-
dose CT [16]. Currently, ultra-low-dose DECT
has managed to produce excellent differentia-
tion between uric acid (sensitivity and specific-
ity 100%) and non-uric acid stones (sensitivity
100%, and specificity 79%) [16].

The limitations of DECT include (a) higher
costs of the scanner, (b) challenges in clini-
cal workflow if prospective patient selection
becomes necessary, (c) variability in reporting
radiation dose and (d) indeterminate best energy
levels for imaging as well as post-processing
algorithms [4, 22].

In addition, a high-resolution CT scan pro-
ducing thin (<5 mm) slices, viewed in the bone
window, can be used to assess the internal archi-
tecture of urolithiasis. Using magnification,
stones that appear homogeneous in architecture
are less likely to fragment during ESWL com-
pared to stones with heterogeneous profile [11].
However, studies on urinary stone fragility are
still limited.

2.8 Differential Renal Function

Urolithiasis can have an impact on renal function.
Differential renal function should be ascertained
in situations where treatment decisions can be
made more accurately, particularly when stan-
dard anatomical imaging reveals potential loss of

renal parenchyma [5, 31]. The functional infor-
mation will help to prioritise the treatment side
in situations of bilateral urolithiasis and assist
in deciding if kidney preservation or removal
is indicated in chronic stone disease [31]. Also,
baseline kidney function can be ascertained in the
following treatment outcomes of upper urinary
tract stone disease [5].

Although parenchymal thickness, measured
by US or CT scan, can estimate renal function,
there are situations such as chronic kidney dis-
ease or staghorn/complex stones, where the
renal function cannot be properly determined
(Fig. 2.3). Furthermore, in the past, the dem-
onstration of contrast excretion on X-ray films,
such as in IVU or excretory phase in contrast-
enhanced CT or MR urography, are relied upon
to provide functional information of the kidneys.
However, this has now been brought into ques-
tion [31].

Nuclear renal scan is regarded as the gold
standard for evaluating differential renal func-
tion. This study can also evaluate for obstruction.
Commonly used radio-isotope tracers include
the purely glomerular-filtered 99m-technitium-

Fig. 2.3 NCCT showing right atrophic kidney due to an
underlying urolithiasis
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diethylene-triamine-pentaacetic acid (DTPA) and
tubular-secreted, more efficient, 99m-technitium-
mercapto-acetyl-triglycerine (MAG3) [32]. The
value of differential renal function was proposed
by Sreenevasan in 1974. In bilateral renal cal-
culi, renography provided differential renal func-
tion information whereby the better kidney was
operated on first, with positive post-operative
outcomes [33]. However, renal isotope scans are
not widely available, are costly, involves radia-
tion exposure, are operator dependent and has a
prolonged acquisition time, and in stone surgery,
it does not contribute any anatomical informa-
tion. The ability to assess obstruction via nuclear
renography is compromised in cases of moderate-
to-severe chronic kidney disease. Similarly, the
assessment of renal function is limited in the set-
ting of obstruction; thus, any obstruction needs to
be alleviated first [5].

In view of those limitations, various deriva-
tives of CT scans have been used to estimate
renal function. Feder et al. studied the ratio of the
parenchymal area of both kidneys and compared
them with the MAG3 renal scan. Both showed
a very high correlation between predicted and
observed renal function, with an average differ-
ence of 4.7% between the two [34]. Samar et al.
investigated 21 patients with unilateral obstruc-
tive uropathy and derived the percentage total
renal volume of both normal and obstructed kid-
neys from helical CT scans. This was compared
with percentage renal function determined from
DTPA. Again, they demonstrated strong agree-
ment between the two parameters, for both nor-
mal and obstructed kidneys [35]. In conclusion,
CT-derived parameters seemed promising in pre-
dicting split renal function, although its utility
needs to be tested in well-designed studies.

29 Conclusions

Imaging technology has improved over the years
to improve accuracy in the detection of urinary
calculi, and this helps with treatment planning.
NCCT in adults and US scan in paediatric and
pregnant patient groups have proven to be useful
in detecting a majority of stones in the emergent

and elective settings. The different iterations of
NCCT with lower doses of ionising radiation
have proven to be increasingly accurate com-
pared to conventional imaging. Similarly for US
scan, additional information on urolithiasis can
be obtained via B-mode and Doppler features
such as twinkling artefact, ureteral jets and resis-
tive indices measurements. Using readily avail-
able scans, stone composition and hardness can
now be deduced from advanced CT features
such as double-energy CT. Furthermore, differ-
ential renal function can now be inferred from
CT parameters, although this requires further
validation.
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Abstract

The purpose of this chapter is principally to
provide the equipment information, knowl-
edge, and tips while using the ureteroscope
(URS); it may familiarize urologists with
using the URS in their clinical practice. We
begin with the brief history of URS, followed
by the URS mechanical futures such as the
differences with “rigid vs. flexible”” and “fiber-
optic scope vs. digital scope” in optics.
“Durability and single-use ureteroscope” and
“tips to prevent flexible ureteroscope dam-
ages” are also discussed.

3.1 Introduction

The continuous development of surgical devices
and the advancement of endoscopic techniques
have improved the treatment outcomes of retro-
grade ureteroscopic surgery [1]. In this chapter,
we present an overview of emerging technologies
of current endoscopy in the light of the recent
versatility of endoscopes and current limitations.
As ureteroscopy is the most common endoscopy
we use, we used the development of ureteroscopy

S. Isotani (1)

Department of Urology, Juntendo University,
Tokyo, Japan

e-mail: s-isotani@juntendo.ac.jp

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021

as the main example for the discussion of endo-
scopic development. The same principles also
applied to other endoscopies, including cystos-
copy and nephoscopy. Understanding the princi-
ples of the ureteroscopes that define current
ureteroscopy is one of the important keys to
establish an efficient and safe procedure with
endoscopic treatment.

Two types of ureteroscopes exist in shape and
handling: rigid ureteroscopy (r-URS) and flexible
ureteroscopy (f-URS). Recently, significant
advancements include new endoscopy design,
especially in the flexible ureteroscopy (f-URS),
and it made f-URS more effective auxiliary tools,
with improvement in treatment protocols and in
laser lithotripsy technology. We use the term ret-
rograde intrarenal surgery (RIRS) as almost the
same meaning as f-URS because retrograde
intrarenal surgery is performed by flexible ure-
teroscopy. The f-URS can be used for all loca-
tions of the ureter. Thus, strictly speaking, the
term f-URS covers a wider area of the treatment
location of the ureter than RIRS. Now, the f-URS
seems to be one of the major treatment modalities
for upper urinary tract calculi all over the world
[2-5]. We have much literature that confirmed
the effectiveness and safety of URS in the treat-
ment of renal stone [4, 6-8, 9, 10]. Studies have
demonstrated that the feasibility of URS in stones
less than 2 cm and illustrated the versatility and
possibility of this technique [11-17]. The f-URS
is considered the most beneficial therapeutic

27

A. C.F. Ng et al. (eds.), Practical Management of Urinary Stone,

https://doi.org/10.1007/978-981-16-4193-0_3

3


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-4193-0_3&domain=pdf
https://doi.org/10.1007/978-981-16-4193-0_3#DOI
mailto:s-isotani@juntendo.ac.jp

28

S. Isotani

option for most of the stones with the size and
location of kidney stones except the staghorn
stone, and the urologist should consider this new
treatment.

Ureteroscopy is known as the name of the
endoscope, which is designed to visualize within
the upper urinary system (ureter and kidney) and
work as an instrument to treat calicles, tumors, or
strictures in the upper urinary system, and it is
commonly used by urologists and endourolo-
gists. In the following sections, we will first pro-
vide the equipment information, knowledge, and
tips while using the ureteroscope. We hope the
information may help urologists to familiarize
themselves with URS in their clinical practice.

3.2  Brief History of URS

The first rigid ureteroscopy (r-URS) was done
in 1912 when Dr. Young introduced a pediatric
cystoscope into a severe dilated right ureter of a
child who had posterior urethral valves and he
was pleasantly astonished by the renal pelvis.
The following century has seen continued
development and evolution of ureteroscopy to
the smaller and better image in use. Then, the
first flexible ureteroscope (f-URS) was reported
in 1964 by Dr. Marshall, who used a 9F pediat-
ric flexible cystoscope for the adult ureter; there
was no working channel or active deflection at
that time, and this is used for only for the diag-
nostic use [18]. In 1989, Dore et al. first reported
his preliminary 15 cases of upper urinary stones
treated by an evolutionally flexible uretero-
scope [19]. Since then, much improvement has
been made in f-URS technology in terms of
smaller outer diameters, larger working chan-
nels, active deflection (maneuverability), and
better visualization of the scope to facilitating
the operator to increase the effectiveness of this
treatment.

In the 1980s, f-URS was continuously
improved, with both the development of fibrotic
light sources and the scope deflection ability in
passive or active direction, and in 1994, the evo-
lutionally technological advancement brought a

miniaturized flexible ureteroscope, with a tip
diameter of 7.5 Fr and an adequate working-
channel of 3.6 Fr. In 2001, a flexible ureteros-
copy with active two-way exaggerated deflection
(up to 270 degree) was introduced, and these
scopes could provide the ability to reach the
entire intrarenal collecting system in the surgery.
In addition, about the imaging technique, the
advancements in the endourological evolution of
ureteroscopes are moving from fiber-optic imag-
ing to digital imaging technology [10, 20]. The
first digital flexible ureteroscopes have been
reported by Zilberman et al. in 2011. The digital
flexible ureteroscopes improved resolution and
color representation, as well as 5.3 times larger
image size compared with the standard fiber-
optic flexible ureteroscope [20]. With combining
new digital ureteroscopy and high-definition
television, the image quality has dramatically
improved. Moreover, accessory equipment such
as baskets and laser lithotripsy technology have
also improved the efficacy of the procedures [8].
Because the technology regarding the URS has
improved, the f-URS has been accepted as the
optimal treatment for renal calculi with very low
morbidity; recently, there has been a huge surge
in the number of ureterorenoscopic procedures
being performed. URS has been rapidly diffus-
ing worldwide, and it led to the expansion of
indications in the USA, Europe, and Asia [1, 2,
4-6, 10, 12, 14].

The development of the flexible ureteroscopy
overcomes the limitation of rigid scope and
allows the urologist to inspect nearly the entirety
of the inner kidney to find stones, treat them, and
remove them using a variety of techniques. To
achieve a safe and effective surgical procedure in
the URS, ureteroscopy should have a good visual
image of the operation field by imaging technol-
ogy development, efficient irrigation flow with
low intrarenal pressure, and good defluxion capa-
bility to achieve the access to all renal calyx. The
ideal URS in the future may overcome such con-
flicting ideas both of the easy access to all renal
cavities by better deflection capability with small
shaft and excellent visuality by advanced imag-
ing technology [9, 21].
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3.3  Rigid vs. Flexible

3.3.1 Rigid Ureteroscope (Semirigid
Ureteroscope)

Comparing the flexible ureteroscope (f-URS), the
rigid ureteroscope (r-URS) can provide multiple
entries and exits during fragment retrieval under
better visualization of operation field with better
irrigation efficiency. On the other hand, with
r-URS, it is difficult to access the stone located in
the upper ureter or renal collecting system. When
urinary stone moving to the upper ureter or kidney
by stone retropulsion, flexible ureteroscopy is
required to pursuit the stone to the upper ureter
and renal pelvis. Also, for the patient with an ele-
vated bladder neck, huge prostates, narrow ure-
ters, and very developed psoas muscles, it
becomes a complex case by only the rigid
URS. For these cases, it is better to prepare
f-URS. Although the f-URS has been rapidly
spreading in the world, the r-URS still has been
one of the best treatment modalities for ureteral
urolithiasis. For example, the r-URS could be per-
formed before f-URS. The advantage of using
r-URS before f-URS is that the ureter becomes
passively dilated under direct vision by r-URS,
and surgeons can identify the real compliance of
the ureter by advancing the scope to know the
ideal ureteral access sheath (UAS) size according
to the patient’s anatomy. An additional benefit is
that in the limited case of second-look procedures,
missed fragments that migrated down into the
lower ureter can be easily removed by r-URS
without UAS placement [22-24]. From the result
of the Clinical Research Office of the
Endourological Society (CROES) URS global
study including 9681 patients, the rigid URS was
the most used procedure for ureteral stones in all
locations. The stone-free rates with -URS were
94.2%, 84.5%, and 76.6% for distal, middle, and
proximal ureteral stones, respectively. For stones
located in proximal ureter, failure and retreatment
rates were significantly higher for r-URS than for
f-URS [17]. The reported incidence of complica-
tions was low: 3.8% to 7.7% as intraoperative
complications and 2.5% to 4.6% as postoperative

Table 3.1 Comparison of rigid URS and flexible URS

Rigid scope Flexibe scope
Working channel Large Small
Vision with blood Better Poorer
Irrigation Better Poorer
Durability Long Short
Maneuverability Limited Great

complications [17]. In Table 3.1, the futures of
rigid URS and flexible URS are summarized.

3.3.2 Flexible Endoscope

The flexible ureteroscope was developed to
reach intrarenal structures by the deflection of
the tip of the ureteroscope. The basic design of
f-URS manipulation is the combination of
deflection and rotation of the scope. Because the
f-URS is deflected in only one plane by the
scope handle, the surgeon needs to rotate the
scope to reach the aimed place where the sur-
geon wants to observe. For example, the right-
handed operator can visualize the calyces in the
right kidney located posteriorly and anteriorly
by supination and extra-supination of the ure-
teroscope, respectively.

The first flexible URS was developed by
Marshall in 1964 [18]; the continual improve-
ment with technological innovations has noticed
in f-URS technology afterward pursuing smaller
diameters, larger working channels, more maneu-
verability by active deflection, and better visual-
ization of the scope to facilitating the effectiveness
of RIRS [10, 25].

About the optimal target of f-URS (as the
same meaning as RIRS here), in 2017,
Sanguedolce et al. reviewed the literature regard-
ing “RIRS: retrograde intrarenal surgery” and
found that the main target of RIRS is renal stones
of 1-2 cm in size, and the surgical outcomes were
considered safe and effective, even in patients
with specific conditions such as bleeding diathe-
sis, anatomical malformation, or pregnancy. They
concluded that RIRS is a well-established proce-
dure under constant evolution with advances in
technique and technology [1].
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Today, most of the new generation f-URSs
(both fiber-optic and digital scopes) are equipped
with acceptable optical quality, a 270-degree
deflection capability in both directions, and a
standard 3.6 Fr working channel. Now, the f-URS
has gained worldwide popularity due to its mini-
mal invasiveness and satisfactory outcomes [1]
(Table 3.2).

However, there are still some issues regard-
ing the use of the flexible ureteroscope. One of
the biggest concerns is the durability of the
scope. The flexible ureteroscope is fragile and
requires its usage with caution as well during
the surgery as sterilization. One randomized
comparative trial, which evaluated the lifespan
of different new generation ureteroscopes,
including Wolf Viper, Olympus URF-P5, Gyrus-
ACMI DUR-8 Elite, and Stryker FlexVision
U-500, showed that the mean device durability
was ranged from 5.3 to 18 cases before major
repairs because of poor visibility (42%), a
decrease of maneuverability (25%), and damage
of working channel due to laser misfiring (8%)
[26]. There were other several papers that have
been published about the durability of the flexi-
ble ureteroscope. In 1998 White and Moran, in
2000 Afane [27], and more recently in 2006
Monga demonstrated longevity ranging from 6
to 25 procedures in use [28]. To increase the

durability of the flexible ureteroscope, in 2002,
Pietrow reported that they increased the durabil-
ity up to an average of 27.5 uses (range 19-34)
before repairs [29]. In 2006, Traxer demon-
strated that there is an increase in the perfor-
mance of the instruments if they are used by an
experienced endourologist [30]. They reported
that it was reaching 50 procedures to first repair
with a digital flexible ureteroscope. Even in
these reports, in general, the need for repair fre-
quently occurs with the ureterorenoscope, and
the endourologist needs to take careful consid-
eration not to damage the scope by the surgical
procedure, and further improvements in scope
durability would be needed. Actually, an initial
purchasing cost of f-URS is around USD 25,000
plus costs for the video processor and viewing
monitor [31]. The use of flexible ureteroscopes
is associated with a high financial burden. Thus,
the durability of f-URS became one of the most
important issues about f-URS.

Also, there are many kinds of f~-URS available
in the market right now, such as fiber-optic, digi-
tal, disposable, or reusable ureteroscopes. There
is some difference between each other in terms of
durability, image quality, maneuverability, shaft
diameter, and also working channel arrangement.
These factors usually conflict with each other.
For example, the smallest currently available ure-

Table 3.2 Currently available flexible URS with its features

Company/model Type Tip caliber (Fr) | Shaft caliber (Fr) | Working channel (Fr) | Deflection
Olympus URF-P5 Fiber-optic | 5.3 8.4 3.6 180/275
Olympus URF-P6 Fiber-optic | 4.9 7.95 3.6 2751275
Olympus URF-P7 Fiber-optic | 4.9 7.95 3.6 2751275
Olympus URF-V Digital 8.3 9.9 3.6 180/275
Olympus URF-V2 Digital 8.5 8.4 3.6 275/275
Olympus URF-V3 Digital 8.5 8.4 3.6 275/275
Storz Flex-X2/X2s Fiber-optic | 7.5 7.5 3.6 270/270
Storz Flex-XC Digital 8.5 8.4 3.6 270/270
Wolf Viper Fiber-optic |6 8.8 3.6 270/270
Wolf Boa Digital 6.6 8.7 3.6 270/270
Wolf Cobra Fiber-optic | 6.0 9.9 3.6 270/270
Wolf Cobra vision Digital 5.2 9.9 33x2 270/270
Boston Digital 7.7 9.5 24and 3.3 270/270
Scientific-Lithovue

Pussen Digital 9.0 9.5 3.6 2707270
PolyScope Fiber-optic | 8.0 8.0 3.6 >250
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teroscope is based on the fiber-optic ureteroscope
rather than the digital ureteroscope, although the
best image quality is provided by the digital ure-
teroscope rather than the fiber-optic ureteroscope.
These conflicting factors make it difficult to com-
pare these scopes.

3.4  Fiber-Optic vs. Digital

Imaging System

Apart from maneuverability proprieties, image
quality is a key factor affecting efficacy, safety,
and versatility of ureteroscopy. There are two
types of image systems existing in the flexible
ureteroscopy: fiber-optic and digital imaging sys-
tems. In Table 3.3, the futures of fiber-optic and
digital imaging are summarized.

Table 3.3 Comparison of fiber-optic and digital scopes

Fiber-optic Digital
Principle Rod-lens Chip-on-tip
Image Moiré, smaller Clearer, bigger
Camera head Add-on Inbuild
Setup Longer Easyer
Durability Shorter Better
Cost Less High
Diameter Smaller Larger

Fig. 3.1 (a) Moire effect; (b) broken fibers in endoscope

3.4.1 Fiber-Optic Endoscope
Historically, the first f-URS was started with a
fiber-optic imaging system bundling flexible
optical fibers between the distal tip and the proxi-
mal eyepiece [18]. Before introducing the digital
flexible ureteroscopes, flexible fiber-optic ure-
teroscopes helped to develop the endourological
surgical treatment options for the management of
urolithiasis in the upper ureter and intrarenal col-
lecting system. The thin flexible glass fibers that
were covered by a cladding with a low refraction
index allow the light transmission over a long
distance with minimal losses. The bundle of glass
fibers is orchestrated coherently in order to pro-
duce one big image at the end of instruments. The
visualization capability is variable between the
manufacturers according to the difference of
number and quality in the optic fibers for the
image transmission. The number and quality of
the optic fibers reflect the durability and maneu-
verability of the scopes.

With fiber-scope, a honeycomb effect, in other
words, the Moire effect, and the fuzzy image can
be seen on the screen (Fig. 3.1a) [31]. An increas-
ing number of fiber-optic bundles may decrease
the honeycomb effect, but these thinner fibers
would be more easily broken in the scope.
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The fiber-optic fibers are easily broken when
passed through the ureter, and during times of
extreme deflection, such as entry into the lower
pole, the broken fiber is presented as a black dot
on the screen (Fig. 3.1b). As the additional fibers
continue to break, visualization continues to
deteriorate until the repair is ultimately required.
In addition, the leakage of the ureteroscope,
which was usually developed by a small scar or
hole in the jacket of the ureteroscope, leads to
progressive fogging of the image to require
repair. Pietrow et al. showed in 2002 that with an
average of 15.3 passes, 20 or more optical fibers
were broken using Olympus 7.5 Fr flexible ure-
teroscopes [29].

Although the image quality is not good as the
digital ureteroscope, one of the benefits of the
fiber-optic ureteroscopes is better accessibility in
the whole renal pelvis. All of the fiber-optics had
better end-tip deflection compared with the digi-
tal f-URS because the fiber-optic scope does not
have the bulky and rigid configuration of the digi-
tal camera unit at the tip of ureteroscopes. Thus,
to approach a difficult lower pole calyx, it might
be better to use a fiber-optic f-URS with the risk
of breaking fibers [21]. It appears to be the strong
benefit from our daily practice that in certain
cases, some additional degrees of deflection
would have been key for treatment success by the
fiber-optic ureteroscope. Another benefit of the
fiber-optic ureteroscope is that it has smaller dis-
tal tip diameter than the digital scope [21]. The
small size of ureteroscopes is the fundamental
key point to achieve successful ureteroscopy by
acquiring better insertion and irrigation flow, and
it may provide higher single-session success
rates.

3.4.2 Digital Endoscope

Digital imaging technology has been used in the
area of gastrointestinal and lower urinary tract
endoscopy; it has been introduced to flexible ure-
teroscopes in 2006 as the world’s first digital
f-URS DUR-D (Gyrus-ACMI). The traditional
fiber-optic bundles were replaced by nine wires
that transmit the digital signal from the image sys-
tem located at the tip of the scope to the camera

control unit. The tip of the endoscope uses a com-
plementary metal-oxide semiconductor (CMOS)
imager system [26, 31]. This imaging system
eliminates the fragile flexible low-resolution
fiber-optics and provided excellent imaging qual-
ity. The second-generation digital ureteroscope
that came into the market in August 2008 utilized
a CCD chip as the image capture device URF-V
(Olympus). The URF-V had an 8.5F tapered tip
and a working channel of 3.6F. It has a 180-275
degrees up-down deflection ability. This digital
ureteroscope provided better visualization in the
upper collecting system, good maneuverability,
and deflection ability when applying either a laser
fiber or a basket through the working channel,
however, it had a larger diameter than a standard
4.9 F fiber-optic ureteroscope.

There are two types of imaging sensors that
exist in the market right now. The digital uretero-
scope by Karl Storz and the complementary
metal oxide semiconductor (CMOS) imaging
sensor by Richard Wolf. The CMOS is a generic
term for the process used to produce these image
sensors, along with a multitude of other semicon-
ductor items such as computer RAM and proces-
sors like those from Intel and other manufacturers.
Thus, CMOS image sensors can be made in the
same fabs as these other items, with the same
equipment at a lower cost than CCD image sen-
sors. The other imaging sensor is a charge-
coupled device sensor (CCD) equipped with a
digital ureteroscope made by Olympus. CCD
achieved higher-quality imaging than CMOS but
required a manufacturing process that is different
from that used for manufacturing other computer
chips such as processors and RAM. This means
that specialized CCD fabs have to be constructed,
and they cannot be used for making other compo-
nents, thereby making CCD more expensive than
CMOS [32]. The next-generation digital uretero-
scopes are likely to integrate ultra-miniaturized
digital image sensors with increasing image reso-
lution catching up with current display resolution
standards such as “Full HD” or “4 k.”

The benefit of digital ureteroscopes is that it
achieves better image quality than fiber-optic
f-URS. By this superiority, the digital uretero-
scopes achieved significantly shorter operative
time in several clinical studies. In the literature,
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some studies showed that better image quality
provides higher precision for diagnosis and treat-
ment and a shorter procedure time [10, 21, 33].
Somani and coworkers demonstrated that the
advantage of the digital ureteroscope in cases of
stone treatment was the decreased operative time
by 20% [32]. Also, for detection of upper urinary
tract urothelial carcinoma, most authors stated
that digital ureteroscopes seem to achieve better
tumor detection rates. The other benefit of digital
ureteroscopes is their durability. The digital
f-URS has been reported to have superior dura-
bility than fiber-optic models at first. However,
the initial enthusiasm for improved durability of
the digital f-URS has not been well established.
In 2018, Legemate demonstrated significant vari-
ability in the durability of both the digital and
fiber-optic scopes from 10 to 79 uses prior to
repair [34, 35]. In 2019, Temiz et al. also con-
cluded that the digital f-URS was associated with
a higher initial cost but offered no additional ben-
efit with regard to scope durability or surgical
outcomes compared to standard fiber-optic
scopes [33]. There appears to be little difference
between fiber-optic and digital ureteroscopes in
durability.

3.5 Reusable vs Single-Use

Endoscope

Despite the technological development of flexi-
ble ureteroscopes, including fiber-optic and digi-
tal scopes, durability remains a major concern.
Due to the high cost and limited durability, the
cost—benefit of the ureteroscopes has become an
important factor for initiating and maintaining
f-URS programs worldwide, especially in devel-
oping countries. To solve this problem, LithoVue
(Boston Scientific) became available as the first
complete disposable digital flexible ureteroscope
in 2016 [36]. Now, there are some single-use ure-
teroscopes available or under development, such
as Uscope (Zhuhai Pusen Medical Technology),
NeoFlex (Neoscope Inc.), and Shaogang or
YC-FR-A (YouCare Tech), and most of them
were provided with a CMOS digital image [37].
The initial series of studies about single-use ure-
teroscope suggested that these single-use uretero-

scopes may be viable and cost-effective
alternatives to reusable flexible ureteroscopes
[38]. However, there were some discrepancies
observed between these studies when the same
characteristics were compared with digital flexi-
ble ureteroscopes [39]. This variability suggests
that further research must be carried out to con-
cretely determine the comparability of single-use
ureteroscope image quality and performance.
Also, in 2017, Martin et al. demonstrated that
single-use URS might be cost-beneficial at cen-
ters with a lower case volume per year, but insti-
tutions with a high volume of cases may find the
reusable URS cost-beneficial based on their
cost-benefit analysis [40]. The environmental
impact of a single-use ureteroscope is another
factor that needs greater attention. McGrath
Shannon examined a comparative study about
the carbon footprint of single-use and reusable
ureteroscopes in 2018 [41]. They concluded that
the environmental impacts of the reusable flexi-
ble ureteroscope and the single-use flexible ure-
teroscope are comparable, even it is challenging
to predict the potential environmental implica-
tions. More studies are needed to demonstrate
the efficiency, cost-effectiveness, and the other
factors of these devices that are more difficult to
use than the usual reusable flexible ureteroreno-
scopes. Also, currently, available models con-
tinue to undergo rapid innovation with several
new models that may be promised. Continued
innovation and healthy competition in this field
will lead to improved devices that are more cost-
effective. In this rapidly changing field, more
research is needed to validate the clinical perfor-
mance and efficacy of these single-use flexible
ureteroscopes.

3.6 Tips to Prevent Flexible

Endoscope Damages

As we know, the flexible ureteroscope is fragile.
The approach to minimizing the cost of flexible
ureteroscope damage is improving the technique
to maximize the longevity of the flexible scope.
There are some reports published to identify the
factors to enhance the longevity of a uretero-
scope. The factors such as the lower pole stone,
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multiple passes of the scope during the opera-
tion, and the scope cleaning methods have been
suggested [29]. Also, recently, multiple accesso-
ries have been created to facilitate the expanded
applications of flexible ureteroscopy. Hosny
et al. summarized the current techniques that can
be immediately adopted to maximize f-URS use
and reduce the need for repairs in 2019 [42].
They recommend using a semirigid uretero-
scope prior to f-URS to calibrate and dilate the
lower ureter, keeping f-URS as straight as pos-
sible, confirming the adequate lubrication on
the f-URS and a well-lubricated hydrophilic
guidewire during insertion. Also, at the opera-
tion, the gentle manipulation of the handpiece
deflection lever and avoiding the maximum
deflection for prolonged periods reduce the
deflection-related injury. The surgeon should
hold the f-URS by the handpiece and always
maintain the f-URS in a neutral/loosely coiled
position. To have easier access to the stone
prior to lithotripsy, repositioning lower pole
stones to the upper pole is recommended. Also,
they emphasize that confirming the ureteral
access sheath (UAS) is not restricting f-URS
deflection (ideally, the UAS should be in the
proximal ureter below the uretero-pelvic junc-
tion) and removal of the f-URS with UAS
together when finished. About the laser fiber,
smaller diameter laser fibers should be used if
possible, being aware of keeping f-URS in a
straight position during the insertion of laser
fiber, avoiding the laser firing when the fiber is
not clearly visible (1/4 of the screen) and at
extreme f-URS deflection. After the surgery, it
was recommended to perform the pressure leak
test for every case (immediate repair if leak
identified), and cleaning and sterilization
should be done according to the manufacturer’s
guidelines. Finally, the scope should be stored
carefully in dedicated cases to avoid trapping.
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Understanding the Instruments:
Endourology Accessory

Kantima Jongjitaree and Ekkarin Chotikawanich

4.1 Introduction

Endourology has become an advanced surgery
nowadays, especially the intraluminal procedure.
Advanced technology provides a smaller uretero-
scope, a wider range degree of deflection, and
higher image quality. The new generation of the
scope allows urologists access into the ureter and
kidney without limitation. Both diagnostic and
therapeutic procedures have been popular and
rising with this endoscopy. Many instruments
have been developed to facilitate intraluminal
surgery. Guidewire, stone basket, ureteral access
sheath (UAS), and anti-retropulsion device are
the instruments commonly used while perform-
ing ureteroscopy. There are many designs of
these instruments in the market. Understanding
them is an important issue. This chapter will
present the details of these common instruments.

4.2  Basket

Basket is a common stone retrieval device. The
properties of the basket are the ability to open
with enough radial force in the ureter, capture,
and disengage the stone. The ideal basket has
been designed in an atraumatic shape with a

K. Jongjitaree - E. Chotikawanich (D<)
Division of Urology, Department of Surgery, Siriraj
Hospital, Mahidol University, Bangkok, Thailand

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2021

higher linear penetration force in order not to
damage the endoscope and collecting system by
the basket tip. As the flexible ureteroscopes are
getting smaller day by day, the basket should be
small and fit in the narrow space, flexible and
easy for deflection. Baskets in a urologic proce-
dure generally come in 1.3-2.2Fr in size for using
through flexible and semirigid ureteroscope
working channels. The size of the basket also
matters. The flow of irrigant fluid is significantly
decreased when the working channel is occupied
by a large instrument. The smaller diameter bas-
ket has less strength and allows greater scope
deflection when it has been in the flexible ure-
teroscope. The smaller size of the basket, 1.5Fr
Sacred heart Halo® (Sacred heart medical®) and
1.9Fr Escape® nitinol basket (Boston Scientific®),
allows passage of laser fiber along with it for
simultaneous lithotripsy while capturing the
stone (side by side approach). On the other hand,
the smaller tip tends to kink and bend after repeti-
tive insertion, so it decreases durability in com-
plex procedures comparing with the larger one
[1]. In a study, Korman et al. compared three
small baskets with a size less than 1.5Fr [2]. They
were 1.5Fr Halo® (Sacred Heart Medical), 1.5Fr
N-Circle® Nitinol Tipless Stone Extractor (Cook
Urological®), and 1.3Fr OptiFlex © (Boston
Scientific®). The results were not significantly
different in extraction times in the caliceal model,
but the OptiFlex® had the slowest extraction
times in the ureteral model.
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Designs of the basket are in various configura-
tions. They differ in size, wire material, stiffness,
opening dynamic, and the ability to capture and
engage the stone.

4.2.1 Tip Designs

4.2.1.1 Tipped Basket

Knowing as older generation stainless steel-
tipped at the end of the basket, the example is
Segura® basket (Boston Scientific) and the Bard
Dimention® (Bard Urology). They have more
radial strength and rigidity. High radial dilatation
force is useful for the stone that hugged in edem-
atous ureteral mucosa but tipped end of basket
causing more ureteric and renal papilla injury.
Bleeding from mucosa frequency obscures the
visualization and causes a problem in diagnostic
ureteroscopy.

4.2.1.2 Tipless Basket

A newer-generation basket that is developed by
removing stainless tip (Fig. 4.1b) but still pro-
vides good dilatation force, kink resistance, and
memory properties of a new material is nitinol.
Tipless nitinol baskets have been known to
increase the efficacy and reduce trauma to the
ureter and the renal papilla compared to older
generation stainless steel-tipped baskets. The
nitinol tipless baskets in the market include the N
Circle® (Cook Urological), 1.9Fr Zero Tip®
(Boston Scientific), Optiflex® (Boston Scientific),
2.2Fr Dormia® No-Tip (Coloplast), 1.9Fr Skylite®
tipless nitinol (Bard Urology), and 1.5Fr Halo®

(Sacred Heart Medical). Nishant Patel et al. [3]
compared five tipless nitinol baskets and reported
that the 1.5 Fr Halo® (Sacred Heart Medical) pro-
vided the highest resistive force to penetration,
highest radial dilatation force, and least impedi-
ment in scope deflection.

4.2.1.3 Configurations

(a) Helical Design (Fig. 4.1a)

The mechanism of this type of basket is a rotation
to engage the stone. This provides the advantage
in less ureteral mucosa entrapment but has more
difficulty in engaging the small stone. This basket
is not suitable to capture the stone in the kidney as
its shape causes more difficulty for capturing and
may cause damage to a renal papilla.

(b) Spherical Design (Fig. 4.1b)

This type of basket provides an overall less dila-
tational force than the helical basket. It is easy to
capture the stone in the kidney. The disadvantage
of this basket is the difficulty of extracting mul-
tiple stones in one capture.

(c) End-Cage Design (Fig. 4.1c¢)

This holds like a regular basket and releases like
a three-prong grasper. The design provides 50%
better retention strength than grasper and better
release ability than a regular basket. The open
end allows more directing in line with the scope
visualization and targeting ahead to capture the
stone, while regular baskets capture the stone
from a side of the basket. This ability facilitates
capturing the stone that impacted urothelial
mucosa. In stuck too large stone to remove, it

Fig. 4.1 Tip of a basket in various configurations. (a)
Helical stainless steel tip basket (Gemini® 4 wire basket,
Boston Scientific). (b) Spherical nitinol tipless basket

(Zero tip® nitinol stone retrieval basket, Boston Scientific).
(c) End-gage basket (Ngage® nitinol stone extractor, Cook
Urological)
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also permits easier release of stone than a tipless
basket. The examples of this type of basket are
1.7Fr and 2.2Fr NGage® (Cook Urological) and
1.9Fr Dakota® nitinol stone retrieval device with
Opensure handle (Boston Scientific). Both
NGage and Dakota have similar durability, but
Dakota has demonstrated versatility in releasing
a larger stone (more than 8 mm) [4].

The baskets that have a more linear opening
dynamic provide greater control, the opening
sequence of the basket, entrapping a stone with-
out over-excursion of the basket, and easier
keeping basket tip in the field of view. This
mechanism facilitates capturing mobile stones,
especially in the renal calyx. The basket that has
a true linear opening dynamic is the Ncircle®
(Cook Urological). The others mostly had com-
bined linear opening dynamic when small size
opening and then exponential opening dynamic
at the greater degree of opening. Comparing to
the basket that has exponential opening dynam-
ics, it has greater radial dilatation force but more
difficult to control. As a result, most of the bas-
kets increase the difficulty in stone capture when
they are fully opened. Many studies showed that
the 2.2Fr Ncircle® (Cook Urological) was the
most rapid targeting basket width and best facili-
tated efficient stone capturing from the ureteral
and calyceal model [5-7]. The 2.2Fr Ncompass®
(Cook Urological) has a webbed configuration
that best facilitates capturing stones as small as
1 mm in size.

A common complication of the basket was the
ureteric injury. The cause of injury was entrap-
ping too large stones during extraction. In this
situation, releasing the stone from the basket was
difficult. Some baskets have been designed to
solve this problem. The 1.9Fr Escape® stone bas-
ket (Boston Scientific) can transform four wires
into two wires at its base to free the entrapped
stone. The Dimension® stone basket (Bard
Urology) has a turning wheel at the handle to
increase the basket size. The 1.5Fr Halo® (Sacred
Heart Medical) has a rotatory wheel on the han-
dle that allows rotation of the engaged stone.

After the innovation and development of a
newer model of baskets, the incident of major
urethral injury, ureteral avulsion decreases from

0.5% in 1982-1986 to 0% in 1992-1998 [8]. On
the other hand, to prevent complications from
stone basketing, avoidance of forceful manipula-
tion is mandatory. Stone extraction should be
reserved for stone less than 6 mm; in stones larger
than 6 mm, fragmentation or ureteral dilatation
may be necessary.

4.3 Guidewire

Numerous guidewires are now commercially
available. The purpose of the guidewire is to pro-
vide safe access to the renal calyx and to be an
inner portion of a coaxial system for passage of
other instruments. Ideal guidewires have the
property that can successfully pass through nar-
row ureters without causing any damage. The
physical properties of guidewires included
strength, bending force, and surface friction.
Optimal strength of guidewires facilitates pas-
sage through tortuous ureter or coaxial passage
stably guided the UAS compared with the floppy;
Amplatz® (Boston Scientific) (Fig. 4.2b) is the
most suitable for this purpose. A slippery surface
with the optimum floppy tip of the guidewire can
decrease ureteric injury; Glidewire® (Terumo)
has the best property for this. The new model of
guidewire developed in various sizes, tips, sur-
face coatings, and strengths depends on the pur-
pose of the operation.

1. Strength

The basic construction of a guidewire has two
different layers: the inner layer determines the
rigidity of the guidewire composed of a solid
wire core, and the outer layer determines lubric-
ity of the guidewire and is the layer that covers
the inner layer by a tightly coiled steel wire that
may be round or flat. The flat one makes the
guidewire have a smoother surface. The stiffer
guidewire provides strength that can straighten a
tortuous ureter. Older generation guidewire is
made of stainless steel. It is cheap but causes
organ injury due to its strength and lack of
deformability. The kinking usually occurred and
becomes permanent. An example of this type of
wire is Amplatz Super Stiff® wire (Boston
Scientific). A newer generation of the guidewire
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Fig. 4.2 (a) 0.035 inch x 150 cm hybrid guidewire with
5 cm hydrophilic floppy distal tip and rigid proximal shaft
(Sensor® guidewire, Boston Scientific). (b) 0.038

is made of nitinol. It is a metal alloy of nickel and
titanium that has unique properties that have
shape memory, kink resistance, and superelastic-
ity with 10-30 times that of ordinary metal. The
examples of this type of wire are Glidewire®
(Terumo), Zebra® wire (Boston Scientific),
Roadrunner® (Cook Urological), and U-nite®
(Bard Urology).

2. Size

The size varies from 0.018 inch to 0.038 inch in
diameter and 145-150 cm in length. The com-
mon size in the general endoscopic procedure is
0.038 inch with 150 cm in length.

3. Tips

Three types of tips were developed: straight,
angle, and J type. The curve tip has better angula-
tion for lateral displaced ureteric orifice. The
flexible tip has benefits in the backloading of
flexible ureteroscope and prevents instrument
damage.

4. Surface Coating

The outer layer of the guidewire had the follow-
ing surface coating substances: PTFE (Teflon)
and various hydrophilic polymers for low friction
characteristics. PTFE coating reduced the coeffi-
cient of friction to half the uncoated value. The
example of this type of wire is roadrunner®
(Cook Urological), Glidewire® (Terumo), and
PTFE Bard® guidewire (Bard Urology). The
slippery manner makes the guidewire easy to

inch x 145 cm stiff guidewire with 6 cm floppy distal tip
and rigid proximal shaft (Amplatz® Super Stiff, Boston
Scientific)

access the ureter or even bypass the stone but not
suitable to use as a safety guidewire due to its
instability.

The newer model of the guidewire, the hybrid
guidewire (Fig. 4.2a), has a hydrophilic tip at
3 cm of the distal end and stiff proximal part.
Examples of this model are Sensor® wire (Boston
Scientific), Soloplus® (Bard Urology), Ultratrack®
(Olympus), Motion® (Cook Urological), and Rio
tracer® (Rocamed). Three properties of the smooth
hydrophilic distal tip, kink resistance, and back-
loading were developed to solve the instability
problem while the floppy tip is safe to ureters.

Many functions of the guidewire in the endo-
scopic procedure included instrument insertion
(over the guidewire) in the ureteroscope and ure-
teral access sheath insertion as a safety guide-
wire, use in retrograde pyelography, and dilating
ureteric orifice or ureteric stricture. There was
controversy about whether a safety guidewire is
mandatory. EAU guidelines recommend a safety
guidewire to assist endoscope passage. The safety
guidewire has benefited in the prompt placement
of a ureteral stent in the case of ureteric injury.
There is also a disadvantage of guidewire usage
during the procedure. The insertion of a guide-
wire parallel to the ureteroscope and UAS will
decrease the luminal size. A guidewire can dam-
age the ureter and pelvis by the tip, and the bleed-
ing may interfere with visualization in diagnosis
ureteroscopy. Recent studies [9, 10] have sug-
gested that there was no increase in intraopera-
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tive complications without the use of a safety
guidewire. They concluded that the safety guide-
wire may not be mandatory unless it is a difficult
procedure or complicated case.

4.4  Ureteral Access Sheath (UAS)
This instrument design straightens ureters and
facilitates the insertion of flexible ureteroscope
without ureter disturbance. UAS includes two
parts: the inner obturator and the outer sheath
(Fig. 4.3). The inner taper dilator tip can also be
used as a ureteric dilator.

The outer surface of UAS is coated with a
hydrophilic substance to facilitate entry. UAS is
produced in various characteristics including
length, diameter, tip design, and material. The
size of UAS varies from 9.5 to 13Fr in inner
diameter and 11-18Fr in outer diameter. The
length of UAS is from 13 to 55 cm. The common
sizes of UAS in endoscopy are 11/13 to 12/14Fr.
The length of UAS in a female is 36 cm and in a
male is 3648 cm upon the location of the dis-
ease. Additional advantages of UAS are decreas-
ing intrapelvic pressure and maintaining it below
20 cmH,O with an irrigant fluid pressure of
200 cmH,O [11], improving irrigation flow and
visibility, decreasing the need to empty the blad-
der, decreasing operative time, facilitating ure-
teral reentry, and protecting the ureteroscope.
Ideally, UAS should have a property that resists
bucking and kinking, hydrophilic coating with
minimal friction to the ureter for safety insertion,

Fig. 4.3 Ureteral access
sheath in 11/13Fr x 36 cm
(above) and 46 cm
(below) (Navigator® HD,
Boston Scientific)

Fig. 4.4 Dual lumen
ureteral catheter (Cook
Urological)

and an adequate inner diameter that allows pass-
ing of ureteroscope and irrigant fluid. The larger
diameter provides better irrigation flow, superior
instrument passage, and larger stone extraction.
On the other hand, the larger UAS has more fail-
ure rate of insertion and causes more injury to the
ureter. Although it has a slippery outer sheath
surface, device insertion failure was reported as
44% in 12/15Fr UAS [12]. The success rate of
UAS insertion increased in a pre-stented patient
with a failure rate at 0—12%. Also, preoperative
stenting could help to decrease ureteric injury by
UAS [13]. The optimum duration of pre-stenting
was still under-investigated, but most of the lit-
erature recommends at least 5 days of ureteric
stent insertion [14]. Other factors that increase
the success rate of UAS insertion include older
age, former endoscopic ureteral surgery, and
small stone burden [15, 16]. Alpha-blocker was
proposed to facilitate UAS insertion and decrease
ureteric injury [17], but further study is required
to confirm the observation.

To pass UAS safely, semirigid URS 6Fr was
used to complete the inspection of the ureter and
to make sure that no ureteric stone will be trapped
between the ureter and UAS. A safety guidewire
and a stiff guidewire should be passed under
direct vision. UAS placement is required inser-
tion over a stiff guidewire and under fluoroscopy.
High insertion force should be avoided in UAS
placement. Some centers do not routinely do ure-
teroscopy before UAS insertion but using dual
lumen ureteral catheter (Fig. 4.4) instead. The
placement of a stiff guidewire is required only
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coaxial insertion along the dual lumen ureteral
catheter under fluoroscopy. Traxer also recom-
mended a thorough inspection of the ureter dur-
ing UAS removal during the end of surgery for
the assessment of any ureteric injury [13].

The complications from UAS insertion
included ureteric ischemia and an increased risk
of ureteric stricture. The incidence of complica-
tion increases with the inappropriate size of UAS
usage that causes ureteric wall tension and com-
presses submucosal capillaries. In 10/12Fr UAS,
75% of the blood supply of the ureter was main-
tained compared with 35% in the larger diameter
of UAS.

A postoperative ureteric stent is still contro-
versial. Many studies [18, 19] recommend ure-
teric stent insertion after UAS usage to reduce the
risk of symptomatic ureteric obstruction. The
study showed ureteric stent associated with lower
overall pain score and decreased hospital read-
mission rate due to ureteric obstruction. On the
other hand, in the study of Sirithanaphol et al.
[20] that randomly compared postoperative stent-
ing and no-stenting in uncomplicated flexible
ureterorenoscopy with UAS, the result showed
that there was no significant difference in postop-
erative pain, analgesic requirement, postopera-
tive fever, urinary tract infection, irritative
voiding symptom scores, and length of hospital
stay between the two groups. Moreover, there
was an increased operative time in the stenting
group. The decision of stenting after UAS usage
is upon the surgeon’s preference and patient
conditioning.

There are controversies in the benefit of
UAS. Some studies report that UAS usage
decreases operative time and saves the operating
room cost [21], but other studies found that oper-
ation time was higher in the UAS usage group
[22]. The stone-free rate is a concerning issue;
L’esperance et al. [23] found that UAS usage sig-
nificantly improved the stone-free rate from 67%
to 79%, but some recent studies disagree with
this report by concluding that no significant dif-
ference between the two groups [21, 22, 24].
AUA guidelines in the surgical management of
stones (2016) recommend the use of UAS when
performing flexible URS for complex, high vol-

ume renal stone, but EAU guidelines (2016) state
that the use of UAS depends on the surgeon’s
preference.

In the newer model of UAS design, the UAS
can be inserted without second wire usage. It has
a slit and a notch at the tip of the dilator (Fig. 4.5)
that allows a guidewire to be backloaded over the
coaxial guidewire through the apex and exit
through the side hole to become an extraluminal
safety guidewire. This type of UAS has a lower
buckling force and requires more force to remove
the dilator. The examples of this design are Flexor
parallel Rapid release® ureteral access sheath
(Cook Urological) and Re-Trace® (Coloplast).
The study of De et al. [25] found that the
Navigator® HD was the most slippery and rigid
while Cook sheaths were least traumatic.

Bi-flex® ureteral access sheath (Rocamed)
(Fig. 4.6) has two working channels with 3Fr in
diameter that allow safety guidewire insertion
and contrast media injection within UAS.

Another model, a balloon-based UAS utilized
the UAS insertion into both dilatation and UAS
insertion in single-step, causing less trauma to
the ureter by reducing axial force [24]. A new
UAS with suction port and UAS with deflection
tip is under-investigated.

Fig. 4.5 Flexor parallel Rapid Release® ureteral access
sheath (Cook Urological) had a slit and a notch at the tip
of the dilator (arrow)

Fig. 4.6 Bi-flex® ureteral access sheath (Rocamed),
which has two working channels at the proximal end
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4.5  Anti-retropulsion Device

Stone migration is always a challenge during ure-
teroscopy and stone manipulation. The incidence
of stone migration occurs from 5% to 40% of
ureteroscopy. The risk of stone migration depends
on many factors, including the location of the
stone, type and the setting of lithotripter, degree
of hydronephrosis, and pressure of irrigation
flow. The stone migration reduces the stone-free
rate, increases operative time, and may require
conversion of semirigid ureteroscopy to flexible
ureteroscopy. Many devices have been invented
to solve this problem.

1. Mechanical Wire Basket

The examples of this type of basket include Stone
cone®  (Boston  Scientific), Accordion®
(Accordion  Medical), Escape®  (Boston
Scientific), and Ntrap® (Cook Urological). These
anti-retropulsive devices provided an advantage,
and they can be used as stone retrieval devices.

e Escape® nitinol stone retrieval basket (Boston
Scientific) is a 1.9Fr, 4-wire nitinol basket.
The diameter in the standard position is 11
and 15 mm in fully opened. It has been
designed for use with holmium laser fiber in
the most semirigid and flexible ureteroscopy.
The stone is captured while simultaneous laser
lithotripsy is performed. However, the simul-
taneous usage of both basket and laser occu-
pies most of the working channel lumens,
causing laser fiber position restriction, poor
irrigation flow, and limited visualization.

e The Stone Cone® (Boston Scientific)
(Fig. 4.7b) is 0.43 mm nitinol wire with PTFE

cover forming in expandable taper cone at the
distal end available in 7 and 10 mm in size.
Only fragments less than 2.5 mm are uncap-
turable and retropulsive to the proximal ureter.
Studies had reported 100% no stone migration
during both laser and pneumatic lithotripter
[26, 27]. Minor complications of Stone Cone®
included ureteral abrasion and submucosal
cone wire placement. However, at a 3-year
follow-up, there was also no stricture or
hydronephrosis in patients used with Stone
Cone® [28]. These studies concluded that
Stone Cone® is effective in preventing stone
retropulsion, with no long-term adverse
effects on ureters [29].

e The Ntrap® (Cook Urological) (Fig. 4.7a) is a
2.6Fr device with 7 mm tightly woven nitinol
mesh in the umbrella shape basket at the end.
It can prevent stone migration up to 1.5 mm of
the fragment. With the stiff tip, there are
reports of the risk of ureteral perforation with
Ntrap [30]. Faharat et al. reported that the rate
of secondary procedure in ureteroscopy with
Ntrap (Cook Urological) was 17%, which was
lower than the control group (28%) [31].
However, there was a higher rate than Stone
Cone® that had a rate of secondary procedure
at 5%.

e The Accordion® (Accordion Medical) is a tool
with a film occlusion that expands behind the
stone. It is more resistant to laser damage than
the Stone Cone and Ntrap.

XenX® (Rocamed) was introduced in 2012; it
has a function as a normal hydrophilic guidewire
when closed and as a nitinol ureteral mesh when
open.

Fig.4.7 Tip of anti-retropulsion device. (a) The Ntrap® (Cook Urological). (b) The Stone Cone® (Boston Scientific)
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2. Mechanical Balloon Basket

The Passport® (Boston Scientific) is a 3Fr wire
with an inflatable balloon in the middle.
Originally it was designed as a ureteric dilatation
device, but it can be used as an anti-retropulsion
device. The common problem occurring 31%
was the failure to advance the device proximal to
the stone.

3. A Gel-Based Plug

* Backstop® (Boston Scientific) is a reverse-
thermosensitive dissolvable polymer that
forms a plug in the ureter to prevent stone
migration. The gel will form at body tempera-
ture, and after completing the procedure, cold
saline was used to irrigate the Backstop to turn
the gel into solute again or it will be dissolved
in 45 min at body temperature.

There was a report [32] of off-label use of
lidocaine or lubricant jelly injected through a 6Fr
ureteral catheter at the level proximal to the
stone. The stone-free rate was significantly higher
in the lidocaine group than in the control (96%
vs. 28%). Stone retropulsion occurred in 1 out of
25 patients (4%). The disadvantage of this
method was obscuring visualization caused by
jelly.

The cost-effectiveness of an anti-retropulsion
device for ureteroscopy and lithotripsy has been
considered. Ursiny et al. reported that an average
additional cost of operation with an anti-
retropulsive device was $384 compared with
$952 in non-use groups [33]. The cost-
effectiveness will be achieved if the retropulsion
rate is greater than 6.3%.

4.6 Conclusion

The endourologic procedure nowadays has been
facilitated by modern technology and advanced
equipment. Understanding the devices and acces-
sories as well as updating the knowledge is man-
datory for the maximum benefits and safety of
the patient.
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Understanding the Instruments:
Intra-corporeal Lithotripsy—
Non-laser Types
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Abstract

Intra-corporeal lithotripters can be broadly
divided into laser- and non-laser-based
devices. With the advent of laser technology,
the use of mechanical lithotripters has declined
considerably. However, for certain procedures
like percutaneous nephrolithotomy and semi-
rigid ureteroscopy, mechanical lithotripters
still have a role. Newer advanced combined
lithotripters are well suited for miniature
access and providing comparable outcomes to
laser lithotripters at an affordable price.
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5.1 Introduction

The ability to break stones using energy devices
has been the cornerstone of miniaturization of
access for urolithiasis. Both percutaneous neph-
rolithotomy (PCNL) and flexible or semi-rigid
ureterorenoscopy (URS) require intra-corporeal
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lithotripsy (ICL). The high stone-free rates pro-
vided by both these techniques make them the
procedures of choice for the majority of stones,
particularly those where extra-corporeal shock
wave lithotripsy (SWL) may not be the best
choice. Since their inception in the 1960s as a
rigid mechanical jackhammer type of instru-
ment, ICLs have evolved to their present thinner
and more agile working elements with varied
mechanisms of action. ICLs have been the back-
bone of success of PCNL, and, with recent mod-
ifications, they also provide good ergonomics
for URS. The type of access, PCNL versus URS,
and calibre of instrument used are the main lim-
iting factors for any endourological procedure.
Broadly, ICLs can be classified into laser and
non-laser lithotripters. With the advent of laser
lithotripters that have extremely fine fibre deliv-
ery systems, high power options and versatility
in all access devices, the use of non-laser ICLs
has declined. However, they continue to be the
workhorse for PCNLs, particularly when regu-
lar or mini-tracts are used and also in resource-
poor settings where the cost of a non-ICL device
is far lower than a laser.

In this chapter, we will review different types
of non-laser ICLs. Non-laser ICLs differ from
each other based on their working principle,
compatible instruments, hybrid technology and
costs. There are three main types of non-laser
ICLs: electrohydraulic, electrokinetic (ballistic)
and ultrasonic systems.
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5.2 Classification of Lithotripters ‘laser-like” pulse. These pulses have high

mechanical energy and are safer than traditional
5.2.1 Electrohydraulic Lithotripters probes.

(EHLs)

EHL was one of the oldest techniques of ICL,
first reported by Yutkin et al. in the late 1950s for
clinical use in stone fragmentation [1]. Prior to its
use in PCNL and semi-rigid URS, it was primar-
ily used for fragmentation of bladder calculi.
EHL uses a coaxial probe that generates electro-
hydraulic shock waves upon application of an
electric current. Fragmentation is a result of elec-
tric discharge produced through a fluidic medium.
In the presence of electric discharge, heat is gen-
erated, and fluid gets vaporized. This vaporiza-
tion results in the formation of a cavitation
bubble, which expands rapidly and then col-
lapses. This results in the formation of hydraulic
shock waves that travel to the probe in contact
with the stone. Three different shock waves are
generated within each cavitation bubble: expan-
sion of bubble, collapse and then rebound of
bubble.

URAT-1 (Medexport) was the first commer-
cially available EHL. It consisted of a 10Fr rigid
probe with a pulse generator and could be used in
a 24Fr cystoscope [2]. The energy was stored
within the capacitors that allowed variations in
power, rate and duration of EHL. The probe used
for EHL for URS ranges from 1.4Fr to 5SFr diam-
eter. Initial usage of EHL probes was under fluo-
roscopic control without endoscopic control
(direct insertion of the probe without
ureteroscopy). This led to an increased risk of
stone migration, ureteral injury and strictures [3].

One of the major drawbacks of the EHL probe
is that cavitation bubble expansion was not under
the operator’s control. As the size of the bubble
expands, the ureteral wall may be distended
beyond the safety window. Even when the probe
was not in direct contact with the mucosa, it led
to mucosal injury and rarely caused ureteral per-
foration. To counter the threat of ureteral perfora-
tion, the aim should be to create low-energy
pulses with higher fragmentation -capability.
Studies have shown [4] that using higher voltages
and overall low capacity creates a small but steep

5.2.1.1 Data on EHL

In a study of 89 patients [5], EHL was used in the
management of ureteral calculi using semi-rigid
ureteroscopes. The mean calculus size was
8.2 mm (3-19 mm), mean operating time was
29 min (10-120 min), and complete fragmenta-
tion was seen in 91.5% of patients. Following
complications were observed: haematuria in
2.2% of patients, urinary tract infection in 3.4%
of patients and post-procedure ureteric colic in
2.2% of patients. Four patients suffered minor
ureteric perforation (4.5%) and were managed
conservatively. In another study of 43 patients
with solitary ureteral calculi [6], 36 patients
(84%) required single sitting with EHL probes;
in 6 patients (14%), calculus were pushed back to
the kidney and later required SWL. Overall
success rate of endoscopic intervention was 98%.
The mean operating time was 26.4 min, and the
duration of post-operative hospital stay was a
mean of 2.5 days. Four (9%) patients suffered
minor ureteral perforations and were managed
with double-J stenting.

5.2.2 Pneumatic Lithotripters (PLs)

PLs have been one of the oldest and most widely
used ICLs in urology. In simple terms, PLs work
like a hammer as pressurized air fires a projectile
onto a metal rod that hits the stone. Clean pres-
surized air at 0.35-0.5 MPa pushes a metallic
projectile on the plate at the end of the metal rod;
this transfers the kinetic energy to the stone par-
ticle in contact with the probe (Fig. 5.1).

This modality was first introduced after the
development of Swiss LithoClast System
(Fig. 5.2) (Microvasive-Boston Scientific Corp.,
Boston, Massachusetts) in 1996. Its benefits
include compatibility with existing pressurized
air channels available in most operating rooms
and the availability of reusable probes of varying
sizes. These advantages allow for a reduction in
operating costs. Probes are available from 1.8Fr
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Fig.5.1 (a) Pneumatic
lithotripter with inner
channel comprising a
metal projectile and
probe in contact with
calculus. (b) On
application of electric
current clean pressurized
air pushes metal
projectile towards the
metal plate of the probe
in contact with calculus,
delivering mechanical
energy

Fig. 5.2 Swiss
LithoClast 2 apparatus™
(EMS) with foot pedal

to 8Fr for different sheaths and can be used using
the same console.

The biggest advantage of PL is the low cost of
device, reusable probes, flexibility for use in both
URS and PCNL, and high effectiveness in stone
fragmentation with low complications. PL
devices are often available for less than US$700
and require only electricity to function. This
makes them the first choice in many institutions
with limited resources.

PL suffers from several limitations as well.
The probe of the LithoClast can reach a velocity
of 12.1-33.3 m/s and a probe displacement of
maximum of 2.53 mm. This is directly related to
the diameter of the probe and the pressure of the
air. Earlier, only rigid probes were available,
which provided good stone fragmentations but
did not offer any manoeuvrability. Presently,
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flexible probes have been developed, but this has
come at the cost of probe displacement and
reduction in energy delivered for stone fragmen-
tation. This is directly related to the deflection
angle of the probe; when the flexible probe is
bent, the energy delivered decreases [7]. Another
limitation is the proximal migration of the stone
fragments, which was seen in up to 18% of the
patients [8].

Lithovac  (Microvasive-Boston  Scientific,
Boston, Massachusetts) was developed as a mod-
ification to the Swiss LithoClast probe to address
the problem with proximal migration. It allows
continuous suction of small fragments of the
stone and prevents proximal migration, resulting
in up to 95% stone-free rates and complete frag-
mentation without the need for a secondary pro-
cedure [9].
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5.2.3 Ultrasonic Lithotripsy (USL)

Application of alternating electric current to
plates on opposite sides of a crystal produces
ultrasonic energy. Ultrasound, with its high-
frequency waves, causes compression and rar-
efaction on the particles alternately, which
results in cavitation in the transmission media
(Fig. 5.3). On the collapse of these cavities,
there is a development of a pressure gradient
that can destroy solid objects [10]. After initial
failed attempts of use of this principle for frag-
menting urinary and biliary stones, the develop-
ment of ultrasonic lithotrite in the 1970s
established the efficacy of this method. This
lithotrite, with the help of an ultrasound trans-
ducer, vibrates a hollow probe transmitting
energy to the stone, resulting in fragmentation.
Simultaneous suction and irrigation by the USL
probe help in removing the stone fragment and
keeping the probe cool, preventing thermal inju-
ries to adjacent tissues [11].

Apart from PCNLs, USL has been used for
bladder and renal stones [12, 13]. In the ureter,
blind fluoroscopy-guided USL had better results
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than EHL and PL with fewer complications [12].
With advances in technology, USL under direct
ureteroscopic vision with 4.5—-6Fr probes is pos-
sible. Another development is the 2.5Fr solid
wire probe, which transmits energy transversally
compared to the longitudinal energy by a hollow
probe [12].

5.2.3.1 Data on PL and USL
Chaussey et al. treated 118 ureteral stones and
found a success rate of 96.6% [14]. USL is par-
ticularly useful in conditions like steinstrasse and
large ureteral stone [15]. Combination of PL and
USL led to the introduction of the LithoClast
Ultra® device, combining the speed of PL and
fragment evacuation property of USL. Though
the earlier in vitro results were promising [7], a
later randomized trial found no difference in
stone-free rates with PL versus USL alone [16].
The CyberWand Dual Ultrasonic Lithotriptor
System™ (Olympus) (Fig. 5.4) uses a dual probe
assembly combining an ultrasonic probe and an
intermittent impact action probe. This dual probe
allows fragmentation of hard stones and simulta-
neous suction of fragmented stones. The
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Fig. 5.3 Ultrasonic probe with ultrasound generator in contact with stone and simultaneous suction of fragmented

particles

Fig. 5.4 CyberWand™
(Olympus) apparatus
with foot control pedal
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CyberWand has a 0.375 cm or 11.25Fr wide and
40 cm long probe, which is single-use only. The
large diameter and single-use probe limit its use
to large-sized nephroscopes.

Combination of Ultrasonic
and Pneumatic Lithotripters

53

Combination probes utilize benefits of both
pneumatic and ultrasonic probes. Pneumatic
component provides greater mechanical force to
fragment larger and harder stones, whereas the
ultrasonic probe provides finer fragmentation. It
incorporates the active suction elements of ultra-
sonic probes, which is not seen with pneumatic
probes. The options include Swiss Master
LithoClast™, Swiss LithoClast™ Trilogy and
Shock Pulse™ (Olympus). The Swiss Master
LithoClast (Fig. 5.5) uses Swiss LithoClast™
probes varying from 2.4Fr to 6Fr.

5.3.1 Swiss LithoClast™ Master

This device involves the simultaneous use of a
pneumatic effect for coarse fragmentation and
USL for finer fragmentation. It also has a con-
trolled suction for evacuations of stone fragmen-
tation. In a study of 27 patients with bladder
calculi treated using the Swiss LithoClast™
Master [17], complete stone clearance was seen
in 26 patients (96%). Mean stone size was 20 mm
(5-40 mm), and median lithotripsy duration was

Fig. 5.5 Swiss
LithoClast™ Master
(EMS)

60 min (20-144 min). Auxiliary procedures like
transurethral resection of the prostate (TURP)
were done in 2 patients. All patients were dis-
charged the next day after surgery.

In another prospective study [18], 60 patients
with renal calculi planned for PCNL were
included. They were randomized into two
groups: standard pneumatic lithotripters (Group
1) and Swiss LithoClast™ Master (Group 2).
Group 2 had a significantly lower average dura-
tion of fragmentation and clearance at 58 min
compared to 65 min in Group 1 (p < 0.01).
Group 1 had a significantly higher incidence of
residual fragments than Group 2 (53% vs. 4%,
P <0.01). Both the modalities were comparable
in their rate of complications. Bleeding was
seen in 1 patient (3.33%) in Group 1 and 3
patients in (10%) Group 2, whereas urine leak
was seen in 3 patients (10%) in Group 1 and 5
patients (16.7%) in Group 2.

In a study comparing the CyberWand™ with
the Swiss LithoClast™ Master [19], 138 patients
with staghorn calculi undergoing PCNL were
randomized to the CyberWand dual probe (Group
A, n =71) and Swiss LithoClast Master (Group
B, n = 67). Both groups were comparable with
respect to the age of the patients, size of the cal-
culus and overall complications. Fragmentation
time was significantly shorter in Group A
(77.14 = 2139 min) than in Group B

(84.25 + 20.62 min) (P = 0.049). No difference
was observed in the one-stage stone clearance
rate and blood loss between the two groups
(P =0.854).
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5.3.2 The ShockPulse-SE™
(Olympus)

The ShockPulse-SE™ (Olympus) (Fig. 5.6) is a
dual-acting lithotripter that uses constant ultra-
sonic wave energy with regular intermittent bal-
listic shock-wave energy at a high-frequency
rate of 300 Hz. Its inner lumen is larger, allowing
for faster suction of fragments. It also has a sin-
gle hand piece that allows simultaneous control
of both the lithotripsy mechanism. It has also
eliminated the need for a foot switch and helps
better ergonomics. Both the single-use and reus-
able probes range from 2.91Fr to 11.3Fr. A pro-
spective randomized trial compared ShockPulse
(Group 1) with PL (Group 2). A total of 119
patients undergoing PCNL were randomized
into two groups: Group 1 (61 patients) and
Group 2 (58 patients). Both the groups were
comparable in demographic and clinical charac-
teristics. Stone-free rates were also comparable

Fig. 5.6
ShockPulse-SE™
(Olympus)

Fig.5.7 Swiss
LithoClast™ Trilogy
(EMS)

between the two groups: 78.69% versus 74.13%
(P = 0.66). However, the duration of the proce-
dure and mean fragmentation time were signifi-
cantly lower in Group 1. The mean duration of
the procedure was 43.23 + 18.49 min in Group 1
and 51.53 + 19.48 min in Group 2 (P = 0.0188).
The mean calculus fragmentation time was
1795 + 1525 min in Group 1 and
24.37 £ 11.12 min in Group 2 (P = 0.0096). Both
groups were comparable in overall complica-
tions rates (P = 0.58) [20].

5.3.3 Swiss LithoClast™ Trilogy

The Swiss LithoClast™ Trilogy (Fig. 5.7)
involves ballistic, ultrasonic and suction in a sin-
gle probe. An automatic adaptive algorithm
delivers constant ultrasonic energy for fine frag-
mentation and dusting of stones with the simulta-
neous electromagnetic current generated ballistic
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energy for fragmentation of larger and harder
stones. The probe size varies from smallest being
1.1 mm to largest being 3.9 mm with varying
lengths.

In vitro studies with LithoClast Trilogy have
shown superior results compared to available
combination devices. This increased efficiency
can be attributed to a larger probe diameter and
greater tip displacement during both ultrasonic
and impactor actions [21]. It has been effectively
used as an alternative to laser cysto-lithotripsy
for a large bladder calculus [22]. In a randomized
trial, 31 patients with renal calculi were included.
They were divided into two groups: standard
PCNL (n = 20) and mini PCNL access (n = 11).
The mean volume of renal calculus was
3776.1 + 2132 mm? for mini PCNL compared to
7096 + 6441 mm? for standard PCNL. The mean
haemoglobin drop was 1.24 + 0.64 g/dL for mini
PCNL and 1.23 + 0.89 g/dL standard PCNL. The
total duration of the procedure was
53.4 + 23.8 min for mini PCNL and 65.2 + 23.5
for standard PCNL. The total duration of litho-
tripsy use was 14.7 = 12.4 min for mini PCNL
and 12.0 £+ 8.9 min for Standard PNL. Immediate
and 1-month follow-up stone clearance rates
were 93% and 96%, respectively. There were
three Clavien-Dindo grade I and one grade II
complications [23].

5.4  Safety Concerns

With the advent of newer techniques like SWL
and laser lithotripsy, the flaws of the conventional
techniques are frequently highlighted. In ex vivo
studies, EHL was shown to have the highest rate
of acute tissue damage [4, 24]. Studies in rabbits
show abrasion and haemorrhage on direct appli-
cation, which worsened with time on histological
evaluation mostly attributed to rapid heat genera-
tion at the probe tip [25]. A plasma shield with a
stainless-steel coil with a perforated end cap has
been developed for the probe to reduce collateral
damage [25]. Though economical for bladder
stones, the role of EHL is limited in ureteric
stones.

PL, on the other hand, does not cause serious
tissue injury. In animal experiments, there was no
macroscopic lesion seen with direct application
of PL, even though microscopic changes were
present, which resolved within weeks [24]. In a
study by Teh et al. in human patients with bladder
and ureteric stones, direct application of probe to
soft tissue caused minimal trauma [26].

USL, when examined for safety, did better
than EHL and PL [27, 28]. In a porcine study,
even after direct application for 3.4 mm probe on
urothelium did not lead to iatrogenic ureteral per-
foration. Backed by various other studies [29]
[30] [31], USL has been found to be the safest
technique. However, the USL probe tends to get
heated during the procedure, resulting in frequent
breakdowns [31].

5.5 Comparisons
USL may achieve a higher fragmentation rate
than EHL. In a study of 100 patients undergoing
URS, 67 patients received USL and 33 under-
went EHL [32]. Both the groups were compara-
ble with respect to stone size, location and
composition. Among the USL group, complete
fragmentation was observed in 92.5% of patients
compared to 72.7% of patients in the EHL group.

In a prospective, randomized study [8], EHL
was compared with PL for fragmentation rate
and rate of complications in patients undergoing
URS. In EHL group, 29 out of 34 patients
(85.3%) had complete fragmentation, compared
to 89.5% in the PL group (p = 0.12). Both groups
had similar rates of proximal migration of stone
fragments requiring SWL. The two groups dif-
fered significantly in their complication rates.
The rate of ureteral perforations was signifi-
cantly higher in patients treated with EHL
(6/34) — 17.6% compared with 2.6% cases (1/38,
p < 0.01) in PL. Results were consistent with
multiple earlier reported studies reflecting the
increased risk of ureteral perforation in cases
treated with EHL [33].

In a study of 227 patients undergoing PCNL
[31], 107 underwent USL, 83 had PL, and 37
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required both PL and USL. The groups were
comparable in their mean operative time and
length of hospital stay. In the USL group, the
absence of stone fragments on post-operative
X-ray was seen in 96.9% patients and a final
complete clearance after SWL in 97.2%. In the
PL group, 81.9% of patients had the absence of
stones on post-operative scans on the first day,
and 18.1% required SWL, leading to a complete
fragmentation rate of 91.5%. On follow-up at
3 months post-operatively, the stone-free rates
were 97.2% in the USL group and 91.5% in the
PL group. Hence, USL provided better stone-free
rates than pneumatic lithotripters.

USL, when used through rigid endoscopes,
can provide fragmentation rates reaching up to
100%, but when combined with pneumatic litho-
tripsy, stone-free rates are seen in the range of
80-90% [34].

5.6 Mechanical Lithotripters
Mechanical lithotrites are manually operated lith-
otripters such as stone crushing forceps that can
fragment stones while passing through a 25Fr
cystoscope sheath or a 26Fr resectoscope sheath.
A 24Fr lithotrite with a curved coaxial jaw also
exists for larger stones and is introduced into the
bladder blindly. The Mauermayer stone crushing
forceps [35] consist of a 25Fr lithotrite sheath
and a working element with a channel to intro-
duce 7Fr sized instruments like EHL probes or
laser fibres. Stones up to a size of 2 cm in the
largest dimension can be fragmented rapidly and
easily removed. All devices applied in the blad-
der are used under visual control.

5.7  Conclusion

Intra-corporeal lithotripters are the most vital
part of the armamentarium of endourological sur-
geries. Their use has declined in the past few
years because of their safety concerns, advance-
ment of laser modality and miniaturization of the
techniques. However, modern combination

probes provide excellent stone-free rates and
good safety outcomes and are ever so commonly
increasingly used in rigid nephroscopies. EHLs
had the best fragmentation potential, but their use
was limited because of the higher risk of ureteral
injuries. Pneumatic and ultrasonic probes were
better suited to ureteral surgeries, but they lack
the flexibility of laser fibres. Despite these short-
comings, these instruments still have a place in
endourological practice.
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Understanding the Instruments: 6
Intracorporeal Lithotripsy—Laser

JiWon Kim and Sung Yong Cho

Abstract around 2000 nm. All of these lasers are solid-
state lasers different from gas, chemical, semi-
conductor, dye, and free-electron lasers. The
Ho:YAG laser has been the first choice for
treating urolithiasis, benign prostatic hyper-
plasia, urothelial and bladder tumors, and uri-
nary tract strictures or polyps.

Commercially available Ho:YAG,
Tm:YAG, and thulium fiber laser machines
are introduced here. The mechanistic aspects
of stone fragmentation and tissue destruction
are related to photothermal, photoacoustic,
and thermomechanical ablation; the stone
absorption rate; and the laser fiber-to-stone
distance with fluid absorption. Recently, the
Tm fiber laser was introduced for the manage-
ment of urologic diseases, and many probable
advantages have been discussed. Different Tm
fiber laser machines with different specifica-
tions from different companies will be avail-
able in the near future. Clinicians need to stay
alert to perspectives from users in real prac-
tice, and the results of in vitro experiments can

J. W. Kim be different from those inside operating
Department of Photonics and Nanoelectronics, rooms.

Hanyang University ERICA,
Ansan, Republic of Korea
e-mail: jwk7417 @hanyang.ac.kr Keywords

S.Y. Cho (<) Urolithiasis - Urinary calculi -
Department of Urology, Seoul National University, Nephrolithotomy - Percutaneous -

College of Medicine, Seoul National University .. . . .
Hospital, Seoul, South Korea Ureteroscopy - Minimally invasive surgical

e-mail: moretry @snuh.org procedures - Laser

Laser is an acronym for “Light Amplification
by Stimulated Emission of Radiation.” The
main structure of a laser system includes a
pumping source, an optical oscillator, and a
laser amplifier. The optical oscillator gener-
ally consists of an optical resonator with mir-
rors and an amplifier. The laser beam is
generated by stimulated emission. The
Ho:YAG laser used in the urology field is a
flash-lamped pumping Q-switched laser sys-
tem, but a thulium fiber laser is a diode laser
pumping master oscillator power amplifier
(MOPA) system.

The lasers mainly used in the urology field
are the neodymium-doped YAG (Nd:YAG)
laser frequency-converted to 532 nm by potas-
sium titanyl phosphate (KTP), the thulium- or
holmium-doped YAG (Tm:YAG or Ho:YAG)
laser at 2013 nm or 2120 nm, and the thulium-
doped double-clad fiber (Tm fiber) laser
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Notes on Transcription

2 mm 2 millimeters

2 pm 2 micrometers

OR Operating room
Ho:YAG Holmium:YAG
TFL Thulium fiber laser
2W 2 Watts

2 Hz 2 Hertz

2 mm/s 2 millimeters per second
2 kg 2 kilograms

2% 2 times

6.1 Introduction

Many kinds of lasers have been used in the urol-
ogy field, such as neodymium-doped YAG
(Nd:YAG) lasers with KTP (potassium titanyl
phosphate; green light), holmium-doped YAG
(Ho:YAG) lasers, and thulium-doped YAG
(Tm:YAG) lasers. They are mainly solid-state
lasers that use rare earth—doped materials such as
Nd, Ho, and Tm. Since the Ho:YAG laser was
introduced 20 years ago, it has been the first
choice for treating urolithiasis and benign pros-
tatic hyperplasia in the urology field. Recently, its
application has been extended to urothelial

Gamma

rays

Anm 0.1

Visible light

tumors, urinary tract strictures, and polyps, indi-
cating its versatility.

In this chapter, we will review the definition
and mechanisms of lasers, how they create and
transmit energy, and future perspectives.
Additionally, we will compare holmium and thu-
lium fiber lasers (TFL), a newly introduced laser.

6.2 Definition of Laser and How

Lasers Work

Light is a type of electromagnetic wave that
transmits energy in space. Electromagnetic waves
include radio waves, microwaves, infrared, visi-
ble light, ultraviolet, X-rays, and gamma rays,
which are classified by frequency. Typically, light
refers to the electromagnetic waves detectable by
human eyes, which are in the range of ultraviolet
and infrared, as shown in Fig. 6.1.

Laser is an acronym for “Light Amplification
by Stimulated Emission of Radiation,” which
was conceptually suggested by Albert Einstein in
1916. The first laser, that is, a ruby laser, was
demonstrated by T. H. Mainman in 1960, and it
has shown remarkable progress in output power
and energy, becoming the essential tool in numer-

radar

infrared

Anm 450 500 550 600
Absorbed violet  blue green yellow orange red
color
observed yellow red violet blue
color

Fig. 6.1 The spectrum of electromagnetic waves
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ous areas of application, including industry, com-
munication, defense, spectroscopy, and medicine.
This can be attributed to its excellent properties,
such as coherence, directionality, monochroma-
ticity, and high intensity.

One of the advantages of lasers is that they can
emit light in a very short time interval from tens
of femtoseconds to hundreds of nanoseconds in
the so-called pulsed mode of operation, allowing
the application of very high energy light to a very
localized area in a very short time, which cannot
be accomplished by another way. That is, only
lasers can emit the same energy light with an
adjustable pulse width, leading to a very high
peak power (typically calculated as the pulse
energy divided by the pulse duration for an ideal
pulse shape), as seen in Fig. 6.2. For example, if
the laser in the continuous-wave (CW) mode of
operation has 1 mW of output, it cannot hurt tis-

Power A Peak power
S

Same area = Same energy

Time

Fig. 6.2 Comparison between CW and pulsed modes of
operation in lasers
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sues or skin at all and may not even be felt.
However, when a single pulse with a 10-ns pulse
width is applied with the same energy, i.e., 1 mJ
pulse energy and 100 kW peak power, it can not
only damage tissue and skin but also is strong
enough to cut or drill a hole in a metal sheet.

The pulse width (or pulse duration), pulse
energy, repetition rates, peak power, and average
power are shown in Fig. 6.3. The laser pulses do
not have a rectangular pulse shape like those
shown on the left side of this figure, but are theo-
retically Gaussian-like, as shown on the right side
of this figure. For the Gaussian-like pulse shape,
the pulse duration is defined by full width at half
maximum (FWHM). The average power is the
rate of energy transfer per second, and 1 W is
defined as a derived unit of 1 joule per second.
Thus, the average power becomes the pulse
energy multiplied by the number of pulses per
second, that is, the repetition rate (Hz), which is
the inverse of the pulse period.

6.3  Structure to Generate Lasers

The main structure of a laser system includes a
pumping source, an optical oscillator, and a laser
amplifier, as shown in Fig. 6.4. The optical oscil-
lator consists of an optical resonator with mirrors
and an amplifier. The optical resonator basically
comprises two opposing plane-parallel or curved
mirrors at right angles to the axis of the laser

A

Peak Power [W]

Power

FWHM

Pulse
Width
(ns/ps)

Fig. 6.3 The shape of laser pulses
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Fig. 6.4 Main structure of a laser system

material and provides a highly selective feedback
signal, inducing the stimulated emission in the
laser amplifier. The laser amplifier includes a
laser medium and acts as an energy source. These
two mirrors in the two ends of the cavity, a highly
reflecting mirror and a partially reflective mirror
as the output coupler.

Figure 6.4 shows the basic configuration of
the laser oscillator. The action providing energy
to a laser medium is called pumping and can be
achieved in various ways, such as absorbing other
light energy, electrical discharge, and chemical
reactions. In an optical pumping system, the
pumping source is located parallel to the laser
medium surrounded by the oscillator cavity.

Electrons in the active atoms of the laser
medium are excited to a higher energy level by
pumping and emit light when they drop to a lower
energy level. The energy of the emitted light
equals the difference in the two energy levels.
Generally, the excited electrons in most materials
drop immediately to a lower energy level, emit-
ting light with no constraint, called spontaneous
emission. In contrast, electrons in laser materials
can stay much longer at the higher energy level
than other materials so that they can drop to the
lower energy level stimulated by the incident
light signal, emitting the light of the same charac-
teristics with the incident light signal, such as
frequency, direction, and phase. This process is
called stimulated emission and is the mechanism
by which lasers work. A specific wavelength can
add additional energy to each single pulse as a
constructive method. When the signal gain by the
stimulated emission exceeds the loss in the laser
resonator under the condition of population
inversion, the laser action is initiated (Fig. 6.5).
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Fig. 6.5 The mechanism of stimulated emission of the
laser

Pumping in most solid-state lasers is realized
using a radiation source with a spectral output
that closely matches the absorption bands of the
gain medium. An arc discharge lamp is the popu-
lar radiation pump source for lasers, called flash-
lamp pumping, with high energy and a low
repetition rate. But they suffer from a low
electrical-optical efficiency and short lifetime
despite their low cost. Flash lamp pumping is
used for Ho: YAG and Tm:YAG lasers.

Diode pumping utilizes a laser diode as the
pump source (DPSSL typically means diode-
pumped solid-state laser). Diode pumping has the
advantage of high electrical-optic efficiency, long
lifetime, robust operation, and compactness but
has been limited by the obtainable pulse energy
and high cost. Therefore, a laser pumping system
should be selected by considering the physical
configuration of a laser medium and the target
specifications. For example, if a laser system
with high energy over tens of millijoules at repe-
tition rates less than 100 Hz is needed, the flash-
lamp-pumped laser is the best choice. However,
if the treatment is better with low energy laser
beams (<hundreds of microjoules) at high repeti-
tion rates over a few hundred kilohertz, it is better
to use a diode pumping laser system.

For pulsed-mode operation, the laser system
requires additional elements. The Q-switching
technique is typically employed to obtain high-
energy laser pulses with a pulse width from sub-
nanosecond to hundreds of nanoseconds. The
quality factor Q of the cavity is defined as the
ratio of the energy stored in the cavity to the
energy loss per cycle. A high-energy Q-switched
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pulse is generated when a cavity Q is restored
from a low Q value in a short time by a Q-switch
device in the optical oscillator. The other way is
to amplify the temporally modulated signal from
the master oscillator in the power amplifier. This
method is heavily used in a fiber-based MOPA
configuration. For example, the Ho:YAG laser
with energy over tens of millijoules (m]) at tens
of hertz has a flash-lamp-pumped Q-switched
laser configuration, but the Tm fiber laser with
less than 1 mJ operated over tens of kilohertz has
a diode-laser-pumped MOPA configuration
employing Tm fibers.

6.4  Why Can the Lasers
with the Same Power Show

Different Results?

Many parameters, such as wavelength, pulse
energy, pulse duration, repetition rate, and beam
quality, should be considered when laser light is
applied to a target.

1. The first is the laser wavelength, which deter-
mines the absorption ratio of the light energy
incident upon the target. For example, it is
much more efficient to use Tm- or Ho-doped
lasers emitting ~2.1 pm for tissues high in
moisture since the water absorption at ~2.1 pm
is hundreds of times stronger than that at
~1.0 pm.

2. The next factor is pulse energy. After all,
lasers transmit energy in the form of light,
generating heat in the target. Thus, the higher
the pulse energy, the higher the instantaneous
temperature the target reaches.

3. Although the pulsed laser has the same pulse
energy in the same wavelength, the laser—
material interaction can be greatly dependent
on the pulse duration. It is generally known
that laser pulses with a shorter pulse width can
induce a higher instantaneous temperature on
the hitting point of the target, but less thermal
damage around it. This relationship is similar
to nailing with a hammer. The sharpness of
the nail tip and the applied force from the

hammer correspond to the pulse width and the
pulse energy, respectively. However, the
obtainable pulse energy is limited by the pulse
duration due to damage in the laser system, so
a pulse energy and pulse duration optimized
for the application should be chosen.

The lasers mainly used in the urology field are
the neodymium-doped YAG (Nd:YAG) laser
frequency-converted to 532 nm by potassium tit-
anyl phosphate (KTP), the thulium- or holmium-
doped YAG (Tm:YAG or Ho:YAG) laser at
2010 nm or 2120 nm, and the thulium-doped
double-clad fiber (Tm fiber) laser around
2000 nm. All of these lasers are solid-state lasers
different from gas, chemical, semiconductor,
dye, and free-electron lasers.

Ho:YAG lasers from different companies can
show different clinical performances due to dif-
ferences in the specifications, including pulse
shape, repetition rates, peak energy, and beam
quality. The way the pulsed operation is achieved
also limits the laser performance obtainable.
Some engineering differences may not show clin-
ically significant differences.

YAG (yttrium—aluminum-garnet) is a syn-
thetic crystalline material and is commonly used
as a medium material in various solid-state lasers.
The intentional introduction of impurities into
this crystal lattice is called doping, and holmium
or thulium ions can be doped into this crystal to
produce holmium or thulium lasers, respectively.

All of the Ho:YAG, Tm:YAG, and Tm fiber
laser outputs can be coupled to a silica fiber
delivery cable, allowing the laser beam to deliver
to the target with minimal energy loss. The fiber
delivery cable is thin enough to be easily bent, so
it is very useful in flexible ureteroscopy.

6.5 What Lasers Does Urology

Currently Have Available

Ho:YAG has been the first choice to treat uroli-
thiasis, benign prostatic hyperplasia, urethral
strictures, and urothelial tumors in the urology
field. That is because holmium lasers can be com-
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pletely absorbed within 0.4 mm safely, ablate all
kinds of stones, and act as a knife for cutting,
ablating, and enucleating tissue with thin and
flexible laser fibers.

6.6 Holmium Laser

The emission wavelength of holmium lasers is
about 2120 nm in the near-infrared range, which
is highly absorbable in water. The optical pene-
tration depth in water is about 400 pm at 2140 nm,
so the Ho laser beam thermally expands and
vaporizes water. Because most of the energy
from the flash-lamp heats the resonator, a large-
volume cooling system is necessary to preserve
the original energy and frequency. The setting of
a single oscillator is confined to 30 W or less, and
high-power holmium laser machines contain sev-
eral oscillator systems with a large cooling
system.

There are many commercially available hol-
mium laser machines with different specifica-
tions. The 120 W laser was released by Lumenis
in 2014, and MOSES technology of the fourth
generation was added to this 120 W laser machine
in 2017. The thinnest diameter of laser delivery
fibers is still 200 pm due to the coupling limita-
tion of the spatially multimodal laser output. The
noise during laser firing ranges from 50 to 80
decibels, namely the level of light traffic to busy
crossroads, and the difference in noise levels
depends upon the size of the machine and the
capacity of the cooling system. The next genera-
tion of Ho:YAG laser is expected to deliver a
sequence of pulse trains, resulting in a higher
ablation rate of urinary calculi and tissues. The
absorption rate is higher than that of other lasers
such as Tm:YAG and thulium fiber lasers.

6.7 Thulium Laser

Tm lasers can be used in the continuous wave
mode or the pulsed mode. Typically, the laser
emission wavelengths used in the urology field
are about 2010 nm for Tm:YAG lasers and

1940 nm for Tm fiber lasers. Because the
Tm:YAG laser cannot be used for stone fragmen-
tation, its application is decreasing, and no fur-
ther information will be discussed in this
chapter.

Different from other solid-state lasers, the
fiber laser is ideally immune to the heat gener-
ated during laser operation due to the waveguide
structure with an extremely large ratio of sur-
face area to volume. Thus, TFL can adopt an air-
cooling system up to hundreds of watts in output
and does not require a huge cooling system like
the Ho:YAG laser. Also, since all of the free-
space laser components used in other solid-state
lasers, such as mirrors, polarizers, and
Q-switches, can be replaced by the equivalent
fiber-based components in fiber lasers, the fiber
laser can be very compact, connected in a series
from start to end, and highly robust in operation.
Moreover, TFL has high flexibility in operating
laser wavelengths from 1700 nm to 2100 nm,
which can be optimized for an applied target.
For example, TFL at 1940 nm has a four times
higher absorption coefficient (14 mm™') than the
Ho:YAG laser at 2120 nm (3 mm~"). In addition,
TFL has excellent spatial beam quality, and its
output can be easily coupled to a delivery fiber
cable with a diameter of 50 to 100 pm, which is
impossible to realize with multimode Ho:YAG
lasers. The achievable peak power per pulse in
TFL is much lower than that of the Ho:YAG
laser, but this disadvantage can be compensated
by operating at high repetition rates up to sev-
eral 100 kHz accompanied by long pulse dura-
tion owing to operating flexibility in the fiber
MOPA configuration. Because of these excel-
lent characteristics, some commercially avail-
able TFLs are being introduced in the urology
field.

Since the first study on the applicability of
TFL for renal stone fragmentation was performed
in 2005, there have been limited in vivo studies
utilizing TFL. The results look promising for
laser lithotripsy and tissue ablation. Clinical tri-
als should be conducted to show the full applica-
bility of TLF considering the promising results
reported in the existing literature.
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6.8 Mechanistic Aspects
of Stone Fragmentation

and Tissue Destruction

Lasers have been used for stone fragmentation
and incision, ablation, or vaporization for pros-
tate, stricture tissue of the urinary tract, and uro-
thelial tumors. The pulse duration with peak
power of the laser, the stone absorption rate of the
absorption coefficient, and the laser fiber-to-
target distance with fluid absorption are key fac-
tors for stone fragmentation tissue destruction in
terms of laser characteristics.

Several major mechanistic processes have
been suggested for stone fragmentation, such as
photothermal, photoacoustic, and thermome-
chanical ablation.

1. The first is photothermal ablation, which max-
imizes the transmission of energy through
contact lithotripsy with a longer pulse dura-
tion for dusting and stone fragmentation.

2. Photoacoustic ablation is dependent upon
pulse duration and energy. Short pulse and
high peak powers may result in photoacoustic
ablation.

3. Thermomechanical ablation is known as
explosive vaporization to maximize the trans-
mission of energy to the water and is related to
water absorption. A short pulse causes stone
fragmentation induced by the collapse of the
shockwave-generated bubbles. If the energy
of the laser gets into spaces filled by water in
the stone or tissue, so-called inter-crystalline
spaces or pores, vaporization, and thermal
expansion of the water occur, causing cracks
and thus fragmenting stones and ablating
tissues.

In terms of the fiber-to-stone distance, Moses
contact and distance modes from the Lumenis®
company provide different sequenced multi-
pulses of the Ho:YAG laser compared to the
single, spherical short pulse, and long pulse pro-
files. The Moses distance mode makes a big
vapor bubble first with low energy and a short
duration pulse followed by a longer, higher
energy pulse, allowing less stone retropulsion

and increased ablation rates. And the Moses dis-
tance mode showed 100% more fragmentation
than a short pulse at a 1-mm distance. Therefore,
this technique was useful, especially for stone
dusting techniques for smaller fragments and
better vision. Other pulse modulation tech-
niques, such as the “Virtual Basket” from
Quanta and lasers with less retropulsion func-
tion from Jena Surgical®, were released onto the
market.

6.9 Potential Advantages
of Thulium Fiber Laser
Compared to Holmium Laser

from Clinical Perspectives

In in vitro experiments, due to the possibility of
achieving lower pulse energy and higher fre-
quency, TFL showed increased fragmentation
and dusting efficiency with much smaller dusts
than the Ho:YAG laser. It may mean that the
operating time of flexible ureteroscopy can be
decreased with TFL compared to using the
Ho:YAG laser.

The small volume and low weight of TFL
machines occupy less operating space. However,
the height of this machine should be close to that
of the operating tables for easy handling. It may
mean that we have to remember that the TFL
machine system includes the machine and its
table unless it is located inside the shelf of an
endoscopy cart. Even considering that the actual
size of the TFL machine includes the complexity
of the machine and its table, the weight of the
TFL machine is much lighter than all Ho:YAG
laser machines.

Since the Ho: YAG laser has to consume much
energy, it needs a dedicated 250-W high-power
electrical outlet, and the operating rooms where
the machine can be used are limited. In contrast,
TFL machines use only 110-220-W standard
power outlets. Thus, they can be used in all oper-
ating rooms.

Due to the excessive heat produced, a more
powerful cooling system is therefore needed for
the Ho:YAG laser system. Hence, the Ho:YAG
laser machine can make noises up to 50 to 80
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decibels and interferes with communication in
the operating room. Stop-and-go techniques for
shooting lasers are basically necessary to get
clear vision, check the status of the tips of the
laser fibers, and decrease intrarenal pressure and
temperature. However, the noise produced by a
TFL machine is significantly less than that of
Ho:YAG lasers.

Controversial Points

of the So-Called Advantages
of Thulium Fiber Lasers: Are
They Exaggerated?

6.10

In terms of retropulsion, stone ablation rates are
increased when there is less retropulsion during
stone fragmentation, dusting, or pop-dusting.
However, stone fragments can float and move
inside the renal calyces not only by the laser but
also by the irrigation fluid in real practice. Less
retropulsion and increased number of fragments
and dust may mean that surgeons have to increase
the irrigation speed to obtain clear vision and
increase the number of fragments floating inside
the calyces. Small fragments may hide inside the
dust and correspond to longer navigation time
and dusting time.

Another interesting minor point is that sur-
geons sometimes try to actively utilize retropul-
sion when the stones are difficult to reach because
of the anatomical features. For example, the
stones in the upper pole can be difficult to reach
when the miniaturized nephroscope advances
through a lower pole tract during percutaneous
nephrolithotomy. Otherwise, the stones can be
located in the calyces with no favorable approach
location during flexible ureteroscopic surgery. In
these situations, surgeons may utilize the retro-
pulsion of stones and the irrigation fluid. Thus,
floating stones can be fragmented by this whirl-
pool effect (“popcorn” effect). All of these points
may mean that further investigation on the roles
of lasers, irrigation fluid, and other factors in ret-
ropulsion in real practice is necessary to clarify
their clinical significance.

Very low pulse energies, very high pulse fre-
quencies, and very long pulse durations may
increase dusting effects and also surgical effi-
ciency. However, the upper and lower limits of
these parameters should be tested to get clinical
significance in terms of safety in real practice. It
may mean that we have to ask ourselves how
much energy and frequency are actually needed
for effective fragmentation. These parameters
may reduce the use of stone baskets during flexi-
ble ureteroscopic surgery. However, it may mean
increased intrarenal temperature of the irrigation
fluid and damage from improper handling of flex-
ible ureteroscopy. Additionally, excessive long
pulse duration may lead to collateral photother-
mal damage and carbonization. Excessive heat
absorption by fluid may lead to a suboptimal
fiber-to-stone distance, and this means increased
power output and heat generation. Another point
is that the parameters of retropulsion, pulse
energy, frequency, and pulse durations would not
be considered for performing percutaneous
nephrolithotomy.

The vulnerability to external shock and the
durability of laser fibers should be tested in real
practice, and these positive attributes can attract
attention to the utility of TFL machines.

6.11 Summary

This chapter reviewed the definition of a laser,
how the laser is generated, and how it works.
Ho:YAG has been the first choice for the manage-
ment of urologic diseases, and TFL is showing
promising results in experiments. Although there
is much promotion-related information, clini-
cians need to stay alert to the perspectives from
users in real practice and that the results of
in vitro experiments can be different from those
inside operating rooms.
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Understanding the Instruments:

Ureteric Stent

Kantima Jongjitaree and Ekkarin Chotikawanich

The ureteric stent is a tubed catheter placed
within a ureteral lumen to maintain its patency.
Traditional double J stent has a J shape of each
end of the stent (Fig. 7.1). This design provides
the anchoring function and keeps the stent in
place.

7.1 Size

Stent size varies from 3Fr to 8Fr. A common size
of the stent in general urologic practice is 4.7Fr
and 6Fr. The larger stent size improves urinary
flow compared with the smaller one. Moreover,
the larger stent size has less migration rate. Stent
size does not relate to a stent-related symptom,
but the oversized ureteric stent can cause damage
on ureter.

7.2  Material
The materials that use for making ureteric stent
are mainly made of polymer and metallic.

1. Polymer
Historically ureteric stents are made of polyeth-
ylene, but due to its limitation in rigidity and
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causing stone encrustation, they were substi-
tuted with the newly developed material.
Silicone appears the best performance in long-
term stone encrustation. They had 30% less
stone encrustation at 10 weeks compared with
other five different polymeric materials [1].
However, the softness and less of the rigidity of
a silicone stent is an obstacle for stent insertion.
Polyethylene with polyurethane mixture is
another popular material for the ureteric stent. It
has resistance against stone encrustation while
providing designable rigidity.

2. Metallic

The purpose of this type of stent is to increase
the ability to resist high compression force to
stent lumen. They are now made of nitinol
(nickel with titanium alloy mixture). The prop-
erty of this material provides a specific memory
that can retrieve their shape. These stents expand
in high temperatures (55 °C) and recoil at low
temperatures (below 10 °C). Metallic stents pro-
vide greater patency rate, longer indwelling
time, and better management of ureteric stric-
ture. The major disadvantages of the metallic
stent are stone encrustation, ingrowth of the
tumor, epithelial hyperplasia, and difficult to
change. However, they have a long time to
maintain good efficacy in urinary drainage (41%
over 37 months) [2] and do not need to change
frequently.
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Fig.7.1 Standard
double J stent has a
pigtail to each end of the

stent ‘ 4 \
N/

7.3  Design

1. Resonance Metallic Stent

This type of reinforced stent has greater resis-
tance to radial compression force. It can use in
malignant obstruction which usually has a high
compression force without a significant reduction
of inner luminal diameter. This stent has been
lasting up to 12 months or longer. In the study of
Wah et al. [3], resonance metallic stent improved
urinary drainage comparing with traditional dou-
ble J stent over 1 year.

2. Grooved Stent

This stent has external grooves along the stent
lumen. This design aimed to improve urinary
drainage by providing more pathways via the
grooves. The example of this type of stent was
LithoStent® (Olympus).

3. Spiral Stent

This stent has metallic wire within it to maintain
spiral shape. The advantage of this shape is supe-
riority to conform to the ureteric shape. The
example of this type of stent is Percuflex Helical®
(Boston Scientific).

4. Self-Expanding Meshed

This stent has been developed to improve urinary
flow while causing less stent-related symptoms.
This stent causes less irritation to the ureterovesi-
cal junction and bladder trigone. The mesh design
also has the benefits of decreasing luminal
obstruction. The problems of this type of stent are
difficult for changing and higher cost compared
to a normal stent.

5. Tail Stent

This stent has a loop of the polymer at the distal
end instead of a classical pigtail (Fig. 7.2b). This
design was aimed to decrease bladder irritation

| —— — —— ——
o~ " —

and stent symptoms. The study of Yew et al. [4]
demonstrated that this type of stent caused mini-
mal pain during stent insertion, but another study
[5] reported there was no reduction of the inci-
dent of flank pain that resulted from urinary
reflux. The example of these stents is Inlay®
(Bard) and Polaris® loop ureteral stent (Boston
Scientific) (Fig. 7.2a).

6. Dual Durometer

This type of stent is also developed for patient
acceptability and comfort by having different
rigidity in each part of the stent. The proximal
part placed in the kidney has harder rigidity and
softer at the distal part which is placed in the
bladder. The example of these stents are Percuflex
Plus® (Boston Scientific), Bard Inlay® (Bard),
and Polaris® (Boston Scientific).

7. Magnetic Tipped

It was developed for decreasing the cost of cys-
toscopy to remove the stent. The benefit is obvi-
ously in the pediatric patient. With magnet at the
distal end, it can be successfully removed in 29
out of 30 patients in one study [6].

8. Novel Stent Design

The new developing stent is biodegradable stent
that provides the advantage of self-degradation
and does not require removal. They are composed
of Uriprene, poly-L-lactic acid, polyglycolic
acid, and caprolactone that can dissolve in urine
over time. Further studies are required for this
type of stent.

7.4 Indications

1. For Treatment
The placement of ureteric stent that directly on
treatment purpose is drainage of ureteral



7 Understanding the Instruments: Ureteric Stent

67

5.0.4551% Y

/8

Fig.7.2 (a) Polaris® loop ureteral stent (Boston Scientific) and (b) loop at distal end instead of a pigtail

obstruction, inner core stent for anastomosis in
urologic organ, and conservative treatment in
ureteric injury.

2. For Post-Procedure Prophylaxis

The imperative indications of post-procedure
ureteric stent insertion are a solitary kidney or in
kidney transplant. For uncomplicated ureteros-
copy, other indications are to be discussed in the
needful of stent insertion.

Stent symptoms interfere quality of life of
patients. There were more postoperative pain and
lower urinary tract symptoms in patients in the
ureteric stent group compared with the non-stent
group after semirigid ureteroscopy for distal ure-
teric calculi [7]. Routine stenting following
uncomplicated ureteroscopy does not lower the
complication rate and unplanned hospital read-
mission and increase treatment cost [8].
Moreover, routine stenting after ureteroscopy did
not increase the stone-free rate. In the study of
Prasanchaimontri et al. [9] compared stenting in
post-ureteroscopy stone removal and found that
there was no difference in stone-free rates.
According to the literature [10], the indications
for post-ureteroscopy ureteral stent insertion
have been controversial. The relative indications
include significant ureteral edema, impacted
stone, incomplete procedure, preoperative ure-
teric stricture, intraoperative ureteric injury, pro-
long operative time more than 90 min, stone

burden more than 2 cm, and recent history of uri-
nary tract infection. Ureteric stenting after ure-
teral access sheath insertion has been
controversial. Many literatures [11, 12] recom-
mended placement of ureteric stent after inser-
tion of UAS due to a high prevalence of significant
transient pain for 24 hours. The study showed
ureteric stent associated with lower overall pain
score and decreasing hospital readmission rate
due to ureteric obstruction. On the other hand, in
the study of Sirithanaphol et al. [13] that random-
ized the comparison of postoperative stenting in
uncomplicated flexible ureterorenoscopy with
UAS, the results were no significant difference in
postoperative pain, analgesic requirement, post-
operative fever, urinary tract infection, irritative
voiding symptom scores, and length of hospital
stay between the two groups. Moreover, there
was an increased operative time in the stenting
group. The decision of stenting after UAS usage
is upon the surgeon’s preference and patient
conditioning.

7.5 Complications

7.5.1 Stent-Related Symptoms

Placement of ureteral catheter does not only
relieve urinary obstruction, but the stent itself
can cause localized inflammation of the ureter
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and bladder and produce the related symptoms.
Stent-related symptoms occur over 80% of
patients with ureteric stent insertion [14].
Symptoms include voiding symptoms, frequency
(50-60%), urgency (57-60%), incomplete emp-
tying (76%), hematuria (25%), suprapubic pain
(30%), flank pain (19-32%), nocturia (60%),
incontinence, and sexual dysfunction (32%).
The symptoms affect daily life activity and
reduce working capacity [15]. There were 32%
of patients needed to remove a ureteric stent
sooner than planning [16].

The suspected mechanism of voiding dys-
function is probably from the distal coil of the
stent that interferes with bladder mucosa espe-
cially during urination. Physical activities
aggravate symptoms by increasing the move-
ment of the coiled bladder explaining that the
symptoms often occur during the day more than
at night [17]. Stent length associates with the
intravesical position of the distal coil of the
stent. Longer stents are associated with the fre-
quency of urination, and the symptoms worsen
when the distal coil crossed the midline [18].
Longer stents tended to make trigonal irritation
or form an incomplete distal loop [19]. Stent
size does not correlate with the stent symptoms
[20] [21]. The study of Candela et al. [21] com-
pared three different ureteric stents (6Fr
Percuflex, 4.8Fr, and 6Fr HydroPlus); they
reported there was no difference in stent symp-
toms among groups. Moreover, voiding dys-
function may be the result of infection and stone
encrustation of the stent.

The mechanism of flank pain is supposed to
be from refluxing urine from the bladder to the
renal pelvis. It does not associate with the loca-
tion of the upper coil of the stent [18, 22].

The correlation between stent material and
rigidity has been controversial. Many studies [15,
23, 24] concluded that there was no association
between QOL and stent material composition.
On the other hand, a randomized control trial of
155 patients reported that there was a higher inci-
dence of bladder’s irritating symptoms in those
patients who have a firm pigtail stent compared
with a soft pigtail stent [25].

7.6  Prevention and Management
of the Stent-Related

Symptoms

Stent-related complications can prevented with
lessened ureteric stent insertion. It is important
to evaluate the indications of ureteric stent inser-
tion individually. Considering this morbidity,
routine stenting should be avoided. If ureteric
stent insertion is mandatory, there are many
strategies to decrease ureteric stent side effects
and complications.

1. Stent Length and Positioning

The position of the upper coil does not affect the
symptoms, while many studies confirm that
lower coil crosses the midline [26] and incom-
plete distal coils [19] are the factors that associate
with increasing voiding dysfunction. The length
of the stent correlates directly with the position of
the lower coil, and the overlong length of the ure-
teric stent should be avoided. The literature pro-
posed the formula to calculate the appropriate
stent length. The example from the study of Hao
P et al. [27] calculated ureteral stent from the
length = 0.125 x body height + 0.5 cm or using
the vertical distance from the second lumbar ver-
tebra to pubic symphysis —2 cm. In pediatric
population the formula is length = patient age
(year) + 10 [28]. However, in a recent random-
ized study [29] comparing multi-length 22-30 cm
to 24 cm ureteric stent, they did not show a sig-
nificant difference in stent-related symptoms or
health-related quality of life.

2. Stent Distal Loop Modifications

The distal loop is the key point of bladder irrita-
tion. Modifications of the distal tail of the ure-
teric stent were proposed. Tail stent (Boston
Scientific) was designed to minimize bladder irri-
tation by tapering their size from 7 Fr at proximal
to 3 Fr at the distal end and changing the distal
end to loop polymer instead of coil shape
(Fig. 7.2b). This stent provides significantly
lower irritating symptoms but does not decrease
in flank pain [5]. Improving the stent consistency
has been considered, dual durometer® has differ-
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ent rigidity in the same stent, and the distal end
has softer material for decreasing bladder
irritation.

3. Stent Coating
There were several drugs developed for eluting
the stent to improve stent discomfort. Ketorolac
(NSAIDs) was first proposed by Krambeck et al.
[30], and the result of comparative study with
normal stent showed ketorolac-loaded stents
appeared to cause less pain. Ketorolac coating
stent provided a high concentration of ketorolac
in the bladder and ureter while decreasing sys-
temic side effects of NSAIDs [31]. This stent can
decrease stent-related discomfort especially in
young adults [32]. Antimicrobial was another
drug that developed for coating the stent. Biofilm
formation and stone encrustation can aggravate
the inflammatory pathway and cause stent-related
pain. With antibacterial property, povidone-
iodine coated stent had fewer bacterial adhesions
and stone encrustations. Moreover, it showed to
improve lubricity [33] of the stent. Mendez-
Probst et al. [34] investigated triclosan coating
stent and reported the triumph triclosan-eluting
stent had significantly decreased in stent-related
symptoms. The antimicrobial mechanism of the
triclosan is interfering in the stability of the bac-
terial cell wall. However, triclosan itself cannot
reduce the infection; therefore, combination ther-
apy with standard antibiotics should be
considered.

The newer model of the drug-eluting stent was
a drug with anti-tumor activity such as paclitaxel
[35] and zotarolimus [36]. The mechanisms of
anti-tumor drugs are reducing tissue hyperplasia
reaction and anti-inflammatory. Further in
human-study is required before concluding the
benefit of this type of stent.

4. Pharmacologic
(a) Alpha-Blocker

Alpha 1A and 1D adrenoreceptors are com-
monly found in the bladder and ureter and inhibit
the alpha adrenoreceptor causing smooth muscle
relaxation in the prostate, bladder neck, and dis-
tal ureter. The use of alpha adrenoreceptor block-

ers is proposed to improve voiding dysfunction
from ureteric stent insertion. The mechanisms of
action are dilatation of the ureter, reduce basal
tone, and decrease peristalsis frequency causing a
reduction in flank pain. Local trigone smooth
muscle relaxation decreases irritating symptoms.
Alfuzosin 10 mg once daily for 4 weeks can
decrease pain and urinary symptoms and improve
in general health index score [37]. Other studies
[38, 39] with alfuzosin 10 mg once daily for
10 days or 6 weeks show the same result with
improving stent-related morbidity. Efficacy of
alfuzosin and terazosin is superior compared to
tamsulosin. However, a study [40] shows that sig-
nificant improvement in pain was found in tam-
sulosin oral 2 weeks after double J stent insertion
in ureteroscopic stone removal compared with
the placebo group. Tamsulosin improves urinary
symptoms, pain, and general health in all domains
except sexual index [41]. The side effects of
alpha-blockers are hypotension and retrograde
ejaculation. There was a report of retrograde
ejaculation that worsens sexual dysfunction in
ureteric stent insertion patients, but this side
effect is reversible.

(b) Anticholinergic

Anticholinergic drugs act directly to the mus-
carinic receptor in the bladder. These drugs can
lower the symptoms of bladder irritation and
urgency. A randomized control study [42]
reported that using solifenacin in patients who
underwent ureteroscopy with ureteric stent inser-
tion significantly lowered the total symptom
score including sexual index. Moreover, the later
literature found the solifenacin was able to
improve urinary symptoms, pain, and general
health [43]. Tolterodine 4 mg extended-release
once daily for 6 weeks showed to improve pain
and urinary symptom index score [39]. However,
neither  extended-release  oxybutynin  nor
phenazopyridine provided benefit over placebo
[44]. Common side effects of anticholinergic are
dementia, blurred vision, headache, dry mouth,
and urinary retention. Consider the use of these
anticholinergic drugs in the elderly with caution
because the drugs can cross the blood-brain bar-
rier to cause cognitive impairment.
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(¢) Combined Alpha-Blockers with Anticho-
linergic

Theoretically, the synergistic effect of anti-
cholinergic and alpha-blockers will improve stent
symptoms. The combination of tamsulosin and
oxybutynin [45] or pregabalin and solifenacin
[46] showed improvement of pain and general
health in many studies. However, Wang et al. [43]
studied comparing solifenacin and tamsulosin or
placebo; the result showed that a combination of
solifenacin and tamsulosin did not gain benefits
over solifenacin monotherapy.

(d) Other Medications

NSAIDs and opioids are widely used in the
postoperative period of ureteroscopy with stone
removal. They decrease postoperative pain but do
not have any impact on voiding symptoms. Beiko
et al. [47] reported that ketorolac intravesical
installation immediately after stent placement
after ESWL showed decrease in irritating symp-
toms at 1 hour after the intervention. Other pain-
relieving methods were also proposed.
Periureteric injection of botulinum toxin can
decrease postoperative pain but does not effect on
irritating symptoms [48].

Mirabegron is a beta-3 agonist. The study of
Tae et al. [49] observed that patients who received
mirabegron 50 mg once daily after the uretero-
scopic procedure with ureteric stent insertion had
successfully reduced the discomfort.

7.7  Other Complications

A ureteral stent is a foreign body to the urinary
system. The bacterial colonization can produce
the biofilm layer with adhesive property to the
stent. This makes bacterial eradication rarely suc-
cessful by antibiotic alone. Stent colonization
reported 42-90% of ureteric stent insertion [50].
Persistent bacteriuria or complicated urinary
infection from ureteric stent insertion can cause
removing or changing the ureteric stents too early
from treatment planning. Urine culture in a
patient with ureteric stent shows having both
gram-negative and gram-positive bacteria, while
only gram-negative bacteria are commonly found
in the normal population [51]. The antibiotic

therapy should be adjusted according to change
in bacteriology. Moreover, the persistence of
urea-splitting organisms can cause stone encrus-
tation from the changing environment to facili-
tate stone growth.

Stone encrustation is another common com-
plication of ureteric stent insertion. Leaving the
ureteric stent in the urine can promote stone
encrustation up to 76% in 12 weeks [52]. The
incidence of stone encrustation is increasing
and occurs rapidly in the occasional population
such as those stone former and pregnancy. Stone
encrustation associates directly with bacterial
adhesion by enhancing a favorable environment
for bacteria and biofilm formation. Bacteria can
enhance stone growth especially urea-splitting
organisms. Proposing the different stent materi-
als aim to decrease stone encrustation, bacterial
adhesion, and biofilm formation. Compared to a
metallic stent, silicon and polyurethane stents
have a higher resistance to stone encrustation
[1]. Special stent coatings were developed to
lessen the problems. Glycosaminoglycan (CAG)
is a natural stone inhibitor in human urine; it
was used to coat on the surface of the ureteric
stent. The studies reported the decrease in stone
encrustation in a ureteric stent with CAGs
coated [53]. Heparin, one of the CAGs, also
showed delaying time to stone encrustation up
to 12 months [54]. Other coating substances that
were proposed to reduce stone encrustation and
biofilm formations were hydrogel [55] and
phosphorylcholine (PC) [56]. They provided a
hydrophilic environment on the surface and pro-
vided an unsuitable environment for biofilm for-
mation. PTFE was used to coat the stent surface
and made the stent slippery by low friction coef-
ficient and resistance to van der Waals force.
Moreover, they also decreased tissue growth
and bacterial colonization [57, 58]. Antibiotic
and antimicrobial coated stents were also inves-
tigated to form mechanisms that decrease bacte-
rial growth and eradicate them directly [59].
Daptomycin, linezolid, tigecycline, rifampicin,
cefotaxime, vancomycin, silver, triclosan, chito-
san, and povidone-iodine coated [60, 61] were
tested and demonstrated inhibiting bacterial
growth.
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Other complications of ureteric stent insertion
were stent migration, stent fracture, forgotten
stent, and knotting of the stent. Stent migration
was found higher in softer material and hydro-
philic coated stent. The knotting of ureteric stent
had been reported in many studies [62—65]. The
cause of the knotted stent was unknown, but the
incidence was higher in a multi-length ureteric
stent [65]. Excessive length of the ureteral stent
may be the risk factor of knotting. Various
removal techniques were proposed including
gentle traction, retrograde ureteroscopy with
laser ablation, percutaneous antegrade removal,
and open ureterotomy.

7.8  Conclusion

The ureteric stent is a common endourologic
accessory. The benefits of the ureteric stent
have been involved in benign and malignant
disease management. Apart from the benefits,
the stent itself can cause complications.
Understanding the indications for insertion and
stent-related complications is mandatory. The
special ureteric stent should be considered in a
selected case to lessen the side effects and
complications.
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Abstract

With the development of endourological tech-
nology and equipment, the procedures for
stone management have become much less
invasive. However, radiological occupational
staff members including surgeons, nurses,
medical engineers, and anesthesiologists have
increased opportunities for radiation exposure
during endourological operations performed
under fluoroscopy. Therefore, we should learn
about protective practice to increase safety
with respect to radiation exposure. Although
endourologists commonly use ultrasound
sonography for diagnosis and intervention of
urinary stones, they have not yet become
accustomed to working with the machines
used to perform the examinations. Many ultra-
sound systems with new functions have
become available, so we introduce the benefits
of ultrasound and explain how to use it.
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Abbreviations

ALARA As low as reasonably achievable

FT Fluoroscopic time

fURS Flexible ureteroscopy

ICRP International ~ Commission  on
Radiological Protection

IR Interventional radiology

LNT Linear, non-threshold

NCRP National Council on Radiation Pro-
tection and Measurements

PCNL Percutaneous nephrolithotomy

8.1 Introduction

Generally, most endourologists have used fluoro-
scopic and ultrasound sonographic machines for
the diagnosis and treatment of upper urinary tract
stones. Especially, percutaneous puncture into
the collecting system of the kidney is mostly
undertaken with fluoroscopic or ultrasound guid-
ance. Each of these guidance methods has both
advantages and disadvantages.

The main advantage of fluoroscopic guid-
ance is its status as the most frequently used
technique by urologists. However, the disadvan-
tages of fluoroscopic guidance are that it offers
no real-time visualization of adjacent organs
and that it exposes the operator and surgical
staff to radiation. Although fluoroscopic-guided
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renal access is still common worldwide, ultra-
sound-guided renal access has also seen
increased use recently, as it is associated with
less bleeding, fewer complications including
especially organ injuries, and perioperative
advantages like shorter puncture time and higher
success rate of the first puncture [1]. However,
the main disadvantages of ultrasound access are
its difficulty facilitating the puncture of collect-
ing systems without distention, poor visualiza-
tion of the guidewire, and (sometimes) lower
visualization of the puncture needle, especially
in obesity cases. In some cases, such as in
patients with obesity, the ultrasonic waves may
not be able to pass through the full distance
between the skin and the renal capsule. This
chapter explains the current understanding of
fluoroscopic safety and ultrasound techniques in
imaging systems.

8.2  Radiation Safety
in Fluoroscopy
for the Management

of Urinary Calculi

The Chernobyl nuclear power plant in Ukraine
had the experience of severe accident in 1986,
and the Fukushima in Japan plant was similarly
affected in 2011. These accidents resulted in
frightful amount of radioactive fallout, which had
long-term effects: the extended low-dose
radiation exposure greatly influenced human
health in later years. These occurrences increased
the incidence of malignancies, including thyroid
cancer, breast cancer, and leukemia [2].

The field of interventional radiology has been
developed in the last few decades. It has been
applied especially frequently in minimally inva-
sive radiology, cardiology, gastroenterology,
orthopedic surgery, and urological surgery proce-
dures. It is a minimally invasive approach to treat
various diseases, including some benign and
malignant lesions, and it has some advantages,
such as lower degrees of pain, complications, and
cosmetic scarring.

In the urological field, endoscopic surgeries
using real-time radiation imaging have been
established, especially in treatment of urolithia-
sis. The procedures and treatment outcomes have
been improved by the new surgical instruments
and materials. Furthermore, polished radiologi-
cal equipment has helped in spreading the use of
fluoroscopy-guided interventional radiological
therapy. However, concomitant to this expansion,
radiation exposure to medical personnel and
patients has increased. Therefore, urologists must
be aware of the potential risk of harmful effects
caused by radiation exposure. Knowledge about
the correct and safe use of fluoroscopy in inter-
ventional radiology may be a less important
interest to urologists than to radiologists and car-
diologists. All urologists who use fluoroscopy
should know the risks of radiation and the risk
prevention techniques available.

The ICRP (International Commission on
Radiological Protection) is an international aca-
demic organization that has developed, main-
tained, and elaborated the International
Commission on Radiological Protection, which
is used worldwide as the common basis for radio-
logical protection standards, legislation, guide-
lines, programs, and practices [3].

According to the ICRP recommendations,
three fundamental principles such as justifica-
tion, protection, and dose limits are the bases of
radiological protection system:

1. Justification: Any decision that alters the level
of radiation exposure situation should do
much better than harm.

2. Protection: The likelihood of incurring expo-
sure, the number of people exposed, and the
magnitude of their individual doses should all
be kept as low as reasonably achievable, tak-
ing economic and societal factors into
account.

3. Dose limits: The total dose to any individual
from regulated sources in planned exposure
situations other than medical exposure to
patients should not exceed the appropriate
limits specified by the ICRP.
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8.3 Principle of Prevention
of Radiation Exposure
in Endourological Stone

Management

A major source of radiation exposure to patients
is caused by direct radiation which generated in
the fluoroscopic field between an X-ray tube and
an image intensifier. A major source of radiation
exposure to surgeons and medical staffs is caused
by scattered radiation that is produced from the
interaction of the primary radiation beam with
the patient’s body and the operating table.
Further, medical personnel may rarely be exposed
to direct radiation when their hands enter the flu-
oroscopy field between the X-ray tube and the
image intensifier (Fig. 8.1).

Diagnosis, evaluation and endourological pro-
cedures for upper urinary tract stones are mostly
performed under fluoroscopy. Percutaneous
nephrolithotomy (PCNL) using radiologic guid-
ance was initially described by Fernstrom et al.
on three patients in 1976 [4]. In the endourologi-
cal field, patients with upper urinary tract stones
and the surgeons and medical staff members
involved in their management have opportunities
for radiation exposure. Although the dose limit of
medical radiation exposure for patients has not

Fig. 8.1 Illustration of
radiation exposure
including direct and
scattered radiation from
C-arm

been restricted, the dose limit of occupational
radiation exposure has been defined as 50 mSv
per year by the National Council on Radiation
Protection and Measurements [5].

Ionizing radiation exposure is a harmful risk
factor for malignant cancer. The degree of harm
caused by low-dose radiation exposure is
unknown, but that information could be used to
extrapolate the level of radiation-related cancer
risk. Thus, the linear, non-threshold hypothesis is
applied as the basic philosophy to consider the
biological effects of radiation exposure. However,
some researchers have reported that low levels of
chronic occupational exposure to ionizing radia-
tion cause an increased frequency of chromo-
somal micronuclei, which is a biomarker of
chromosomal damage, genomic instability, and
cancer risk [6]. Furthermore, occupational radia-
tion exposure’s influence on the lens of eye has
currently been taken noticed with gradual
increase. The ICRP recommends not exceeding a
mean dose of 20 pSv/year to the eye lens.
Therefore, the ICRP has recommended limiting
radiation exposure to levels “as low as reasonably
achievable” (ALARA) [7, 8].

The principles of medical radiation protection
must be applied for both the patients and medical
staffs who are involved in imaging study, the lat-

Scattered radiation
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ter of which include surgeons, anesthesiologists,
nurses, and medical engineers. The following are
most necessary methods to optimize the protec-
tion from radiation exposure:

1. Time: The time of radiation exposure must be
minimized in terms of both fluoroscopy time
and the quantity of X-ray photographs
acquired during procedures.

2. Distance: Medical staffs must position them-
selves as far as possible from the X-ray source
during procedures.

3. Shielding: Medical staffs must use optimal
shielding materials from radiation exposure,
such as lead aprons, lead glasses, thyroid
shield with lead, and lead radiation-shielding
glass.

8.4 Radiation Protection During

Endourological Procedures

A major source of radiation exposure to surgeons
and medical staffs must be scattered radiation
exposure which was produced by the interaction
of the primary radiation beam with the patient’s
body and the operating table. Mostly, this
exposure is from radiation scattering intraopera-
tively. Shielding instruments for such personnel
is usually performed by personally wearing pro-
tective clothing. The standard protocol of lead
protection requires the use of a 0.35-mm lead
apron and thyroid shield for the surgeon in the
operation theater and 0.25-mm lead aprons for
other personnel [9]. However, the protection
from scattered radiation with protective clothing
might be incomplete, especially that to the arms,
eyes, and brain.

The mean dose of radiation exposure for the
surgeon in percutaneous nephrolithotomy
(PCNL) is 12.7 mSv per procedure. This value is
much higher than the 11.6 pSV per radiation
exposure dose in flexible ureteroscopy (fURS)
because of the longer fluoroscopic time and close
distance between the surgeon and the radiation
source [7, 10]. According to some literatures, the
mean fluoroscopic time during PCNL has been
reported as 4.5-6.04 min (range 1-12.16 min)

[11]. Furthermore, the mean doses of radiation
exposures to the surgeon’s finger and ocular
region during endourological procedures were
0.28 mSv and 0.125 mSyv, respectively, because
of the non-uniform radiation exposure caused by
scattered radiation [12, 13]. Therefore, the sur-
geon’s hands and eyes must also be protected
from scattered radiation exposure by using gloves
and glasses with lead-threading. Most endourolo-
gists generally undergo the needle puncture for
access to renal collecting system under fluoros-
copy when placing percutaneous nephrostomy
and doing PCNL. Therefore, ultrasound-guided
access is a useful approach during PCNL, as it
provides better protection to surgeons from radia-
tion exposure compared with just fluoroscopic
approach.

Radiation dose of surgeon is significantly
lower in URS than in PCNL in most cases
because URS is characterized by shorter fluoro-
scopic time and longer distance between the radi-
ation source and surgeon. Pulsed fluoroscope
which was introduced to reduce the radiation
dose by limiting the X-ray exposure time and
number of exposures per second is quite benefi-
cial methods during endourological procedures.
The spent time of radiation exposure during URS
has been decreased from the original 4.7 to
0.62 min [14], and mean fluoroscopy time during
URS has been reported as 44.1 s (range 36.5—
51.6 s) [15]. In addition, Kokorowski et al. and
colleagues described the efficacy of a preopera-
tive checklist related to radiation protection
which was useful to decrease radiation exposure
during procedures [16] (Table 8.1).

Table 8.1 One of Fluoroscopy Checklists to reduce radi-
ation exposure

1 | Are the patient’s arms to the side?

2 | Is the table height OK?

3 | Has intensifier been brought to within one fist of
patient?

4 | What is the patient thickness? Has the dose rate
setting been adjusted for patient size?

(A) Toddler: A-P diameter < 12 cm

(B) Child: A—P diameter 12-20 cm

(C) Adult: A-P diameter >20 cm

5 | Is the exposure mode set to digital?

6 | Is everyone wearing lead?
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Furthermore, Inoue et al. reported that the pro-
tectively surgical lead curtains on both sides of
the operative patient table, the operating table
end, and the image intensifier were quite useful
tools to decrease the surgeon’s radiation exposure
during URS. They simulated the spatially scat-
tered radiation dose in the operating room during
procedures for management of upper urinary
tract stone by using an anthropomorphic phan-
tom and an ionization chamber and measured the
dose of scattered radiation under the patient’s
table and image intensifier when using protective
lead curtains or not. They found that the lead cur-
tains have an effect of 75%—-80% reduction of the
scattered radiation dose compared with not using
lead curtains [17] (Fig. 8.2a). In addition, novel
shielding curtains containing bismuth and anti-
mony, which are also suitable for radiation pro-
tection because of their high density and have
potential weight savings compared with lead,
have also been designed (Fig. 8.2b). Furthermore,
bismuth and antimony are less toxic elements for
the environment, with much lower toxicity than

lead as well. In modern practice of radiation pro-
tection, active personal dosimeters are essential
to satisfy the ALARA principle [18]. Most urolo-
gists have an insufficient perception of their own
personal radiation protection. Some previous
studies investigated that only 53.9% wore a thy-
roid shield and only 27.9% wore eye glasses with
lead linings despite of 84.4% of urologists who
were chronically exposed to ionizing radiation
wearing lead aprons. Moreover, only 23.6% of
urologists wore a personal dosimeter [19].

Realization of occupational radiation expo-
sure among physicians in the urological field is
still low level. Although the harmful risks of
occupational radiation exposure in clinical prac-
tice may be relatively low, they should not be
ignored.

Other methods to reduce or minimize the dose
of occupational radiation exposure include mini-
mizing the fluoroscopic time and number of
acquired images, collimation of images, avoiding
high-scatter areas, using the pulsed fluoroscopic
mode, minimizing the distance between the

Fig. 8.2 Image picture of hand-made shielding curtain included a 0.5-mm lead (a) and new curtains with bismuth-
antimony (b) to protect from radiation exposure in ureteroscopy
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Table 8.2 Reduction technique from radiation exposure for patients and operators during surgery
Methods
Subjects 1 2 3 4
C-arm, image | Maximizing the distance Minimizing the distance Collimating Pulsed
intensifier between the X-ray tube between patients and the fluoroscopic
and the patient image Intensifier mode
Operator Minimizing fluoroscopy Protective shielding for Protective
time operator shielding for
patient table
Instrument Using ultrasound instead Direct endoscopic vision Last image hold Laser guided
of fluoroscopy combined with ultrasound C-arm
Others Dedicated educational
training (including
preoperative checklist)

patient and the image intensifier, maximizing the
distance between the X-ray tube and the patient,
using ultrasound sonography instead of fluoros-
copy, using protective shielding, and wearing
personal dosimeters (Table 8.2) (Fig. 8.3). To
acquire the effective use of these methods, all
endourologists and medical staffs are required
both appropriate education, training in radiation
exposure, and the availability of appropriate tools
and equipment.

8.5 Ultrasound Sonography

Systems

The role of ultrasound in endourological proce-
dures is expanding as technology advances and
clinicians become better educated about its clini-
cal applications. The main use of endourological
ultrasound to physicians is to examine the screen-
ing of intra-abdominal organs and to diagnose
pathologic changes like tumors, stones, and
hydronephrosis. Ultrasound can also be used to
assist clinicians in performing interventional pro-
cedures in the endourological field. However, to
successfully integrate this technology into clini-
cal practice, physicians must be familiar with
both the normal and abnormal appearances of the
anatomy and the use of ultrasound machines
[20]. A significant advantage of ultrasound imag-
ing is that it is noninvasive. Its advantages over

other imaging techniques include its dynamic
real-time imaging capability, versatility, portabil-
ity, safety, and economic feasibility.

Ultrasound imaging encompasses a wide
range of imaging modes and techniques that use
the interactions of sound waves with living tis-
sues to produce images of the tissues by deter-
mining the velocity of moving tissues. Ultrasound
refers to sound waves with frequencies greater
than 20,000 cycles/s that are not detectable by the
human ear. Diagnostic ultrasound commonly
uses frequencies between 2 and 20 million cycles/
sec (106 pulses/s), which urologists usually use.
Generally, higher frequencies of ultrasound
waves are associated with higher quality of dis-
tance resolution but larger attenuation of the
reached distance. Although higher-frequency
ultrasound waves can create clearer images, they
reach a shorter depth. Therefore, a limitation in
clinical practice is that ultrasound waves cannot
easily reach deeply located target tissues in
patients with obesity. Consequently, the images
become rough and lack smoothness. However,
currently available ultrasound machines such as
the Philips EPIQ and AFFINITI series, the
Hitachi ARIETTA series, the Toshiba APLIO
series, the BK Medical FLEX FOCUS series, and
the GE Healthcare Versana series have outstand-
ing functions like better and clearer image qual-
ity, elastography, harmonic imaging, and
high-resolution Doppler imaging.
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Normal range Collimated range

Fig. 8.3 Image picture of protective methods from radiation exposure. (a) Minimizing distance between patient and
image intensifier. (b) Maximizing distance between patient and X-ray tube. (¢) Collimation of fluoroscopic image
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8.6  Ultrasound Sonography

Equipment

1. Various probes
The probe originates from the ultrasound
wave and transmits and receives the ultra-
sound beam bounced back from obstacles like
tissues or organs. Thus, it has a major role.

The capabilities and frequency band of the

probe influence image quality and capacity of

the whole system:

e Convex type: Standard convex and micro-
convex (Fig. 8.4a, b). The convex type is
commonly used in abdominal screening
and percutaneous intervention. Micro-
convex probes are often used alongside
percutaneous puncture.

2. Regulation of ultrasound systems (Fig. 8.4c, d)

There are various available ultrasound sys-

tems, which have many useful functions. The

following are common adjustable parameters
of ultrasound systems:

e Depth of field: Adjustment of the depth of
the observational field

e Gain: Modulation of brightness in the
whole-image view

* Focus: Modulation of overall sensitivity to
prevent stretching of the ultrasound beam

* Mode: Modes include B-mode, M-mode,
Doppler mode, and pulse Doppler mode

8.7 Practical Application
of Ultrasound for Renal

Stones

The first use of ultrasonography for access in
PCNL was described in 1970, and since then, it has
increased in popularity, with growing literature
data demonstrating its advantages in terms of effi-
cacy, safety, and feasibility for upper urinary tract
stones [21]. Desai et al. published the first report of
ultrasound-guided PCNL for pediatric stones
20 years ago [22]. The advantages of ultrasound
renal access in PCNL include real-time puncture
using a biplane to avoid accidental injuries to adja-
cent vital organs, reduced radiation exposure (espe-
cially for pregnant patients), cheaper cost of use,
and reduced risk of complications like bleeding
(Table 8.3). Another benefit of ultrasound guidance
is that Doppler mode encompasses color Doppler,
power Doppler, and wideband Doppler, all of
which come enabled in standard ultrasound
machines. These modes can depict the running
renal vascular structure in real time and thus facili-
tate needle puncture without injury to significant
major vessels like the interlobar vessel. However,
fluoroscopy can be necessary as an adjunct for veri-
fying correct needle placement in case ultrasound
fails to facilitate renal access. It can also be used in
conjunction with ultrasound for tract creation after
the initial puncture [23].

Fig.8.4 Image picture of various ultrasound probes and (a) convex type (b) micro-convex type. (¢) Ultrasound system.
(d) Operation panel
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Table 8.3 The advantage and disadvantage between fluoroscopic and ultrasound guidance

Fluoroscopy Ultrasound
Advantage Traditional methods (bull’s eye, Puncture in real-time using biplane,
Triangular technique) while avoiding accidental injuries to
vital adjacent organs
Less radiation exposure
Disadvantage More radiation exposure to operator, | Not easy to reach sound wave in

medical staffs, and patients

obesity patients

during puncture

Not visualized adjacent organs

Different function between ultrasound
systems

Wide view

Limited field of view

Need to training

Need to training

Nevertheless, ultrasound-guided renal access
is a useful technique in the management of larger
renal stones. Usually, urologists need training on
how to use and master ultrasound systems and
how to use ultrasound image monitors to recog-
nize some organs and tissues.

The Use of Various
Ultrasound Modes During
Needle Puncture

8.8

1. B-mode image: This is the usual mode, in
which the visualization color is monochrome.
This mode’s limitation is that it cannot depict
running vessels or penetrate the full distance
between the skin and renal capsule in some
cases (Fig. 8.5a).

2. Color-power Doppler mode image: Color
Doppler visualizes the direction of the run-
ning vessels, and power Doppler displays the
magnitude of the running vascular flow. A
blooming appearance indicates higher blood
vessel thickness than the real size in both
modes (Fig. 8.5b, ¢).

3. Wideband Doppler mode image: Wideband
Doppler mode promotes temporal and spatial
resolution and decreases the blooming appear-
ance in comparison with power and color
Doppler modes. Therefore, in most cases, it
can visualize the clear peripheral blood ves-
sels in renal parenchyma (Fig. 8.5d).

These Doppler modes, which are already
available in current ultrasound systems, can show
the vascular flow in real time through image. The
use of these Doppler modes for puncture of the

target calyx might result in easy detection and
avoidance of renal blood vessels such as the
interlobar arteries and veins and arcuate arteries
and veins compared with the usual B-mode imag-
ing. Tzeng et al., who undertook PCNL using a
30F tract sheath with B-mode or power Doppler
ultrasound guidance, investigated that the hemo-
globin decreases associated with each method
were 2.33 = 0.46 g/dL and 1.47 = 0.61 g/dL,
respectively [24]. Furthermore, Inoue et al.
reported that the use of wideband Doppler mode
during endoscopic combined intrarenal surgery
for large (>30 mm) renal stones decreased hemo-
globin less (0.54 + 0.65 g/dL) [25]. The wide-
band Doppler mode is useful for avoiding the
mis-puncture of major renal vessels (Fig. 8.6).
However, these modes have some limitations,
such as functional differences among various
ultrasound systems and poor visualization in
some patients with obesity, who have a longer
distance between the skin and renal capsule.

In summary, this chapter has introduced con-
cepts related to protection from radiation expo-
sure and the use of ultrasound systems. Radiation
safety is becoming a more important concern in
the endourological field. Low-dose, long-term
radiation exposure during procedures seems to be
harmful to humans’ long-term health, especially
that of medical staff members, operators, and
patients. Therefore, occupational radiological
staff members should not neglect the ALARA
principle. Further, current ultrasound machines
are progressing in clinical usefulness and have
many utilities. We should learn about the advan-
tages of these ultrasound systems and become
accustomed to them before applying them in
clinical practice.
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Fig. 8.5 Image picture of various modes in ultrasound sonography. (a) B-mode. (b) Power Doppler mode. (¢) Color
Doppler mode. (d) Wideband Doppler mode

S

Fig. 8.6 Image view of wideband Doppler mode during renal puncture. (a) Appearance of clear running vessels in
renal parenchyma. (b) Twin view image of synchronized B-mode and wideband Doppler image
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Abstract

Semi-rigid ureteroscopy is a fundamental pro-
cedure with high success rate that all urolo-
gists should be familiar with. Even if the
ureteroscopy is commonly performed, there
are many details between each step. We sum-
marized the tips and tricks for both diagnostic
and therapeutic uses. Follow these surgical
steps to help surgeons avoid unwanted
complications.
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9.1 Introduction

Semi-rigid ureteroscopy (URS) was firstly intro-
duced in 1989 and had become a standard treat-
ment for ureteral stones, urothelial carcinoma, and
ureteral strictures [1]. This chapter aims to intro-
duce the basic techniques of semi-rigid URS as
well as some tips and tricks of overcoming some
challenging conditions during the procedure.

9.2  Preoperative Preparations

Before operation, it is imperative to evaluate
patients individually. Personal medical history
should include prior ureteral calculus history,
cancer history (lymphoma, colon cancer, cervical
cancer, transitional cell carcinoma, etc.), autoim-
mune disease (IgG4 disease), infectious disease
(tuberculosis), endometriosis, or abdominal aor-
tic aneurysm. Radiation or surgery to the pelvic
region should also be taken into consideration in
order to judge the risk of associated ureteral stric-
ture [2]. Laboratory investigation includes renal
function and coagulation assays. Renal ultra-
sound or kidney, ureter, and bladder X-ray study
(KUB) arranged in the morning of surgery ensur-
ing the persistence of opaque stone can be useful,
especially for the ureterovesical junction (UVJ)
stone. Intravenous pyelography or computed
tomography scan helps delineate the anatomy of
collecting system. Reviewing the radiographic
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studies preoperatively is mandatory to plan the
procedure in detail, including the size, location,
and density of the stones. Preoperative ureteric
stenting is not always necessary, while it has
more pronounced benefit in treating renal stones
than the ureteral stones on the stone-free rate and
complications [3, 4].

While there were no strong evidences to sup-
port the benefit of antibiotic prophylaxis in reduc-
ing clinical urinary tract infection (UTI), the
incidence of pyuria and bacteriuria after URS can
still be reduced [5]. Peri-operative antibiotic pro-
phylaxis to all the endourological treatment is
now recommended by the American Urological
Association (AUA) and European Association of
Urology (EAU) guideline to prevent sepsis or
kidney infection [6]. Single dose is sufficient for
preoperative administration [7]. Prophylactic
fluoroquinolone is supported by Knopf et al. to
reduce post-procedure UTI [8]. The increased
risk of infections can be caused by trauma to the
mucosa, prolonged surgical duration, elevated
intra-renal pressure due to irrigation, or infected
stones. For patients with suspected infection or
high-risk of infection, it is recommended to
check urine culture and complete antimicrobial
treatment course preoperatively. Risks of instru-
mentation should always be mentioned with
informed consent, for example, failed access to
the ureter, ureteral trauma, postoperative infec-
tion, and ureteral stricture.

The patient is placed in lithotomy position.
General anesthesia is more recommended for pro-
longed procedure than the spinal anesthesia, since
its breathing movement is lesser disruptive and
can be stopped temporarily if needed during the
procedure. In selected patients, intravenous seda-
tion or local anesthesia is also suitable with high
satisfaction and short postoperative recovery time
[9]. Unwanted patient movement throughout the
procedure can result in ureteral trauma.

9.3  Ureteral Orifice Cannulation

At the beginning of the procedure, focusing the
scope and white balance is essential. Bladder is
thoroughly inspected by cystoscopy to confirm no
bladder stone or tumor has been missed.

Unnecessary trauma to the bladder neck should be
avoided. Bleeding site should be well cauterized
to keep better visual field during the operation,
especially patients with enlarged and vascular
prostate. Bilateral ureteral orifices (UO) could be
identified symmetrically 1-2 cm from the midline
along the inter-ureteric ridge. Difficulties could
be met in patients with protruding prostate median
lobe, severe bladder trabeculation, re-implanted
ureter, duplicated urinary system, ureterocele,
diverticulum, or the presence of UVJ tumor. Once
the UO is hardly to be identified, release the dis-
tended bladder to avoid bilateral UO being com-
pressed by bladder pressure on the intramural
ureter. Then, withdraw the cystoscopy back to the
bladder neck to better localize the inter-ureteric
ridge. Urine jet from UO and periodical peristal-
sis of the ureter can help in exploring the entrance
of UO. Otherwise, trace along the intra-ureteric
ridge slowly by protruding the guidewire tip from
the cystoscopy. Intravenous indigo carmine or
methylene blue injection from the nephrostomy
tube if the tube has already been placed can also
be attempted. Obliteration of the UO by tumors
may require transurethral tumor resection over the
orifice by bipolar loop to lessen over-cauterization
of the orifice.

After the position of UO being noted, keep
the beak close to the UO, and turn it parallel to
the orifice, aiding safety guidewire insertion
(Fig. 9.1a). Estimate the distance of wire being
inserted and no more insertion when the resis-
tance is sensed. Additional force may cause
unnecessary push-back of the stone or trauma
to the urothelium. Occasionally, the guidewire
can be blocked at the segment of UVIJ. A hydro-
philic tip wire with the assistance of an open-
ended 5 Fr ureteral catheter can help the wire
pass through the tortuous curve (Fig. 9.2a). The
hydrophilic wire tends to find its way with
lower risk of false lumen, and the ureteral cath-
eter can be advanced over the wire for addi-
tional guidance. If the difficulty still persists,
fluoroscopy can be used to define the anatomy
of the lower ureter. For instance, fishhook ure-
ter may appear in patients with prostate enlarge-
ment (Fig. 9.2b) [1]. Try to avoid poking the
UO repeatedly, which will cause further ure-
teral edema and bleeding. Place the guidewire
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Fig.9.1 Insert the guidewire into the ureter by approach-
ing cystoscopic beak to the ureteral orifice along the axis
of intramural ureter (a). Advance the URS by “riding
above” or “creeping forward” along the guidewire (b).
Make the left hand as a pivot to assist the stability of URS
during scope insertion. Maintain Nelaton tube with con-

stant drainage when entering the ureter to keep low intra-
renal pelvic pressure (c). Rotating clockwise may help the
URS pass through the intramural part of the right ureter
(d). Mucosa fold during peristaltic movements can some-
times stop the URS from going forward. Stop and wait the
peristalsis was over (e)

Fig.9.2 Nitinol core hydrophilic guidewire: BiWire® by
Cook Company is designed to provide two options for
ureteral access, having the value of being straight at one
end and angled at the other. Permission for use granted by

Cook Medical, Bloomington, Indiana (a), Fishhook ure-
ters, also called “J-shaped ureters,” indicate the configura-
tion of distal ureter in patients associated with prostate
enlargement (b)
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into the rigid URS in advance, and then insert
the tip of the wire to the UO under direct vision
by the URS [10].

9.4  Enter the Ureter with URS

Before entrance of the URS into the urethra, fully
lubrication of the shaft is necessary to lessen the
resistance. Although the necessity of safety
guidewire is controversial, EAU guidelines rec-
ommend its use to allow repeated access to the
ureter [6]. URS carried out by the dominant hand
approaches the UO and then moves forward by
riding onto the guidewire or creeping below the
guidewire (Fig. 9.1b). Stability can be maintained
with the left-hand support as a pivot at the ante-
rior part of the URS (Fig. 9.1c). Slight rotating
the URS clockwise for the right ureter and
counter-clockwise for the left ureter to aid its
passage through the horizontal segment of the
UVIJ (Fig. 9.1d). Alternatively, a second guide-
wire passed through the URS will be needed to
open up the ureter, enabling URS to pass between
the two guidewires, also called ‘“railroading”
(Fig. 9.3b). If it is still difficult to pass the intra-
mural ureter, consider pulsed irrigation via a
20-ml syringe simultaneously or dilation with

serial dilators/a balloon catheter to expand the
ureter (Fig. 9.4a). In some cases, UVJ stone could
block the negotiation of the orifice. Picking the
protruding stone out with graspers or stone frag-
mentation by laser could be considered. In addi-
tion, incision of the stenotic ureteral orifice or
flicking the stone out with a Collins loop can also
be used. Once the URS is placed into the ureter
smoothly, Nelaton catheter provides urine flow
during the procedure, in order to keep the bladder
being emptied without compressing the
intramural part of the ureter and lower intra-
ureteral pressure.

Occasionally, failure of ureteral access due to
ureteral stricture could be encountered during the
procedure for 8-10% [11]. Smaller-diameter
URS can be attempted first. Care should be taken
that in those with ureteral stricture, stricture site
will severely encase the URS or the guidewire.
PTFE coating guidewire fragmentation could
happen if inappropriate pulling force is given to
the guidewire. If sudden loss of tension was
sensed during the procedure, apply stable pulling
force gently to the guidewire. Then, check the
integrity of the guidewire tip after fully with-
drawn. Hydrophilic guidewire is usually made of
Nitinol, being more flexible and resistant to kink-
ing. With either straight tip or angled tip, the

Fig.9.3 Ureteral kink with mucosal fold at UPJ obstruct-
ing the outlet below the ureteral stone. (a) Double-
guidewire technique with both safety guidewire and

working guidewire was used to expand and then straighten
the ureter. Then, URS crawls forward between the guide-
wires (b)
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Fig. 9.4 Hand pump with a 20-ml/50-ml syringe by an
assistant. (a) Uro-Pump by Richard Wolf Company
achieves pressure-controlled fluid irrigation, allowing an

Nitinol core wire allows the physician to navigate
difficult anatomy. Thus, it usually acts as a savior
when being blocked by the ureteral stricture or
tortuous ureter. The hydrophilic coatings made
these wires particularly slippery and easy to slide
out of the patient. Whenever the initial access is
established by the hydrophilic wire, exchange to
the standard guidewire is a safer way to maintain
the access. Some wires can adjust the length of
the flexible tip by withdrawing the movable core.
It is important for the surgeon to be familiar with
the advantages and disadvantages between varied
wire designs, which may help in overcoming dif-
ficult circumstances.

When needed, some physicians would decide
to perform passive ureteric dilatation by ureteral
stent and reschedule the operation 7-14 days
later, which take more procedures and time for
definitive surgery [1, 12]. Others would like to
perform dilation actively by dilating catheters or
balloon dilators. Compared to coaxial dilators,
the balloon dilators appear to be safer and have
fewer perforations [13, 14]. These dilators are
placed through a wire under the cystoscopy.
Image guidance is important to assure that the
stenotic segment is being covered by the radi-
opaque markers of the balloon (Fig. 9.5). Thus,
contrast medium is used to inflate the balloon.
Confirm the balloon being fully dilated without
waist to achieve adequate dilation. The maxi-
mum inflation pressure could be tolerated up to

excellent view by selectable continuous pressure and flow.
Pressure measurement optimizes the pressure control
intra-operatively (b)

20 atmospheres depending on the balloon
designs.

Moving URS forward with a constant and
gentle force is suggested. During the advance of
the URS, keep the lumen in the central part of the
view with little protrusion of the guidewire to
straighten the ureter. Pause for a moment during
the ureteral peristalsis (Fig. 9.1e). It is important
not to push hard when resistance is met or add
unnecessary force to bend the shaft. Any mucosa
tear or perforation will cause possible traumatic
ureteral stricture. Appropriate irrigation by hand
pump or machine pump helps dilate the ureter
properly and maintain clear visual field (Fig. 9.4).

9.5 Bypass the Obstruction

with Guidewire and URS

Safety guidewire is usually suggested during
URS for immediate stent insertion in case any
trouble is met. Either standard PTFE wire or
hydrophilic tip wire is accepted and passed
beyond an impacted stone. The safety guidewire
should be secured as close to the urethral meatus
to avoid accidental displacement. Once the
obstruction with impacted stone is impassable by
the guidewire, “Billiard Cue” technique can be
applied to dislodge the stone proximally to a
wider space, especially for UV]J stones (Fig. 9.6).
If such maneuver failed, careful fragmentation of
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Fig. 9.5 Primary access up to the ureter is failed due to
ureteral stricture. (a) The segment of ureteral stricture is
marked by a tape and dilated by a balloon dilator under

the stone can be considered in experienced hands.
After that, insert the guidewire as soon as possi-
ble when the channel is unplugged. Any suspi-
cious infection with cloudy pus noticed above the
stone decompresses the hydronephrosis immedi-
ately and is sent for urine culture (Fig. 9.7). A
stent needs to be placed as soon as possible, and
the procedure should be postponed until the
infection is well-treated. Monitor vital signs
closely in the recovery room to detect early signs
of sepsis.

Obstructed ureter can result in “Z-shape”
proximal ureteric dilation and kidney enlarge-
ment, which increase the difficulties in the

the guidance of fluoroscopy. (b) Severely dilated renal
pelvis with tortuous upper ureter. (¢) Confirm the stricture
length being well covered by the balloon dilator (d)

advancement of the URS (Fig. 9.8a). When the
tortuous ureter is encountered, firstly, insert the
guidewire to identify the correct direction. Then,
keep the URS to the side of the ureter at the cor-
ner, followed by horizontal movement to
straighten the ureter (Fig. 9.8b). Aspirating the
urine with syringe may sometimes help release
the hydroureter. Otherwise, shifting the patient
to Trendelenburg position may straighten the
ureter with gravity to the enlarged kidney. Mertz
maneuver by pushing the kidney upward and
medially with a fist on the flank below the costal
margin is also a useful technique to straighten
the ureter.
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Fig. 9.6 Enlarged intramural ureter because of the
impacted UV]J stone. Stenotic ureteral orifice was noted
due to suspected secondary inflammatory response. (a)
Stenotic orifice was dilated subsequently after URS pas-

9.6 Stone Fragmentation

and Extraction

Before the operation, fragmentation and extrac-
tion devices should be ensured according to the
stone size and its position to lessen the retropulsed
fragments. Holmium YAG laser is the most com-
monly used and effective technique (Fig. 9.9).
Appropriate laser fiber size should be chosen if
flexible URS or basket is planned to be used.
Based on different circumstances, laser settings,

sage. (b) Attempt to insert the guidewire beyond the
impacted stone as a safety guidewire. (c) Lithotripsy by
laser fiber (d)

such as fragmentation, popcorn, or dusting mode,
can be adjusted according to different pulse dura-
tion, energy, and frequency [15]. As the energy
rises, thermal injury might happen with different
irrigation rates. Thus, keep the laser power as low
as possible in efficient range with continuous irri-
gation flow [16]. Pneumatic/ballistic and ultra-
sound devices, on the other side, have a greater
risk of retropulsion up to 5-40% [17].

For a good visibility, it is essential to keep
adequate irrigation flow by opening up and turn-
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Fig.9.7 Pus appeared as the URS went across the obstruction site. Immediate aspiration of the pus from the ureter was

done and sent for urine culture

Fig. 9.8 Tortuous upper ureter with Z loop because of
elongated hydroureter. (a) Stay steady at the corner since
breathing usually causes strong heave to the ureter. Move

ing off the flow control stopcock skillfully
(Fig. 9.10). Most of the time, saline irrigation
with gravity is adequate for simple procedure
under a pressure less than 40 cm water (30 mmHg)
[15]. Increase the irrigation pressure to improve
the views in situations such as stones with dusts,
ureteral polyps or any bleeding affecting the

horizontally toward the direction of the guidewire, and
then advance forward when the route to proximal ureter is
seen (b)

visual field. Such maneuver, however, will
increase intra-ureteral and intra-renal pressure,
causing calculus being pushed-back to the renal
pelvis. Further acute pressure related renal dam-
age or complications have also been observed in
the previous studies. Therefore, maintaining low
pressure in the renal system during the procedure
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Fig. 9.9 Holmium YAG laser by Richard Wolf Company by Boston Scientific Company is suited for stone proce-
has outstanding benefits in stone lithotripsy, elimination — dures and ablation with powerful energy and three pulse
of strictures, and vaporization of tumors with 230 V, width modes for different indications (b)

50/60 Hz energy settings. (a) Auriga™ 30 Holmium laser

Fig.9.10 Keep adequate irrigation flow by controlling the flow control stopcock



98

Y.-T. Cheng and C.-H. Ho

is important to prevent postoperative pain, pyelo-
venous backflow, and fornix rupture [18].

Stones need to be fragmented as small as the
diameter size of laser fiber below 5 mm. For
those stones with larger size or higher risk of ret-
rograde propulsion, basket extraction can be
attempted if no ureteric stricture appears at the
distal part of the obstruction site. To prevent
migration of the stones into the renal calyx, the
patient can be shifted to Trendelenburg position
with the effected side rotating upward. Graspers
are considered the safest products for stone
retrieval. Diversified shapes are seen in the stone
baskets. Helical baskets can be made of double-,
three-, four-, or five-wire designs, making it
much easier to rotate and then capture the stone
fragments. Recent innovation in tipless baskets
not only aids calyceal stone capture without the
interference from the tip but also reduces further
mucosa trauma.

During stone extraction, keep the basket tip
closed beyond the stone, then open the basket in
the upper ureter and then drag back slowly to
allow the stone being captured and repositioned
(Fig. 9.11). The basket and stone should be
clearly seen close to the URS tip when withdraw-
ing, which allows the ureteral mucosa to be
observed at all times. “Blind basketing” should
be avoided. Keeping the stone in a favorable

Fig. 9.11 Extract the stone by basket in proper orienta-
tion. Keep the basket under vision directly to avoid muco-
sal avulsion along the ureter

orientation or small enough to be removed will
facilitate removal. Fragment the stones simulta-
neously with laser if they are still too large to
pass through the lumen. But make sure that the
basket remains intact without being damaged by
the laser [8]. If the basket is stuck and unable to
dislodge after stone fragmentation, cut the basket
wire by laser to free it [1].

9.7 Intra-operative Image
Fluoroscopy is best used when being uncertain to
the orientation, encountering potential ureteric
injury, ureteral stricture, or the blind-end ureter.
Diluted contrast medium can be injected from
retrograde URS or antegrade nephrostomy tube
to be used as a road map to depict the anatomy
and stone position (Fig. 9.12) [10]. If any extrav-
asation of the contrast is noticed, it is best not to
proceed any further and terminate the procedure
with immediate stent placement. Otherwise, a
smaller URS can be introduced further by using
the irrigation pressure to cannulate the false
lumen with safety guidewire in the channel.

The length of stricture can be measured under
fluoroscopy to decide further treatment plan
(Fig. 9.12a). For those with short segment of
stricture, balloon dilators can be attempted to
enable URS advancement. Meanwhile, guidewire
can be inserted under the guidance of fluoroscopy
to ensure its position to the renal pelvis, instead
of the extraureter space. If the URS is still being
unable to advance, place a ureteric stent and
delay the intervention [1].

9.8 Management of the Ureteral

Strictures

As the progress of URS techniques, endourologic
therapy acts as an option for treating ureteric
strictures, including retrograde balloon dilation
and endoureterotomy. Basically, short stricture
segment less than 2 cm and ipsilateral renal moi-
ety accounted for more than 25% of the renal
function are more suitable for such techniques.
Balloon dilation demonstrated good outcomes
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Fig. 9.12 Retrograde fluoroscopy depicted the stricture
segment of the left ureter just below the sacroiliac joint.
The length of the stricture segment and the distance to
ureteral orifice could be measured. Take these parameters

with success rate up to 48—-82% [19]. Laser endo-
ureterotomy is mostly performed by Holmium
YAG laser with low morbidities and short recov-
ery time [20]. Incision is made anteriorly at the
distal to middle ureter and laterally at the proxi-
mal ureter under direct vision. Adequate depth is
required until the extraureteric fat is seen.
Postoperative ureteral stenting is recommended
to promote ureteral healing and reduce recurrent
stricture. Patients with active infection, longer
stricture segment more than 2 cm, or poor renal
function are contraindicated for ureteroscopic
treatment [19].

9.9 Diagnostic and Therapeutic

URS for Urothelial Pathology

URS allows complete visualization of the ureter,
renal pelvis, and collecting system. Minimize
scope and guidewire-related trauma during the
process that could be mistaken as a pathological
finding. Urine cytology can be collected selec-
tively with high sensitivity in high-grade tumors
and carcinoma in situ. Tumors in collecting sys-
tem can be biopsied by using a stone basket or

into consideration for the treatment plan in the future. (a)
URS combined antegrade fluoroscopy showed complete
left ureteropelvic junction obstruction. Guidewire punc-
tured to the false way was noticed (b)

biopsy forceps [1]. Cancer staging based on ure-
teroscopic biopsies is usually inaccurate.
Endoscopic ablation with Holmium YAG laser
can be considered in patients with low-risk can-
cer. A ureteral catheter can be placed for postsur-
gical intrapelvic chemotherapy or Bacillus
Calmette-Guerin (BCG). Vigilant endoscopic
surveillance program should be informed for the
risk of recurrences [21].

9.10 Withdraw the URS

Once the procedure is completed, withdraw the
URS gently and slowly especially if the tight
lower ureter has been passed over previously.
Since the stricture site can encase the shaft of the
URS, rotate the URS back and forth when draw-
ing backward to avoid ureteric avulsion or injury
(Fig. 9.13). Inspect possible mucosa injury or
intramural stones carefully that might have been
missed during the way upward. Also, immobile
visual field along the way down may highly sug-
gest the risk of ureteric trauma. Safety guidewire
should be in position immediately to confirm
stent insertion in safe.
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Fig.9.13 Ureteral
avulsion may occur
during scope
withdrawal, mostly
along with the stone
basket or lower ureteral
stricture

9.11 Ureteric Stent Placement
Ureteric stent is not necessary after uncompli-
cated URS as no difference has been seen in
stone-free rate and stricture formation. On the
contrary, more stent-related urinary symptoms,
postoperative pain, infection, and higher costs
were detected in stented patients [22, 23].
Alternatively, ureteral catheter for shorter
indwelling time or tethered stent can be consid-
ered that are more easily to be removed postop-
eratively to reduce stent-related morbidities
[24]. For those who are at increased risk of com-
plications, such as ureteral trauma, bleeding,
residual fragments, UTIs, possible secondary
URS, renal functional impairment, or preg-
nancy, stents should be inserted to avoid poten-
tial emergencies.

Choosing a correct stent should consider many
aspects, including its length, size, material, esti-
mated indwelling time, type of procedures, and
physician preferences. Patients may suffer from
postoperative lower urinary tract symptoms due
to redundant stent coil or migration risk because
of short stent. Patient’s height and CT measure-
ments of the ureteral length are reliable methods
to predict the best stent length [25, 26]. Special
stent length needs to be considered in children or
transplanted kidney. Patient’s age in years +10
has been reported as a formula in children [27]. 6
French is the standard size for ureteral stents.
Larger diameter stents are usually recommended
for infection or severe stricture. Whether differ-
ent sizes associate with urinary symptoms and
pain is controversial. Several studies demon-
strated that SFr stents may cause fewer symptoms
but tend to dislodge more often [28].

Different materials, coatings, and designs can
affect the ease of placement, patient’s comfort,

and variable levels of encrustation. With hydro-
philic coatings designed in most ureteric stents, it
is suggested to soak the stents with saline to
lessen the resistance during placement. Adequate
tension should be applied to the guidewire by
assistant and fixed on a table to make the axis as
straight as possible. Once the stent failed to slide
over the guidewire, make sure that the guidewire
is right on the axis of the working channel. Then,
try to keep the beak of the cystoscopy close to the
UO to avoid stent looping in the bladder
(Fig. 9.14). If such maneuver still failed, examine
the ureter again to affirm no residual stones stop
the stent from inserting. A smaller caliber stent
can be attempted in ureteral stricture.

The ideal duration of stenting is not known
and often decided by the urologists according to
the findings during URS. One to two weeks is
mostly favored. The position of the stent should
be checked by KUB to ensure that a good curl is
obtained in the kidney and bladder. If the patient
had a nephrostomy tube previously, it is also pru-
dent to check the presence of entwinement
between the nephrostomy tube and ureteric stent.
Subsequent nephrostomy removal needs to be
performed by a guidewire to straighten the curl
tip of nephrostomy tube under the fluoroscopy.
Alpha-blockers and anti-muscarinic therapy can
help in reducing the stent discomfort and mor-
bidities [29].

9.12 Conclusions

URS has become a standard diagnostic and thera-
peutic intervention for the ureter with high suc-
cess rates. Endourologists should be familiar
with its equipment and technical skills. Adherence
to the basic principles of endourology with cau-
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Fig.9.14 Far distance from the UO or inadequate tension to the guidewire makes the stent insertion distract from the
axis with stent loop in the bladder. (a) Keep the scope close to the UO to better applicate the force to the stent (b)

tion and patience can prevent potential complica-
tions. Meanwhile, innovations in adjunct devices
allow surgeons to expand the indications of URS
and overcome challenging cases.
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Abstract

In recent decades, flexible ureteroscopy (fURS)
has become a standard and popular surgical
treatment for kidney and ureteral stones. As
novel surgical devices have been developed,
including flexible endoscopes, laser devices
and fibers, stone baskets, and access sheathes,
surgical techniques of fURS have also evolved
and improved. Meanwhile, manipulation of
these scopes and devices can be difficult for
trainees. To master the fURS procedure, it is
necessary to acquire a broad base of knowledge
and skill. Simulation-based training is also use-
ful for trainees to improve their surgical skills.
In this section, we describe the current standard
surgical fURS techniques.
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Abbreviations

fURS Flexible ureteroscopy

Ho:YAG Holmium:yttrium-aluminum-garnet
IPA Infundibular pelvic angle

QOL Quality of life

UAS Ureteral access sheath

10.1 Introduction

Surgical management of kidney or ureteral stones
has benefited from many technological advances
in recent decades, a prime example being the
development of flexible ureteroscopy (fURS) and
holmium:yttrium-aluminum-garnet  (Ho:YAG)
laser. This facilitates access to the upper urinary
tract including renal pelvis and calyces, resulting
in a widening of its indication for surgical man-
agement of urolithiasis. Currently, fURS is a
popular standard treatment option for kidney or
proximal ureteral stones, but to safely and effi-
ciently perform it, extensive knowledge and a
high level of skills are required. The steps of
fURS procedure are shown in Fig. 10.1. This sec-
tion describes surgical techniques using fURS,
with tips and tricks.
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Preparation

-patient positioning
-anesthesia
-operating room setting

|: First-look semirigid ureteroscopy :|

'

Ureteral access sheath placement

'

Lithotripsy

'

Fragment extraction

'

Exit
-renal and ureteral exploration
-postoperative stenting

Fig. 10.1 Flowchart of fURS procedure

10.2 Patient Positioning,
Anesthesia, and Operating

Room Settings

The patient is placed in lithotomy position, so to
prevent postoperative complications linked to
this position, such as deep vein thrombosis, neu-
ral damage, and compartment syndrome, it is
important to hold the patient’s posture
appropriately.

Spinal anesthesia is a feasible option [1], but
general anesthesia is recommended for fURS for
several reasons. Renal movement caused by res-
piration can affect navigation and lithotripsy.
Under general anesthesia using apnea, these
issues can be temporarily avoided. Moreover, in
patients with large stones, the time frame for spi-
nal anesthesia can be exceeded, requiring addition
of general anesthesia to complete the procedure.

Surgeons should plan the operating room set-
ting to comfortably perform each task. We usu-
ally set the endoscopic tower on the right side of
the patient and C-arm fluoroscopy on the left

side. A long table should be present close to the
surgeons so they can easily pick up scopes and
disposable equipment. Irrigation system and
laser-generating device are also prepared to facil-
itate the procedures. These operating room set-
tings need to be arranged according to the
facilities in each institution.

As the position of surgeons, both standing
position and sitting position during fURS are
acceptable depending on the surgeon’s prefer-
ence. Although standing position is a common
use in fURS, prolonged standing, over 2 h, would
be tiring for surgeon. On the other hand, sitting
position is more comfortable for surgeon ergo-
nomics. However, surgeon’s manipulation during
procedure might be limited.

10.3 Access to the Upper Urinary
Tract (Including Ureteral
Access Sheath Placement)

We recommend an initial examination of the ure-
ter by semirigid ureteroscopy before placement
of ureteral access sheath (UAS). Surgeons need
to advance endoscope until checking the whole
upper ureter. This step enables us to check the
diameter, the compliance, the relax of ureters, the
patient’s genitourinary anatomy, and the pres-
ence of migrated stones and to assess the appro-
priate UAS size for the patient. Moreover, by the
insertion of semirigid ureteroscope, the whole
ureter can be passively dilated under direct
vision. In our experience, although the global
standard size in UAS is 12—-14Fr, the Asian stan-
dard size may be less than 11-13Fr because of
influence of body size between Caucasian and
non-Caucasian.

The procedure therefore usually starts with
semirigid ureteroscopy to place a guidewire into
the kidney. In cases with ureteral stent placement,
a guidewire is placed after the stent removal, and
semirigid ureteroscopy is performed. If there is
difficulty to advance the semirigid ureteroscope
further because of ureteral stricture or ureteric
tightness, it is safer to place a ureteral stent for pas-
sive ureteral dilation and plan for a second proce-
dure session at later date (at least 7—14 days later).
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Next, UAS is placed under fluoroscopic con-
trol. This step is delicate because careless inser-
tion of UAS could lead to ureteral injury. Ureteral
wall injury caused by UAS was reported to be
found in 46.5% of cases of retrograde intrarenal
surgery [2]. It is important not to apply excessive
force, although there is a proper feeling of resis-
tance during UAS placement. The choice of
UAS, its size, and diameter depend on the result
of the initial semirigid ureteroscopy, the type of
endoscope used, and the surgeon’s preferences.
In previous study, 12/14 Fr UAS was considered
to be a universal UAS that fits all currently avail-
able flexible ureteroscopes in the endourology
field [3]. Smaller-diameter endoscopes have been
developed; however, we expect UAS with smaller
diameters will become the new standard. To
avoid ureteral damage, if flexible ureteroscopy
with small diameter is available, the 10/12 Fr
UAS is suggested as the new first-line choice [4].
The best position of UAS depends on the location
of stones. In ureteral stone cases, the position of
UAS needs to be adjusted to facilitate access to
the stones. In renal stone cases, the tip of UAS
should be placed in the proximal ureter or just
below the ureteropelvic junction. To judge
whether the position of UAS is appropriate or
not, it is also important to confirm the flow-out of
urine or irrigation fluid from the sheath. After
placement of UAS, flexible ureteroscope can be
navigated to the upper urinary tract.

10.4 Irrigation

The fURS is usually performed with continuous
saline irrigation through the working channel.
Irrigation is very important to maintain endo-
scopic visibility. In addition to gravity irriga-
tion, additional devices including syringes and
manual pressure pumps are useful to improve
the visibility, especially when stone dust dis-
turbs the endoscopic view or if venous bleeding
occurs. Moreover, these devices can be helpful
to flush and move stone fragments to facilitate
lithotripsy or basketing. Attention must be paid,
however, to the rise of intrarenal pressure gener-
ated by these devices. The rise of intrarenal

pressure could lead to urosepsis due to the back-
flow of irrigation saline into blood vessels and
lymph vessels. This backflow is considered to
be caused by the rise of intrarenal pressure to
30-40 cmH,O [5]. Therefore, to prevent urosep-
sis, it is necessary to maintain low intrarenal
pressure. The level of intrarenal pressure differs
depending on the irrigation system used, the
application of power by operators or assistants,
the diameter of UAS, the type of ureteroscope,
and the instruments inserted into the working
channel [6]. Automated irrigation systems for
urological endoscopic procedures have also
recently become available. These systems may
be useful to maintain irrigation pressure within
a safe range and to provide clear visualization
during surgery [7]. In addition, for prevention of
urosepsis, it is also a good clinical practice to
decompress the upper urinary tract regularly, as
well as limited the operation time [8].

10.5 Lithotripsy

Laser lithotripsy by using Ho:YAG laser has
become the gold standard method for stone litho-
tripsy during fURS procedure [9].

To prevent any eye damage caused by lasers,
proper eye protection should be considered.
Ho:YAG laser could cause damage to the cornea
when set to high energy from close distance in
the absence of eye protection, although eye-
glasses have been shown to be as effective as
laser safety glasses in preventing eye damage
caused by lasers [10]. Eye lenses are highly
radiosensitive, and prolonged radiation exposure
may lead to the development of cataracts, so
wearing lead-lined glasses is recommended to
avoid any eye damage during lithotripsy
procedure.

Regarding laser fiber used in fURS proce-
dures, we recommend small-diameter fibers
(200-275 pm) for several reasons; they provide
better irrigation, better scope deflection, and less
retropulsion than large-diameter fibers. It has
been shown that fiber diameter does not affect
fragmentation efficiency. On the other hand,
small-diameter fibers are more fragile and prone
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to fiber-tip degradation because of the burn-back
effect. During laser fragmentation, a regular laser
stripping and cleaving should therefore be
considered.

When laser fiber is inserted into the working
channel, the scope should be straightened to pre-
vent scope damage caused by the fiber. After the
insertion of laser fiber, to avoid laser damage, it is
recommended to keep the laser fiber tip at one-
quarter of the endoscopic screen, which is named
by “safety distance” [11]. When laser firing,
operators should avoid mucosal damage due to
laser shots, and extra care is necessary for ure-
teral stone cases because of limited space in the
ureter. In ureteral stone cases, pushing up stones
may be pushed into a wide space, the renal pel-
vis, or renal calyces. Also, in impacted ureteral
stone, the stone should be peeled away to the
upper ureter of the renal pelvis. In kidney stone
cases, if access to the stones is difficult, reposi-
tioning of stones by using stone baskets can also
be useful.

When using the majority of laser lithotripters,
operators need to set two laser parameters, the
pulse energy and pulse frequency. The total
power output (W) is calculated as pulse energy
(J) x pulse frequency (Hz). These laser settings
depend on lithotripsy strategies. The conven-
tional lithotripsy strategy is stone fragmenting;
stones are fragmented to a suitable size, and the
stone fragments are then extracted using stone
baskets. In recent years, a new strategy, stone
dusting, has been advocated and has become
popular, especially in Europe and the United
States [12]. The stones are reduced to a dust-like
state, which are intended to be passed spontane-
ously. To properly use these different lithotripsy
strategies, it is necessary to understand the char-
acteristics of laser setting and laser-generating
devices. For stone fragmenting, the laser output
is usually set to high energy (0.5-1.0 J) and low
frequency (5-15 Hz) and is then gradually
adjusted during surgery. The stones need to be
reduced to small fragments, which can be
extracted using UAS. For stone dusting, mean-
while, the laser output is set to low energy (0.2—
0.51J) and high frequency (30-50 Hz) and requires
arrangement according to the stone hardness. The

stones should be reduced to fine dust which is
intended to be passed spontaneously without the
need for stone baskets. The laser tip should be
moved along the stone surface avoiding pro-
longed contact at the same place [13]. It is impor-
tant to note that some low-power laser devices do
not offer high-frequency settings. In addition to
these two laser lithotripsy options, a unique litho-
tripsy technique called “popcorn technique” is
also useful for reducing stone burden. Using this
technique, the laser tip does not directly contact
the stones and is instead positioned near a collec-
tion of stones in a dependent calyx. Firing the
laser at relatively high frequency induces a
whirlpool-like phenomenon, which displaces
stone fragments within the calyx [13]. For pop-
corn technique, the laser output is set to high
energy (0.5-1.0 J) and relatively high frequency
(10-20 Hz). Moreover, some lithotripsy tech-
niques have been introduced in the previous arti-
cle [13]. Dancing technique is best applied to soft
stones. In this technique, the tip of laser fiber is
brushed back and forth across the stone surface,
ablating it layer by layer. The laser output is set to
0.8-1.0 J and 8-10 Hz. Chipping technique is the
most commonly used. The laser is aimed at the
stone periphery and fired continuously until a
small fragment chipped off. This technique is
until the stone is whittled down to a small core
fragment. For this technique, the laser output is
also set to 0.8—10 J and 8-10 Hz. A recent pro-
spective study compared stone fragmenting and
stone dusting and reported that the stone-free rate
in fragmenting plus active basketing group was
higher than that in the dusting group on univari-
ate analysis, but not on multivariate analysis [14].
There was no difference between the two groups
in postoperative complication rates. The method
of lithotripsy should be determined depending on
stone size, stone location, stone hardness, patient
anatomy, the laser lithotripter used, and the oper-
ator’s skill. If possible, the operators should
dynamically use these different techniques dur-
ing surgery according to the situation without
favoring a particular technique.

A new generation of laser lithotripters pro-
vides a third parameter following pulse energy,
pulse frequency, and pulse duration. Operators
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can choose between short-pulse and long-pulse
modes. The difference in these two modes is the
period of time of one laser shot; and the period is
180-330 ps in short-pulse mode and 650-1215 ps
in long-pulse mode [15]. While the fragmenta-
tion rates for long- and short-pulse durations are
at a comparable level, it has been reported that
long-pulse duration reduces stone retropulsion,
which is one of the factors that affects lithotripsy
efficiency [16]. If pulse duration can be selected,
long-pulse duration is therefore recommended in
most cases, while short-pulse duration might be
useful depending on stone hardness.

The technology associated with lithotripsy is
undergoing remarkable advances. For example,
high-power Ho: YAG laser (100-120 W) has been
available and becoming the standard device for
ureteroscopic lithotripsy. It enables dusting and
pop-dusting techniques using high-frequency
and long-pulse length laser setting. The first stage
starts with dusting using a low-pulse energy (0.2—
0.5 J), high frequency (40-50 Hz), and long-
pulse length in a contact mode. If the stone is
hard, the next stage allows pop-dusting using a
low energy (0.5-0.6 J), high frequency (20—
40 Hz), and long-pulse length in a non-contact
mode. Pietropaolo et al. reported that, in the
treatment of large stones (>15 mm) using high-
power laser machine (100 W), the initial and final
stone-free rates were 93% and 98%, respectively
[17]. In addition, a novel laser technology, Moses
technology, was recently developed, which
enables two-step firing of laser. The first shot
draws the stones nearby negative pressure, and
the second shot then breaks the stones. This tech-
nology was shown to result in more efficient laser
lithotripsy and smaller-stone retropulsion com-
pared with the conventional mode of lithotripsy.
Elhilali et al. reported a significant reduction in
retropulsion when using the Moses mode [18].
The stone movement was reduced by 50 times at
0.8 J and 10 Hz. The pronounced reduction in ret-
ropulsion in the Moses mode was clearly
observed also at dusting setting (0.5 J and 50 Hz).
In addition, stone fragmentation tests revealed
that the Moses modes resulted in a significantly
higher ablation volume compared with the regu-
lar mode (160% higher). Other novel laser tech-

nologies, such as vapor tunnel, virtual basketing,
and bubble blast technologies, have been also
recently developed. It has been already shown
that these technologies can lead to retropulsion
reduction, lithitripsy optimization, and theoreti-
cally a shorter stone ablation time [19]. Large-
scale clinical trials are needed to confirm their
efficacy and advantages. Moreover, next-
generation laser technology in the place of
Ho:YAG laser, thulium fiber laser, has recently
been explored. Traxer et al. have shown that this
innovative laser technology offers several advan-
tages: fourfold higher absorption coefficient in
water, smaller operating laser fibers (50—150 pm
core diameter), lower energy per pulse (as low as
0.025 J), higher maximal pulse repetition rate (up
to 2000 Hz), 1.5-4 times faster stone ablation,
and 2-4 times less stone retropulsion without
heat increase [20]. Therefore, this next-generation
laser is expected to become an important mile-
stone for urinary stone treatment. The introduc-
tion of these new technologies may greatly
influence future lithotripsy strategy.

10.6 Fragment Extraction

When stone fragmenting techniques are per-
formed, stone fragments need to be extracted,
mainly using stone baskets. Stone basketing
requires advanced skills, which is thought to be
one of the main reasons for dusting technique
preference. Regarding fragment extraction, the
following two points are important: identification
of the fragment size and choice of stone baskets.
The size of fragments can be estimated from the
comparison with the size of laser fiber or stone
baskets and by fluoroscopic images. When there
are many stone fragments, small fragments
should be extracted as priority. If the fragments
become stuck, without pulling them forcefully,
the surgeons should reposition them and add
additional lithotripsy. Tip-less nitinol baskets
have become the standard instruments, and mul-
tiple types are commercially available. The type
of baskets should be chosen according to the size
and location of fragments and the surgeon’s
preference.
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Fig. 10.2 One-person basketing technique using M-arm

In most institutions, stone retrieval with bas-
kets is performed by two people; the operator
manipulates the ureteroscopy, and the assistant
opens and closes stone baskets. This method
requires harmonious cooperation between two
people, however, and mainly depends on the
actions of stone baskets. In our experience,
retrieval of stone fragments by this two-person
method leads to the increase in the number of
basket opening/closing actions. In addition, the
stone basket usually is opened widely regardless
of fragment size, because it is difficult for the
assistant to open the stone basket to meet with
fragment size. In our clinical practice, we there-
fore usually perform stone retrieval by one-
person method; the operator performs both the
manipulation of ureteroscope and the opening/
closing operations of stone baskets. This method
requires an advanced ureteroscope handling tech-
nique, but stone fragments can be retrieved with
fewer basket operations. In Japan, M-arm (MC

medical, Tokyo, Japan), which can fix the stone
basket to flexible ureteroscope, is commercially
available and is very useful for one-person per-
formance of basketing technique (Fig. 10.2). The
worldwide distribution of this device is expected
to make one-person basketing techniques more
popular.

10.7 Exit Strategy Including
Postoperative Stenting

At the end of operation, careful renal and ureteral
exploration should be performed before the com-
plete retrieval of the scope and UAS. During the
UAS retrieval, the tip of the scope should be kept
a few centimeters out of UAS to detect remaining
fragments, ureteral stricture, and eventual ure-
teral lesions due to UAS placement. It is also
necessary to check for any damage to the ureteral
orifice. This procedure is important to determine
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whether or not to place the postoperative ureteral
stent and the duration of stenting. According to
the guidelines, routine postoperative stenting
after uncomplicated ureteroscopy is not neces-
sary [21]. Postoperative stenting rates actually
differ between countries (93% in the United
States, 70% in European countries) [22]. There is
no specific indication or criteria for stent omis-
sion after uncomplicated ureteroscopy, but the
use of UAS has been reported to be a risk factor
for emergency room visits [23]. Postoperative
stenting is therefore currently recommended
when a UAS has been used. If the procedure is
uneventful, the duration of stenting can be short.
In our opinion, because the UAS with small
diameter (10—12Fr or less) tends to be used, rou-
tine postoperative stenting may not be necessary,
even when UAS has been used. Future studies are
required to examine the necessity of postopera-
tive stenting after fURS with small-diameter
UAS.

10.8 Preoperative Ureteral
Stenting

Routine preoperative stenting before fURS is not
desired because of the deterioration in patient’s
quality of life (QOL) caused by stent-related
symptoms including bladder irritability, pain and
hematuria, and the extra costs.

Preoperative stenting may still be considered
for several purposes, however, such as treatment
for infected hydronephrosis, control for persis-
tent colic pain, treatment for renal insufficiency,
and passive dilation of the ureter. Notably, preop-
erative stenting facilitates the dilation of the ure-
ter, which is an advantage of performing
fURS. Preoperative stenting was shown in a pre-
vious study to improve stone-free rates and to
decrease intra-operative complications in patients
with renal stones receiving ureteroscopy [24]. In
addition, placement of a postoperative ureteral
stent after uncomplicated fURS with preopera-
tive stenting may not be necessary. The patient’s
preoperative QOL may deteriorate by preopera-
tive stent-related symptoms, but the improvement
of surgical outcomes and the avoidance of post-

operative stenting can result in improvement of
patient’s overall QOL. It should be noted, how-
ever, that there are several disadvantages of pre-
operative stenting in addition to the deterioration
of preoperative QOL and the extra costs. First,
there is a risk for placing the stent into submuco-
sal ureter. Second, long ureteral stent dwelling
time has been reported to be associated with
increasing rates of postoperative urosepsis
(>30 days vs <30 days) [25]. When there is a
period more than 30 days from stent placement to
surgery, ureteral stent replacement may be rec-
ommended before surgery.

10.9 Strategy for Complicated
Cases

(a) Lower-Pole Stones

The fURS procedure for lower-pole stone cases
is often difficult because of the patient’s pelvi-
calyceal anatomy. Infundibular pelvic angle
(IPA) was shown in previous studies to be the
most important predictor of treatment outcomes,
and treatment success rates in patients’ sweep
IPA are low (<30°) because the approach to infe-
rior calyces is difficult in such cases [26, 27].
Digital flexible scopes have been reported to be
less effective in approaching the sharp-angled
inferior calyx and had lesser end-tip deflection
compared with the fiber-optic scopes [28]. In dif-
ficult lower-pole stone cases, it may therefore be
better to use fiber-optic scopes. In addition, tak-
ing into account the risk of ureteroscope damage,
the use of single-use disposable scopes can also
be considered [29]. The location of UAS is also
important, and the tip of UAS should not be
located near the renal pelvis considering the
bending of flexible scopes.

If possible, the stones should be relocated
with stone baskets to a more easily approachable
location, for example, the upper pole or renal pel-
vis [30]. This technique can reduce the risk of
scope damage and can make stone targeting dur-
ing lithotripsy and basketing easier and more
effective. In patients with large stones >10 mm,
however, it is impossible to relocate them, so
laser lithotripsy is required before relocating. In
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such cases, it is necessary to pay full attention to
ureteroscope damage caused not only by scope
deflection but also by insertion of laser fiber. To
avoid scope damage, laser fiber must be inserted
into the working channel with minimal deflection
of the ureteroscope. The use of small-diameter
laser fiber is also recommended to get better
scope deflection.

(b) Impacted Stones

The fURS procedure for impacted ureteral stones
can also present troubles for surgeons. In
impacted ureteral stone cases, clear endoscopic
visualization may not be possible because of
mucosal edema, ureteral polyp, and worse irriga-
tion due to stone impaction. Surgeons should
therefore be careful not to injure the ureteral
mucosa by laser shots, and if possible, placement
of safety guidewires is recommended to ensure
the correct urinary tract pathway. When perform-
ing laser lithotripsy, we recommend the “peeling
off and push-back” technique (Fig. 10.3). First,
we break the center of stones, not the edge near
the mucosa, until the stones become movable.
Stones are then peeled off and removed from the
stone bed by using the tip of the endoscope. After
repeated lithotripsy and peeling off, fragmented
stones can be finally pushed back to the wide
space, for example, the upper ureter or renal pel-
vis. We believe that this technique is safe and can
minimize the risk of ureteral injury. Ureteral
injury by laser can lead to severe postoperative
ureteral stricture, so when the procedure is too

difficult, the operators should finish the surgery
with ureteral stent placement and prepare for a
second session.

10.10 Simulation-Based
Ureteroscopic Training

The fURS procedure has a steep learning curve
and cannot be easily mastered. Simulation-based
ureteroscopic training to learn the basic skills is
therefore receiving an increased attention, and
various models, including a bench model and a
virtual reality model, are currently available for
simulation-based ureteroscopic training [31],
although these models cannot entirely recreate
actual clinical situations. Although advanced
models, such as animal models and human tissue
(cadaver) models, may be especially useful to
learn endoscopic techniques, repeated training
using these models is difficult to facilitate. There
are also several complications, such as cost,
legal issues, ethics, and the need for animal
licenses [32].

With this background, a novel model for
simulation-based fURS training is expected. Our
colleagues recently introduced a new advanced
bench model for fURS training called the smart
simulator (Olympus, Tokyo, Japan) (Fig. 10.4)
[33]. This simulator features portability, similar
structure to actual human anatomy, and the abil-
ity to simulate breathing-induced kidney move-
ments. This model can therefore facilitate a

Fig.10.3 “Peeling off and push-back” technique in cases
with impacted stones. (a) Break the center of stones, (b)
peel off and remove the stone from the stone bed by using

the tip of the ureteroscope, (c) break the stones again, and
(d) push back
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Fig 10.4 Smart simulator

situation closer to actual clinical settings than
other bench models, and trainees’ technical skills
may be improved. Development of more
advanced simulation-based training for fURS is
expected.

10.11 Conclusions

The fURS procedure has become popular world-
wide, but to become skilled at this procedure, the
ability to overcome various difficulties is
required. In this section, we reviewed the current
standard method of fURS, but development of
novel ureteroscopes, laser devices, and optional
instruments is expected. Endourologists must
adapt to changes in endourological technologies.
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Management of Complications
Related to Ureteroscopy

Hyung Joon Kim

11.1 Introduction

The incidence of complications after the uretero-
scopic surgery is reported at 7-25%. A recent
study of 11,885 patients in 32 countries and 114
institutions reported that the most common com-
plications during URS were bleeding, ureteral
perforation, and failure of ureteroscope insertion,
with 1.41%, 1.05%, and 1.67%, respectively [1].
Most postoperative complications are minor, and
very few require additional treatment [1-3].
However, some complications could be of sig-
nificance. The most relevant perioperative com-
plications are urinary tract infection (UTI),
sepsis, ureteral injury, and ureteral stricture. This
chapter will provide advice on how to prevent
and manage the complications related to
ureteroscopy.

11.2 Intraoperative

Complications

The incidence of complications during the ure-
teroscopic surgery is around 0.5% to 20% [4].
Significant complications occur in 1.5-5%.
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Among them, most of the complications are
related to the ureteral injury. Utilization of safety
guidewire is recommended to reduce ureteral
damage and perforation during ureteroscopy.

11.2.1 Ureteral Bleeding

Bleeding occurs in 1.9% of ureteroscopic surger-
ies, which is the second most common complica-
tion [4]. It is usually related to the ureteral orifice
trauma during the insertion of the ureteroscope.
Mucosal injury is expected during the insertion
of the guidewire. Advancing guidewire too far
upward can pierce the collecting system entering
the parenchyma. Overdistention of the renal pel-
vis or calyx by increased intrarenal pressure can
induce hematuria as well. Bleeding can also be
caused during ureteral dilation and lithotripsy or
from the target lesion itself. Such minor bleeding
is mostly self-limited. Bleeding risk can be
reduced by utilizing a smaller-diameter uretero-
scope. A hydrophilic guidewire may ease the
engagement into the orifice and lessen the chance
of ureteral damage. Forceful or blind insertion
should be avoided. Extensive bleeding is rare, but
it might occur after endopyelotomy or endo-
scopic tumor resection of the ureteral tumor. If
bleeding is too severe to be controlled by active
irrigation for a certain period, the procedure
should be terminated, and place a ureteral stent.
Angioembolization is required in rare situations.
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11.2.2 Ureteral Injury

Ureteral injury is the most frequent complica-
tion which can mostly be managed with the
insertion of a ureteral stent. However, in some
severe cases, it may require immediate or
delayed surgical repair. Delayed sequelae of
urine extravasation include prolonged ileus, uri-
nary obstruction, urinoma, azotemia, fever, per-
sistent flank pain, fistula formation, and sepsis.
Thermal injury can be caused by direct contact
with an electrohydraulic probe or laser fiber.
Mechanical injury can be induced by a guide-
wire, ureteral access sheath (UAS), or the retro-
pulsion of the stone. As for the injury caused
during the insertion of a UAS, it has been
reported that the rate of ureteral injury can be
significantly reduced if pre-stented [5]. Several
retrospective studies have reported that preop-
erative ureteral stent insertion can increase the
stone-free rate and shorten the surgical time [6,
7]. However, most of the guidelines do not rec-
ommend pre-stenting due to lack of evidence [8,
9]. A recent study reported that the rapid inser-
tion of UAS or the application of a force greater
than 600G results in the damage to the ureter.
Preoperative use of alpha-blockers lowers the
insertion force, thus helping to reduce the
chance of ureteral injury [10].

Utilization of safety guidewire is recom-
mended to reduce ureteral injury and perforation
during ureteroscopy. Some studies have reported
that the URS was safely and successfully per-
formed without a safety guidewire [11-13]. Still,
experts consider it safer to perform the operation
with a safety guidewire inserted and recommend
its use [8, 9]. When exiting the ureteroscope,
identification of ureteral damage is necessary.
The tip of the ureteroscope should be kept a few
centimeters out of the sheath to detect eventual
ureteral lesions due to UAS placement and deter-
mine the most appropriate stenting duration.
Stent is routinely placed whenever a UAS has
been used. It is not necessary to place the ureteral

stent in all cases. However, it is recommended to
insert and leave the stent for 1 to 2 weeks if resid-
ual stones remain or ureteral injury, bleeding,
perforation, and urinary tract infections are sus-
pected during surgery. The meta-analysis on the
postoperative ureteral stent insertion showed that
it causes various urinary symptoms, such as post-
operative urinary tract infection and pain [14].
Therefore, many guidelines do not recommend
postoperative stenting when the complications
are not expected [8, 9, 14]. On the contrary, a
ureteral stent is indicated in cases with ureteral
injury expected to result in ureteral stricture,
decreased contralateral or overall renal function,
and scheduled staged operation [8, 9]. However,
it has been reported that without the insertion of
the ureteral stent, the probability of unexpected
visit to an outpatient clinic or emergency room
after discharge increases, and for this reason, the
majority of urologists still prefer to insert the
stent after ureteroscopic surgery [12, 13]. There
is a controversy over the insertion period of the
ureteral stent, but the majority of urologists pre-
fer to maintain it for 1 or 2 weeks postopera-
tively [8, 9].

Several groups have proposed grading sys-
tems on the degree of ureteral injury
(Table 11.1). The management plan for each
grade is recommended, but it depends on each
case by case [16].

11.2.2.1 Low-Grade Ureteral Injury

Low-grade ureteral injuries consist of contu-
sion, mucosal erosion, or false passage. It could
be induced while manipulating scopes or acces-
sories such as UAS, guidewires, or baskets.
Misfire of the energy may also be the cause. The
procedure can proceed even after a low-grade
ureteral injury like mucosal erosion, but care
must be taken not to perforate the erosion site. If
there is a concern for the worsening of the injury
degree, it would be reasonable to abort the oper-
ation and place a ureteral stent. Stricture rate
after a low-grade injury is rare (0.3%) [4].
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11.2.2.2 High-Grade Ureteral Injury
High-grade ureteral injury includes ureteral per-
foration, intussusception, and  avulsion.
Perforation is an injury to the whole layers of the
ureter involving adventitia or periureteral fat. The
cause of injury is similar to that of mucosal ero-
sion, but the degree is more severe. The rate of
perforation is around 1% [4]. Insertion of UAS
does not increase the risk of ureteral perforation.
Once a perforation is identified, the procedure
should be aborted and stented. The ureteral stent
should be kept for several weeks. Ureteral stric-
ture is rare, but extrusion of the stone fragment
via perforation site can be more of a concern.
Intramural stone extrusion sometimes results in
submucosal stone, which may be the predispos-
ing factor for stricture or nidus for stone growth.
Fragments may imbed within perforation site as
they pass down the ureter or during the insertion
of UAS. Extramural stone migration, known as
“lost stone,” may result in more severe sequelae
such as stricture, fluid extravasation, and retro-
peritoneal abscess. In the case of failed conserva-
tive management or high-grade injuries, surgical
repair is needed. An immediate repair can be
done within 5 days, and deferred treatment
should be performed at least 6 weeks postopera-
tively with PCN in situ.

A ureteral avulsion is the most critical compli-
cation which can be encountered during the ure-
teroscopy. Such complications can be induced by
attempting forceful insertion of the ureteroscope.
It is reported in 0.1% of cases [4]. The proximal
part of the ureter is at greater risk, and previous
perforations are the most critical risk factors for
this complication. It usually occurs when a stone
too large to be removed is engaged within a bas-
ket and then an excessive force is applied to
remove it. The ureter can be trapped during
removal and torn from its attachment. Then it is
externalized with the basket and ureteroscope as
withdrawn. Another possible explanation for this
complication is when the proximal part of the
ureteroscope, which is wider than the distal tip,
becomes wedged in the narrow distal ureter
resulting in friction and mucosal dislocation.

To prevent such complications, care must be
taken while removing the stone or inserting the

instrument. The mucosa must always be visual-
ized when retrieving the stone fragments. The
distance between the stone fragment and the tip
of the scope should always be kept close. Blind
basketing should always be avoided. If the stone
fragment grabbed with the stone basket is stuck
during pull-back, removal must be aborted imme-
diately. If gentle push-back to the upper wider
portion of the ureter or renal pelvis is possible,
release the stone free from the basket to fragment
the stone into smaller pieces. If not, place the
basket in situ, and insert the laser alongside it to
break the stone or the wire of the stone basket.
Sometimes the stone basket needs to be disinte-
grated to pull out the scope.

Once ureteral avulsion occurs, a nephrostomy
tube should be inserted immediately. The open or
laparoscopic repair is required depending on the
location of the injury afterward. The type of sur-
gery ranges from simple ureteroneocystostomy,
psoas hitch, and Boari flap to ileal ureter, auto-
transplantation, or even nephrectomy.

11.3 Failure to Reach the Stone

During retrograde approaches for ureteral or
renal stone, surgeons sometimes encounter situa-
tions where access to the ureter or stone cannot
be achieved. Failure and conversion are reported
as complications in many studies, with an overall
rate of 1.6% and 0.1% [4]. Failure is more com-
mon when the stone is multifocal or located in
the proximal part. Failure to access the upper
tract occurs in 1.6—1.8% with flexible URS and
8% with semirigid ureteroscopy. Risk factors are
stones >15 mm, proximal stones, intrinsic or
extrinsic ureteral narrowing, stone impaction,
ureteral edema, and iatrogenic or pathologic
lesions. The ureter course should be visualized
by retrograde ureterography. Switching to a
curved tip guidewire may ease the insertion to the
difficult ureter. Gentle probing with hydrophilic
guidewire can be helpful. When stricture (or tight
ureter) is encountered, dilation using tapered or
balloon-dilator can also be considered. Even
though failure and conversion are categorized
into complications, it might be viewed as an
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appropriate treatment choice to minimize the risk
of more severe complications. In that situation,
inserting a ureteral stent and terminating the pro-
cedure for stage operation are highly recom-
mended. If there is resistance inserting the scope,
the stent should be indwelled for at least
1-2 weeks. The passive dilation effect of stenting
eases the insertion of the ureteroscope, increases
the stone-free rate, and reduces the complications
rate.

11.3.1 Postoperative Complications

Most of the postoperative complications are
minor. Bleeding or lower urinary tract symptoms
related to stent can be conservatively managed.
However, cerebrovascular complications, acute
myocardial infarction, or even death can occur at
a rate of less than 0.02%. Such major complica-
tions may be unpredictable, but as for prevention,
the patient’s medical condition should be thor-
oughly evaluated before the surgery. More com-
mon postoperative complications, infection
(early), and stricture (late) will be dealt with in
this part.

11.3.2 Urinary Tract Infection

Infection occurs in the early postoperative
period. Fever is the most common immediate
postoperative complication with a rate of 1.8%
[4]. The incidence of urinary tract infection after
ureteroscopic stone surgery is 1-3.7%. UTI risk
factors are older age, obesity, female gender,
nutrition or immune system impairment, diabe-
tes mellitus, smoking, coexisting bodily infec-
tion, and increased bacterial load. Urine analysis
must be conducted before surgery to prevent and
minimize infection-related complications. Urine
culture should be performed if urinary tract
infection is suspected or if pyuria or bacteriuria
is present. Proper antibiotic treatment should
precede if the UTI is confirmed [8, 17, 18]. Even
in patients who do not have bacteriuria or UTI
before surgery, prophylactic antibiotics have
been found to help prevent postoperative fever

and other complications [19]. A single preopera-
tive dose or duration of less than 24 h is suffi-
cient to prevent infection after URS [8, 17, 20].
If the obstruction is the cause of UTI, it should
be drained by placing either a ureteral stent or
percutaneous nephrostomy.

Among all the infectious complications, sep-
sis is the most fearful since it can be life-
threatening if not recognized and managed early.
The incidence of a septic condition after URS is
reported at 0.3% [4]. Sepsis is associated with
retrograde seeding of bacteriuria or infected cal-
culi. Therefore, in the case with a higher risk of
UTIL, renal urine aspirate and stone culture should
be obtained intraoperatively.

Intrarenal reflux occurs when the intrarenal
pressure rises above 40cmH20 (30 mmHg) [21].
If the pressure in the kidneys rises above this
threshold, the risk of postoperative fever and
systemic inflammatory response syndrome
(SIRS) increases [22, 23]. Therefore, to prevent
the occurrence of infection-related complica-
tions, it is important to lower the pressure in the
kidneys during ureteroscopic stone surgeries. It
is necessary to lower the inflow rate of irrigation
fluid or outflow resistance. The most effective
way of reducing intrarenal pressure during ure-
teroscopic stone surgery is to place UAS. The
risk of sepsis can be reduced to 50% when UAS
is used [21, 24].

11.3.3 Ureteral Stricture

Ureteral stricture is secondary to inflammatory
processes following devascularization or isch-
emic injury to the urothelium. Direct mechanical
trauma, iatrogenic mucosal lesions, perforation,
submucosal dissection, ischemia, radiation,
impacted stone, and periureteral fibrosis are the
risk factors for ureteral stricture.

Ureteral perforation at the stone impaction
site is the most significant primary risk factor for
stricture. Thus, an alternative approach, such as
antegrade or laparoscopic surgery, should be con-
sidered when dealing with impacted stones.
Stenting for 2-3 weeks after surgery may
decrease the risk of stenosis. It is shown that the
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Fig. 11.1 Ureteral stricture after URS for impacted ureteral stone

use of UAS does not seem to increase the risk of
stricture formation significantly. Routine postop-
erative ultrasound is recommended for cases sug-
gested of ureteral stricture.

Once ureteral stricture is identified, the type of
repair will depend on the location and extent of
the injury, comorbid medical conditions, and the
surgeon’s experience (Fig. 11.1). Endoscopic
management can be applied in nonischemic, non-
radiation-induced, short (less than 1.5 cm in
length) benign stricture. If endoscopic repair is
not applicable, open or laparoscopic surgical
repair must be considered.

11.4 Conclusion

Ureteroscopy is a relatively safe procedure for
the treatment of ureteral stones with a low inci-
dence of complications. Proper patient selection,
case preparation, and sound endoscopic tech-
nique are critical to minimize the potential for
complications. Always visualize the actions of
your instruments and energy sources, and never
force the scope or device. When ureteral stricture
is suspected, procedure should be aborted, and a
ureteral stent should be placed for staged
operation.
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Percutaneous Nephrolithotomy:
Preparation and Procedure

Overview
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Abstract

Patient’s preparation is the important step of
PCNL procedure. Hemostasis and urine bacte-
riologic and radiologic assessment are the key
procedure of patient’s preparation. Patient’s
selection, experience of the surgeon, and sur-
gical steps including anesthesia, positioning,
renal access, tract dilatation, stone disintegra-
tion, and nephrostomy tube placement are the
important factors of the surgical outcome.

Keywords
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Patient’s preparation is one of the important
steps of PCNL procedure to achieve the best
surgical outcome of high success rate and low
complication.

12.1 Patient’s Preparation

Complete history and physical examination are
the important initial evaluation in all patients
who are being considered for PCNL. This
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information can identify patients who have
absolute contraindication for this procedure
such as active urinary tract infection, uncor-
rected coagulopathy, the current usage of med-
ication that affect coagulogram (aspirin,
coumadin, and other anti-platelet medications),
and general conditions that are suitable for
anesthesia of procedure.

All patients need appropriate hemostasis eval-
uation, urine bacteriologic assessment, and radio-
logic assessment. General preoperative laboratory
evaluation is essential for all patients including a
complete blood count (CBC), serum electrolyte,
renal function tests, and urinalysis.

12.2 Hemostasis Assessment

Hemostasis evaluation with any bleeding prob-
lem such as prothrombin time (PT), partial
thromboplastin time (PTT), and platelet count
should be done especially in patients who are
predisposing to coagulopathy, history of pro-
longed bleeding, and liver disease. Aspirin should
be discontinued 1 week prior to the procedure. A
platelet count should be corrected above 80,000
cells per ml prior procedure. Coumadin must be
discontinued and monitored with PT and PTT
level. Subcutaneous heparin should be adminis-
tered in patients with the high risk of venous
thrombosis.
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12.3 Urine Bacteriologic
Assessment

PCNL is categorized as clean-contaminated or
contaminated procedure. Postoperative bacteri-
uria can occur even in patient with preoperative
sterile urine especially in those without prophy-
lactic antibiotic. The incidence of post-PCNL
fever is 20-35%, and post-PCNL bacteremia is
0-59%, so the postoperative fever is not an indi-
cator of postoperative urinary tract infection.
Several studies demonstrated the important role
of intraoperative urine and stone culture. This
information is very helpful for choosing appro-
priate postoperative antibiotic regimen [1-3].

Two multicenter global studies under the
Clinical Research Office of the Endourological
Society (CROES) reported the complication fol-
lowing PCNL. Among all complications, fever is
the most common complication. However, most of
them were minor and can be managed with medi-
cation. The criteria of postoperative fever were the
body temperature higher than 38.5 °C, which was
noted in 10% of the cases even if the patients
received preoperative antibiotic prophylaxis. The
percentage of post-PCNL fever in patients with
positive and negative urine culture was 18.2% and
8.8%, respectively. Most patients with post-PCNL
fever were significantly increased with several fac-
tors such as long duration of hospitalization and
post-PCNL nephrostomy placement [2, 3]. Risk
factors affecting infection complication following
PCNL divided into preoperative factors (positive
preoperative urine culture, positive intraoperative
urine culture, stone size), intraoperative factors
(renal pelvic pressure, operative time), and postop-
erative factors (nephrostomy tube placement, anti-
biotic administration) [1, 3].

Prophylaxis antibiotics are recommended in
all patients with PCNL procedure and even nega-
tive preoperative urine cultures. The European
Association of Urology (EAU) guideline supports
the administration of prophylactic antibiotic in all
PCNL patients (level 1 b, grade A), and long-term
postoperative antibiotic at least 4 days should be
given in patients with infected stones, recent his-
tory of UTI, and positive urine culture [4].

The common organisms are enterobacteria,
enterococci, and staphylococci. The recom-

mended antibiotic prophylaxis is trimethoprim/
sulfamethoxazole, cephalosporin, aminopeni-
cillin/beta-lactamase inhibitor, or fluoroquino-
lone. The best choice of prophylactic antibiotic
is a susceptible one of antibiogram of each hos-
pital [4].

12.4 Radiologic Assessment

Radiologic assessment of anatomy and function
of both kidneys for the detail of stone, degree of
hydronephrosis, and anatomy of pelvicalyceal
system is very important prior to the procedure.
Recent preoperative plain kidney—urinary—blad-
der (KUB) radiography and retrograde pyelogra-
phy are for patients with decreased renal function.
These radiographic investigations demonstrate
the detail of size, number, and location of the
stone as well as establishing the preoperative
renal function and other pathologies.

The recent practice, the routine usage of heli-
cal computed tomography (CT) (Fig. 12.1) for
preoperative radiographic assessment of patients
with urolithiasis, has eliminated the use of intra-
venous pyelography (IVP) or retrograde pyelog-
raphy (RP). CT urography can demonstrate all
details of anatomy and renal function. The main
advantage of helical CT over the other investiga-
tion is the ability of CT for assessing the spatial
relation of the kidney to the stone and also the
relationship of the kidney to adjacent retroperito-
neal and peritoneal structure. CT urography is a
very important tool in patients who are suspect-
ing to have a retrorenal colon (less than 1% of all
patients) especially patients with history of jeju-
noileal bypass, spinal cord injury, and spinal
deformities such as severe scoliosis. This infor-
mation is very important to the prevention of
colon injury during the procedure. The benefit of
CT urography is also found in patients with ecto-
pic kidneys that are both congenital and iatro-
genic (renal allograft, autotransplantation) and
patients with dysmorphic body habitus (spinal
dysraphism).

Retrograde pyelography may be required to
demonstrate renal anatomy in patients with
impaired kidney function and performed at the
time in the surgical field for detail of calyceal
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anatomy in selection of renal access. Radionuclide
may be required in selected patients such as
impaired renal function to evaluate differential
renal function especially in patients with stag-
horn calculi. If there is concern about stone
migration, immediate plain kidney—urinary—
bladder (KUB) film should be obtained at the
time of procedure.

Fig. 12.1 Non-contrast CAT scan demonstrated left par-
tial staghorn stone

12.5 Assessment of Elderly
Patients

There is high prevalence of comorbidity and sin-
gle kidney in elderly patients (age >65 years old).
Mainly comorbidities are diabetes mellitus,
hypertension, and high level of ASA classifica-
tion. The study demonstrates no difference in
success rate, operative time, length of hospital
stays, auxiliary treatment, and general complica-
tion. Only sepsis is a more frequent common
complication, so preoperative evaluation for pre-
vention of infectious complication is very impor-
tant in elderly PCNL patients [5].

12.6 Classification Patient
for General Assessment by
Stone Nomogram

Despite advances in surgical techniques and
technology, PCNL for treatment of large renal
stone may not always result in the optimal goal
of stone free (success rate) and risk of complica-
tion. Nowadays, in research and clinical prac-
tice, the information of success rate and
complication can be predicted by nomogram.
This is very important for both surgeons and
patients in surgical planning and patient’s coun-
seling. Nomograms are consisted of the Guy’s
Stone Scoring (GSS) system, the STONE neph-
rometry scoring system, and the CROES
(Clinical Research Office of Endourological
Society) nomogram [6, 7]. Guy’s Stone Score
(GSS) is quite simple and reliable nomogram in
prediction success rate and possible complica-
tion in general PCNL procedure and upper pole
access PCNL. GSS nomogram is classified into
four grades according to the complexity of the
stone and anatomy of the collecting system.
More complex cases are usually being in grade 3
or grade 4. PCNL in patients with GSS grade 3
or grade 4 stone should be performed in high
patient volume center and more expertise [6].
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12.7 Anesthesia

PCNL can be performed under general, epidural
block or local anesthesia. Teamwork of surgeons
and anesthesia are very important in optimizing
the outcome of PCNL.

General anesthesia is the technique of choice of
PCNL anesthesia especially in long operative time
due to its best way of protecting the airway in the
prone position. Of the upper pole access, general
anesthesia is preferred due to the permission of an
anesthesiologist controlling the respiratory move-
ment in the prevention of pulmonary complication.

Regional epidural anesthesia is an alterna-
tive technique compared to general anesthesia.
The advantages of regional anesthesia are less
early postoperative pain, less adverse effects
from medication of general anesthesia, and more
patient satisfaction. The disadvantage of this
technique is the chance of high block to control
renal pain. The problem with vasovagal reaction
can occur when the renal pelvis is distending dur-
ing regional epidural anesthesia [8].

Local anesthesia is usually performed with
intravenous sedation and analgesics. It may be an
option if regional or general anesthesia is contra-
indicated. The technique of local anesthesia
could be done by using a 23-gauge spinal needle
injection along the access tract from the skin to
the renal capsule or using an 8.3Fr anesthetic
injection catheter with multiple side holes.

A meta-analysis and review demonstrated that
there were several advantages of regional anesthesia
compared to general anesthesia in terms of fluoros-
copy time, surgical duration, blood transfusion,
postoperative  pain/analgesic requirement, and
length of hospital stay without the increase of com-
plication. Due to regional anesthesia’s favorable
hemodynamic profile and lower cost, this technique
may be an alternative anesthesia in PCNL [9].

12.8 The Role of Anesthesiologist
in Upper Access PCNL

After the upper pole access PCNL, surgeons and
anesthesiologists should be aware about pulmo-
nary complication including hydrothorax or

pneumothorax. Carefully monitoring the airway
pressures, tidal carbon dioxide level, and oxygen
saturation is necessary. Hemodynamic assess-
ment should be frequently performed to detect
acute blood loss or blood dilution.

12.8.1 Position

Prone position is the position of choice since the
establishment of PCNL procedure. Recently, the
alternative positions are the supine and lateral
positions. There are no clear overall benefits for
one position over another; each modality is
equally feasible and safe. The surgeon’s prefer-
ence is the prime indication to one over the
other. There are some PCNL cases in which
supine PCNL is preferable for obese patients
(Fig. 12.2) [10].

12.8.2 Renal Access

A general overview of the procedure will be
given here with more detail discussion in the fol-
lowing chapters.

The perfect percutaneous tract into the col-
lecting system is one of the most important steps
for the PCNL procedure. This step required
radiographic imaging guidance such as ultraso-
nographic guidance, fluoroscopic guidance,
endoscope guidance, and CT/MRI guidance.
Each percutaneous renal guidance technique has

Fig. 12.2 Prone position of PCNL
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its advantage and disadvantage compared with
the other. No single technique is ideal for all situ-
ations [11].

12.8.3 Ultrasonographic Guidance

Primary advantages of ultrasonographic guid-
ance are less radiation, the ability to image struc-
ture between the skin and kidney, and no need of
contrast media. This technique is safe for preg-
nancy and pediatric patients. This guidance can
avoid intrarenal vascular injury when combined
with color Doppler ultrasound. However, ultraso-
nographic guidance needs operator skill and
technical difficulty especially in none or mild
dilated collecting system.

12.8.4 Fluoroscopic Guidance

Fluoroscopic guidance is quite familiar to most
urologists and can demonstrate anatomical
details. Radiation safety is one of the concerns
during this technique (Fig. 12.3).

12.8.5 Endoscopic Guidance

As the principle of flexible ureteroscope-assisted
retrograde nephrostomy, the advantage of the
technique is continuous visualization of all steps
of PCNL. The desired calyx can be selected
under direct vision. The tip of the needle is visu-
alized and monitored by fluoroscopy and endo-
scope. This technique improves safety of renal
access, but the cost and operator experience are
the disadvantages of this technique.

12.8.6 Computed Tomography (CT)
Guidance/MRI Guidance

Computed tomography guidance is essential in
specific patients with morbid obesity and
organomegaly such as splenomegaly/hepato-
megaly, history of previous major intra-abdom-
inal surgery, severe skeletal anomalies of
scoliosis, or kyphosis. The advantage of MRI
guidance over CT guidance is no radiation
exposure, but limitation of the technique is rou-
tine clinical practice.

Fig. 12.3 Intraoperative fluoroscopy before upper pole access



128

B. Lojanapiwat

The two most common modalities in renal
access guidance are ultrasonography and fluoros-
copy with each advantage and disadvantage over
the other. Additional color Doppler ultrasound
shows advantage in avoidance vascular injury
resulting in decreasing intraoperative and postop-
erative hemorrhage. CT guidance is only for
complex cases. Endoscope guidance is the most
safe technique in renal access, but cost and expe-
rience of surgeons need to be considered [11].

12.8.7 The Ideal Puncture Site

The ideal site of puncture of PCNL depends on
the position of the stone and choice of associated
procedure to obtain the best surgical outcome:

e Stone in the renal pelvis: Tract is through the
middle or lower calyx.

e Stone in the calyx: Tract is through the stone-
bearing calix peripheral to the stone.

e Staghorn stone: Tract is through the upper
calyx.

e Upper ureteric stone: Tract is through the mid-
dle or upper pole.

e Stone in the diverticulum: Tract is through the
diverticulum.

e Ureteropelvic junction obstruction or upper
ureteral structure: Tract is through the mid-
dle or upper calyx for endopyelotomy/
endoureterotomy.

One of the important steps for the success in
PCNL procedure is renal access. The causes of
access failure are non-dilated renal collecting
system, obscuring the location of the collecting
system, and the impacted stones that prevent
guidewire manipulation.

12.8.8 Upper Pole Renal Access

Upper pole access is a shorter and easier access
route due to upper pole of the kidney aligned
medially and posterior to the lower pole. The
upper pole access provides a straight tract along
the long axis of the kidney and the ability to reach

most part of the collecting system during manip-
ulation of the rigid nephroscope. The upper pole
access technique needs coordination with anes-
thetists for controlling breathing to prevent inter-
costal vessel and pulmonary injury [12].

The indication of upper pole access is:

e Staghorn calculi

e Buck of large upper pole calculi

e Obesity patients

* Anomaly kidney such as horseshoe kidney

e Multiple separate lower pole calculi

e Large upper ureteric stone

e Ureteropelvic junction or proximal ureteral
pathology

The details of the upper pole access technique
are as follows:

e Need of coordination with the anesthetists for
controlling inspiration/expiration.

— The point of the puncture should be done in
the lower half of intercostal space to avoid
intercostal vessel injury.

— The needle is passed through the retroperi-
toneum during full expiration, while the
needle passes through renal parenchyma to
the collecting system during deep inspira-
tion for downward displacement of the
kidney.

— An Amplatz sheath should be used in all
cases to maintain low-pressure irrigation
(Fig. 12.4).

12.8.9 Tract Dilatation

Tract dilatation is the important step during
PCNL procedure. The most common used instru-
ments are metal telescopic dilatation (MTD),
Amplatz sheath dilation, high-pressure balloon
dilation, and one-shot dilation [13-15].

Standard PCNL with standard size PCNL is
challenging with bleeding complication. A sys-
tematic review and meta-analysis demonstrated
that the shorter fluoroscopy time and lesser
hemoglobin level decrease in one-shot dilation
compared with metal telescope dilatation [14].



12 Percutaneous Nephrolithotomy: Preparation and Procedure Overview

129

Fig. 12.4 Upper pole access during PCNL of partial
staghorn calculi

Previous open renal surgery is one key factor
for choosing the type of dilators. Among patients
without previous open surgery, balloon dilator
shows a lower transfusion rate and shorter surgi-
cal time compared with Amplatz dilator. For
patients with a history of open surgery, one-shot
dilator and metal telescope dilator are used due
to scar around the kidney. One-shot dilator is
safer in the aspect of shorter tract dilation fluo-
roscopy time and a lesser decrease in blood loss.
Recently, one-shot dilator can be applied for
most patients who undergo PCNL procedure
(Fig. 12.5) [16, 17].

12.8.10 Intracorporeal Lithotripters

PCNL for removing large renal calculi usually
needs intracorporeal lithotripsy to permit the safe
extraction of calculus fragment. The efficacy of
lithotripter is very important followed by the size
and flexibility of the probe [18-20].

Nowadays, the intracorporeal lithotripter con-
sists of:

e Ballistic lithotripsy

e Ultrasonic lithotripsy

e Combined ballistic and ultrasonic lithotripsy
e Laser lithotripsy

e Electrohydraulic lithotripsy

Fig. 12.5 Telescopic metal dilator in the step of renal
dilatation

For detailed discussion of individual devices,
please refer to the previous chapter.

12.8.11 Technique of Intracorporeal
Lithotripsy

All instruments should be activated only when
the operative field is clear. Surgeons should see
the stone and position before activation. Fixation
of the stone in the kidney is not difficult for bal-
listic lithotripsy. For ultrasonic lithotripsy, the
stone should be trapped between the probe and
urothelium; then make a gentle pressure to the
stone to enhance fragmentation followed by
evacuation of the small stone.

The technique of laser lithotripsy is simple by
just placing the fiber contact to the stone surface
before activation. A short break is necessary
between activations due to “the snowstorm” by
stone fragments. These techniques of laser litho-
tripsy are fragmentation, vaporization, and popcorn
technique that was used in different situations.
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12.9 Nephrostomy Tube
Placement

Nephrostomy tube is usually placed at the end of
the PCNL procedure. The purpose of nephros-
tomy tube placement is the tamponade of neph-
rostomy tract to prevent postoperative bleeding
and adequate drainage following the procedure.
The tract can be used for the secondary nephro-
scope to remove retained stone. Recently, in
selected cases, tubeless PCNL can be performed
without the increase of complications. Several
techniques of tubeless placement are reported
such as tubeless PCNL with only postoperative
external ureteral catheter [21], postoperative DJ
stent [22-24], or total tubeless PCNL [25, 26].
The indication for tubeless PCNL is for
selected patients who has no significant bleeding
or extravasation, only single access, no obstructed
renal unit and secondary nephroscope is not
required. Tubeless PCNL is a good option in non-
complicated PCNL patients with more cost effec-
tivity. This technique significantly reduced
hospital stay time, postoperative analgesic
requirement, lower urine leakage, and shorter
time returning normal activities without compro-
mising the efficacy. This technique also can be
applied in challenging PCNL cases such as
patients with staghorn stones, horseshoe kidney,
ectopic kidney, elderly, and patients who required
supracostal access [27]. Hemostatic agents might
not be necessary in tubeless PCNL (Fig. 12.6).

Standard PCNL with postoperative normal-
size nephrostomy tube causes significant postop-
erative pain. Postoperative pain affects
postoperative quality of life with the increase of
postoperative complication, delayed mobiliza-
tion, and prolonged hospitalization. Several tech-
niques have been used to overcome post-PCNL
pain such as PCNL with small-size nephrostomy
tube, various postoperative analgesic regimens,
tubeless PCNL, mini-PCNL, 0.5% bupivacaine
intercostal nerve block, and local or capsule anal-
gesic infiltration (Fig. 12.7).

Even tubeless PCNL demonstrates the advan-
tage of less postoperative pain, but this technique
can be used only selected patients with specific
indication. The study demonstrated the beneficial

Fig 12.7 Skin closure during tubeless PCNL

Fig. 12.6 Tubeless PCNL with an external ureteral catheter
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effect of 0.25% peritubal local anesthetic
infiltration with bupivacaine in alleviating imme-
diate postoperative pain following PCNL and
even supracostal access. Lower early postopera-
tive pain, lower number of anesthetic usage, lon-
ger time of the first analgesic requirement, and
increase patient’s satisfaction were found in
patients following standard PCNL with peritubal
local infiltration. This technique is performed
under fluoroscopic guidance, and the 23-gauge,
90-mm spinel needle was inserted to the renal
capsule along the nephrectomy tube at 6 and 12
o’clock from the renal capsule, muscle, subcuta-
neous tissue, and skin [28].
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Abstract

Percutaneous access is performed in a variety
of positions; however, most commonly this is
done in the prone position. Access can be
guided with various modalities. Fluoroscopy
remains the most readily and widely avail-
able resource in the operating room. Hence
the knowledge of gaining percutaneous
access using fluoroscopy is essential for the
endourologist. We describe the two tech-
niques often used in the routine practice.
Training under a mentor and case volume is
crucial in learning this technique as the pri-
mary aim is to target a calyx at an unknown
depth using only two-dimensional images
obtained with fluoroscopy.
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13.1 Introduction

Access to the collecting system is essential in
percutaneous nephrolithotomy (PCNL). Without
the perfect access, the majority of the surgery
will be fraught with multiple problems. In this
chapter, we endeavour to lay out the principles of
percutaneous access using fluoroscopy. This is
the most preferred method of access by most
endourologists.

13.2 Accurate Renal Access Is
Crucial to the Outcome
of Surgery

PCNL has indeed come a long way since its
humble beginnings in the 1980s when it was pro-
posed as an alternative to open nephrolithotomy.
The technology associated with the technique
has also evolved tremendously with miniaturisa-
tion, better optics and lithotriptors. However, the
most integral part of PCNL will always be the
puncture and entry into the pelvicalyceal system.
This enables the procedure to progress without
the dreaded vascular injuries and complete the
procedure with a better stone-free rate. Other
access-related complications include injury to
adjacent organs and failure of access which may
prevent the planned procedure altogether. Many
strategies were evaluated to achieve an ideal
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access. The most important of these was the
learning curve in order to master the technique
of access.

13.3 Why Urologist Is the Better
Person Than Radiologist

Interventional radiologists have been tradition-
ally employed to aid in the access since the begin-
nings of PCNL. They have either performed it in
combination with the urologist in the operating
room or in a staged procedure prior to the
PCNL. A North American survey of general urol-
ogists carried out in 2003 has shown that 62% of
the urologists treating stone with PCNL obtain
access in the radiology department prior to the
PCNL. Another 34% create access with the radi-
ologist in the operating theatre, while only 16%
perform access on their own or at times with a
radiologist [1]. The reasons cited include the per-
ception that percutaneous access was a radiologi-
cal procedure which was better performed by the
radiologist with better facilities available to them
and lack of adequate training for the aspiring
endourologist. However this trend has since
changed. A more recent survey of endourologists
rather than general urologists was performed in
2017, which showed that 82% of respondents
obtained their own access [2]. Many studies have
shown access-related complications were signifi-
cantly lower when the urologist creates the access
compared to the radiologist [3-5] (8.3% vs
27.8%). Majority of the complications related to
access is bleeding. Clearly in the hands of the
urologist, this is as low as 5%, whereas it was
16% when the radiologist performed it. In addi-
tion, the stone-free rates were significantly higher
in this group where the urologist attained percu-
taneous access (86% vs 61%) [3]. It appears that
the understanding of the pelvicalyceal system
and the location of the stones result in a more
appropriate placement of the access tract. Also,
the need for multiple tracts in the PCNL for com-
plex stones may only be determined during the
surgery. Therefore, the skill for placing the tract
as and when necessary is key to achieving better

stone-free rates. This also avoids dependence on
the skill and schedule of the radiologist for addi-
tional tract placement and allows greater flexibil-
ity in the procedure. In summary, it can be all
done in the same setting in one location when the
urologist performs the access, making the PCNL
efficient.

13.4 Number of Cases Required
to Learn Technique Well

The learning curve has been described by many
authors. It is defined as the time taken to master
the skills and expertise required to perform PCNL
competently with minimal complications and
excellent stone-free rates. There have been stud-
ies which determine the additional markers for
competence in PCNL [6, 7]. They were operative
time, fluoroscopic screening time and radiation
dose. By following the progress of a novice sur-
geon, it was found that after 60 cases, the opera-
tive time reached a plateau, while after 115 cases,
the fluoroscopy time and radiation dose also lev-
elled off [6].

Training on percutaneous access has to start in
residency. It has been investigated and found that
trainees who had done significantly more proce-
dures during their residency were more likely to
continue with doing percutaneous renal surgery
(24 vs 10) [8]. If the residency training was not
possible, then a dedicated fellowship in endou-
rology would be necessary.

The traditional method of training whereby
theoretical knowledge are gained from books
and journals and later apprenticeship under a
mentor until one attains proficiency is vastly
aided by the wealth of surgical videos available
on the Internet. This can be supplemented by
training models using animals and cadavers.
Another modality is simulator training using
inanimate models or virtual reality. This would
enable the trainee to practise in an environment
without having to worry about the patient out-
come. Also, master class workshops present an
opportunity to learn from the experts and hone
their skills. These approaches should decrease
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the steep learning curve associated with
PCNL. Once trained, it has been proposed that
14-16 cases need to be performed per year so as
to maintain their skill levels [9].

13.4.1 Choice of Position: Prone
and Supine

PCNL has been performed commonly in a prone
position [10]. This was meant to enable access to
a larger surgical field which will include an end
on access to all posterior calyces, particularly
those in the upper pole. Nephrostomy tract length
is shorter as the access to the kidney is more
direct [11]. In addition, this will allow a wider
room for manoeuvring the instruments. This
position places the renal pelvis in the dependent
position which would allow the collecting system
to distend well in order to have an optimal vision.
It also had some drawbacks. Injuries specific to
the placement of the patient into the prone posi-
tion on turning have been described: corneal
abrasion, hyperextension injuries to the cervical
spine and brachial plexus injuries. Airway com-
promise has been reported, but techniques have
been developed to ensure the endotracheal does
not slip out. Ventilation has been difficult particu-
larly in the obese patient as chest expansion is
curtailed. Cardiac output was reported to decrease
due to obstruction of the inferior vena cava and
the consequent reduction in venous return. Hence
caution has been advised when patients have
poor cardiovascular reserve.

The supine position, which was first described
in 1987 by Valdivia [12], has evolved over the
years to allow endourologist similar capabilities
in performing PCNL. The most important benefit
has been to avoid the injuries associated with
turning the patient. This may in some centres also
save operating theatre time. In addition, several
other advantages were suggested. Significantly,
the supine position has been thought to ventilate
the obese patient better as it allows for greater
chest expansion compared to the same patient
positioned in the prone position. This has been
debated often and evidence has been contradic-

tory. Smith and his colleagues in fact found that
peak inspiratory pressures were not different
between the two positions in obese (body mass
index, BMI > 30 kg/m?) or nonobese patients;
however they found that obesity itself was the
cause of higher peak pressures [13]. The higher
peak pressures were found in obese patients both
in supine and prone positions compared to the
pressures seen in a patient of normal BMI. That is
thought to be related to the reduced chest wall
compliance and higher abdominal pressures.

Supine position is more ergonomic and prefer-
able for the surgeon. It allows the surgeon to be
seated during the surgery, and as a result the radi-
ation dose to his hands is reduced as he is further
away from the fluoroscopy. In addition, it may
possibly even achieve better outcomes. Stone
fragments preferentially drain out as the sheath is
angled towards gravity throughout the procedure.
Moreover, it permits for simultaneous antegrade
and retrograde intervention. Some have also
argued that the risk of colonic injury is less with
the supine position [14].

Despite these proposed advantages, PCNL in
the supine position remains less popular. The
limited exposure of the flank results in poor
access to all calyces particularly the upper pole.
Kidney in the supine position is more mobile;
hence puncture and dilatation may be challeng-
ing. The collecting system is often collapsed, so
visualisation is difficult in some cases.

The recent meta-analysis on this controversy
of prone or supine positioning in PCNL has
yielded different results to the previous meta-
analyses which stated that the stone-free rates
were better in the prone position. Even though
the operating time is indeed shorter in the supine
PCNL, the stone-free rate is now comparable to
that seen in prone PCNL [15]. This is a reflection
of the evolution of the supine position to the vari-
ety of modified supine positions which has
allowed it to overcome the difficulties stated
above such as small area for puncture, limited
access to the upper pole as well as small room for
manipulation of the nephroscope. Furthermore,
the combined percutaneous and ureteroscopic
procedures improves stone-free rate consider-
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ably. The meta-analysis also showed comparable
hospital stay and complication rate between the
two PCNL positions [15]. However, the debate
still remains on whether the treatment of the large
stone burden such as complex staghorn stone
would be as efficacious in either position.

13.4.2 Guidance for Percutaneous
Access: Fluoroscopy,
Ultrasound and CT Guidance

The C-arm fluoroscopy is very familiar to the
urologist and easily available in most operating
theatres. As such, it is preferred not only for per-
cutaneous access but throughout the procedure
including guidewire manipulation, tract dilata-
tion, evaluation of residual stone fragment and
nephrostogram at the end of the procedure.
Though historically fluoroscopy-guided puncture
was performed, ultrasound technology is increas-
ingly used for percutaneous access as it avoids
harmful radiation. Additionally, adjacent organs
such as the spleen, liver and bowel can be visual-
ised such that injury to these can be avoided. The
depth of needle entry into the collecting system
can be appreciated clearly. The colour Doppler
mode can be utilised to avoid injury to large
intrarenal vessels. It may be used in situations
where the pelvicalyceal system cannot be opaci-
fied. This can be either due to inability to insert
retrograde ureteric catheter in patients with com-
plex ureteric reconstruction such as ileal conduits
or where the stone is completely obstructing
resulting in no contrast flowing proximal to the
stone [16]. At present, few urologists exclusively
use ultrasound alone for access and dilatation.
Often they are complementary to each other. The
initial access is created using ultrasound, while
the tract dilatation is performed using fluoro-
scopic guidance. There was no difference found
in terms of success of access, bleeding, operative
time or hospital stay in a recent review [17].
When the access to the collecting system is
difficult, even CT-guided percutaneous puncture
may be necessary. It has been found to be useful
in certain complex instances such as spinal defor-
mities, morbid obesity, presence of retrorenal
colon, abnormal renal anatomy such as multiple

cysts or angiomyolipoma adjacent to the
collecting system and malrotated ectopic kidney.
It may also be preferred in a non-dilated pelvi-
calyceal system [18].

13.4.3 Preoperative Preparations

As preoperative preparation is already covered in
the previous chapter, we will focus mainly on the
prevention of infection as it is the most common
complication related to stone surgery. The inci-
dence of fever post PCNL is about 10%, whereas
sepsisisrare (<0.01%) [19]. This can be explained
by the release of bacteria during the manipulation
of the collecting system and fragmentation of the
stone in addition to the bacteria which may enter
via the percutaneous tract created during the
PCNL. When treating obstructed and infected
systems, one has to drain it adequately with a ure-
teral stent or a nephrostomy tube before perform-
ing PCNL. The current recommendation from the
International ~ Consultation on  Urological
Diseases (ICUD) in preventing postoperative
infection is a single dose of antibiotic which is as
effective as multiple doses when the preoperative
urine culture is negative [20]. This antibiotic is
chosen according to the local antibiogram. In
order to reduce the incidence of resistant bacte-
ria, we need to be mindful and limit the use of
antibiotics to those with the higher risk of
infection.

Certain preoperative risk factors have been
identified to predict for postoperative fever. These
include female gender, hydronephrosis, presence
of nephrostomy tube, complex stone burden, neu-
rogenic  bladder and diabetes mellitus.
Furthermore, intraoperative conditions such as
longer operative time, multiple access tracts,
large volume of irrigation fluid and aspiration of
purulent fluid on puncture result in increased
rates of infection postoperatively. Hence other
ICUD recommendations are to perform a urine
culture and treat the positive culture prior to
PCNL using culture-directed antibiotics. The
duration of treatment can either be 1 week if giv-
ing orally or 24 h if administering intravenously
prior to surgery [20]. A bladder urine culture
which is negative, on the other hand, does not
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always exclude infection which is present in the
pelvicalyceal system or in the stone [21].

13.4.4 Anatomy of Puncture
Techniques Using Fluoroscopy

It is absolutely essential to understand the pelvi-
calyceal system and its relation to the adjacent
vascular structures. The avascular Brodel’s line
lies between the anterior and posterior divisions
of the renal artery. It is usually on this line that
the posterior calyx is situated. Entry into this pos-
terior calyx also enables the guidewire to manip-
ulate easily into the ureter. The puncture should
preferably be made through the papilla and not
through the infundibulum or the renal pelvis.
Sampaio showed that infundibular punctures
result in interlobar vessel injury in 23% to 67%
of the kidney endocast models; however in fornix
punctures, venous injuries were less than 8%, and
no arterial injuries were observed [22]. Direct
entry into the renal pelvis must be avoided as
large vessels which exist anterior and posterior to
the renal pelvis are at risk of injury. This puncture
may result in easy dislodgement of the access
sheath or nephrostomy tube and prolonged urine
leak.

The entry through the skin should be medial to
the posterior axillary line. The colon is near the
lower pole of the kidney and anterolateral to it.
Moreover, one should not puncture too medially
as it would be through the paraspinal muscles
causing significant pain, and one should also
avoid being too close to the ribs as intercostal
neurovascular bundle lies on its inferior aspect.
Ideal access through the papilla would align the
calyx and infundibulum such that the rigid neph-
roscope can be easily manipulated inside the col-
lecting system without much torque. This causes
tears in the renal parenchyma resulting in
bleeding.

13.4.5 Positioning
The patient is placed in lithotomy position, and a

ureteric catheter is placed using a rigid
cystoscope. This allows for retrograde instillation

of diluted contrast for opacification of the pelvi-
calyceal system. An indwelling catheter is placed
before turning the patient prone to lie on a pad-
ded operating table to prevent pressure injuries.
Particular care should be taken to ensure the face,
elbow, chest and hips are appropriately protected
with foam padding. The feet must be elevated
with a pillow to eliminate pressure on the toes.
Ensure that the patient is secured to the table with
a strap. There should also be consideration for
maintenance of temperature using a warm air
blanket [23].

Modification of the usual prone position called
the prone-flexed position can also be used. The
table is flexed 30 to 40 degrees with the patient
renal angle placed at the table break. This would
increase the availability of the puncture between
the 12th rib and posterior iliac crest [24]. The
authors found that the kidney is displaced inferi-
orly in this position; hence a supracostal puncture
may be performed from an infracostal site.

Once the patient is in a prone position, the pel-
vicalyceal system is opacified and distended. The
posterior calyces are less dense as the contrast
medium is heavier which would preferentially
flow into the anterior calyces which are more
dense and darker. C-arm rotation towards the sur-
geon allows the calyces to be differentiated.
Posterior calyces shorten and move towards the
spine, while the anterior calyces do the converse
[24]. Also, air pyelogram can delineate the poste-
rior calyces. As air is lighter than contrast, it will
fill the posterior calyces, while the anterior caly-
ces remain filled with dense contrast. This is done
by injecting 2—5 ml of air via the ureteric cathe-
ter. Currently two access techniques are well
documented and presented below.

13.4.6 Triangulation Technique

Triangulation is defined as the use of two points
in space to determine the third unknown point
which is the targeted calyx. The first point is the
point on the skin directly above the target calyx,
while the second point is the skin puncture site
which is a few centimetres lateral to the first point
along the line of puncture, away from the ribs.
The puncture line would be along the axis of the
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infundibulum towards the target calyx [25]. The
progress of the needle is monitored with C-arm in
0 degrees (Fig. 13.1) until it reaches the target
calyx (Fig. 13.2). Later we will place the C-arm
at 30 degrees towards the surgeon. This allows
the surgeon to assess the depth of the puncture.
An accurate entry into the correct calyx would be
confirmed when the fluoroscopic image at 30
degrees is the same as the image obtained at 0
degrees (Fig. 13.3).

It is important to understand that regardless of
the depth of the needle puncture, the fluoroscopic

Carm

Patient on table

Fig. 13.1 Schematic cross-sectional diagram of the
patient on the table and C-arm at O degrees. The red arrow
represents needle entry into the kidney

Fig. 13.3 C-arm has
been rotated 30 degrees
towards the surgeon.
The red arrow remains
in the same position on
the fluoroscopic image.
This indicates correct
entry into the desired
calyx

image obtained with the C-arm at 0 degree would
suggest the needle is in the desired calyx
(Fig. 13.4). Only when the C-arm is rotated 30
degrees, the depth of the needle can be assessed.
When the needle is seen to be away from the
direction that the C-arm has moved, it is superfi-
cial in relation to the desired calyx. When the
needle is seen closer to the direction that the
C-arm has moved, the needle is deeper than the
desired calyx (Fig. 13.5). If the needle is either

Fig.13.2 Fluoroscopic image obtained with the C-arm at
0 degrees. The red arrow represents needle entry into the
desired calyx
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Fig.13.4 C-arm is at 0 degrees. The red arrow represents
needle entry into the kidney, and the top image is a super-
ficial entry, while the bottom image is a deep entry.

too deep or too superficial, the needle has to be
pulled out of the renal capsule before adjusting
the needle depth. The adjustment to the needle is
made either by directing it more superficial or
deeper depending on the earlier fluoroscopic
image obtained in 30 degrees. Again the advance-
ment of the needle is done only after the C-arm is
moved back to 0 degrees. When the adjustment is
made in one direction, it is essential not to change
the orientation of the needle in the other direc-
tion. Ventilation is to be suspended in maximum
expiration as the needle is advanced in the correct
alignment towards the desired calyx [26].

G
@/

Despite the difference, the fluoroscopic image is the same
despite the angle of entry

The 30-degree rotation of the C-arm does not
always need to be towards the surgeon. This rota-
tion can also be done cranially or caudally depend-
ing on surgeon preference. The key concept here
is that the needle is superficial when the image at
30 degrees is seen to have moved away from the
direction of the C-arm movement (i.e. if the C-arm
is rotated cranially, the needle moves caudally
with reference to the calyx). Likewise, when the
needle is deep, the needle is seen to have moved
towards the direction of the C-arm movement (i.e.
when the C-arm is rotated cranially, the needle
moves cranially with reference to the calyx).
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Fig.13.5 C-arm has been rotated 30 degrees towards the
surgeon. The top image is a superficial entry so at 30
degrees the fluoroscopic image shows the needle has
moved in the opposite direction to the C-arm (away from
the surgeon). The bottom image is a deep entry so at 30

13.4.7 Bull’s Eye Technique

C-arm is turned towards the surgeon in the
30-degree position. The 18-gauge needle is
placed such that the targeted posterior calyx, nee-
dle tip and needle hub are all in line. For lower
pole calyx, the C-arm should be tilted caudally
by 10 degrees, while for upper pole calyx, the
C-arm should be tilted cranially by the same

| i ;

| 2 N
degrees the fluoroscopic image shows the needle has
moved in the same direction to the C-arm (towards the

surgeon). This allows one to make the necessary adjust-
ments to the needle entry

extent. This gives it the bull’s eye effect on the
fluoroscopy screen. The needle is held by an
artery forceps so as to reduce radiation to the sur-
geon’s hand. The hand is stabilised, and the nee-
dle is advanced on continuous fluoroscopy to
ensure the alignment is maintained. Once the
needle is near the calyx, the C-arm is moved to
0-degree position to gauge the depth of the punc-
ture [26].
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13.4.8 Tract Dilatation and Access
Sheath Placement

Once the needle enters the calyx, urine should
flow freely. A hydrophilic guidewire is passed
through the needle. The guidewire is manoeuvred
towards the ureter; however if it does not pass
down the ureter easily, it is coiled in the renal pel-
vis. Fascial dilator is passed over the guidewire,
and later an angled catheter can be utilised to
place the guidewire down the ureter. Some sur-
geons also exchange the hydrophilic guidewire
for stiffer working wire prior to dilatation.

Having a secure guidewire down the ureter
enables the subsequent dilatation to be carried
out safely without the guidewire slipping out
inadvertently. Additionally, some also prefer hav-
ing second safety guidewire in place before pro-
ceeding with dilatation of the tract.

Dilatation may be accomplished using sequen-
tial Amplatz dilators, telescopic dilators or bal-
loon dilators. Balloon dilatation which uses radial
forces has been found to cause less trauma to the
renal parenchyma as compared to serial dilators
where shearing forces cause more damage and
higher haemoglobin drop [27].

13.5 Conclusion

The technique using fluoroscopy to obtain percu-
taneous access remains the most preferred
method. Once the perfect access is created, the
PCNL naturally progresses without much diffi-
culty. This understanding will go a long way in
the training of the budding endourologist wanting
to learn PCNL.
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Abstract

Percutaneous nephrolithotomy (PCNL) is a
common urologic surgery for large renal stone
and staghorn stone. In this article, we summa-
rized the tips and tricks of ultrasound-guided
puncture PCNL from experienced endourolo-
gists covering the diagnostic or therapeutic
use. We also discussed about the difference
guided methods’ and dilation methods’ pros
and cons.
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14.1 Introduction

Percutaneous nephrolithotomy is a common uro-
logic surgery for treating large renal stones or stag-
horn stones. Since it was published in 1976 [1],
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PCNL has evolved over the years into several dif-
ferent variances. The variances were noted almost
on every step of whole procedure including patient
position, access guidance, size of access tract and
instrument, method of stone fragmentation, and
nephrostomy wound management. Because of its
diversity, it makes the young urologists difficult to
learn this procedure. Percutaneous access to the
collecting system could be achieved under the
guidance of ultrasound, fluoroscopy, or CT [2].
Ultrasound (US) guided puncture is becoming
more popular among urologists in Asian countries.
However, the use of the US in PCNL had already
been described for more than forty years [3]. The
US-guided access has several advantages than
fluoroscopic access including radiation-free, more
convenient, safer, and cheaper. It also could reduce
the risk of adjacent organ injury. Table 14.1

Table 14.1 Advantages and disadvantages of ultrasound-
guided PCNL

Advantages
» No radiation exposure.
* More convenient and portable.

* Detecting radiolucent stone.

¢ Visualize surrounding tissue and organ.
* Depict renal vasculature and avoid injury.
* For special situation, e.g. spine deformity.
Disadvantages
« Difficult to access to the non-dilated collecting
system.

* Poor visualization of guidewire, dilator, and
sheath.
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showed the advantages and disadvantages of radi-
ation-free US-guided PCNL. However, few arti-
cles introduce this procedure step by step.
Therefore, we had reviewed published literature
and would like to share our experience of ultra-
sound-guided PCNL.

14.2 Patient Selection

The ideal patient for ultrasound-guided PCNL is
non-staghorn stone and the presence of hydro-
nephrosis [4]. That is because there is a sharp
outline of the collecting system when the kidney
is hydronephrotic. Moreover, it also creates a
space between stone and calyx which could
allow puncture needle to go through. Oppositely,
staghorn stone is usually full of the collecting
system and there is barely space for puncture
needle and guidewire. Folding guidewire, losing
direction, or false tract formation easily occurred
in staghorn stone PCNL [4]. Besides, morbid
obesity is not a good candidate. The kidney will
be deeper away from the skin. When the ultra-
sound signal went through fatty tissue, there
will be attenuation of the ultrasound image. The
poor quality of the image makes puncture diffi-
cult [5]. Although obesity is not the absolute
contraindication of ultrasound-guided access,
there could be more complications. According
to a multivariance regression study, more than
30% odds increase in severe Clavien—Dindo
complications are related to a 5-unit increase in
BMI [6]. Previous open kidney surgery is a risk
of access failure although it is not the contrain-
dication. More resistance would be met during
tract dilation [7].

14.3 Preoperative Evaluation
and Preparation

The routine hemogram including complete blood
count with or without differential count, coagula-
tion function (PT/APTT), and biochemistry test
are performed before surgery. The uncorrected
coagulopathy is an absolute contraindication to
percutaneous surgery [2]. The preoperative rou-

tine urinalysis, urine culture, and sensitivities are
also performed, and antibiotics should be used
for 7 days if the urine culture is positive. To the
assessment of stone size, location, and hydrone-
phrosis grade, a preoperative image is necessary,
including intravenous pyelography or computed
tomography (CT) of the abdomen. But for
ultrasound-guided PCNL, abdominal CT is
highly recommended because it could provide
more details including renal anatomy, stone char-
acteristics, and caliceal axis. The general anes-
thesia with endotracheal intubation is favorite
anesthesia for this procedure because of a
decrease in the movement of the kidney.

14.4 Instruments
The following are essential instruments neces-
sary for ultrasound-guided PCNL.

e Portable ultrasound unit.
e Cystoscopy tray.
e Cystoscope (rigid or flexible).
e Ureteral catheter.
e QOcclusion balloon catheter.
¢ Puncture needle (Chiba needle if available).
e J-tip guidewire.
e 8-French fascial dilator
e Dilating system.
— Metal telescopic dilators.
— Balloon dilation system.
— Amplatz dilation system.
e Working sheath.
* Nephroscopy (rigid or flexible).
e Lithoclast.
* Holmium YAG laser system.
e Double J ureteric stents.

14.5 Patient Position

The traditional position is the prone position.
Because of the retroperitoneal location of the
kidney, this position is thought easy to direct
access to the calyx. But the supine position get-
ting more popular because it is suited for morbidly
obese, cardiovascular disease, and maintaining
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Table 14.2 Comparing advantage and disadvantage
between prone and supine position

Prone position

\ Supine position

Advantage

Provides a broader surface
area with a wider choice for
needle access

Save time (skip the
repositioning
procedure)

Easy for manipulating the
instrument

Better airway control

Easy for upper calyx
puncture

Less Pulmonary and
cardiovascular event

The visceral and bowel are
drop-down, minimizing the
risk of injury

Synchronous
retrograde
manipulation

Disadvantage

Pulmonary and

Small space for

cardiovascular compromise | instruments
Difficult in severe obesity The limited angle of
puncture

Difficult airway maintenance

Increased risk of

intraabdominal organ
injury

Longer preparation time
(reposition)

good airway control. Radiation-free ultrasound-
guided PCNL could be performed under either a
prone position or supine position. It depends on
surgeon preference and patient factors. Table 14.2
showed the advantage and disadvantages of both
positions. Furthermore, Yuan et al. [8] reported a
meta-analysis study including thirteen studies
with a total of 6881 patients that showed a prone
position is associated with a higher stone-free
rate and less blood transfusion. But Li et al. [9]
recently reported an updated meta-analysis
including fifteen studies that revealed supine
position had the shorter operative time and less
postoperative fever whereas comparable stone-
free rate and overall complication.

14.6 Procedural Steps

14.6.1 Step 1 Create Artificial
Hydronephrosis

Non-dilated collecting system is not a good can-
didate for US-guided percutaneous access. The

iz’

Fig. 14.1 The ureter catheter is fixed with a Foley
catheter

renal calyx is usually difficult to differentiate
from the renal pyramid if there is no presence of
hydronephrosis. Therefore, creating artificial
hydronephrosis for the renal stones without con-
sequent hydronephrosis is important for
ultrasound-guided access. Once artificial hydro-
nephrosis had been created, the renal calyx can
be more easily identified from renal parenchyma,
which is often darker black. Li et al. [10] pre-
sented an effective method to create artificial
hydronephrosis with a retrograde ureter catheter.
In our experience, a 5 Fr open-ended ureteral
catheter was inserted into the ipsilateral upper
ureter or renal pelvis in retrograde fashion under
rigid cystoscopy at the beginning of the proce-
dure. The catheter is fixed with a Foley catheter
to prevent migration (Fig. 14.1). Afterward, the
saline is injected retrogradely through the ure-
teral catheter to collecting system with pressure
pump or gravity flow of 40-50 cm high than
kidney.
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Sometimes, the patient was placed in a modi-
fied supine and the retrograde semirigid ureteros-
copy was advanced up to renal pelvis to create
hydronephrosis and guidewire retrieval [11]. To
our experience, this method is very effective to
make good hydronephrosis. Besides, some sur-
geons use an occlusion balloon catheter instead.
The balloon near the tip is inflated to create an
occlusion on the ureteropelvic junction to facili-
tate hydronephrosis [12]. Alternatively, Bai et al.
[13] recently introduced a method to create artifi-
cial hydronephrosis by indwelling double J stent
and reflux of bladder. In our experience, a 6-Fr
double J stent was placed under cystoscopy rather
than ureter catheter. Then an 18 or 20 Fr. three-
way Foley catheter was placed within the blad-
der. The bladder is distended by occlusion of tube
and saline solution filled the bladder with gravity
flow. Artificial hydronephrosis could also be
achieved by the reflux of the bladder.

Besides, some authors reported usage of
diuretic administration for transiently dilatation
of collecting system to facilitate the success of
puncture [14]. To the best of our experience, the
effect of the diuretic agent to create hydronephro-
sis is not good.

14.6.2 Step 2 Renal Ultrasonography

The linear or curve 3.5-MHz ultrasound trans-
ducer could be used by the surgeon’s preference.
But we prefer the curve transducer so that we
could adjust the puncture angle easily. The area
of skin entry point must be situated between 12th
rib, iliac crest, paraspinal muscle, and posterior
axillary line. Drawing posterior axillary line
before surgery is suggested, especially in the
supine position. Puncturing within this area that
could avoid intraperitoneal organ injury and
pleura injury. Preoperative computed tomogra-
phy can provide much more information, such as
the orientation of calyxes, relative location of
stones, and the adjacent organs including colon,
spleen, liver, and gallbladder. The appropriate
depth of the ultrasound should be set to maximize

the size of the kidney on the screen. The gain of
ultrasound should be increased to differentiate
the collecting system from renal parenchyma. At
the initial of renal ultrasound, the whole kidney is
scanned completely in longitudinal and trans-
verse planes, from lateral to medial and superior
to inferior, respectively, by sliding, swinging,
fanning, and rotating. The renal parenchyma, pel-
vicalyceal system, hydronephrosis, stones, peri-
renal tissue, and surrounding organs are all
visualized. If the image interferes with ribs, you
could rotate the probe a little and try to make it
parallel to the 11th rib. The proper skin access
site to calyx is chosen according to your surgical
design and stone location. In general, rigid neph-
roscope from upper pole calyx access could
approach to renal pelvis, ureter, and most of
lower pole calyx. But rigid nephroscope from
lower pole calyx access could approach to the
renal pelvis and few of upper pole calyx in few
patients. Middle pole calyx access could approach
to the renal pelvis and upper ureter in some cases.
It is worth mentioning that puncturing should go
through the calyceal fornix. The puncture direct
into the renal pelvis should be avoided because
there is a high risk of renal vessel injury. Although
upper pole calyx could approach most calyx of
the kidney, it usually needs a supracostal punc-
ture that could cause pleura injury and sequential
problems. Sometimes, color Doppler ultrasound
images could be used to avoid large renal vessels
which could result in severe hemorrhage [15].
The decision of target calyx is based on anatomic
factor and the surgical goal that surgeon plan to
accomplish. Good access to the ideal calyx
system determines the success of subsequent pro-
cedure [16].

14.6.3 Step 3 Renal Puncture

After choosing optimal window and angle for
access, a 20 cm puncture needle is inserted into
skin. The Chiba needle is suggested to perform
renal puncture because it had high echogenicity
and visibility [17]. The optimal puncture angle
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needs to be parallel to the central axis of the
infundibulum. But too oblique angle should be
avoided because that can make subsequent steps
more difficult [18]. Meanwhile, the ultrasound
probe should be adjusted to the plane that targets
calyx and renal pelvis could be seen at the same
time. Consequently, severe bending could be
avoided as entering renal pelvis from the calyx.
The timing of puncture is important because the
kidney is moving during respiration. It is more
consistent at the end expiration [19].

14.6.3.1 Puncture with Guide

For the beginner, using a probe with puncture
guide attachment is highly suggested, which can
help direct the needle with fixing the angle of
entry and keep the needle visualization in ultra-
sound image (Fig. 14.2). In addition, the elec-
tronic dotted line on the ultrasound screen
predicts the path of the needle (Fig. 14.3). It
could help manipulate the needle precisely and
easily.

14.6.3.2 Puncture Without Guide
(Freehand)

For a skilled surgeon, controlling the needle free-

hand is much more used. It means there is better

flexibility of puncture angle as performing with-

out a needle guide. It can be performed by either

longitudinal insertion or transverse insertion

Fig. 14.2 Renal puncture is assisted by a probe with
puncture guide attachment
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[18]. For the longitudinal needle insertion, the
needle can be placed on the cranial or caudal side
of the probe, which is positioned along the longi-
tudinal axis of the kidney (Fig. 14.4). For the
transverse needle insertion, the needle is placed
on either side of the ultrasound probe, which is
positioned along the transverse axis of the kidney
(Fig. 14.5). It can provide a greater range of entry
angles and avert rib shadowing. To performing a
free hand longitudinal puncture, the surgeon held
the probe fixed by non-dominant hand with

Fig. 14.3 The electronic dotted line on the screen will
predict the path of the needle

/-

A
Fig. 14.4 The in-plane kidney puncture without adaptor
(freehand)
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Fig. 14.5 The out-of-plane kidney puncture without
adaptor (freehand)

/
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securing it on patient body and held the needle by
dominant hand. Bouncing the needle help to find
needle tip then the needle was moved into the
imaging plane. Keeping the needle parallel to the
longitudinal plane of the probe is important to
maintain visualized the needle. The needle
retained under the soundbean of the probe will
always emerge on the sonogram. It needs strict
coordination between probe hand and needle
hand.

For the freehand transverse puncture, the
puncture needle is not on the imaging plane. The
probe needs to be fanning back and forth to
localize the needle tip and direct it into the desired
calyx [18].

The entire procedure should be monitored in
real-time by ultrasound especially the whole
course of the needle. Sometimes the image of the
needle tip is missing as advancing through the
subcutaneous tissue. That is because it may not
be on the same plane with the ultrasound trans-
ducer. At this moment, wiggling the needle gen-
tly or moving the probe back and forth will help
the operator find the needle tip [19]. Sometimes,
the localization of the needle could be deter-
mined by the movement of adjacent tissue. If the
location of the needle could not still be identified,
it should be pulled out and try again. Only the
needle tip could be seen during the whole punc-

ture, the needle could be brought to the calyx
safely. After puncturing into the target calyx,
needle stylet is removed. The efflux of clean
urine through needle or aspiration of urine by
using a 10 ml syringe could help confirm the suc-
cess of target calyx access. Meanwhile, the depth
of needle that means the length of the tract from
skin to target calyx should be recorded and mark
on dilators for subsequent dilation.

14.6.3.3 Ultrasound-Guided Needle
Repositioning of Residual
Stone
Chu et al. [18] had ever introduced the tech-
nique of repositioning of residual stone. It could
help improve the stone-free rate without addi-
tional tracts. But to our experience, it could only
be successfully performed in those cases with
wide infundibulum and moderate hydrone-
phrotic pelvis.

14.6.4 Step 4 Guidewire Access

J-tip made of a metal guidewire is preferable
because it is stiff to resist kinking and bending
and detected under the ultrasound. After needle
puncture into the collecting system, we could
remove the needle stylet and insert a coaxial
0.035-inch J-tip guidewire through the needle.
Under the real-time vision of ultrasound, the sur-
geon could see the guidewire go into the renal
pelvis and down the upper ureter. Sometimes
guidewire cannot be put into the upper ureter and
just curling within the renal pelvis. Once the
guidewire is confirmed within the collecting sys-
tem, the puncture needle can be removed. The
beading on the wire could help confirm the col-
lecting system deposition. Moving the guidewire
must be gentle and stop if meeting resistance.
Forceful insertion of the guidewire could cause
renal pelvic perforation or kink of the guidewire.
Then it could make subsequent steps difficult.
Terumo guidewire is not suggested because it is
too soft and invisible under ultrasound image.



14 How to Perform Renal Puncture: Ultrasound Approach

149

14.6.5 Step 5 Tract Dilation

Before dilation, the skin incision should be made
the wound wide along the guidewire. Moving the
wire back and forth help locate where need to cut.
The tract dilation is the most important step of
ultrasound-guided PCNL. There are several dila-
tion methods, including sequential rigid metal
dilators [20], semirigid plastic dilation sets
(Amplatz) [21], and balloon dilators [22]. The
most popular method is the dilation balloon and
Amplatz dilation system.

14.6.5.1 Rigid Metal Telescopic

Dilators (MTD)

Rigid metal dilators are a series of coaxial dila-
tors. It comprised eight metal rods that extended
up from 9-Fr to 24-Fr at 3 Fr intervals. The first
step of tract dilation is to advance an 8 Fr guide
rod along the 0.035 guidewires until the depth of
calyx. There is a ball tip on the guide rod that
could prevent the following dilators go beyond
the tip of the guide rod. Next, the second coaxial
dilators are advanced along the guide rod. Then
the subsequent coaxial dilators are passed through
the former until the proper size of the tract.

14.6.5.2 Amplatz Dilator System

Amplatz dilator system is a semirigid plastic
dilation system including a minimum of 10 dila-
tors. The first step is dilating the wound by an 8
Fr fascial dilator along the guidewire until the
depth of calyx. However, the dilator is not echo-
genic, and guidewire will disappear on ultra-
sound screen when dilator is passing over. Then
the 8 Fr dilator was withdrawn and the guidewire
was left in place. The subsequent dilation of 10
Fr and 12 Fr fascial dilator was achieved by the
same method. After that, an 8-Fr PTFE guiding
catheter was placed over the guidewire. The size
of Amplatz dilators increasing by 2 French were
used to dilate the tract along the guiding catheter
one by one until the final size diameter is accom-
plished. The working sheath is placed over the

final dilator. Then the final dilator and guiding
catheter are removed, leaving the working sheath
and guidewire in place. Sometimes, the dorso-
lumbar fascia is so dense that it is hard to dilate
especially on male patients and secondary to pre-
vious renal surgery. In this instance, twisting
dilator in a back-and-forth manner can help pen-
etrate resistance and advance the dilator. Pushing
too hard against the resistance could go beyond
the proper depth and result in severe renal trauma.
One important thing to remember while perform-
ing dilation is shallow is better than deep. Serial
dilation one by one is time consuming, so some
surgeons could skip some of size, e.g. the 16-Fr,
24-Fr. Moreover, Frattini et al. [23] ever present a
modified one-step Amplatz dilation, named one-
shot dilation that directly used only desired size
Amplatz dilator (24-30 Fr). It had short fluoros-
copy time and reduced radiation exposure [24].
But this benefit did not exist under ultrasound-
guided access.

14.6.5.3 Balloon Dilator

The dilation with balloon dilator is a kind of one-
step dilation method. It could save dilation time
and reduce repetitive dilation that causes renal
trauma [25]. The first step is to insert an 8-Fr fas-
cial dilator along the guidewire under the real-
time vision of ultrasound until the previously
recorded depth. Then, a balloon dilator (Bard,
USA) with preloaded working sheath was
inserted until the distal tip is entering inside the
target calyx. The balloon was inflated with saline
at 20 ATM by pressure gun. The whole procedure
should be monitored with ultrasound. The bal-
loon usually moves outward along the wire dur-
ing the inflation, so holding tightly to a secure
location is needed. The balloon dilator was hold-
ing in the position for 3 min to facilitate tract
hemostasis. Afterward, a working sheath was
advanced into target calyx over the inflated bal-
loon by spiral motion with one hand holding the
balloon dilator in place. The exact length of
sheath and balloon is matching. Advancement of
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the sheath is completed when the proximal edge
of balloon dilator is seen. Then the balloon was
deflated, and the dilator set was removed. The
working sheath and guidewire were left in place
for safety.

14.6.6 Step 6 Nephroscopy
and Stone Fragmentation

Nephroscopy and stone fragmentation are same
with fluorescent guided PCNL. Rigid nephros-
copy is the basic instrument in standard PCNL. A
basket or grasper can be used to facilitate stone
removal. Stone fragmentation is performed by
pneumatic lithotripter, ultrasonic lithotripter,
laser lithotripter, or a combination. Lithoclast
(Electromedical system, Kaufering, Germany) is
a useful ballistic lithotripsy that provided a
jackhammer-like effect on stones. Holmium laser
lithotripsy is also a main method of lithotripsy
especially mini-PCNL. Combining both methods
seems to shorten operative time [26]. For a large
renal stone (>20 mm) and hard stone (> 1000
HU), ballistic lithotripsy is used to fragmentize
stone to less than 10 mm initially. The laser litho-
tripsy is then used to reduce stone size smaller
enough to removal from the working sheath.
With the advancement of a high-power laser sys-
tem, laser lithotripsy could be more useful [27]
for large and hard stones.

14.6.7 Step 7 Post-op Renal Drainage
or Tubeless (Hemostasis)

After stone removal, a 6 Fr double J catheter is
placed antegrade. Then the working sheath is
removed. The management of wound could be
left to open with a nephrostomy tube or closed
with suture. The placement of a nephrostomy
tube at the end of PCNL is originally designed
to promote hemostasis and drain the pelvicaly-
ceal system [28].

Depending on the surgeon’s preference, there
are three main methods for drainage of the col-
lecting system including nephrostomy tube, ure-
teral stent, and tubeless. According to the degree
of hematuria and amount of residual stone frag-
ments, these methods could be used on the
proper patients. In our experience, we routinely
used 20 Fr. Council tube as a nephrostomy tube
with a 6 Fr double J ureteral stent in conven-
tional PCNL. The double J stent could be placed
in an antegrade or retrograde fashion. At the end
of this procedure, we left an 8-Fr PTFE guiding
catheter in place. Then a 20 Fr council tube was
advanced along this guiding catheter until reach-
ing renal pelvis. For the small size of tract (< 18
Fr), we used an 8 Fr. pigtail tube as a nephros-
tomy tube, which is placed over a guidewire. In
a prospective study of Maheshwari et al., a small
size of nephrostomy tube reduces the need for
analgesic agents and the duration of urinary
leakage after tube removal significantly [29].
But according to a randomized study of Pietrow
et al., small-bore nephrostomy seems to decrease
postoperative pain score and analgesic agent
dosage, but it did not reach a significant differ-
ence [30].
14.6.7.1 Tubeless PCNL (Only Double
J Ureteral Stent Placement)
and Total Tubeless PCNL
Sometimes the PCN tract was closed without
leaving a nephrostomy tube, known as tubeless
PCNL. Furthermore, some surgeons even placed
neither a nephrostomy nor ureter stent, known as
total tubeless PCNL. According to a systemic
review and meta-analysis study, it could reduce
pain, shorter hospital stay, and shorter time to
return to normal activity [31]. But it should be
used in the selected patient. In our experience,
tubeless PCNL is only performed in that patients
without obvious residual stones, severe hemor-
rhage, renal pelvis perforation, sepsis and the
presence of any other intraoperative complica-
tions. In addition, the hemostasis agent including
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fibrin glue or sealants could be used to seal the
tract and reducing bleeding from the tract addi-
tionally [32]. There is still no strong evidence or
long-term data that support the benefit of using a
hemostatic agent.

14.7 Which Is the Best Dilation
Method?

The most effective dilation method remains still
undetermined in ultrasound-guided access. The
preference of the dilation method largely
depends on the surgeon’s training. In the litera-
ture review, the result of these dilation methods
is diverse. Pakmanesh et al. [33] ever present the
first randomized control trial comparing the
Amplatz dilation and balloon dilation in ultra-
sound-guided PCNL. Due to the limited vision
of dilator under ultrasound, short dilation could
be the main concern, that means dilators push
the kidney rather than a puncture into the calyx.
Amplatz dilation had a higher short dilation rate
than balloon dilation, especially in lower pole
access although it is much cheaper than balloon
dilator. The other parameters including access
time, stone-free rate, hemoglobin drops, and
overall complications are not significantly dif-
ferent between both. Moreover, Wu et al. [34]
recently reported the meta-analysis study com-
paring these dilatation methods. Balloon dilation
had reduced blood loss compared with Amplatz
dilation, but the transfusion rate is similar. The
balloon dilation can tamponade injured vessels
by the balloon pressure. Dehong et al. [35]
showed the efficacy and the safety of balloon are
better than Amplatz dilatation. Beiko et al. [36]
mentioned using balloon dilator can be guided
by ultrasound more easily than Amplatz dilators.
However, balloon dilator is thought to easily fail
in patients with previous open kidney surgery

[7]. That is because it is hard for balloon dilator
to dilate the fibrotic scar of the kidney. In this
instance, Amplatz dilation and MTD are more
useful than balloon dilation [37]. Furthermore,
how to choose between Amplatz and MTD?
Ozok et al. [38] noted that MTD is better than
Amplatz dilators in cases that the guidewire was
not able to be placed through the collecting sys-
tem due to obstruction of the infundibulum by
stones.

14.8 Previous Literatures
of Ultrasound-Guided PCNL

There are many literatures described about
ultrasound-guided PCNL. Few article performed
ultrasound-guided puncture with fluoroscopy
guided dilation [6, 15, 39, 40]. Most articles per-
formed with pure ultrasound-guided PCNL with
difference dilation method [6, 36, 39, 41-44].
Table 14.3 listed the previously literary with
ultrasound-guided PCNL and compared of tract
successful rate, operative time, and stone-free
rate (SFR).

14.9 Trouble Shooting
in Ultrasound Access

Several previously published literatures showed
on the feasibility and safety of the ultrasound-
guided both renal tract access and dilatation [6,
49]. But there is still some troublesome challenge
of renal puncture and dilation for beginner. A
rarely mentioned but important aspect of trouble
management during ultrasound-guided access is
crucial for surgeons. Regarding to our surgical
experience of ultrasound guidance access and lit-
erature review, the following Table 14.4 showed
some useful troubleshooting for surgeons.



K.-Y. Tzou et al.

152

BOY'LL 0’87 F9°Sv1 %09°S9 (moys ou) punosenn punosenn [£¥] IN IyoBIUTYORMES )
%01 6L L'1E+ 1801 (moys ou) Joys-auQ punosenn punosenn [8%] S oM
%0L 98 VOF LYY %001 joys-auQ punosenn punosenn [L¥] H twerey]
%0588 617'6¢ F 91'88 (moys ou) Joys-auQ punosenn punosenn [#¥] S Texpeyereq
%b6L COor1 %0S €6 joys-auQ punosenn punosenn [ot] v 1iseq
%19°€6 (moys ou) %OL'S6 Uy punosenn punosenn [2t] WA 1utessoq
%09°C8 VICFT'EL %0188 uooqreq punosenn punosenn [o€] @ oyreg
%0988 YT+ 0811 (moys ou) uooqreq punosenn punosenn [1¥] L noyz
%0E €Y 88T+ T8 (moys ou) uooqreq punosenn punosenn [1+] L noyz
BLS rFLIL BbE6'16 uooqreq punosenn punosenn [9] v [onuey
%9S 69 F 8¢1 %001 uoofreg Adoosozong punosenyn [9] v [onuey
%0988 €8¢ %01°S6 uooqreq punosenn punosenn [s¥] X Suiq
%01°06 8’19 %08'S6 uooqreq Adoosoony punosenn [s¥] X Suiq
%01°SS 6CEF909 %0996 [eroseq Adoosoong punosenn [ov] Z oM
%001 (moys ou) %001 [e1ose] Kdoosoronyg punosen|n [ST1] N [emIedy
MAS (urwr) owm do 9JeI [NJ$SSA00NS JOBI], I0¥eI(] popIn3 uoneiq aIjoung

Q) 901J-0u03s pue ‘awn aaneIado ‘9jel [nyssedons Joen Jo uostedwod pue TNDJ POPINS-punosen[n Jo saINJeId SNOIAdI €'f 1 d|qeL



14 How to Perform Renal Puncture: Ultrasound Approach

153

Table 14.4 The trouble shooting and management of

ultrasound-guided access

Trouble

Management

Not be able to
see the needle

— Using high frequency probe and

increasing the gain of probe could

help this situation.

— Changing high echogenic needle
also could overcome this difficulty.

No efflux of
urine

Scenario 1:

Complicated renal stone with
infection sometimes could make
the fluid viscous, or pus. It is sticky
and thick and does not flow out
easily.

— Applying a syringe to aspirate it
from needle help overcome this
difficulty.

Scenario 2:

Not successful access into
collecting system

— Compression for hemostasis then
repuncture

Fluid is mixed

— Straining all fluid through gauze

with blood or filter paper to determine whether
it is urine or blood.
Unable to — Use sensor guidewire [50]

passing a wire
due to stone
obstruction

— Advance the needle into the stone
and keep push stone forward after
stylet is withdrawn. Try coiling of
the wire tip around the limited
calyceal space [51]

Short dilation

Short dilation is a common
situation under ultrasound guide
access.

— Using small caliber nephroscope
or ureteroscope and advancing
along the guidewire until into
collecting system; Then advancing
working sheath along the
endoscope.
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Abstract

Supine percutaneous nephrolithotomy (PCNL)
is easy to perform and has many advantages
over traditional prone PCNL. It enables the
procedure to be carried out in a single position,
as such reduces operative time and removes
the risks of inadvertent injuries during reposi-
tioning. Moreover, anaesthetic risk is lower in
supine position as it eliminates cardiac and
respiratory encumbrance associated with prone
position. Supine position also has the addi-
tional advantage to perform synchronous retro-
grade intrarenal surgery.

This chapter described the patients’ posi-
tion and techniques of supine PCNL, with
emphasis to the tips and tricks for successful
supine PCNL. Furthermore, we detailed the
advantages and disadvantages of supine PCNL
and compared the outcome of supine and
prone PCNL.
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15.1 Introduction

Percutaneous nephrolithotomy (PCNL) is the
gold standard in treatment of large and complex
renal stones. This procedure, however, associated
with many morbidities. In particularly, its classic
prone position posts high anaesthesia risk. The
introduction of supine PCNL by Valdivia et al. in
1987 has addressed the high anaesthesia risk
associated with prone PCNL [1]. Over the years,
supine  PCNL has evolved remarkably and
resulted in variants of patient positions and tech-
niques to facilitate the success of this procedure.

15.2 Supine Versus Prone PCNL

PCNL was first described in prone position due
to concerns of inadvertent colon injury during
access if procedure is performed in other posi-
tions. It is important, however, to note that intra-
venous pyelography was the standard imaging
modality for stone assessment at the time PCNL
was introduced. Computed tomography (CT) was
not widely used. With CT readily available, sur-
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geons have a good pre-operative understanding
of the peri-renal anatomy, thus lower the risk of
inadvertent colon perforation. Moreover, studies
have showed that risk of colon perforation is less
in supine, with the incidence of retro-renal colon
position being 1.9% in supine position and up to
10% in prone position [2].

Supine PCNL has many advantages over
pone PCNL. It enables the procedure to be car-
ried out in a single position, as such reduces
operative time and removes the risks of inadver-
tent injuries during repositioning. Moreover,
anaesthetic risk is lower in supine position as it
eliminates cardiac and respiratory encumbrance
associated with prone position. Supine position
also has the additional advantage to perform
synchronous retrograde intrarenal surgery. This
“endoscopic combined intrarenal surgery”
(ECIRS) is an effective approach for large or
complex stones. Supine PCNL also has superior
ergonomic for the surgeon. Surgeon can operate
comfortably in sitting position and avoiding
stress on the back.

While supine PCNL has many advantages
over prone PCNL, it has few significant draw-
backs. In supine position, the flank is not fully
exposed, thus limiting the operative field and
reduces the possibility of multiple access when
needed. Furthermore, it is difficult to achieve
upper pole puncture in supine position. Even
though study has shown that it is more likely to
access upper calyx through lower pole puncture
when patient is in supine position than in prone
position (80% versus 20%) [3], supine PCNL
may not be ideal for large upper calyceal stone or
staghorn calculi. In addition, kidney is more
mobile when in supine position, making the
access and navigation of instrument towards the
kidney more challenging.

Supine PCNL has similar intraoperative and
post-operative outcome as prone PCNL.

i. Operative Time
One of the main advantages of supine
PCNL is omission of the need and time spend
for repositioning of patient. Meta-analyses

have shown that mean operative time was sta-
tistically shorter in supine PCNL by 18.27 to
24.84 mins [4-8].
ii. Stone free rate
Studies have shown conflicting results on
stone free rate of supine versus prone
PCNL. While there are few meta-analyses
that demonstrated superior stone free rate
with prone PCNL [6, 7, 9], others showed
similar stone free rate between these two
positions [4, 10]. In a recent meta-analysis of
Li et al., which included 1474 patients from
15 randomised controlled trials, showed no
statistically significant difference in stone
free rate of prone and supine PCNL [8].
iii. Complications
Supine PCNL has similar complication
rate to prone PCNL [4, 6, 10]. The rate of
inadvertent colonic injury and pleural injury
is comparable to prone PCNL (0.5% and 0%,
respectively) [8]. Two meta-analyses noted
lower incidence of blood transfusion associ-
ated with supine PCNL [7, 10] and one meta-
analysis found lower fever rate in supine
group [10].
iv. Length of hospital stay
Data from all the meta-analyses have con-
sistently showed no difference in length of
hospital stays after supine and prone PCNL
[5-8, 10] (Fig. 15.1, Table 15.1).

Fig. 15.1 Surgeon performs supine PCNL in a comfort-
able sitting position
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Table 15.1 Advantages and disadvantages of supine and prone PCNL

Prone Supine

Advantages Larger operative field and possibility | No patient repositioning
of multiple punctures Allows endoscopic combined
Easy puncture as kidney is fixed and | intrarenal surgery
easier identification of calyx Better calyceal drainage
Wider space for instrument Superior ergonomic for surgeons
manipulation

Disadvantages Injuries associated with positioning Hypermobility of kidney

* Cervical spine, skeletal, and ocular
injuries.
Cardiac and respiratory encumbrance

Small operating field
Difficult upper pole puncture or
multiple punctures

Long percutaneous tract limits
movement and stone clearance

Fig. 15.2 Valdivia position for supine PCNL

15.3 Patient Positioning

The original supine PCNL as described by
Valdivia et al. is supine position with 3-litre saline
bag to elevate the ipsilateral flank (Fig. 15.2) [1].

Subsequently there are many modifications to
the initial Valdivia position. In one of the modi-
fied Valdivia position, patients’ both legs are
flexed with ipsilateral leg slightly more elevated
to facilitate synchronous ureteroscopy (Fig. 15.3).

In 2007, Galdakao further modified the
Valdivia position and soon become the position
of choice for many surgeons [11]. For this “modi-
fied Galdakao-Valdivia position”, patient is
supine with slight rotation to the contralateral
side. The ipsilateral flank is elevated by 20-25°.
Patient’s ipsilateral arm is placed over the chest,
high enough to make sure it does not interfere

with C-arm and enables proper flank exposure.
Patient’s ipsilateral leg is extended and contralat-
eral leg is flexed to provide substantial room for
second surgeon to perform simultaneous retro-
grade intrarenal surgery (RIRS) should the need
arises (Fig. 15.4). By leaving the ipsilateral leg
extended, there is an additional advantage of ease
of instrument mobilisation especially when try-
ing to reach the upper calyx through lower pole
access, as instruments will no longer collide with
the leg or the stirrup-holder.

Another popular variation of Valdivia position
is “Barts flank-free modified supine position”
[12]. This position is similar to the modified
Galdakao-Valdivia position, patient is in slight
lateral position, with ipsilateral arm is placed
over the chest, ipsilateral leg extended, and con-
tralateral leg abducted. The main difference is
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Fig. 15.3 Modified Valdivia position

Fig. 15.4 Modified Galdakao-Valdivia position for supine PCNL

patient is tilted 15° by using 3-L saline bag under
the ipsilateral rib cage and a small gel pad under
ipsilateral pelvis. There is no support under the
loin thus allowing more space for renal access
(Fig. 15.5).

15.4 Technique of Puncturing

In supine PCNL, the puncture must be within the
safety area that is borders superiorly by 12th rib,
inferiorly by iliac crest, and anteriorly by poste-

rior axillary line (surface landmark for posterior
peritoneum reflection). It is important to draw
these safety landmarks when patient in supine
position to avoid lines displacement during
positioning.

Puncture in supine PCNL can be carried out
via the following methods:

i. Fluoroscopy guidance.

ii. Ultrasound guidance.
iii. Combined fluoroscopy-ultrasound guidance.
iv. Ureteroscopy guidance.
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Fig. 15.5 Barts flank-free modified supine position

The table below explained the techniques and

advantages of each technique.

Technique Description Advantages

Ureteroscopic | Puncture of target | Radiation free

guidance calyx either with | Continuous
ultrasound or visualisation
retrograde from puncture
nephrostomy to PCNL. Any
puncture wire via | complications
flexible can be easily
ureteroscopy. identified

Dilatation and
sheath insertion
under direct
vision of
ureteroscopy to
confirm the
placement.

Technique Description Advantages
Fluoroscopy Retrograde Clear
guidance pyelogram is visualisation of
performed to calyceal system.
identify the target | In correct
calyx for trajectory,
puncture. Needle | indentation of
advanced under calyx can be
real-time seen when
fluoroscopy needle entered
guidance. The the desired
depth of puncture | calyx.
can be confirmed
by rotating the
C-arm cephalad.
Ultrasound Establishment of | Radiation free
guidance access tract can Clear
be performed by visualisation of
radiologist before | surrounding
the procedure or structures
by urologist in the | during puncture
theatre. to avoid
inadvertent
injuries
Combined Establishment of | Minimal
fluoroscopy- access tract with radiation
ultrasound ultrasound exposure
guidance Antegrade Safe puncture

pyelogram via
access tract or
retrograde
pyelogram via
angio-catheter to
facilitate
dilatation with
fluoroscopy
guidance

with ultrasound
guidance
Guided
dilatation under
fluoroscopy

15.5 Tips and Tricks During

ii.

Supine PCNL

Patient selection

As with all the PCNL, at the beginning of
learning curve it is best to select patient with
dilated system. Supine PCNL is best suited
for lower pole access, as such patients with
calculi that required upper pole puncture or
large staghorn calculi are not ideal candidates
for supine PCNL.
Positioning of patient close to the edge of
operating table

It is pertinent to position patient closer to
the edge of operating table (6 cm away from
the edge of table to avoid the radiopaque edge
of the operating bed) to prevent collision of
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Fig. 15.6 Marking of landmarks  before

positioning

safety

instruments with the bed, thus improves
manoeuvrability of the instruments.
iii. Marking of safety landmarks
It is important to mark the three safety
landmarks for puncture (posterior axillary
line, inferior edge of 12th ribs, and iliac crest)
when patient in supine position to maintain
the orientation after patient positioning and
draping (Fig. 15.6).
iv. Preparation of long scope and sheath
Percutaneous tract in supine PCNL is lon-
ger than prone PCNL due to pliable and thick
anterior abdominal wall, especially for obese
patients. Furthermore, the puncture is more
lateral. Hence, it is important to prepare long
access sheath and nephroscope.
v. Secure access sheath
Longer percutaneous tract increases the
risk of inadvertent migration of sheath into
the tract, hence it is important to secure the
access sheath to the skin (Fig. 15.7).
vi. Antegrade insertion of guidewire into blad-
der to fix kidney
Kidney tends to be more mobile in supine
position as compared to prone position due to
loss of weight and rigidity of posterior
abdominal wall against the operating table.
Excess movement of kidney increases the
difficulty during puncture and dilatation and
increases the risk of losing the tract.

Fig. 15.7 Access sheath secured with suture to prevent
migration

Abdominal compression with assistant’s hand
during puncture can aid to stabilise the kidney.
Alternatively, antegrade insertion of guidewire
through ureter into bladder allows some fixation
to the mobile kidney and facilitates dilatation.

15.6 Our Experiences

Our centre starts to perform supine PCNL since
year 2010. Prone PCNL, however, remains the
default due to familiarity of the procedures by
surgeons, as well as for the training of young
urologists. Our patient’s selection mainly for
patient with medical conditions that preclude a
safe prone PCNL such as morbid obesity and car-
diopulmonary conditions. We exclude patients
that require upper pole puncture or full staghorn
calculi.

We performed all cases in modified Galdakao-
Valdivia position (Fig. 15.8). For patients with
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Fig.15.8 Supine PCNL for a lady with BMI of 47 kg/m>.
Modified Galdakao-Valdivia position with flank elevated
using blankets. Safety landmarks (posterior axillary line

Fig. 15.9 Abdominal fat is strapped away by adhesive
tape to increase exposure of flank region

floppy anterior abdominal wall, we strapped away
the abdominal fat to open up the flank region
(Fig. 15.9). In vast majority of cases, we gained
access with ultrasound and performed dilatation
under fluoroscopy guidance. We prefer combined
fluoroscopy-ultrasound guided access as it avoids
inadvertent puncture of adjacent organs, lower the
radiation exposure as compared to pure fluoro-
scopic guided technique but retains the safety pro-
file of dilatation with fluoroscopy guidance. With
this technique, we able to achieve safe access and
so far, there is no inadvertent injury.

(PAL), inferior margin of 12th rib, and iliac crest) are
marked before positioning

Our experiences show that supine PCNL is
safe with comparable stone clearance rate as
prone PCNL.
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Abstract

Miniaturization of PCNL aims at decreasing
morbidity and increasing stone clearance.
Miniaturized PCNL has different classifica-
tions and nomenclatures and there is a need to
understand these. In this chapter we try to
explain the different instrumentations that are
used in mini PCNL. As the tract size decreases
the energy source also need to be modified and
modern energy sources like lasers, Shock-
pulse, and Triology need to be understood.
Lastly, which miniaturized tool to use when is
very important to understand and when to use
standard PCNL is a critical decision that urol-
ogist need to make.

16.1 Introduction

Ever since the introduction of PCNL (percuta-
neous nephrolithotomy) in 1976 [1], the
endeavor has been to achieve complete
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clearance of stone with minimal possible mor-
bidity. PCNL have revolutionized stone man-
agement, but it is associated with its own sets
of challenges and complications. Access and
tract size are determinants of complications in
PCNL [2].

Analysis of complications and better under-
standing of anatomy and physiology have led to
the development of modern instrumentation
which include scopes, sheaths, and ancillary
equipment. Lasers are now the most important
energy source and have practically become the
workhorse for all these procedures. Challenges
associated with fragmentation, retrieval, and
vision have increased with the upsurge of minia-
turization of instruments [3].

Amidst the various tract sizes available,
dilemma still remains which tract size and scope
to be used. Newer nomenclature of mini PCNL is
heterogeneous and there is lot of confusion sur-
rounding the newer names. All innovators and
manufacturers have named their instruments and
procedures differently, making the classification
difficult. Schilling et al. have tried to bring all the
different instruments under one umbrella, this is
based on the outer tract size diameter. The tracts
have been classified as XL(>25 fr), L (20-25 fr),
M (15-20 fr), S(10-15 fr), XS (5-10 fr), and
XXS (<5 fr) [4].
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16.2 What s the Importance
of Tract Size and Does It
Make a Difference in Stone
Management?

Tract size is very important and it does make a
difference in management of stone disease. For
example, the larger the tract size, the more blood
loss was observed [2]. Also, the incidence of pro-
longed urinary leak from the nephrostomy site
increases. VAS scores for pain are higher in
patients with nephrostomy tube. Larger tract size
is associated with longer hospital stay [5].

On the other hand, smaller tracts are associ-
ated with decreased blood loss and decreased
length of stay [5]. Tubeless procedures are
associated with decreased pain and are more
likely with smaller tracts [5]. But in infected
system smaller tract can potentially increase
the intra pelvic pressure and potentially lead to
increased chances of sepsis. Also, in a closed
outflow system of any miniaturized PCNL, the
chances of infection can be high. Therefore, in
the following text, we will understand the
details of the technicalities of various modifica-
tions of PCNL’s.

16.3 Mini PCNL

Mini PCNL was first described by Helal et al. and
they performed this procedure on a 2-year-old
female child. In this case, sequential dilation to
16 fr was done followed by use of a 15 F vascular
peel away sheath [6]. Nephroscopy was using a
10 F pediatric cystoscope and small grasper was
used to remove the stones.

The term mini PCNL has been coined by
Jackman et al. In their initial description, sheath
size of <22 fr was defined as mini PCNL [7]. In
the present time a tract size of <20 fr is consid-
ered mini PCNL. In many parts of the world, Udo
Nagele’s description of MIP (minimally invasive
PCNL), which was initially a 16.5 fr became rep-
resentative of mini PCNL [8].

In the coming paragraphs mini PCNL will be
described in terms of tract size, instrumentations
used, and unsolved problems.

During the evolution of mini PCNL, the tract
size between 12 fr and 20 fr was considered a
mini PCNL. For practical purpose, it can be con-
sidered the “M” from shillings classification,
though there are still sheaths of 12-14 fr which
were considered a part of miniaturized PCNL
spectrum.

The instrumentation and systems available for
Mini PCNL are as follows:

1. MIP-M by Karl Storz™ (Tuttlingen, Germany):
This system is developed by Karl Storz™. Two
sheath sizes which encompass the definition of
mini PCNL include 15/16 fr and 16.5/17.5 fr
(Fig. 16.1a—d). A metallic dilator is available
with the metallic sheath and a third larger size
sheath of 21/22 fr size is also available. So,
after passing a wire into the pelvicalyceal sys-
tem, fascial dilatation is done, following which
dilator of the MIP system is introduced on
which MIP Sheath can be passed [9].

These metallic sheaths are radio opaque. A
fiberoptic scope (Karl Storz™) which is 12 fr
scope is size is available and can be used with
this system. The length of the scope is 22 cm
and it has a 6.7 fr working channel, which can
accommodate a 5 fr instrument.

Mechanism of stone extraction: The metal-
lic sheath described above has a hydrodynamic
action. This phenomenon is called the Vacuum
cleaner effect [9]. The jet of water passes
through the scope into the pelvicalyceal sys-
tem (PCS) and the stone fragments come out
as the surgeon withdraws the scope out of the
sheath. Once the stone is fragmented, with
each withdrawal of scope multiple fragments
come out. With this system there is no need to
increase the irrigation pressure or add suction.

2. Richard Wolf™ system: For Mini PCNL a
12 fr, Richard Wolf™ scope is available com-
mercially. It can be purchased along with two
continuous irrigation sheaths of 15 and 18 fr
[10]. Both the sheaths are available with single
step dilator for performing mini PCNL. This
system has been developed by Lahme et al.

3. Boston scientific system: A 16 fr Amplatz
sheath has been developed which can be used
in mini PCNL’s.
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Efficacy of mini PCNL: It causes decreased
blood loss [5]. Smaller systems have increased
maneuverability in the PCS. This may potentially
decrease the need for number of tracts and use of
the flexible nephroscope. Decrease in the pain
due to decrease in the size of tract. Decreased
hospital stay has been reported in many series.

16.4 Variations of Miniaturized
PCNL

Modification in the instrumentations and in the
techniques has been described by various authors to
make fragmentation and retrieval more efficient.

16.4.1 Use of Laser with Suction

Laser with suction device is a prototype manu-
factured by EMS™ (Electro Medical Systems,
Nyon, Switzerland). It is a 4.5 fr hollow metallic
suction tube which houses another small metallic

Fig. 16.1 (a—d) Panel 1a showing MIP-M sheaths, 1b showing 12 fr Karl Storz™, MIP-M scope, 1¢ 6.7 fr working
channel for MIP-M scope, 1d laser fiber and lithoclast burr for MIP-M

channel (Fig. 16.2a-b) [11]. Through the metallic
channel a 365-micron fiber can pass. The suction
is controlled by a hand-held clutch. This device
enables continuous fragmentation and suction.
Fragments as large as 1 mm can be sucked out
and the device can pass through working channel
of a 12 fr scope. The instrument also stabilizes
the tip of the laser fiber [12].

16.4.2 Suction Attached
to the Sheath

These devices have suction directly to sheath
making fragment extraction more efficient. In
PCNL the suction is attached to a closed irriga-
tion system and various mini PCNL systems hav-
ing the suction attached to sheath have been
described.

(a) Super mini perc:
This technology has been described by
Zeng et al. [13]. The system consists of a
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Fig.

(b)

Schematic diagram

Suction tube with laser  LASER fiber TIP
housing

]

==+ SUCTION TUBING

Actual device

16.2 (a) Schematic representation of laser with suction device, (b) Actual laser with suction device

10-14 fr access sheath with a suction evacu-
ation function. The sheath has a handle with
a straight and offset channel. The straight
channel is covered by a rubber cork which
allows passage of 7 fr nephroscope and at the
same time forming a water seal around the
scope. The offset channel is connected to a
suction device and has a pressure vent. The
suction can be activated by occluding the
pressure vent. Suction can be controlled by
the surgeon by partially or completely
occluding the pressure vent.

Super perc:

Multiple sheaths are available with this
technology, i.e. 10 fr, 12 fr, and 15 fr. The
sheath has been innovated by Shah et al. and
the length of the sheath may vary from
8-20 cm (Fig. 16.3) [14]. The key feature of
this technology is that the master suction is
attached to the sheath rather than the scope
and this channel is at right angles to the
sheath. The authors described used of a
multi-hole ureteric catheter for retrograde
irrigation while using this sheath. The ure-
teric catheter has holes at every 10 cm allow-
ing a free retrograde flow of saline. Enabling
a better irritant flow even with suction. The
suction tubing is attached to the outlet of the
superperc sheath. The suction is controlled
using a suction port which is finger con-

(©)

trolled, on occlusion of port with finger suc-
tion gets activated. It allows larger fragment
size retrieval. A short ureteroscope can be
used as nephroscope with this sheath for
mini PCNL’s as described by the author and
other nephroscopes compatible with the size
of the sheaths can also be used. Microperc
telescope, micro nephroscope from Apple
life sciences, UMP (ultra mini perc) tele-
scope with inner sheath or Karl Storz™
nephroscope can be all used with 10 and 12 F
sheath. Miniperc nephroscope from Karl
Storz™, Olympus™, or Richard Wolf™ can
be used with 15 F sheath size.

Petra sheath:

Clear sheath was popularized by the
Welllead group. The sheath is a 12, 14, 16,
and 18 fr sheath with its own dilator
(Fig. 16.4) [15]. After tract dilatation with
fascial dilator, the sheath with its dilator is
introduced into the PCS. The sheath has a
large offset channel where suction can be
attached. It can suck out fragments as large
as 3 mm. The transparent suction channel
and the terminal sheath allow visualization
of the fragments being sucked out as the
scope is withdrawn. The suction channel is
an offset channel making a smoother passage
for the stone out once it is sucked. Any 12 fr
or 14 fr scope can be used with this sheath.
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Fig. 16.3 Shah’s
Superc sheath

Suction master attached to 16cms cannula

SHAH sheath with obturator/dilator

Fig. 16.4 Clear petra
sheath

Clear Petra Sheath
Mini — PCNL system

the third one allows a 365-micron laser fiber
to pass. The metallic cannula is available in
two sizes, i.e. 11 fr and 13 fr (Fig. 16.5).
These cannulas serve as the outer sheath dur-
ing the procedure [16].

16.4.3 PCNL with Tract Size <15 fr
and >5 fr

(a) Ultra mini perc:

Ultra miniperc (UMP) is a further minia-
turization of the tract size for PCNL. UMP™
(LUT Germany) system has a 7.5 fr nephro-
scope sheath which has three channels [15].
First one is for a 1 mm telescope to pass, sec-
ond one is dedicated for saline irrigation, and

After stone is fragmented using laser there
is spontaneous expulsion of stones by water
jet effect. In principle this technology works
on the eddy currents which are developed by
the jet of water going through the nephro-
scope into the PCS and these currents return
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Fig.16.5 UMP Sheath

(b)

to the sheath when the scope is withdrawn
and along with irrigant it gets along the stone
fragments.

Various phenomenon’s, namely Whirlpool
effect, water jet effect, eddy current effect,
vacuum cleaner effect, or the Bernoulli’s
effect have been used to describe the mecha-
nism of spontaneous stone extraction using a
water jet entering the PCS from nephroscope
and returning back with stone fragments.

Design and construction of the outer
sheath is a major determinant of the above
effect development. With the sheath size of
less than 10 fr and more than 22 fr, the impact
of this currents fades away.

MIP S/XS:

This system developed by Karl Storz™,
consists of a 7.5 fr fiber optic telescope and
its sheath (Fig. 16.6). The scope is 24 cm in
length, has 2 fr working channel and a 3 fr
irrigation channel. In its description by
Nagele et al. to maintain the intra renal pres-
sures and to ensure visualization pressurized
irrigation was used and at the same time a
suction was attached to the ureteric catheter.
The suction and irrigation was maintained by
same device in the original description
(UROMAT™ Karl Storz).

(©)

Basic Instruments Set - UMP

There are two different sheaths available
with the system, i.e. 8.5/9.5 fr and 11/12 fr
size [16]. The length of the sheath is 15 cm,
which is designed for prone PCNL, a longer
sheath of 18 cm length is available for PCNL
in supine position. Sable et al. have shown
the efficacy of this system in stone clearance
to be 100% at one month [17].

Micro perc:

Microperc uses a 4.5 fr “all seeing nee-
dle” or a needloscope [18]. This concept was
developed by Brader et al., the philosophy
was visualization as you puncture.

The microperc needle is a 16-gauge three-
part needle (Fig. 16.7), the three parts consist
of an outer hollow sheath, inner stylet, and
inner sheath. After a successful puncture, a
three-way Tuohy Borst adapter is connected
to the outer sheath and from the central chan-
nel the fiber optic telescope is introduced.
Form one of the lateral channels the laser
fiber is introduced and from the other chan-
nel irrigation is connected. Fiber optic scope
is 0.9 mm in diameter and has a resolution of
10,000 pixels (Fig. 16.8) [18]. The scope is
connected to a fiber optic cable which in turn
is connected to a light cable through a light
pillar on the hub, also this hub allows con-
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Fig. 16.6 MIP XS
system

Fig. 16.7 Microperc
needle

Fig. 16.8 Microperc scope

MIP-S/XS- Karl Storz™

%

12 F

11/12 F

@

4.85 Fr Three Part Optical needle

nection with the conventional camera head.
The flow of irrigant through the third channel
is kept at 100 ml/min on an intermittent mode
using a pump.

A 7 fr multi-hole ureteric catheter, with
multiple holes in the distal 5 cm of the ure-
teric catheter is introduced in the PCS [18,
19]. The PCS is distended with saline, and
punctured under ultrasound guidance. On
completion of the puncture the stylet is with-
drawn and on efflux of urine, the inner sheath
is also withdrawn and the outer sheath is con-
nected to Tuohy Borst adapter.
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Fig. 16.9 Mini-Micro sheath

(d) Mini-Micro PCNL:

Since the microperc scope is flexible it
may bend inside the PCS decreasing the
visualization. Also, excessive mobilization
using outer sheath of the needle may lead to
PCS injury. In view of these problems mini-
micro PCNL was developed. It basically
using the same instrumentation of micro perc
with an 8 fr metallic sheath (Fig. 16.9) [19].
After a puncture using three-part needle,
wire is passed and tract is dilated to 8 fr using
facial dilators and 8 fr sheath with its dilator
is introduced. This sheath is connected to a
Tuohy Borst adapter and the unit is used as it
was done in micro perc.

Efficacy of micro perc ranges between
85% and 93%. In a randomized control trail
comparing microperc with RIRS published by
Sabnis et al. the clearance rate for micro perc
was 97.1% [20].

16.5 Standard PCNL

Standard PCNL is defined as a tract size >20 fr
used for carrying out PCNL’s. In the era of min-
iaturization surgeons should not forget the utility
of standard PCNL.

Advantages of standard PCNL:

1. Procedure is quick and time efficient [5].

2. Larger tract with Amplatz sheath acting as an
open system does not allow the intra renal
pressure to increase.

3. Larger tract, so larger fragments can be
retrieved [5].

4. Through the larger tracts, larger nephroscopes
can be introduced, thereby providing irriga-
tion and vision.

5. Ininfected systems, larger tract does not allow
the pressure to rise, decreases the pyelo-
lymphatic back flow, and decreases the
chances of sepsis.

6. Large stone sizes are better managed by larger
tracts.

7. All the modern energy sources work best with
standard PCNL’s.

Standard PCNL, in an era of miniaturization
still holds its position as there are situations
where mini PCNL will just not be able to provide
an efficient solution. A stone size >3-3.5 cm can
only be efficiently managed using standard
PCNL.

Efficacy of standard PCNL is around 95% in
many series. The problems include increased
blood loss; increased hospital stay, and PCS
injury [5].

Considering various types of PCNL, which
one to be used in which situation is the most
important aspect of understanding mini
PCNL. Horses for courses philosophy make each
of these technologies useful.

Using the size criteria, the stones can be
grouped in 4 categories:

<lcm
1-1.5cm
1.5-2.5cm
>2.5 cm.

Eal e

Using the tract size criteria given by Schilling
the tract can be divided as:

XL —>25 fr.
L —20-25 fr.
M - 15-20 fr.
S —10-15 fr.
XS - 5-10 fr.
XXS - <5 fr.

SR
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Various devices and tract sizes can be summarized as follows:
Tract Schillings Nomenclature as | Ideally suited | Fragmentation Working
size classification | per the developer | for stone size | device Accessory | Scope size | Channel
>25fr | XL Standard PCNL | Staghorn Ballistic, Forceps 20 fr or 10-11 fr
larger than Ultrasound, more
4 cm Combined
20- L Standard PCNL | 2.5-4 cm Ballistic, Forceps 18-20 fr 9-10 fr
25 fr Ultrasound,
Combined
15— M MIP-M, Mini 1.5-2.5cm | Ballistic, Forceps, 12 fr 6 fr
20 fr PCNL, Ultrasound, basket
Super mini perc, Combined, Forceps, |7frto12fr |-
Superperc, Clear laser basket scope
Petra
10— S MIP-S, 1-1.5cm Laser Basket 7.5 fr 2 fr
15 fr UMP, 1-1.5cm Laser Basket 7.5 fr -
Clear Petra 1-1.5 cm Laser Basket 12 f1/7.5 fr
(12/14 fr)
Superperc 1-1.5cm Laser Basket
(10 fr/12 fr)
5-10fr | XS MIP XS 1-1.5 cm Laser Basket 7.5 2 fr
Mini Micro 1-1.5 cm Laser - 8 fr -
16.6 Conclusion 4. Schilling D, Hiisch T, Bader M, Herrmann TR,

Nagele U. Training and research in urological surgery

and technology group. Nomenclature in PCNL or the

tower of Babel: a proposal for a uniform terminology.

World J Urol. 2015;33:1905-7.

Mishra S, Sharma R, Garg C, Kurien A, Sabnis R,

Desai M. Prospective comparative study of miniperc

and standard PNL for treatment of 1 to 2 cm size renal

stone. BJU Int. 2011 Sep 1;108(6):896-900.

. Helal M, Black T, Lockhart J, Figueroa TE. The
Hickman peel-away sheath: alternative for pediat-
ric percutaneous nephrolithotomy. J Endourol. 1997
Jun;11(3):171-2.

. Jackman SV, Docimo SG, Cadeddu JA, Bishoff JT,
Kavoussi LR, Jarrett TW. The “mini-perc” technique:
a less invasive alternative to per-cutaneous nephroli-
thotomy. World J Urol. 1998;16:371-4.

8. Nagele U, Schilling D, Anastasiadis AG, et al.
Minimally invasive percutaneous nephrolitholapaxy
(MIP). Urologe A. 2008;47:1068-73.

9. Nagele U, Nicklas A. Vacuum cleaner effect, purging

effect, active and passive wash out: a new terminol-

ogy in hydrodynamic stone retrieval is arising-does
it affect our endourologic routine? World J Urol.
2016;34:143-4.

Lahme S. Miniaturisation of PCNL. Urolithiasis.

2018 Feb 1;46(1):99-106.

11. D’Souza N, Paul S. Mini percutaneous nephrolithot-

omy for renal calculi in paediatric patients: a review

of twenty cases. Urol Ann. 2016 Jan;8(1):16.

Singh A, Jairath A, Chhabra J, Mishra S, Ganpule A,

Sabnis R, Desai M. Laser with suction as an energy

It is important to understand that all tract sizes
have relevance in modern endourology. Stone

size is the single most important determinant of -
deciding the tract size. The other determinants
include infection, duration of procedure, and
expected blood loss. Advancement in the energy 6
sources will help us achieve quicker stone
clearance from the smallest possible tract.
Uniformity of classification will help us better  ~
understand the different types of minimally
invasive PCNL’s.
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Abstract

Recent development of technology allows us
to provide tailored management for patients
with urolithiasis. Not only it significantly
reduces rates of mortality and morbidity but
also it increases surgical outcomes. In the era
of flexible ureteroscopy and nephroscopy,
urologists have shown the expanding indica-
tions of minimally invasive surgical therapy
for managing complicated renal and ureteral
stones. Combined approach of antegrade and
retrograde manners for removal of compli-
cated renal stones has been widely accepted
to urologists over the last several decades.
Endoluminal endourology contains endo-
scopic management of urinary stone, ureteral
stricture, benign prostatic hyperplasia, and
urothelial carcinoma. We will hereby review
the indications and treatment modalities
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according to each approach in the field of
endoluminal endourology.
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17.1 Introduction

Urologists have been performing endourological
procedures such as percutaneous nephrolithot-
omy (PCNL) in an antegrade manner and ure-
teroscopic surgery (URS) in a retrograde manner.
When we choose the type of surgery, the patient’s
status and needs, renal function, patients’ quality
of life, and cost-effectiveness should be evalu-
ated. Recently, many urologists recognized the
importance of combined approach of antegrade
and retrograde manners to increase surgical out-
comes for patients with complicated renal and
ureteral stones as shown in Fig. 17.1.

17.2 Indications for Combined

Approaches

To determine the approach to the target lesion,
the burden and location of the stones are the
main important factors [1]. CT scan is essential
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Fig. 17.1 Combined approach of antegrade and retro-
grade manners for patients with renal and ureteral stone

to determine the stone burden and location, and
low dose CT protocol is recently available
without sacrificing the diagnostic value signifi-
cantly [2].

For renal stones larger than 20 mm, an ante-
grade approach should be considered as first-
line therapy [3]. The antegrade approach is
relatively contraindicated in pregnant women
but may be an acceptable option in pediatric
patients over 20 mm in size [3]. For lower pole
stones over 10 mm, an antegrade approach has a
higher stone-free rate, but greater morbidity
than a retrograde approach [4]. The antegrade
approach is preferred for patients with renal
stones and a history of urinary diversion or
transplanted kidney [3]. On the other hand, the
retrograde approach should be considered as
first-line therapy in patients with a tendency to
bleed or unable to discontinue anticoagulant/
antiplatelets [2]. Performing flexible nephros-
copy at the end of PCNL procedures is essen-
tially recommended to find possible small
remnant stone fragments, and it is recently
reported that a retrograde approach was more
successful than an antegrade approach [5, 6].

There is a consensus that combined approach,
performed with a modified supine position, is a
safe and effective surgical method, and the indi-
cations have been continuously expanded over
the last several decades [7, 8]. This combined
approach in modified supine position may offer
urological benefits such as reduction of X-ray
exposure, possibility to avoid multiple percutane-
ous accesses, anesthesiologic advantages, and
optimal drainage of stone fragments with vacuum
cleaner effect [5, 9].

17.2.1 Indications for Combined
Approaches to the Kidney or
Ureter Stones

Selection of combined approach depends on the
status of the renal and ureteral stones such as
location, size, or presence of ureteral strictures.
An antegrade approach remains the gold treat-
ment option for large renal stones, staghorn
stones, stones in the nephrocalcinosis, large renal
and concomitant ureteral stones or contralateral
small-to-medium renal stones, stones for patients
with ileal conduit, and the impacted ureteropelvic
junction stones with complete obstruction. We
can consider ancillary procedures to increase sur-
gical outcomes [3, 4]. PCNL can be considered
when the infundibulopelvic angle is acute or the
infundibulum is narrow even the lower pole stone
is smaller than 2 cm. In this situation, additional
small stones in the upper or midpole calyces can
be removed by flexible URS [7].

Some congenital anomalies may need com-
bined approach and we can maximize the stone-
free rates with acceptable safety profiles.
Retrograde approach to the orifice of ileal con-
duit with flexible URS, cystoscopy, or semi-rigid
URS can be feasible and concomitant antegrade
insertion of flexible URS or ureteral catheter
would be necessary to check the direction to the
ureter [10]. In case of a diverticular stone, com-
bined approach can improve the stone-free rates,
reduce postoperative complications, and prevent
damage to the flexible scope [11]. Percutaneous
antegrade approach to the upper pole calyx is
helpful for patients with horseshoe kidneys
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because the flexible URS is not available to
remove the stones in some cases when the renal
stones are located in the lower pole next to the
isthmus [12]. The flexible URS can be inserted to
remove these stones through an antegrade
approach [8].

17.3 Combined Approach

17.3.1 Optimal Set-up
of Operating Room

Development of modified supine position has
tried to achieve more working space, less stress
to the spine, less rotation of the torso, and less
mobility of the kidney with stones [9]. The leg
should be split to acquire enough space for sur-
geons. When the first main surgeon moves to the
place between the stirrups near the lower extrem-
ity after PCNL procedures, repositioning and
mobilizing the knees and legs is helpful for
acquiring  enough  space for  flexible
URS. However, specific care should be taken
because oversplit legs can have risk of nerve
palsy. The laser machine should be located as
close to the operating table next to the surgeons
when we consider limitation of the length of laser
fibers.

17.3.2 Surgical Techniques

When surgeons consider combined approach to
the target, percutaneous puncture can be per-
formed by a ureteral catheter, a dual-lumen cath-
eter, or an occlusion catheter. While the first
surgeon performs PCNL, the second surgeon can
perform flexible URS simultaneously or assist
the first surgeon by ureteroscopic movement.
Small fragmented stone segments can move to
the ureter during PCNL procedures and this may
obstruct the ureter. As a result, additional flexible
URS may be necessary. Simultaneous flexible
URS by the second surgeon may prevent this sit-
uation. Use of an occlusion catheter, a dual-
lumen catheter, or a safety guidewire can help to
avoid passage of fragmented small stones into the
ureter during PCNL procedures.

The flexible URS can be used as guidance for
puncture, and the guidewire can be drawn to the
ureter by the flexible URS. This through-and-
through technique may guarantee the stability of
the percutaneous tract with acceptable safety
issues.

The larger the size of the access sheath, the
easier it is to irrigate and to remove larger stones,
but the higher the risk of ureteral injury. Using
ureteral access sheaths facilitates insertion of
flexible URS, maintenance of lower intrarenal
pressure, increased stone-free rates, and drainage
of fragmented stone particles from the renal pel-
vis and the upper collecting system during PCNL
procedures although long-term follow-up results
are still lacking on what problems these ureteral
injuries may cause after surgery.

Basically, 550 nm fibers can be applied to
PCNL procedures with nephroscopes. The size of
275 to 365 nm fibers is appropriate for the use of
flexible nephroscopes. If the tract size is small
and frequent in-and-out movement is not avail-
able, dusting or pop-dusting technique might be a
good option. This technique is also helpful to
reduce the risk of scope damage.

17.3.3 Handling Ureter Lesions

Advancement of the flexible URS through a per-
cutaneous puncture into the level of the mid ure-
ter or below can be challenging. The puncture
should be made through the upper pole or the
midpole at least to reduce excessive movement of
nephroscopes. Excessive torque with the rigid
nephroscope may cause massive damage to the
kidney. The size of percutaneous tract of 18 Fr to
20 Fr is recommended to reduce damage of outer
surface of flexible URS during back and forth
movement and the most fragile portion of f-URS
is the medial side of working channel when
deflected. Larger bore tracts may lead to a large
space for flexible URS. However, at the same
time, bleeding and poor vision even with high
speed irrigation. The use of a disposable URS is
strongly recommendable in an antegrade
manner.

When surgeons consider combined approach
for incision of ureteral stricture, the narrow seg-



178

M.S.Choo andS.Y. Cho

Fig. 17.2 Incision of the stricture site with laser

ment should be shorter than 5 mm if we want to
significantly increase the success rates. Antegrade
incision can increase the accuracy due to the
straightforward direction and enough space of
the upper ureter compared to retrograde incision.
When we incise the lesion, we need to trace
yellow-colored fibrotic part to go through the
center of the stricture site as shown in Fig. 17.2.
Indigo carmine or light in a retrograde approach
can be helpful to find the right place for channel-
ing the stricture site.

17.4 Summary

Tailored management for renal stones should be
considered to manage renal and ureteral stones
and stricture lesions to increase surgical out-
comes and to reduce morbidity rates. In the age
of flexible URS and miniaturized PCNL, the
devices can be chosen on a case-by-case basis.

Combined approach can be selected in proper
cases and cost-effectiveness should be consid-
ered together in daily practice.
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“Primum Non Nocere”
Hippocrates 460 BC

(first do no harm):

18.1 Introduction

Percutaneous Nephrolithotomy (PCNL), the piv-
otal technique for treating larger renal stones, has
seen major advancements and acceptance glob-
ally in the past decade. Data from numerous larg-
escale studies across several continents have
provided a better understanding of complications
associated with PCNL. The Modified Clavien-
Dindo grading system is useful in analysing the
severity of complications for comparative pur-
poses. Common complications associated with
PCNL are summarized in Information Box 18.1
and discussed for a clearer understanding of their
management.

S. Chandrasekera (D)
Faculty of Medical Sciences, University of
Sri Jayewardenepura, Nugegoda, Sri Lanka

Information Box 18.1 Common

complications of PCNL

o Fever/sepsis

* Bleeding

e Perforation of pelvicalyceal system/
extravasation

e Pleural injury

e Bowel injury

* Failure to complete procedure

Large studies estimate the overall rate of com-
plications following PCNL at around 14% [1]. Of
these, the majority are Clavien grade 1 due to
infection, minor bleeding and urinary extravasa-
tion. The more serious morbidities include sep-
sis, haemorrhage requiring transfusion and/or
intervention, injury or perforation of the pelvi-
calyceal system causing extravasation and vis-
ceral injury.

18.2 Infection and Sepsis
Infection and sepsis are the commonest compli-
cations associated with PCNL, with a reported
incidence ranging from 0.3% to 7.7% in different
studies [2, 3]. Post-PCNL sepsis is the leading
cause of mortality following PCNL [4].

The common risk factors for sepsis following
PCNL are summarized in Information Box 18.2.
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Information Box 18.2 Risk factors for sepsis
following PCNL

e Past upper tract infection

e Infection (struvite) stones

* Prolonged procedures

e Large stones >25 mm

e Multitrack PCNL

* Need for blood transfusion
* Poorly controlled diabetes

* Distal obstruction

* Perinephric collection

* Undiagnosed visceral injury

Positive preoperative urine cultures, positive
stone culture, the number of tracts used for
access, blood transfusions, staghorn stones and
poorly controlled diabetes are frequently associ-
ated with post-PCNL sepsis [4, 5]. The causal
relationship between positive urine cultures and
stone is obvious. However, the link between the
number of tracts, blood transfusions and sepsis
are likely reflections of the association between
the complexity of the procedure and sepsis.
Staghorn stones were known to be associated
with infection in earlier studies stone composi-
tion revealed triple phosphate (struvite stones)
that was a common cause of chronic urinary
infection. More recent literature reveals that the
incidence of struvite stones is on the decline and
that a larger proportion of staghorn is composed
of oxalate and or uric acid [6]. Age, gender, body
mass index and positive renal pelvis culture have
not been associated with a higher risk of sepsis in
most larger scale studies [5].

Diagnosis of infection and sepsis requires a
high degree of clinical suspicion. In high-risk
patients and where the infection is suspected dur-
ing surgery, the exit strategy should essentially
include insertion of a stent and/or nephrostomy
to ensure continuous drainage. “Tubeless” PCNL
should not be performed in such instances. These
patients are best managed in a high dependency
unit with close monitoring and use of broad-
spectrum intravenous antibiotics. De-escalation
antibiotic therapy is preferred due to the potential
severity of the consequences of urosepsis.

S.Chandrasekera

Common causes of unanticipated urinary sep-
sis include distal obstruction due to dislodged
stone fragments/clots or perinephric collections
the following extravasation. Computed tomogra-
phy is useful to diagnose such causes. If the
obstruction is diagnosed, urgent decompression
should be carried out with a ureteric stent or peri-
nephric drain. Placement of a percutaneous neph-
rostomy (PCN) immediately following PCNL
can be challenging, as post-operative changes in
the retroperitoneum limit ultrasonographic clar-
ity. Another probable reason for sepsis in low-
risk patients is an inadvertent breach of sterility,
which is possible during an operative procedure
requiring “multiple steps.”

The incidence of inadvertent bowel puncture
during access is likely under-diagnosed (see
below under visceral injury). In the absence of
dilation of a tract, these injuries may often be
self-limiting. However, translocation of bowel
pathogens to the retroperitoneum may follow
such injuries giving rise to post-operative fever or
sepsis. With antibiotic therapy and close observa-
tion, the majority of such cases settle without fur-
ther sequelae.

18.2.1 Prevention

Routine use of antibiotics in all patients undergo-
ing PCNL has demonstrated a reduction of post-
PCNL sepsis irrespective of preoperative cultures
[5]. Interestingly, the stone-free rate in this group
too has been shown to be higher than those oper-
ated without antibiotics. If the infection is
detected preoperatively, PCNL should be deferred
until the infection is treated and confirmed by
negative cultures. The general recommendation
is for antibiotic therapy for at least for several
days prior to surgery in such patients. Treatment
should be continued on an appropriate prophy-
lactic or therapeutic regime of antibiotics until
PCNL is completed in these patients [7]. If the
infection is suspected in association with obstruc-
tion, prompt drainage should be performed by
appropriate means (percutaneous nephrostomy
or stent). No significant difference has been dem-
onstrated between the outcome following stent or



18 Percutaneous Nephrolithotomy: Management of Complications

nephrostomy. Therefore, the choice of a nephros-
tomy or stent may depend largely on the patient’s
cardiovascular stability and local logistics. The
likelihood of overt infection in the upper tract
remains high in previously treated patients and
may flare up despite negative cultures after anti-
biotic therapy. In such patients, routine use of
broad-spectrum therapeutic antibiotics is a safe
practice.

Tubeless procedures should be avoided in
those at risk of sepsis [7]. Mitigating the build up
of intrarenal pressure (target less than 30 mm Hg)
is another useful measure to prevent sepsis [8]. In
the authors' experience, usage of low-pressure
irrigation, allowing a wide space between the
nephroscope and access sheath to facilitate free
drainage of irrigation are practical steps to mini-
mize chances of unduly increased intrarenal pres-
sure. The use of suction systems is an alternative
which may be with special access sheaths (e.g:
Clearpetra®) or specially designed nephroscopes
such as the super mini® PCNL system. When
infection is suspected, stone fragmentation time
should be minimized, and the particle size should
be as large as possible. Techniques of stone dust-
ing and popcorning are best avoided in such
instances. At the end of the procedure, the pelvi-
calyceal system should be “clean” and free of
residual stone or stone dust to minimize infective
foci remaining within the system. Use of “Midi”
20-24f tracts as opposed to smaller tracts and the
use of lithoclast, instead of lasers, and ultrasonic
devices are steps useful to achieve the above
objectives, although significant differences
between the type of intracorporeal lithotripsy and
infective outcomes have not been proven [5].

In instances where an apparently routine or
uncomplicated case escalates to a high-risk situa-
tion (e.g. the stone appearing to be “infected,”
need for additional tracts, extravasation of irriga-
tion, perforation of the renal pelvis or lengthy
procedure), exit strategy should essentially
include adequate tube drainage along with broad-
spectrum therapeutic antibiotics and close
observation.

Occasionally surgeons come across cases
where frank pus or “infected looking” urine is
noted during access despite negative cultures.
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Information Box 18.3 Practical measures to

prevent sepsis following PCNL

e All patients to have antibiotics

e Preoperatively diagnosed infection
should be treated until cultures are
negative

e Drain infected systems preoperatively
even if there is no overt sepsis

» Control diabetes before surgery

* Avoid residual stones: they may carry
infection

* Avoid tubeless PCNL in high-risk
patients

* Minimize build up of excessive intrare-
nal pressure at PCNL

e Try to avoid dusting and popcorning in
cases at higher risk of infection

The inflammatory markers are often equivocal in
these patients. Such cases may often be due to
chronic obstruction of calyces and may not nec-
essarily reflect ongoing infection. However, it is
best that appropriate drainage is carried out
(stent/PCN) in such instances and PCNL be per-
formed later as a general principle for safety.
However, the surgeon may, on occasion, individ-
ualize decisions regarding tube drainage based
on clinical judgement. Practical steps to avoid
infection and sepsis following PCNL are summa-
rized in Information Box 18.3.

18.3 Bleeding

Bleeding is a frequent complication following
PCNL. Clinically insignificant minor bleeding is
frequent after PCNL and settles within a day or
so without any further intervention. However,
more significant bleeding at PCNL can cause
serious morbidity, compromising haemo-
dynamic stability and threatening life. The
reported incidence of blood transfusion rates fol-
lowing PCNL vary from 5% to 18% [9].
Bleeding associated with PCNL can either be
arterial or venous, the latter being more frequent.
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Arterial injury could be due to leaking false
aneurysms or arterio-venous fistulae with a
reported incidence of 0.3-1.7% [10]. Arterial
injuries almost always require intervention,
whereas the majority of venous injuries settle
with conservative measures. There are several
factors that may precipitate haemorrhage during
different stages of PCNL. These include tract
dilatation and access, stone fragmentation and
retrieval. Bleeding may also occur as a delayed
post-operative event.

It is now established that the size of the tract
(and therefore the access sheath) has a significant
impact on the risk of haemorrhage during
PCNL. Yamaguchi et al. demonstrated the risk of
haemorrhage with an 18F or smaller tract is four
times less than with a 24-26F tract. Conversely,
the risk increases almost threefold when tract
size increases from 24-26F to over 30F [11]
Information Box 18.4. This study also challenges
the established wisdom of balloon dilators,
increasing the risk of bleeding compared to Alken
dilators. Irrespective of tract size or type of dila-
tation, overly aggressive dilatation is one of the
key reasons for bleeding during this stage of
PCNL. Whilst the findings of this study empha-
size the importance of using smaller tracts to
minimize bleeding, the choice of tract size is
often determined by other factors, including
stone size, calyceal anatomy, availability of min-
jaturized instruments and indeed, the method
each surgeon has adopted over a period of time. It
is recommended through personal experience
that miniaturized PCNL (<18F) are best for
stones less than 2 cm and larger stones; even
staghorn be managed using 24F sized sheaths in
most instances.

Information Box 18.4 Relationship of tract
size to bleeding

Tract size (F) Bleeding
<18 1.1%
24-26 4.8%
27-30 5.9%
>32 12.1%

Ref: Yamaguchi et al. J Endourol 25(6):933-939

Significant bleeding may be encountered during
the next stage of access due to several reasons.
When access is attempted into calyces packed with
stones, immediate positioning of the access sheath
within the calyx may not be possible. Therefore,
the operator has to start the procedure with some
the renal parenchyma directly exposed without the
tamponade effect of the sheath. This can lead to
bleeding from the exposed parenchyma. With
experience, the operator learns to increase fluid
pressure to maintain visibility during this stage and
perform brisk but careful fragmentation and
retrieval of some of the stones packed within the
calyx. Such a manoeuvre enables the advancement
of the sheath into the calyx. The access sheath has
an excellent tamponade effect and, once advanced
into the calyx, contains parenchymal bleeding
promptly. Occasionally, the puncture may result in
injury to a segmental artery or vessels around the
calyceal neck, which is more challenging to control
(Fig. 18.1c).

Secondly, if the dilatation “overshoots” the
calyx, there may be an injury to parenchyma on
the contralateral calyceal wall, which is more dif-
ficult to resolve. Acute angulation or shearing of

©),

(A)

Fig. 18.1 Renal access: Ideal puncture and vascular
complications due to suboptimal puncture. (a) Ideal punc-
ture (b) Deep puncture leading to major vascular injury
(¢) Puncture through calyceal neck resulting in vascular
injury
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the sheath against the parenchyma is an impor-
tant and preventable cause of tearing. The com-
monest reason for this is poorly planned punctures
at an acute angle with the main axis of the calyx.
Here the operator will be compelled to turn the
sheath acutely immediately after entering the
calyx, which carries a high risk of tearing
(Fig. 18.2). Further, such angulation compro-
mises the ability to navigate through the calyceal
system, which is crucial with PCNL for larger
stones and also risks damage to the scope due to
shearing. Aggressive manipulation of access
sheath across tight calyceal necks and resultant
tearing of vessels around it is another reason for
bleeding during PCNL. Narrow calyceal necks

Tearing of
parenchyma

are easily seen on contrast CT images or retro-
grade studies, and when encountered, sheath size
should be chosen appropriately. Use of excessive
fluid pressure, especially with a snuggly fitting
nephroscope, aggressive handling of lithoclast or
stones fragments are other common causes of
bleeding from the mucosa. EAU guidelines rec-
ommend an irrigation pressure of less than
30 mmHg during PCNL [7]. Lithotripsy should
be carried out as gently as possible avoiding
injury to the calyceal lining. Clear visualization
of the stone prior to fragmentation and a gentle
technique is important to avoid undue injury.
With increasing experience, the operator learns
to carry out PCNL with mild or moderate bleed-

Incorrect angle of
entry into calyx

Corrected by applying
torque

Compression of
renal parechyma

Correct line of entry

Fig. 18.2 Entry at an acute angle to the calyx requires additional shearing, which may result in parenchymal tearing
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Image 18.1 Foley catheter improvized as a tamponade
balloon

ing by increasing the flow of irrigation and gentle
manipulation of the axis of surgery away from
bleeding sites, maintaining visibility and progres-
sion. Advancement of the sheath further into the
calyceal system and away from the point of bleed-
ing facilitates better visibility until the tamponade
effect contains the haemorrhage. The use of
tranexamic acid has been found to reduce the inci-
dence of blood transfusions [12]. However, such
use is not routinely practiced and is instead lim-
ited to situations with excessive bleeding.

If bleeding is excessive and/or threat to hemo-
dynamic stability, PCNL should be abandoned. It
is safe practice to exit with a tamponade catheter.
A suitably sized (16—18F) Foley catheter can be
improvized with the tip beyond the balloon cut
off to make a “Zero Tip” tamponade tube (Image
18.1). Dilute contrast is used to inflate the bal-
loon under fluoroscopy, which allows proper
placement and adequate inflation (Image 18.2).
These patients should be managed in a high
dependency setting as renal haemorrhage can be
life threatening. In the vast majority, bleeding
settles with balloon tamponade. A relook PCNL
can be performed few days later (48—72 h) using
the same tract with much clearer visibility. If
bleeding continues, the arterial injury should be
suspected, and urgent selective angiography/
embolization carried out.

Image 18.2 Use of dilute contrast enables accurate posi-
tioning of the tamponade catheter

Occasionally patients develop significant
haematuria several days after surgery. It is
important to note that arterio-venous fistulae,
leaking false aneurysms as well as secondary
haemorrhage manifest during this period. It is,
therefore, safer to consider all significant hemor-
rhagic events after 48 h or later as an “arterial
complication” until proven otherwise. CT angi-
ography is a non-invasive diagnostic technique
to differentiate between the above causes. CT is
inferior in accuracy to selective angiography.
The selection of imaging should be based on
clinical judgement and availability. Selective
angiography and embolization is a highly effec-
tive technique for treating vascular injury within
the kidney with high success rate and minimal
parenchymal loss [13].

18.3.1 Prevention

The renal vasculature is arranged in a manner
where the branching vessels divide into a net-
work of arterioles and venules around the caly-
ceal necks. Puncture and tract dilatation through
calyceal necks therefore increases the risk of vas-
cular injury (Fig. 18.1c). Inadvertent dilatation
deeper into the parenchyma as a result of subop-
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timal localization technique can also cause injury
to larger segmental arteries, which can result in
major haemorrhage (Fig. 18.1b). On the contrary,
the calyceal fornix is less vascular and puncture
through the fornix facilitates relatively bloodless
access. More significantly, puncture through the
fornix is invariably in line with the long axis of
the calyx (Fig. 18.1a). An access tract that is in
line with the calyx is ideal as it prevents shearing
of the parenchyma and tearing in addition to lim-
iting several vascular complications already enu-
merated. The entry point should be laterally
placed, appreciating the natural angles of the
calyces. In the case of the lower calyx, the angle
is often 30 degrees outwards and posteriorly.
Careful perusal of contrast CT images in axial
cuts helps to plan the desired calyx and the angle
of puncture in most instances.

The use of smaller-sized tracts to reduce the
risk of bleeding has already been discussed.
Miniaturized versions of PCNL (Mini,Ultra
Mini, Super Mini, and Micro PCNL) may be
most advantageous in the reduction of haemor-
rhagic complications. However, the use of minia-
turized PCNL is by large limited to small and
moderately sized stones [14]. Therefore, the sur-
geon should choose the optimal tract/sheath size
considering multiple factors such as calyceal
anatomy, stone bulk and the availability of instru-
ments. Important preventable causes of bleeding
associated with PCNL are summarized in
Information Box 18.5.

Information Box 18.5 Preventable causes of

bleeding at PCNL

e Puncture through calyceal necks

e “Over shooting” of the tract beyond the
calyx

e Over dilatation/large tracts

* Acute angulation of tract/sheath at the
point of entry to the calyx

* Use of disproportionately large sheaths
across calyceal necks

e Overdistention of PC system with high
irrigation pressure

e Aggressive lithotripsy
retrieval

and stone

18.4 Visceral Injury

Kidneys lie in close proximity to other viscera in
the abdomen and thorax (Fig. 18.3). Each of
these organs is at risk of injury if the relationship
of these organs to the point of access is not fully
appreciated. The reported overall incidence of
visceral injury at PCNL is up to 12% [14]. Of
these, colon and pleura are the most frequently
injured. Injury to the viscera may occur due to a
misdirected tract or as a through and through
injury whilst having reached the target calyx
accurately (Figs. 18.4 and 18.5). The latter is fre-
quent with pleural injury.

18.5 Pleural Injury

The anatomical relationship of the lower thorax
and pleura to the kidney renders the former vul-
nerable to injury, especially during access to the
upper pole of the kidney. The incidence may
range between 3.5% and 12.5% with upper pole
access [9, 14]. Pleural perforation could result in
hydrothorax, pneumothorax, haemothorax, or a
combination of these. With delayed manifesta-
tions, pneumonia, and pyothorax is also a possi-
bility. Of the above, hydrothorax is the commonest
manifestation. The access sheath, in most
instances, delays full-blown manifestation of
pleural injury during PCNL as the access sheath
acts as a splint preventing extravasation of fluid

Mid-scapular
Line

Visceral |/
pleura

Fig. 18.3 Viscera surrounding the kidneys which are at
risk of injury
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Fig. 18.4 Visceral
injury due to misdirected
tract

Diaphragm

Pleura

Fig. 18.5 “Through and through” visceral injury

into the pleura. The irrigation fluid/urine or air
gets sucked into the pleura when the access
sheath is removed. On rare occasions, the vis-
ceral pleura of the lung may get injured, causing
a bronchopleural fistula.

There may be minimal signs of pleural injury
during surgery. A high degree of clinical suspi-

Right kidney

Ascending colon | | s |

cion is needed for early diagnosis. Chest pain,
respiratory distress and reduced air entry, evi-
dence of fluid or air on auscultation of the affected
side should raise concerns regarding a possible
breach of the pleura, especially with “high”
punctures. On-table ultrasonography demon-
strates fluid in the costophrenic angle when sig-
nificant (>50 ml). Fluoroscopy will reveal
effusion or pneumothorax. If suspected during
the immediate post-operative period, a chest
X-ray is useful in the diagnosis. It is safe practice
to adopt clinical and radiological assessments to
exclude pleural injury “on-table” in all upper
pole punctures prior to recovery from anaesthe-
sia. A chest X-ray should also be performed after
removal of nephrostomy tubes in those who have
had supra costal puncture as air or fluid can get
sucked into the breached pleural space after
removal of nephrostomy.

Small effusions or pneumothorax in a stable
patient with minimal symptoms could be aspi-
rated or managed conservatively with close
observation and antibiotic therapy. In such
instances, serial radiological assessment is
required to ascertain resolution. If clinically man-
ifest or large, an intercostal tube drain should be
inserted promptly. All such patients should have a
ureteric stent and an indwelling bladder catheter
for a few days allowing the puncture tract and
pleural fistula to heal. The addition of an anti-
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cholinergic has been recommended by some in
order to reduce bladder spasm and resultant
reflux through the stent [14] If a nephrostomy is
needed, the route should be below the costal mar-
gin avoiding the pleura to ensure healing and clo-
sure of the fistula. If this is not feasible, a
perinephric drain can be inserted. When both
nephrostomy and intercostal tube are inserted,
the nephrostomy should be removed first, and the
patient observed to ensure that there is no re-
accumulation of fluid in the pleural space before
the intercostal tube is removed. Late manifesta-
tions of pleural injury may present as a pyotho-
rax. Tube drainage per se may not be sufficient in
such a situation, and further interventions such as
video-assisted thoracoscopy may be necessary to
decorticate encysted collections.

18.5.1 Prevention

The visceral pleura is at a higher level than the
parietal pleura and moves with respiration. In
order to minimize risks of lung injury, upper pole
puncture should be made while the patient is in
expiration. The lower boarder of the parietal
pleura curves upwards from a medial to the lat-
eral direction. Generally, a puncture made as lat-
eral as possible to the mid-scapular line and
below the tenth rib avoids the visceral pleura in
supra costal punctures.

Arguably, the best way to avoid pleural injury
is to stay below the costal margin. The anatomi-
cal relationship of the kidney to the diaphragm
and thorax is such that the upper calyces are fre-
quently above the costal margin. The concept of
accessing the lower (infra costal) calyces and
using flexible or narrower instruments to access
the upper pole is a practical solution to reduce
pleural injuries. The availability of high-powered
laser renders this option even more effective as
relatively larger stones can effectively be
fragmented using a high-powered laser.
Endoscopic Combined Retrograde Intra Renal
Surgery (ECIRS) is another useful alternative
adopting the same principle to avoid high punc-
tures and associated complications [15]. Although
the likely stone-free rates with ECIRS may be

lower when compared to PCNL, judicious selec-
tion of this option, especially to prevent a signifi-
cant complication, is worthwhile. Mechanically
manipulating the upper pole of the kidney below
the costal margin (torqueing) as a measure to
avoid supra costal puncture can be effective in
selected cases. Here a needle puncture to the
Gerota facia facilitates the kidney to be levered
down several centimetres. On many occasions,
this manoeuvre helps to convert a “would have
been” supra costal to a subcostal.

18.6 Colonic Injury

The close anatomical relationship of the colon to
the kidneys renders the former vulnerable to
injury during PCNL. The reported incidence is
up to 1% [9]. Rarely the colon may lie behind the
kidney (retro renal colon), increasing the risk of
injury. Retro renal colon has a reported preva-
lence of 0.3—-11% [16]. Previous open renal sur-
gery, megacolon, gross hydronephrosis and
horseshoe kidney are often cited as risk factors
for colonic injury during PCNL. Colonic injuries
are reported more frequently on the left side and
are mostly associated with lower calyceal punc-
tures. This is likely to be due to the differential
anatomical relations of the kidneys to the colon
between the two sides and upper/lower poles.

Manifestation of colonic injury could be dur-
ing surgery or in the early post-operative period.
At surgery, contrast extravasation into the bowel
(seen on fluoroscopy), emission of faecal odour
or gas, passage of faeces or food particles through
the PCNL tract may suggest bowel perforation.
Delayed manifestation includes excessive pain
and tenderness of the loin, fever, sepsis, discharge
of faecal material or gas through the nephros-
tomy or puncture site or perinephric abscess.
Almost all these injuries are retroperitoneal.

If the colonic injury is detected during sur-
gery, the access sheath can be advanced to the
colon, and a “percutaneous colostomy” is created
using a balloon catheter. A wide bore Foley cath-
eter can be used for this purpose. Gentle traction
should be maintained on the catheter, tugging the
colon closer to the abdominal wall in order to
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render the management of a possible enterocuta-
neous fistula relatively easier. An indwelling ure-
teric stent should also be inserted through the
retrograde route. The patient should be treated
with broad-spectrum antibiotics, including anaer-
obic cover and observed closely for sepsis.
Bowels should be rested, and parenteral nutri-
tional support commenced. The vast majority of
colonic injuries can be contained by such conser-
vative measures as they heal without the need for
surgical repair [17]. Occasionally colonic inju-
ries present late with sepsis and abscess forma-
tion requiring drainage, exteriorization of the
bowel, followed by delayed repair of the colon.

Injury to other viscera are very rare and may
require individualized treatment plans based on
the specific scenario.

18.6.1 Prevention

As with all other complications, prevention plays
a major role in bowel injury. Good understanding
of the anatomical relationship of the kidney to
other viscera and appreciation of the limitations
of two-dimensional fluoroscopy to access the
pelvicalyceal system, which has varying degrees
of anatomical complexity, is vital. Careful scru-
tiny of preoperative images helps to strategize an
optimal puncture and tract. With complexed
stones/anatomy and redo surgery, a contrast CT
with composite images and a retrograde study
during ureteric catheterization helps the surgeon

Fig. 18.6 Relationship
of the colon to the
posterior axillary line

Posterior- _ _
Axillary Line

to plan the best possible access strategy. Placing
the puncture behind the posterior axillary line is a
time tested and simple step to avoid the colon, as
in the vast majority, the colon is placed anterior
to the posterior axillary line most often
(Fig. 18.6). There has not been a significant dif-
ference in the incidence of colonic injury between
prone and supine positions [18].

It may well be that inadvertent puncture of
most viscera occurs more frequently than those
that are clinically apparent. Most such injuries
are self-limiting, as needle puncture per se may
not result in major consequences apart from post-
operative fever, paralytic ileus and pain. However,
dilatation of tracts into the viscera does cause
major injury. Therefore, the key step in prevent-
ing clinically significant visceral injury is to
avoid dilatation of a tract unless the surgeon is
absolutely confident that the puncture is safely
within the collecting system of the kidney. Signs
of success include free flow of retrogradely
injected “blue” and confirmation of the position
of the needle tip at least in two dimensions.
Occasionally at puncture, the needle tip appears
to be in the right place on two conventional views
(0° and 30°) without the flow of “blue.” This is
when the needle tip is a millimetre close but not
within the calyx. In such situations “biplanar”
views at 0° and 90° are useful to confirm the
exact position of the needle tip (Fig. 18.7). The
use of ultrasound and fluoroscopy has become
increasingly popular to increase the accuracy of
access. Ultrasound also helps to determine the
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Fig. 18.7 Biplanar imaging using a fluoroscopic C-arm

relationship of bowel and other viscera to the kid-
ney, which minimizes the risks of visceral injury.

Visceral injury evokes immense anxiety in
patients and the surgical team. Such injuries
may require complex interventions, signifi-
cantly higher costs and a protracted recovery.
Preoperative counselling and informed consent
regarding the rare but possible chance of vis-
ceral injury is therefore important, especially in
cases with higher risk.

18.7 Complications Associated
with Positioning

In the CROES PCNL global study, the majority
of patients were operated on in the prone position
[5]. However, in the decade since this study, the
popularity of supine PCNL has grown substan-
tially. Whilst the perceived view is that supine
position is more advantageous to reduce adverse
events related to surgical position such as airway
and respiratory embarrassment, skeletal and
nerve injuries, there has been no convincing evi-
dence to substantiate this view [19]. In fact, the
preference for PCNL appeared to be the prone
position for patients with high body mass index,
possibly due to the longer tracts needed. Overall,
the reported incidence of complications between
different surgical positions does not seem to dif-
fer significantly [5], although the operating time

Vertical
C-Arm Position

AP X-Ray

in the supine position has been longer [5]. Within
a subgroup analysis for staghorns, the stone-free
rates have been noted to be higher in the prone
position than supine [20]. The choice of surgical
position appears to be due to several patient and
surgeon-related factors and should ideally remain
an individualized choice. Although there are no
published reports, the possibility of injury to the
anesthetized patient during positioning, espe-
cially prone position, should never be
underestimated in centres particularly where new
PCNL programmes are being initiated.

18.8 Failed Procedure

The reported incidence of failed access is rare in
contemporary literature. There are several rea-
sons that may lead to a failed PCNL procedure,
amongst which failed access is common. In a
practical scenario, complexed anatomy, includ-
ing aberrations, body habitus and experience of
the surgeon, may contribute to failure. The evi-
dence available to analyse the relationship of
each of these factors to failed access and morbid-
ity is sparse. However, in the CROES Global
PCNL study, there were no significant differ-
ences in the overall outcomes of patients with
increasing BMI and anatomically aberrant kid-
neys [5]. The choice of imaging modality too has
been shown to influence the success rate of



192

access; the use of ultrasound has demonstrated
superiority over fluoroscopy with a higher rate of
success and shorter procedure time [21].

18.9 Extravasation

Urinary extravasation following PCNL may
occur due to several reasons, of which leakage
through the tract is commonest. Breach or perfo-
ration of the pelvicalyceal system and the use of
excessive irrigation pressure may also result in
fluid extravasation around the kidney. In the
absence of distal obstruction, most such cases
settle spontaneously within a short period of
time. If fluid extravasation persists beyond a few
days, distal obstruction must be suspected. In
such a situation, appropriate imaging (CT) fol-
lowed by insertion of an indwelling stent usually
resolves leakage. In cases where a stent is inserted
primarily or as a secondary procedure, an
indwelling catheter should be left in situ for a few
days after leakage settles as bladder contractions
cause urine to reflux through the stent resulting in
persistence of extravasation. Anticholinergics
may be added on an individualized basis [14].
Occasionally when there is a significant peri-
nephric collection, percutaneous drainage may
be necessary for addition to placement of the
stent. All patients who develop urinary extravasa-
tion should be treated with therapeutic antibiotics
and observed for sepsis.

18.9.1 Prevention

The key step in preventing extravasation apart
from avoiding the above causative factors is to
plan the exit strategy following PCNL carefully.
There is a clear trend towards performing tube-
less and totally tubeless PCNL in the last
decade. However, the safe default option for
PCNL should always be with tube drainage, and
patients should be consented accordingly. In the
absence of contraindications (Information Box
18.6) at the end of the procedure, the surgeon
may, at that point, decide on a tubeless PCNL. It
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Information Box 18.6 Contraindications for
tubeless PCNL

¢ Distal obstruction

* Significant bleeding

e Infection

* Renal impairment

e Residual stones

¢ Need for relook PCNL

» Single (functioning) kidney

e Complex anatomy

is important to note that the operating surgeon
may well decide to insert a drain irrespective of
criteria [7].

18.10 Other Factors Contributing
to Complications

The relationship between surgical case load and
outcomes following PCNL are well documented.
The ideal case load for peak performance has
been postulated around 120 per annum, where
the incidence of complications, stone-free rates
and operating time were optimized [22]. This fits
a normal distribution with a decline in outcomes
both with lower as well has higher case
numbers.

The CROES Global PCNL study, which anal-
ysed over 5000 cases across all continents, shed
light on many interesting facets. The key factors
proven to be associated and more importantly,
not associated with significant differences in out-
comes according to this seminal study are sum-
marized in Information Box 18.7. PCNL has now
established its place as a safe and effective tech-
nique for staghorn stones and those with complex
anatomy, contrary to traditional opinion.
Similarly, renal anomalies such as horseshoe kid-
ney, imaging modality and the type of lithotripsy
technique have not been associated with differ-
ences in outcome. Increase body mass index
(BMI) over 40, solitary kidney and chronic kid-
ney disease, however, have resulted in higher
morbidity rates [23-25].
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Information Box 18.7

Antibiotic Reduces incidence of sepsis
prophylaxis and complications
Positioning No overall difference

between different positions

Prone position higher
stone-free rates

Staghorn stones

Safe for PCNL
Imaging and No influence on
lithotrite complications
technique

No difference in stone-free
rates compared to normal

Renal anomalies

kidneys
Solitary kidney | Lower stone-free rate
BMI >40 Higher complication rates
CKD
Age > 70

Summary of the findings of CROES PCNL Study
Ref: Kemphius et al. world J Urol (2015) 33:223.

There will be little argument that the key to a
successful PCNL is well-planned access and a
tract with access to relevant areas of the pelvi-
calyceal system. An optimal renal puncture is the
first step towards this objective. A suboptimal
puncture could lead to a cascade of events lead-
ing to numerous complications already enumer-
ated. Time spent on planning access for PCNL is
THE key investment to ensure a successful pro-
cedure. Review of the images, particularly the
composite CT images, appreciation of the colon
in relation to the site of access, pelvicalyceal
anatomy to ensure safe access are important
steps. The entire team should participate in this
exercise and more experienced opinions sought
in difficult cases. Access for PCNL may be per-
formed either by a radiologist or the surgeon him/
herself. While there seem to be differing proto-
cols in different countries, it is generally consid-
ered that the tract created by the surgeon him/
herself may lead to a more favourable outcome,
provided the surgeon has achieved necessary lev-
els of proficiency [26].

During preoperative planning, the team should
ideally agree on the anticipated outcomes follow-
ing PCNL. With complex stone burden or anat-
omy, removal of all stones may not be practical in

a single session. The patient should always be
counselled regarding such outcomes preopera-
tively in order to avoid undue expectations and
disappointment. In the absence of such pre-
planned strategies, perseverance to clear large
and complex stone bulk may result in unneces-
sary morbidity. Sometimes a second look at
PCNL is necessary to remove all stones safely.
As with most other complicated surgical proce-
dures, the principle of relook surgery is invalu-
able to ensure maximum safety.

The age-old preaching of Hippocrates is fun-
damental to PCNL, where the principle of “first
do no harm” should be foremost in the minds of
all surgeons. PCNL is almost always an elective
surgical procedure and frequently in minimally
symptomatic patients. The operation to remove
the stone, therefore, should not make the patient
more symptomatic than they were and certainly
not cause more harm than the stone would have.
Awareness of achievable goals, adequate plan-
ning and expert assistance when necessary in
complex scenarios are all important steps to
ensure optimum outcomes.
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19.1 Introduction

Extracorporeal shockwave lithotripsy (SWL)
represents a prevalent treatment modality for
renal and ureteric stones. This technology is a
composite of shockwave generation, a coupling
system for transmission, a focusing system and
imaging for monitoring. Over the past three
decades, there has been evolving improvement in
not only the machine design and settings but also
better understanding of factors that can predict
outcomes. Therefore, proper application of
ESWL on carefully selected patients would
deploy its full advantages in the modern practice
of urology.

19.2 Patient Selection

In order to achieve satisfactory outcomes, the
first step is to select the most suitable candidates
for SWL. In this regard, there are stone factors,
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anatomical factors and patient factors that should
be taken into consideration.

A meta-analysis by Lingeman et al. suggested
that stone-free rates (SFR) for SWL were
inversely correlated to the stone burden treated
[1]. While ESWL is recommended for stones less
than 2 cm [2], stone size larger than 2 cm is asso-
ciated with lower success rates. Low mean stone
density (average Hounsfield units <1000) was
found to predict better SFR for SWL [3].
Brushite, calcium oxalate monohydrate, and cys-
tine stones are known to be resistant to SWL.

Furthermore, Sahinkanat et al. reported lower
SFR for lower pole stones (60%) as compared to
upper and middle pole stones (80-90%) [4].
There are several anatomical factors to consider
before treating lower pole stones with
ESWL. Unfavorable factors include steep infun-
dibulopelvic angle, narrow infundibulum and
long infundibular length [5—7]. Lower pole stones
of 1-2 cm with the above unfavorable factors
should be treated primarily with retrograde intra-
renal surgery (RIRS) or percutaneous nephroli-
thotomy (PCNL), according to European
Association of Urology 2020 [2].

Modern diagnosis of urinary tract stone dis-
ease relies heavily on non-contrast computed
tomography (NCCT), in addition to X-ray and
ultrasound. Besides its high sensitivity and speci-
ficity of over 90%, researchers have shown that
several NCCT parameters can predict the success
of ESWL. Pareek et al. were the first to report
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that skin-to-stone distance (SSD) greater than
10 cm was associated with failure for SWL of
lower pole stones [8]. A study by Ng et al. on 94
patients with proximal ureteric stones [3], for
stones with these three factors (stone
density < 593 Hounsfield units, stone volume
<0.2 cc and SSD <9.2 cm) would have almost
100% SWL success rates at 3 months after one
section of treatment. Tran et al. also described
three similar favorable factors grouped as the
“Triple-D score” (stone volume <150 pl, stone
density <600 Hounsfield units, and SSD <12 cm)
[9]. It was found that the more favorable factors,
the higher the SWL success rates (21.4% for
score 0, 41.3% for score 1, 78.7% for score 2 and
96.1% for score 3).

With respect to patient factors affecting SWL,
practitioners need to assess their age and body
habitus. Ng et al. showed that age above 60 is an
unfavorable predictor for SWL of renal stones
but not ureteric stones [10]. Moreover, a thicker
renal cortex (larger cortical thickness) was asso-
ciated with better SFR at three months after SWL
[11]. One possible mechanism is that the kidneys
with thinner cortical thickness have undergone
sclerotic changes with aging and renal insults,
which increase the acoustic impedance and hin-
der the transmission of shockwaves. A high body
mass index (above 30 kg/m?) was also reported to
negatively predict SWL success in a study for
renal stones less than 2.5 c¢cm in size [12]. Since
the majority of lithotripters have the focal length
of around 15 cm, excessive body thickness would
affect the positioning of the target stone into the
focal zone (F2).

Before subjecting patients to SWL, the follow-
ing contraindications need to be excluded. These
include pregnancy, uncontrolled urinary tract
infections, bleeding diatheses, adjacent arterial
aneurysms, severe skeletal malformations, severe
obesity and distal anatomical obstruction [2].

19.3 Preparation for SWL

In preparation for SWL, practitioners should
review the X-ray and CT films (if any) taken
close to the SWL session. This confirms the vis-

ibility of the target stones and excludes stone pas-
sage prior to SWL.

Urinalysis and blood tests should be under-
taken to exclude active urinary treat infections
and bleeding tendency as reflected by thrombo-
cytopenia or coagulopathy. The indication, risk
and alternative options should be clearly
explained to patients. After obtaining informed
consent and ruling out contraindications, SWL
can proceed.

Antibiotic prophylaxis is not routinely recom-
mended for patients with sterile urine before
SWL [13, 14]. For patients with urinary tract
infection symptoms or positive urine culture, a
complete course of antibiotics should be admin-
istered before SWL.

19.4 Periprocedural Monitoring

In general, patients undergoing SWL require
monitoring of their blood pressure, pulse, and
oxygen saturation. Respiratory monitoring
becomes more relevant when it comes to patients
sedated with opioids to detect any respiratory
depression.

The presence of an implantable cardioverter
defibrillator requires the adjustment of modes
before SWL [2]. Cardiac monitoring is recom-
mended for patients with underlying heart disease
or dysrhythmia, according to a prospective study
of arrhythmia during SWL in 50 patients [15].

19.5 Analgesics and Sedation

There are no universal guidelines on analgesia
for SWL. A wide range from oral analgesics to
intravenous sedation or even spinal and general
anesthesia has been described. A meta-analysis
[16] compared the efficacy and tolerability of
simple analgesics, non-steroidal anti-
inflammatory drugs (NSAID) and opioids in
SWL patients. It showed no significant difference
in terms of adequate pain control or side effects
among the three classes of drugs.

Sorensen et al. compared intravenous sedation
with general anesthesia in 295 patients receiving
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SWL for a solitary renal or proximal ureteric
stone less than 2 cm [17]. It was found that the
SFR was significantly better in the general anes-
thesia group (87% vs. 55%) after three months.

Therefore, increasing the depth of sedation
appears to improve the efficacy of stone clear-
ance by minimizing patients’ movement at the
expense of higher cost and sedative risk.
Clinicians must strike a balance between efficacy
and safety when choosing the optimal mode of
analgesia.

19.6 Ramping Protocol

Ramping refers to starting SWL with a lower
power setting, followed by a stepwise increase in
power. Conners et al. showed that ramping might
achieve renal vasoconstriction and prevent renal
injury in a porcine model [18].

A number of clinical studies have assessed the
impact of ramping on stone fragmentation and
renal injury. Ng et al. randomized 300 patients
who received SWL for renal stones into either a
ramping group (first 1000 shocks at lower energy
followed by two rounds of 1000 shocks with suc-
cessively higher energy) or a fixed voltage group
(all 3000 shocks at high energy) [19] using a
Modulith® SLX-F2. It was found that despite
similar treatment success rates, the ramping
group outperformed the other group by signifi-
cantly reducing the incidence of grades 1 and 2
perinephric hematoma (23.8% vs. 43.8%).

There has been no strong evidence to suggest
that ramping improves stone-free rates. While a
significantly better SFR (96% vs. 72%) was
reported in a 50-patient randomized trial [20],
more recent randomized controlled trials [19, 21]
have reported similar SFR when comparing
ramping to fixed voltage SWL.

19.7 Shockwave Rate

A meta-analysis [22] compared the treatment
outcomes among low-frequency (60 to 70 waves
per minute), intermediate-frequency (80 to 90
waves per minute) and high-frequency SWL (100

to 120 waves per minute). Low-frequency and
intermediate-frequency SWL were shown to
have higher success rates than high-frequency
SWL (odds ratios 2.2 and 2.5, respectively).
Moreover, low-frequency SWL was also found to
have the lowest complication rates by rank-
probability tests.

Therefore, lowering shockwave frequency
from 120 to 60-90 waves/min improves stone
fragmentation and reduces tissue damage.

19.8 Coupling

Proper acoustic coupling between the generator
head and the patient’s skin in an air-tight manner
is essential to maximize energy delivery to the
stone. Defects (air pockets) in the coupling gel
would block up almost 99% of shockwaves
energy [23]. Pishchalnikov et al. found that poor
coupling would result in air pockets that cover up
to 19% of the treatment area (contact area),
thereby decreasing shockwave energy by 20%
[24]. On top of that, patient repositioning during
SWL, which would increase bubbles entrapped
in coupling gel, would further decrease energy by
another 57%. Jain et al. showed that the efficacy
of SWL was associated with the amount of air
bubbles inside the coupling gel and that elimina-
tion of air bubbles from the coupling agent sig-
nificantly improved success rates [25].

The correct use of coupling media is impor-
tant to reduce this interference. Ultrasound gel is
the most prevalent lithotripsy coupling agent in
current practice. Generous amount of gel, elimi-
nation of air bubbles during application, avoiding
coupling-decoupling and a stationary patient will
help to ensure good coupling.

19.9 Procedural Control

Proper stone targeting is indispensable for the
success of SWL, either by fluoroscopic or ultra-
sonic guidance. In general, such techniques are
operator-dependent, and more experienced urol-
ogists tend to give better outcomes. Improved
treatment outcomes have been shown with more
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frequent use of fluoroscopy [26]. A randomized
controlled trial [27] showed that ultrasound is
non-inferior to fluoroscopy in terms of treat-
ment success rates. Ultrasound has the added
benefits of continue real-time monitoring, locat-
ing radiolucent stones and also avoiding radia-
tion hazards.

Throughout SWL, stone targeting is to be
checked at regular intervals to maximize its
efficiency.

19.10 Auxillary Measures

The use of alpha-blockers after SWL has been
shown by meta-analyses to improve stone clear-
ance and reduce pain [28, 29].

Ureteral stenting is not routinely recom-
mended for SWL. Two meta-analyses [30, 31]
reported that stenting might decrease steinstrasse
rates, although it has no effect on SFR and causes
more lower urinary tract symptoms. Its use may
be considered for solitary functioning kidneys
and large renal stones (>20 mm).

Pace et al. advocated “percussion, diuresis and
inversion” (PDI) after SWL, with an aim to
improve SFR from 3% to 40% [32]. In a random-
ized controlled trial of 108 patients, four sessions
of PDI plus SWL improved SFR at 3-months
from 35.4% to 62.5% (p = 0.006) [33].
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Abstract

Endourology is the standard of care in the
contemporary management of urolithiasis.
However, in certain special situations, laparo-
scopic stone surgery offers a minimally inva-
sive option to achieve stone-free status rapidly.
With the laparoscopic approach, most series
have shown a high stone-free rate in a single
setting. This highlights the limited yet impor-
tant role of laparoscopy in providing a mini-
mally invasive alternative in the management
of urinary stones. Laparoscopy for stone sur-
gery is a challenging procedure and requires
advanced laparoscopic skills in achieving suc-
cessful outcomes. In this chapter, we discuss
the role of laparoscopy in urolithiasis, various
procedures performed with specific indica-
tions, technical tips and published outcomes
of individual procedures.
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20.1 Introduction

In the era of endourology, most urinary stones
can be dealt with advanced endoscopic tech-
niques. The American Urological Association
(AUA) guidelines 2016 on stone management
actually advises that laparoscopy should not be
preferred for managing stones [1]. However, in
certain circumstances that may be related to the
stone or unusual anatomy, an endourological
approach may not be ideal to achieve stone-free
status with minimal complications such as bleed-
ing, sepsis and absorption of a large amount of
irrigation fluids.

Although open surgery is the traditional next
step, a minimally invasive approach using lapa-
roscopy decreases surgical morbidity and is safe
and feasible. While robotic-assisted procedures
can be an advantage to the surgeon, it is limited in
its availability and provides little added benefit in
terms of outcomes. Hence, laparoscopic stone
surgery bridges the gap between endourology
and traditional open surgery, not only in terms of
decreased morbidity but also in achieving a
stone-free rate in a single setting. In this chapter,
we discuss the scope of laparoscopy in urolithia-
sis with the primary focus to understand the role
of laparoscopic surgery, various surgical tech-
niques and technical tips in the contemporary
management of urolithiasis.
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20.2 Laparoscopic Stone Surgery

Laparoscopic stone surgery can be of two types,
reconstructive or ablative, which can be either
transperitoneal or retroperitoneal approach.
Figure 20.1 shows the various laparoscopic stone
surgery options described in the management of
urinary stones.

20.3 Reconstructive Laparoscopic
Stone Surgery

20.3.1 Renal Stones
Based on the renal stone burden, abnormal ana-

tomical abnormalities and surgeon’s expertise,
various laparoscopy procedures are performed

for renal stones. Table 20.1 describes the current
indications for laparoscopy in renal stones.

Table 20.1 Indications for laparoscopy in renal stones

The following are the contemporary indications for
laparoscopy surgery in renal stones [2, 3]

1. Renal stones either previously failed or not
amenable to endourologic management.

2. Large stone burden with unfavourable
pelvicalyceal system, i.e. non-dilated calyces
with the dilated extrarenal pelvis.

Special situations which merit laparoscopic surgery in
renal stones

1. Renal stone with a concomitant need for the
reconstructive procedure (UPJ repair).

2. Anatomical abnormalities in the shape or location
of the kidney (horseshoe kidney, pelvic kidney,
crossed fused ectopia or malrotated kidney).

3. Symptomatic stones in diverticula not amenable
to endourological intervention can be treated with
laparoscopy.

Laparoscopic stone surgery
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Fig. 20.1 Surgical options for laparoscopic stone surgery. LPL laparoscopic pyelolithotomy; LANL laparoscopic ana-
trophic nephrolithotomy; LPP-LPL laparoscopic pyeloplasty with concomitant laparoscopic pyelolithotomy; L-PCNL
laparoscopic assisted percutaneous nephrolithotomy; LNL laparoscopic nephrolithotomy; LUL laparoscopic ureteroli-
thotomy; 7-LESS transvesical laparoendoscopic single-site surgery; NFK nonfunctioning kidney; LP-NFK lower-pole
non-functioning kidney; LNX laparoscopic nephrectomy; LPN laparoscopic partial nephrectomy
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20.3.1.1 Laparoscopic Pyelolithotomy
(Transperitoneal)

Performing  percutaneous  nephrolithotomy
(PCNL) in patients with large stone burden is not
only associated with decreased the stone-free rate
(SFR) but also with increased risk of bleeding
and blood transfusion rate. Factors associated
with severe bleeding are solitary kidney, staghorn
calculus, multiple punctures and inexperienced
surgeon. Such stones can be approached by lapa-
roscopic transperitoneal pyelolithotomy (LPL),
which is reported to have lower bleeding and
blood transfusion rates due to avoidance of injury
to renal parenchyma [4]. However, one of the
prerequisite for successful LPL is the presence of
stone in the extrarenal pelvis.

Since its initial description by Gaur et al. [5]
in five patients with pelvic stones not amenable
to extracorporeal shock wave lithotripsy (ESWL)
or PCNL in 1994, multiple series reported LPL
either by retroperitoneal or transperitoneal
approach with an SFR of 71-100% and conver-
sion rate of 0-27% [2].

20.3.1.2 Technique
A preoperative intravenous urography (IVU) or
CT urogram is helpful in delineating the pelvi-

a
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calyceal system (PCS) anatomy for intraopera-
tive identification of the ureter. The patient is
placed in 45° lateral decubitus position, and ports
are placed as for any renal surgery following the
principle of triangulation (Fig. 20.2a and b).

The white line of Toldt is incised, and the colon
is reflected. The ureter-gonadal complex is identi-
fied over the psoas and traced to the pelvis with
stone. With meticulous dissection, the pelvis is
exposed, and stone is ‘felt’ with the laparoscopic
instrument. An incision is made in the pelvis in the
shape of “V’ away from the ureteropelvic junction
(UPJ). The incision is made preferably using a
stone knife or cold scissors. A hook electrode may
be used for a relatively bloodless operative field.
Care is taken not to break the stone with graspers,
as it may dislodge into the calyces. The stone spat-
ula helps in delivering the stone intact, especially
when the stone is large. After stone retrieval, ante-
grade ureteral double-J (DJ) stent is placed either
through 5 mm assistant port or through 16 gauge
intravenous cannula placed percutaneously in
addition to ports. The pyelotomy is closed in a
water-tight fashion using 3-0 or 4-0 absorbable
sutures, either an interrupted or a continuous fash-
ion. The stone can be placed in an endo-catch bag
or indigenously made polyethylene bag.

b
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Fig.20.2 Standard port positions for laparoscopic kidney surgery (a) right and (b) left
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A pelvic stone with an extension to one of the
calyces can be technically challenging. Mirroring
open Gil Vernet’s extended pyelolithotomy tech-
nique, the extension of the pyelotomy incision
into upper or lower calyces can help in retrieving
the partial staghorn stone. Auxiliary use of flexi-
ble nephroscopy can also be considered for
remaining calyceal stones if extending pyeloli-
thotomy is not feasible. A rigid nephroscope can
also be introduced from one of the laparoscopy
ports using a second camera system. The pneu-
moperitoneum may have to be desufflated to
decrease the distance from the port to the pelvis.
Simultaneous continuous suction in the intraperi-
toneal cavity avoids the accumulation of irriga-
tion fluid. Such hybrid technique ensures SFR in
the same setting, and the surgeon should be well
prepared for it [3]. All measures should be taken
to retrieve the stone intact or with minimal disin-
tegration. Avoid extensive breakage with litho-
tripters to avoid urosepsis because of endotoxins
released from infected stones, which can lead to
septicaemia.

20.3.1.3 Advantages

The main advantage of LPL over PCNL is
decreased risk of bleeding as it avoids renal
parenchymal damage. This is particularly
important for patients with already impaired
renal function who require a procedure with the
best chance of stone-free status in a single pro-
cedure [2].

20.3.1.4 Disadvantages

LPL is difficult or not suitable in cases of the
intrarenal pelvis or small pelvis. Specifically, the
dissection of the intrarenal pelvis is limited by
difficult retraction of the overlying renal paren-
chyma. In addition, limited exposed pelvis, stone
manipulation via small pyelotomy and intracor-
poreal pyelotomy closure of such renal pelvis is
difficult, which can increase the chances or post-
operative urine leak [6].

Presence of calyceal stones besides pelvic
stones, sometimes results in difficulty in retriev-
ing the calyceal stones. Flexible instrumentation
through the 12 mm laparoscopic port is required
in such situations for stone clearance [6, 7].

Patients with prior renal surgery can have sig-
nificant perinephric adhesions, which may affect
the successful outcomes or complication rate in
LPL [4]. Prior placement of DJ stent or an intra-
operative RGP aids ureteral identification in
these cases.

20.3.1.5 Literature onLPL

In a metanalysis, Bai et al. [4] compared the out-
comes of LPL and PCNL in 901 patients with the
large renal stone of size >2 cm. Analysing 14
studies with 432 patients undergoing LPL and
469 patients with PCNL, the authors showed a
higher SFR with LPL. In addition, LPL was asso-
ciated with lower incidence of bleeding, blood
transfusion and postoperative fever. Moreover,
the need for an auxiliary procedure and re-
treatment rates were lower with LPL. However,
LPL was associated with prolonged urine leak-
age and longer operative time (OT) and length of
hospital stay (LOS) as compared to PCNL. The
authors concluded that LPL is safe and feasible in
experienced hands, and it should not replace
PCNL, which remains the gold standard for kid-
ney stones greater than 2 cm [4].

Thus, LPL is considered an alternative therapy
for PCNL in selected cases with renal stones
either previously failed or not amenable to endou-
rologic management or in large renal stone with
unfavourable (non-dilated) collecting system but
with extrarenal pelvis without a history of previ-
ous surgery. Table 20.2 describes some of the
largest series of laparoscopic stone surgery,
including LPL.

20.3.1.6 Laparoscopic Anatrophic
Nephrolithotomy

Mirroring the open technique, Kaouk et al.
[13] first showed the feasibility of laparoscopic
anatrophic nephrolithotomy (LANL) in a sur-
vival porcine model. A synthetic staghorn cal-
culus was created by retrograde injection of
polyurethane (Fomo Products, Inc., Norton,
Ohio) into the renal pelvis through a ureteral
catheter and allowed to mature over two weeks.
LANL was successfully performed in all ten
animals involving hilar vessel control with lap-
aroscopic Satinsky clamp, in situ renal hypo-
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Table 20.2 Large series of laparoscopic stone surgeries

LPP-

LPL |LPL |L-PCNL LANL |LUL
Parameters | [8] [9] [10] [11] [12]
Sample 56 20 15 11 126
size (n)
Mean stone |27.5 |15 8§-45% |52 13.6
size (mm)
Approach | RP TP TP TP RP
(TP/RP)
Mean OT 81 168 |55 139 88
(min)
SFR 96% | 75% |100% 90.9% |97.6%
Conversion | 3.6% |10% | — - 2.4%
rate
Urine leak. | — - 6.6% 27.3% | 2.4%
LOS (days) 4.0 49 48 - 2.8

“Range

Abbreviations: LPL laparoscopic pyelolithotomy, LPP-
LPL laparoscopic pyeloplasty with concomitant laparo-
scopic pyelolithotomy, L-PCNL laparoscopic-assisted
percutaneous nephrolithotomy, LANL laparoscopic anat-
rophic nephrolithotomy, LUL laparoscopic ureterolithot-
omy, RUrenal units, 7P transperitoneal, RP retroperitoneal,
OT operative time, SFR stone-free rate

thermia with ice slush (in one animal), lateral
renal parenchymal incision, stone extraction
and closure of the collecting system and renal
parenchyma. The mean OT, blood loss and
warm ischemia time were 125 min, 68 ml and
30 min, respectively [13]. LANL can be con-
sidered as a reasonable therapeutic option for
large staghorn calculus, which cannot be
removed with a reasonable number of access
and sessions of PCNL [14].

Technique

The kidney is de-fatted, and the lateral paren-
chyma is completely exposed. Intraoperative
laparoscopic ultrasonography (USG) can help
in localisation of the renal stones. The Brodel’s
line along the lateral aspect is marked with elec-
trocautery. With the help of a laparoscopic
Satinsky clamp, renal pedicle control is achieved.
The procedure can be done with or without hypo-
thermia, with the help of ice slush placed in a
polyethylene bag. After the renal parenchymal
incision along the avascular Brodel’s line, PCS is

opened, followed by extraction of the staghorn
stone. The collecting system can be closed with
absorbable sutures followed by complete renor-
rhaphy [3].

Literature on LANL

Deger et al. [15] were the first to report LANL for
a staghorn calculus in an adult female. The
authors closed the collecting system with a poly-
glactin 3-0 continuous suture and, in addition,
applied gelatin-matrix thrombin tissue sealant
(FloSeal®; Baxter BioScience, Deerfield, IL) to
seal the system. The cold ischemia time was
45 min.

Later, Simforoosh et al. [14] reported a few
modifications in the LANL technique in five
patients with large staghorn renal stones unsuit-
able for PCNL. In contrast to Deger et al. [15],
the authors clamped the renal artery alone using a
bulldog clamp and Brodel’s line nephrotomy
incision sutures were buttressed by hemostatic
clips instead of knots. There was no incidence of
urine leakage after surgery, and they concluded
that LANL is a promising alternative for patients
who are candidates for open surgery, with an
acceptable SFR.

20.3.2 Special Situations with Renal
Stones

20.3.2.1 UPJO with Secondary Stones
Renal stones secondary to UPJ obstruction
requires relief of the obstruction besides stone
clearance. The gold standard treatment has been
open pyeloplasty with pyelolithotomy with
reported success rate of 90% [6]. Although,
endopyelotomy has been described either by
antegrade [16] or retrograde [17] access, their
success rate is low. With expertise, the goal of
stone clearance and correction of congenital
abnormality can be dealt with laparoscopy.
Thus, laparoscopic pyeloplasty with concomi-
tant pyelolithotomy (LPP-LPL) can be a safe
option in the hands of surgeons with advanced
laparoscopic skills.
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20.3.2.2 Laparoscopic Pyeloplasty
with Concomitant
Pyelolithotomy

Technique

After positioning and ports placement, the renal
pelvis and proximal ureter are dissected. Placing
an appropriate pyelotomy incision is specifically
important in these cases as this incision is subse-
quently incorporated in the pyeloplasty. Larger
stones can be retrieved with a forceps. Frequently,
small pebble-type secondary stones can be found,
which can be aspirated/flushed out with the help
of laparoscopic irrigator-aspirator system. All
stones in the vicinity must be completely retrieved
as dropped out stones can cause intense inflam-
matory reactions around the anastomosis. After
stone retrieval, the planned technique of laparos-
copy pyeloplasty is completed in a standard man-
ner [3, 6].

Literature on LPP-LPL

Stein et al. [18] in their series of 117 laparoscopic
pyeloplasties, noted 15 patients had undergone
LPP-LPL for associated renal stones. They per-
formed a transperitoneal approach in 86.7% of
patients, and the combined procedure took an
average of 174 min. They reported a success rate
of 80% with no open conversion or any compli-
cation [18].

Later, Ramakumar et al. [19] reported a 90%
SFR in 19 patients with transperitoneal LPP-
LPL. In one of the largest series, Srivastava et al.
[9] did LPP-LPL in 20 patients with a 75% stone
clearance rate at the initial surgery. However, the
authors reported 100% SFR in the follow-up with
additional procedures. Also, 90% improved in
their follow-up diuretic renography while the rest
10% had symptomatic improvement.

20.3.2.3 Renal Pelvic Stone in Kidney
with Anatomical
Abnormalities

Pelvic Ectopic Kidney with Stones

Although LPL can be a suitable option in an ante-
riorly rotated renal pelvis [20], complex cases
like staghorn calculus in pelvic ectopic kidneys

require more than one treatment modality to
achieve SFR. Laparoscopic-assisted percutane-
ous nephrolithotomy (L-PCNL) has been
described as available option for such stones.
Here, the role of laparoscopy is to allow safe
bowel retraction and enable direct vision guiding
controlled percutaneous access to the collecting
system [2, 6].

20.3.2.4 Laparoscopic Assisted
Percutaneous
Nephrolithotomy

Technique

In approaching a pelvic kidney with stones, the
primary surgeon stands on the side of the affected
kidney and the assistant on the opposite side,
both facing the patient’s foot end [21]. L-PCNL
was first described by Eshghi et al. [22] in a pel-
vic kidney with a staghorn calculus. They used a
co-axial system comprising a SF curved-tip angi-
ographic catheter sheathed within a 9F catheter
to obtain percutaneous access via retrograde
approach. Simultaneous laparoscopy was used to
displace the bowel and direct the catheter towards
the anterior abdominal wall. Later several modi-
fications of the original description were pro-
posed by various authors [23-25]. Notably, Goel
et al. [26] described two different methods of
access to the stone in ectopic kidneys. After
pneumoperitoneum, the patient is placed in 30
degrees Trendelenburg position. Based on the
body habitus and abdominal fat, either colon
reflecting or transmesocolic approach to the
desired calyx was made under simultaneous fluo-
roscopic and laparoscopic control with partial
desufflation. The tract was serially dilated with
Teflon dilators to admit 30F Amplatz sheath, and
the abdomen was desufflated. The stone was
fragmented and retrieved as in any standard
PCNL. After stone clearance, a DJ stent and
nephrostomy were placed. At the end of the sur-
gery, pneumoperitoneum was re-established for
intraperitoneal drain placement.

Previous Studies
El-Kappany et al. [21] reported L-PCNL in 5
patients after failed ESWL. In their series, the
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targeted calyx was percutaneously accessed
under simultaneous fluoroscopy and laparoscopy
control. They reported 80% SFR with their tech-
nique with a mean OT of 141 min. In one of the
largest series, Holman and Toth [1, 4, 5] reported
L-PCNL in 15 patients (Table 20.2). They suc-
cessfully cleared the stone in all cases with mini-
mal morbidity. D’souza et al. [27] described a
modified technique of L-PCNL in 9 patients
where a mini PCNL (tract size 15 F) was per-
formed with Holmium laser to dust the stone in
ectopic kidneys. They reported a comparable
SFR of 88.9%. Recently, Soylemez et al. [28]
described L-PCNL with two different laparo-
scopic (transmesocolic and dissection of mesoco-
lon) and four different PCNL techniques
(standard, mini-, micro- and a direct renal pelvic
PCNL) for treating stones in pelvic ectopic kid-
neys and showed an SFR of 75%.

Horseshoe Kidney with Stones

The management of a horseshoe kidney (HSK)
with stones poses a difficult problem. The abnor-
mal location, aberrant vessels, proximity to vital
structures such as bowel, iliac vessels add diffi-
culty in accessing the stone via percutaneous
approach. Also, acute angulation of the ureter
makes retrograde access to the stones difficult
even in the hands of an expert endourologist [3].
With anteriorly placed renal pelvis in HSK, few
reports showed the feasibility of LPL for stone
removal.

Various other surgical options such as the
open approach to more minimally invasive USG-
guided PCNL are available [29]; however, lapa-
roscopic assistance in the form of L-PCNL is a
safe alternative provided availability of the expert
laparoscopic surgeon [3].

20.3.2.5 Laparoscopic Assisted
Percutaneous
Nephrolithotomy for HSK

Technique

The technique of L-PCNL for HSK is the same as
for pelvic ectopic kidney except for the port
placement and orientation to access the more
cephalad position of the HSK. In the first descrip-

tion of L-PCNL for HSK with isthmic calyceal
stone, the patient was positioned supine with the
elevation of the left flank [30]. An 11-mm supra-
pubic port was placed for the laparoscope. Under
the vision, two 5-mm working ports were placed,
one in the left iliac fossa and the other in the left
anterior axillary line above the umbilicus. The
overlying bowel was retracted after locating the
bulge of HSK. The targeted calyx is opacified
under fluoroscopy, and puncture needle is
directed under laparoscopy. The tract serially
dilated up to 30F with metallic dilators and
Amplatz sheath positioned. Simultaneous fluo-
roscopy and laparoscopy ensured controlled
access to the collecting system with no injury to
the intraperitoneal structures [30].

20.3.2.6 Renal Calyceal Diverticular
Stone

Another situation where laparoscopy can be
applied is in the treatment of calyceal diverticular
calculi. The incidence of stones within a calyceal
diverticulum ranges from 1 to 10% [31]. Although
PCNL is associated with high SFR (>80%), [32,
33] access can be difficult for small and anteri-
orly located lesions where laparoscopic nephroli-
thotomy (LNL) and robotic-assisted interventions
are feasible alternatives. Van Cangh et al. [34]
showed the feasibility of LNL in a patient who
had failed ESWL for an anteriorly located stone-
bearing calix which also precluded percutaneous
approach. Intraoperative USG and colour-
Doppler helped them to localise and select the
optimum site of nephrotomy. Koopman et al. pro-
posed an algorithm for minimally invasive man-
agement of such calyceal stones. In this, they
proposed laparoscopy for the management of
anteriorly located calyceal diverticula that have
failed prior endourologic attempts or primarily
for anteriorly located stones of size >3 cm [35].

20.3.3 Ureter Stones

With the introduction of ESWL and ureteroscopy
(URS) for the management of ureter stones, the
traditional open approach for ureter stone
removal has drastically decreased. However,
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large ureter calculi can still be challenging for
modern endourological techniques. Importantly,
the SFR decreases from 84% to 42% when the
size of the ureteral stone is >1 c¢cm [36]. Thus, in
the era of modern endourology, laparoscopic ure-
terolithotomy (LUL) can be of use in large,
impacted ureteral stones not amenable by ESWL
or URS [6].
20.3.3.1 Laparoscopic

Ureterolithotomy

The earliest report of laparoscopic ureterolithot-
omy (LUL) was a retroperitoneal approach by
Wickham in 1979 [2]. Until the mid-1990s, LUL
was limited with only sporadic case reports [37,
38] when the improvement in the technology-
enabled wider adoption.

Technique

Patient position and ports placement are as same
for upper tract surgery as described before.
However, if the stone is in the lower ureter, ports
should be shifted caudally. The ureter is exposed
after the colon is reflected. At times, the location
of the stone is difficult due to periureteral adhe-
sions. In such situations, intraoperative laparo-
scopic USG or fluoroscopic assistance aid
in localising the exact stone position. The surgeon
should be cautious about stone migration during
manipulation. Ureter proximal to the stone can be
controlled with laparoscopic Babcock forceps or
by vascular loops to prevent proximal migration
of the stone. Once the stone is precisely localised,
a vertical ureterotomy is made in over the stone
with a laparoscopic knife or hook electrode [6].
Instead of grasping, levering the stone out of the
ureter (Fig. 20.3) can prevent the crushing of
stone into small pieces and helps in intact removal.
The ureter is sutured with 4-0 polyglactin and a
drain placed after suturing over a double-J stent.
However, if the area of stone impaction is narrow,
spatulation of ends and an uretero-ureterostomy is
to be considered [3].

Advantages

High SFR after a single procedure with compa-
rable complication rates is the major advantage
of LUL over URSfor large upper ureteric stones
[39, 40].

Yoy

Fig. 20.3 Levering with a ureteral stone with Maryland
forceps for extraction during laparoscopic
ureterolithotomy

Disadvantages

The disadvantages include a longer LOS, the risk
of injury to surrounding structures and open con-
version [6]. The most common postoperative
complication is urine leak (0-20%), followed by
stricture formation (1.4-52%) [12, 41-43].
Many authors suggest limiting the ureterotomy
length as short as possible to allow stone extrac-
tion and using a cold knife instead of electrocau-
tery for ureterotomy to decrease stricture
formation [41, 44, 45].

Literature on LUL

In one of the few randomised studies comparing
LUL to URS or PCNL, Basiri et al. enrolled 150
patients with large (>1 cm) upper ureteral
stones. They showed that the SFR at the time of
discharge was highest with LUL (88%), fol-
lowed by PCNL (64%) and URS (56%). The
requirement of the second stone clearance pro-
cedure was least with LUL (10%), followed by
PCNL (14%) and URS (22%). The authors con-
cluded LUL might offer better single setting
SFR with the least need for additional proce-
dures [41].

20.3.3.2 Controversies: To Close or Not
to Close the Ureterotomy?

While most surgeons agree with the placement of
DJ stent after LUL [46-50], some prefer to close
the ureterostomy [37, 48], while others prefer to
leave it open [49, 50]. Gaur et al. [51] reported
that operative time for retroperitoneal LUL was
reduced to 66 min if the ureterotomy was left
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open compared with 92 min if the ureterotomy
was closed. However, they noted a prolonged
(>1 week) postoperative urine leak in 19.8%
(20/101) of patients in whom the ureter was not
stented. Out of these 20 patients, 70% (14/20)
also did not have the ureterostomy closed. The
remaining 6 had ureterotomy closure, and the
probable reason for prolonged urine leak in them
was that these ureters were chronically inflamed,
edematous and friable after infection and pro-
longed impaction [51].

Keeley et al. [52] described the outcomes of
LUL in five treatment naive patients with large
ureter stones (mean size 27.2 mm) and nine
patients after failed ESWL and/or URS. They
reported a 100% success rate with no open con-
version and a mean OT of 105 min. In their series,
ureterotomy was closed in only five patients, out
of which two subsequently developed stricture,
whereas none of the nine patients with left open
ureterotomy  develop  stricture  formation.
Importantly, one patient with neither stented nor
ureterotomy closure developed a prolonged urine
leak [52].

20.3.4 Bladder Stones

Various methods have been described for the
management of bladder calculi, from open sur-
gery to transurethral or percutaneous cystolitho-
tripsy. Based on stone-related, patient-related,
resources-related factors, a decision on bladder
calculi treatment is considered. The role of lapa-
roscopy in bladder calculi is limited. However, it
can be considered as an alternative in selected
cases.

Transvesical

Laparoendoscopic Single-

Site Surgery (T-LESS)

Roslan et al. [53] used transvesical laparoendo-
scopic single-site surgery (T-LESS) for the
removal of intravesical erosion of polypropylene
mesh from the bladder [54]. Using the same tech-
nique, multiple bladder stones were removed
intact after previous unsuccessful endoscopic
lithotripsy.

20.3.4.1

Technique

For T-LESS, the patients were placed in lithot-
omy position, and a 1.5-2.5 cm suprapubic skin
incision was made 2—5 cm above the pubic sym-
physis. A single-port device (Tri-Port+, Olympus,
Hamburg, Germany) was placed under vision
with simultaneous cystoscopy. A pneumovesi-
cum of 14 mm Hg facilitated intravesical manip-
ulation. The stones were removed intact with the
grasper through the Tri-Port. Notably, in two
patients, auxiliary procedures like diverticulec-
tomy and ureterocele incision and stone extrac-
tion were described by the authors. In their series
of 12 patients, all patients had complete stone
removal without any serious complications. The
mean operative time was 46 min, and LOS was
22 h. In two patients, auxiliary procedures of
diverticulectomy and ureterocele incision were
performed simultaneously. The authors con-
cluded that the T-LESS technique was a safe, effi-
cient and minimally invasive alternative for intact
bladder stone removal in selected patients, which
avoid the risk of urethral injury [53].

20.4 Ablative Laparoscopic Stone
Surgery

The combination of obstruction and infection
caused by the urinary stones has detrimental
effects on the affected renal units. In untreated
cases, this can lead to loss of function of the kid-
ney [55]. In rare cases, an impacted stone in the
calyx results in hydro-calyx with recurrent pyelo-
nephritis rendering non-function. In this section,
the role of laparoscopy in such conditions is
discussed.

20.4.1 Laparoscopic Nephrectomy

Laparoscopic nephrectomy (LN) is an option for
hydronephrotic non-functioning kidneys caused
by renal stones. However, recurrent pyelonephri-
tis in such kidneys causes significant perinephric
adhesions, sometimes making the laparoscopic
approach difficult. This is particularly important
in the case of xanthogranulomatous pyelonephri-
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tis (XGPN). The majority of such patients might
have a prior history of interventions like DJ stent
placement or a percutaneous nephrostomy to
relieve obstruction and/or infection or sometimes
an open surgery for prior stone disease.

In the transperitoneal approach, after standard
port placement, the ureter is identified and traced
up to the hilum. Harmonic shears or electrocau-
tery helps in the dissection. Renal vessels are
clipped and divided. Occasionally, dense adhe-
sions at the hilum prevent the delineation of renal
vessels. In such a scenario, en bloc stapler liga-
tion of the renal vascular pedicle may be used
[56]. Dissection is preferred outside of Gerota’s
fascia, avoiding entering the infected renal unit.
However, a subcapsular nephrectomy may be
required in patients with severe perinephric adhe-
sions [57]. The specimen is placed in a specimen-
retrieval bag and extracted by extending the
12-mm port or via a separate transverse incision
below the beltline [3]. Likewise, in cases of the
hydronephrotic non-functioning renal unit fol-
lowing ureteral stones, a similar approach for
laparoscopic nephroureterectomy is considered
along with the stone retrieval.

Ganpule et al. [3] discuss several strategies to
reduce risks during LN. These include preopera-
tive drainage of an infected kidney with a neph-
rostomy, preoperative computed tomography for
anatomical delineation, placement of a ureteric
catheter to aid identification of the ureter, subcap-
sular upper-pole dissection and double clipping
of the ureter to avoid spillage of infected
contents.

20.4.2 Laparoscopic Partial
Nephrectomy

In the rare case of non-functioning pole of the
kidney because of calculus pyelonephritis, a
polar partial nephrectomy would be the preferred
treatment option. Winfield and colleagues, in
1992, reported the first laparoscopic partial
nephrectomy for a stone-bearing lower calyx
diverticulum [58]. They used a self-made, spe-
cially designed laparoscopic tourniquet for lower

pole clinching. With the combination of electro-
cautery and laparoscopic argon beam coagulation
probe, they excised the lower pole calyceal diver-
ticulum with the stone. The renal parenchyma
was extensively fulgurated with an argon beam,
and no attempt was made to close the infundibu-
Ium. The Gerota’s fascia was folded, backed and
tacked with laparoscopic hernia clips to close the
renal defect. The whole procedure took over 6 h.
Later, they updated their experience with success
in 4 of 5 similar patients [59].

20.5 Retroperitoneoscopic
Laparoscopy for Stone
Surgery

Although the first description of retroperitoneos-
copy was by Wickham in 1979, its wide applica-
tion was realised only after standardisation of the
balloon technique for creating the working space
by Gaur et al. in 1993 [60]. Various stone proce-
dures have been described in the literature for
urinary stones by retroperitoneal approach.

20.5.1 Technique

The patient is placed in the lateral flank position,
and the bridge of the table is elevated to flatten
the flank region. A slight anterior tilt helps the
peritoneal contents to fall forward. A 1.5 cm inci-
sion is made 2 cm below the tip of the 12th rib
along the posterior axillary line. The incision is
deepened, and the thoracolumbar fascia is
incised. The retroperitoneum is entered and con-
firmed by the palpation of psoas posteriorly and,
at times, the tip of the lower pole cephalad. A ret-
roperitoneal space is then created using either a
commercially available balloon or an indige-
nously made gloved finger. A 12 mm blunt tip
trocar or Hassan cannula is inserted for the cam-
era. Under the vision, two working ports (12 mm
and 5 mm) are placed. Once inside the retroperi-
toneal space, the ureter is identified anterior to
the psoas and further dissection proceeds accord-
ing to the planned procedure [6].
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20.5.1.1 Advantages

On a technical note, surgeons tend to prefer the
retroperitoneal approach as reaching the renal
pelvis posteriorly has the advantage of extending
the incision into an infundibulum without risk or
hindrance of the renal vessels [2]. Other advan-
tages include avoidance of peritoneal cavity con-
tamination, elimination of postoperative shoulder
tip pain and decreased incidence of port-site her-
nia and bowel obstruction. Moreover, in bowel
handling, the risk of inadvertent bowel injury or
ileus is minimised [6].

20.5.1.2 Disadvantages

However, retroperitoneal dissection is challeng-
ing with unfamiliar surgical anatomy and land-
marks in the setting of a restricted working space.
There is a potential loss of visualisation because
of inadvertent peritoneal tear [43, 61].

20.6 Controversies:
Retroperitoneal vs.
Transperitoneal, Which Is
Better?

In a prospective study, Bove et al. [62] compared
transperitoneal to retroperitoneal access for LUL
in 35 patients. They showed that the transperito-
neal approach required less time to access and
identify the ureter (14 vs. 24 min), ureterotomy
closure (16 vs. 28 min), and mean operating time
(75 vs. 102 min). There were no conversions.
They concluded that the transperitoneal approach
is better for a novice surgeon, but for those with
advanced laparoscopic skills, the approach
should be left to the discretion of the surgeon.

20.7 Conclusion

In the hands of experts, laparoscopic stone sur-
gery is a safe and effective alternative in the
selected cases of urolithiasis, achieving stone
clearance in a single setting. However, in difficult
situations, combined endourological techniques
may be needed to achieve stone-free status.

20.8 Key Learning Points

e Laparoscopic stone surgery is feasible in the
hands of expert.

» Laparoscopic assistance is safe and effective
alternative in selected cases.

¢ In most cases, stone-free rates are achieved in
a single setting.

e Transperitoneal or retroperitoneal approach is
at the discretion of surgeon’s preference.
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21.1 Introduction

Different methods of surgical stone removal have
been discussed in previous chapters. As a
Urologist, suitable stone management should be
tailor-made for each patient after discussing the
potential benefit and risks of different approaches
with them. With consideration of their back-
ground, premorbid and medical history, stone
characteristics and stone management history, an
evidence-based management will definitely bene-
fit our patients. In short, we would like to highlight
different indications and special considerations for
each treatment in this chapter.

21.1.1 Conservative Management

Conservative management and observation
should be one of the options for some patients
because not all urinary tract stones are needed to
be treated timely. Unfortunately, with the cur-
rently available literature, there is no consensus
reached on the protocol for expectant manage-
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ment. Individual management decisions should
be made jointly by physicians and patients.

For asymptomatic renal stones, incidence of
symptomatic episode or need for intervention is
around 10-25% per year [1]. Symptoms may
include haematuria and renal colic. According to
the EAU guideline, stone intervention is indicated
in a patient with symptoms or complications like
obstruction and infection. For recurrent stone form-
ers, patients with stone size more than 15 mm or
with stone growth more than 5 mm per year, active
stone intervention should also be considered.
Occupations like a pilot or heavy vehicle driver and
patient preference are also crucial factors [2].

On the other hand, there is no established stone
follow-up protocol for patients under conservative
management. For radiopaque stone previously
shown in CT scan scout film, regular plain radiog-
raphy (Kidney—ureter-bladder view, KUB)
should be used for reassessment. Ultrasound
(USG) of the urinary system can be used for
radiolucent stones. However, a non-contrast CT
scan will occasionally be needed especially for
further anatomical evaluation and surgical plan-
ning. Certainly, we also need to monitor the clini-
cal symptom of patients, including pain,
haematuria or urinary tract infection during fol-
low-up to see if active treatment is indicated.
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21.2 Pharmacological Treatment
21.2.1 Medical Expulsive Therapy (MET)

MET is referred to the use of alpha-blocker,
calcium-channel inhibitor or phosphodiesterase
type 5 inhibitor (PDESI) for ureteric stone expul-
sion by smooth muscle relaxation in the ureter. It
should only be considered if the patient has no
urgent need for urinary system drainage. Once
the patient develops renal deterioration, infection
or refractory pain, another approach should be
applied.

The use of MET has been a controversial issue
over the past decade. In the randomised controlled
trial “SUSPEND” in 2015, there showed no dif-
ference in stone-free rate (SFR) for Tamsulosin
(81%), Nifedipine (80%) and placebo group
(80%) but did show a significant trend of benefit
towards larger distal ureteric stone [3]. A meta-
analysis by Hollingsworth et al. suggested a 57%
higher chance of stone passage for larger stone,
which is independent of the stone location [4].
EAU 2020 guideline suggested MET seems to be
efficacious in treating patients with ureteric stones
who are amenable to conservative management
and the greatest benefit might be among those
with >5 mm distal ureteric stone [2].

For post ESWL cases, Zhu et al. reported
MET has a 20% increase in SFR [5] and Lamb
et al. reported it can relieve ureteric stent-related
symptoms [6]. Common side effects of alpha-
blockers include dizziness and hypotension. In
patients with prior cardiac condition, use of
PDESI should be cautious and medical assess-
ment before usage is suggested.

21.2.2 Oral Chemolysis

With prior stone analysis showing uric acid stone,
oral chemolysis can be considered. Urine pH and
CT characteristics like the Hounsfield unit will
also provide extra information. Patients will need
self-adjustment of the alkaline citrate dosage, for
example, potassium citrate or sodium bicarbonate,
to achieve the urine pH of 7.0-7.2 measured with
urine test stripe. Oral chemolysis is more effective

at a higher urine pH. However, this may promote
the formation of calcium phosphate stones.

There is no RCT on oral chemolysis alone.
However, a combination of oral chemolysis and
tamsulosin will increase the frequency of sponta-
neous passage of distal ureteric uric acid stone
>5 mm, as it was shown in an RCT [7]. Monitor
the dissolution of radiolucent stone may need
USG or sometimes NCCT. Side effect includes
upset in the gastrointestinal system and electro-
lyte disturbance. Percutaneous irrigation chemol-
ysis is rarely performed nowadays.

21.3 Surgical Treatment (Fig. 21.1)

21.3.1 Extracorporeal Shockwave
Lithotripsy (ESWL)

ESWL can be used to manage ureteric stones and
renal stones. However, the success has a strong
correlation with the habitus of the patient, stone
composition and stone location [8]. Fluoroscopy
is usually applied to locate stones for targeting.
However, USG can also be used for radiolucent
stones. In some situations, multiple sessions of
ESWL may be required. It is contraindicated in
patients with uncorrected anticoagulation status,
uncontrolled urinary tract infection, arterial aneu-
rysm close to the stone, pregnancy and distal ure-
teric obstruction like stricture. Preoperative
ureteric stenting is suggested for stone >20 mm.
It is controversial for fertile women undergoing
ESWL, especially for distal ureteric stone as it
may have a theoretical impact on fertility. For
details of ESWL, please refer to Chap. 20.

21.3.2 Ureteroscopic Lithotripsy
(URSL)/Retrograde Intra-renal
Surgery (RIRS)

URSL is a relatively safe operation with mostly
minor complications. Serious complication like
ureteric avulsion is less than 0.5% [9, 10]. With the
technical improvement, stone surgeries with larger
stones can now be performed by RIRS. A meta-
analysis in 2015 suggested the SFR for renal stone
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>20 mm by RIRS could be up to 91% with 1.45
procedures [11]. Rate of major complications like
subscapular haematoma, ureteric perforation, stein-
strasse and severe sepsis were around 4.5% [10].
General anaesthesia is preferred although
most of the time it can also be performed under
spinal anaesthesia. Ureteric access sheath
should be used in RIRS to decrease intra-renal
pressure and improve vision. Stone can be man-

aged by dusting or fragmenting technique with
a laser fibre. Larger stone fragments can be
retrieved by endoscopic basket or forceps.
Routine ureteric stenting is not necessary unless
in situations with increased risk of complica-
tion, like bleeding, residual stones, ureteric
injury or sepsis. Further information related to
ureteroscopy could be referred to in previous
chapters on this topic.
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21.4 Percutaneous
Nephrolithotomy (PCNL)

PCNL remained the standard management for
large renal stones>20 mm or staghorn stone. It
may also be considered in lower pole stone
>10 mm. Nowadays different sizes of access
sheaths from Fr 18-30 are available for mini
PCNL to standard PCNL. Fluoroscopic guided
punctures are usually done but additional USG
may help to reduce the radiation exposure.

In order to understand the perinephric and cal-
yceal anatomy so as to prevent visceral injury, a
pre-operative CT scan is suggested. Totally tube-
less PCNL is possible but the need for nephros-
tomy or ureteric stenting should be decided by a
surgeon, depends on the presence of residual
stone, need for second-look procedure, risk of
sepsis or ureteric obstruction and intraoperative
bleeding condition. In patient with anti-coagulant,
correction of the anticoagulation should be done
before the operation. When there is an active
untreated urinary tract infection or potential
malignant renal tumour, PCNL is
contraindicated.

21.5 Laparoscopy/Laparotomy

With the improvement of endourology, open or
laparoscopic stone surgery is not common nowa-
days. Even for large renal stones, PCNL is the
first-line treatment. However, in the case of his-
tory of unsuccessful endoscopic treatment, lapa-
roscopic surgery may be indicated. In cases with
large ureteric stones, laparoscopic ureterolithot-
omy will be indicated as it can prevent prolonged
endoscopic surgery.

Occasionally, for patients with poorly func-
tioned kidneys secondary to staghorn stone or
obstructing stones, nephrectomy might be indi-
cated in symptomatic patients or for prevention
of future complications.

21.6 Special Considerations
for Choice of Treatment

21.6.1 Acute Management

Renal colic management is essential in stone dis-
ease. Usage of a non-steroidal anti-inflammatory
drug is proven to be more effective than opioids in
pain control [12]. However, it is contraindicated in
patients with renal impairment and also caution is
needed for a patient with cardiovascular risk. In
patients with intractable pain, the obstructed uri-
nary system should be drained. Active stone
removal is also acceptable in cases without sepsis.

Urosepsis is an emergency. Antibiotics should
be started early according to previous bacterial
culture results. Emergency urinary decompres-
sion should be performed either by percutaneous
nephrostomy or ureteric stent. So far, there is no
good quality study to prove the superiority of one
option over the other. In cases with anuria, severe
acidosis or hyperkalaemia, emergency decom-
pression, with or without renal replacement ther-
apy, is also indicated.

21.6.2 Stone Factors: Stone
Composition

Brushite, calcium oxalate monohydrate and cys-
tine stones are particular hard stones that have
high density in CT scans (Hounsfield unit >1000).
It is a predictive factor for significant residual
stones after ESWL [8]. These large residual stone
fragments may have a negative impact on later
stone clearance surgery like PCNL and
RIRS. Therefore, endourological management
should be considered early as an alternative.
Matrix stone is predominately composed of glu-
cosamines and organic proteins. It is different to
other crystalline stones as they are usually ESWL
resistant due to the soft composition. PCNL is
more effective in cases with large matrix stones.
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Uric acid stones are usually homogenously
low-density stones in CT scans. This is a favour-
able factor to predict successful ESWL stone
fragmentation. However, most of these stones
are radiolucent and therefore imposed difficul-
ties in stone localisation on fluoroscopy during
ESWL.

21.7 Stone Factors: Location

21.7.1 Upper/Middle Calyces
and Renal Pelvis

ESWL is a good choice for stone <20 mm. It has
a good SFR but multiple sessions may be
required. RIRS is another good choice as the time
from diagnosis to stone clearance is shorter. For
larger stones>20 mm, PCNL should be the first-
line treatment. ESWL in a patient with large
stones may result in steinstrasses. Therefore, pre-
operative ureteric stenting is suggested. RIRS
with a large stone load will be difficult and inef-
ficient. It may cause prolonged operation time,
thus increasing the risk of sepsis. However, RIRS
may be considered in patients with contraindica-
tion for PCNL.

21.7.2 Lower Pole

Stone clearance is more difficult to be achieved
with ESWL when there are unfavourable factors
for ESWL. Anatomically, steep infundibular-
pelvic angle, long calyx and narrow infundibu-
lum will impair the efficacy of ESWL. Also, in
obese patients with long skin to stone or shock
wave-resistant stone like calcium oxalate mono-
hydrate, brushite or cystine stone, ESWL may be
unfavourable.

Moreover, residual stones in calyx may cause
recurrent stone formation. If these factors pres-
ent, RIRS will be a reasonable alternative. Studies

showed RIRS had a comparable SFR with ESWL
[11, 13, 14], although staged procedures were
frequently required in both approaches. PCNL is
usually for larger stones (> 20 mm) but with
increased invasiveness of operation.

21.7.3 Ureter

Spontaneous ureteric stone (< 4 mm) passage is
estimated at 95% within 40 days [14]. However,
MET is a possible choice of management espe-
cially for distal ureteric stone sized 5-8 mm with-
out significant symptoms or complications [2, 3].

According to the EAU/AUA collaborative
guideline project on ureteric stone [15], URSL
has a higher SFR for distal ureteric stone than
ESWL (94% vs 74%). For proximal ureteric
stone <10 mm, ESWL is superior than URSL
(SFR: 90% vs 80%). However, for proximal ure-
teric stone >10 mm, URSL is a better choice
(SFR of ESWL: 68% vs URSL 79%).

Overall, URSL is more efficient in larger ure-
teric stones and obese patients. It has higher SFR
in 4 weeks but comparable SFR with ESWL in
3 months [16]. However, it is associated with a
higher complication rate, more auxiliary proce-
dures (including stenting and stent removal) and
longer hospitalisation. In patients with bleeding
disorder or anticoagulation, URSL may be per-
formed with a smaller risk of bleeding than
ESWL.

Steinstrasse is referred to as the accumulation
of stone fragments in the ureter and resulted as a
“street of stones”. It happened in 4-7% of cases
after ESWL, especially in patients with a large
stone load [17]. MET can still be used in asymp-
tomatic cases. Endourology and ESWL are both
effective in this situation [18, 19]. However,
when there is sepsis, urinary drainage should be
performed first before the management of stone,
preferably by percutaneous nephrostomy as sug-
gested in the EAU guideline [2].
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21.7.4 Patient Factor: Anatomical
Consideration

Patients with abnormal urinary tract anatomy are
predisposed to stone formation due to urine
stasis, abnormal excretory function of urinary
tract or abnormal absorption from the gastroin-
testinal tract. Common examples are patients
with urinary diversion by ileal conduit or neo-
bladder, horseshoe kidney, ureteric stricture,
duplex urinary system, caliceal diverticulum and
renal transplant. The aforementioned principles
should be considered together with individual
anatomical consideration. Details will be dis-
cussed in Chaps. 23 and 25.

21.8 Patient Factor: Pregnancy

Conservative management should be used in
pregnant ladies with asymptomatic renal stones
as stones treatment may impose potential risks to
the foetus, like radiation and drug potential
teratogenicity.

USG urinary system remained the first-line
investigation due to the safety profile of
USG. Moreover, Magnetic resonance imaging
(MR Urogram) or low dose NCCT is a potential
choice of investigation after discussion with
patients. If there are complications like ureteric
obstruction, intractable symptoms and sepsis,
urinary drainage is suggested either by percuta-
neous nephrostomy or ureteral stenting. The
decision of management should be carefully
made with adequate communication among
patient, family, obstetrician and urologist.

However, rapid encrustation of the stent or
nephrostomy tube is anticipated. Thus, early revi-
sion every 4—6 weeks is needed and it should be
explained to patients prior to the drainage. In
order to reduce the number of revisions, URSL
can be safely performed after the second trimes-
ter under an experienced hand [20]. However,
ESWL remained an absolute contraindication in
pregnant ladies. Further discussion on pregnant
ladies will be in Chap. 26.

21.9 Patient Factor: Obesity

It is suggested that obesity is associated with a
greater risk of renal stone formation [21].
Lifestyle modification should be advocated.
Moreover, we will need special consideration for
stone management in these patients. During
ESWL, targeting stone will be difficult if the
skin-to-stone distance (SSD) is large. Also, there
was a study suggesting patients with SSD > 10 cm
had a higher failure rate for stone clearance [22].

For endourology, URSL remained a safe
option for obese patients with BMI > 30 kg/m?
with a similar SFR and complication rate.
However, the complication rate doubles (17%) in
morbidly obese patients with BMI > 35 kg/m?
[23]. For PCNL, preparation of an extra-long
instrument is necessary and pre-op CT scan may
provide extra information. For patients with poor
lung function, supine PCNL may be more favour-
able than the conventional prone approach.

21.10 Patient Factor: Medical
history

It is important that we should consider the pre-
morbid of patients. It is not uncommon that our
patient is on multiple medical therapies including
anti-coagulant and immunosuppressant. Surgical
management should be tailor-made for these
patients.

In general, ESWL, PCNL, laparoscopic and
open surgery are considered as high-risk bleed-
ing procedures. Prior anticoagulation status
should be corrected before performing these pro-
cedures. Also, anaesthetic risk is a crucial factor.
In patients with high risk for general anaesthesia,
PCNL and RIRS may be contraindicated. URSL
can be done under spinal anaesthesia or even
local anaesthesia for distal ureteric stones in
female patients. For patients with ultra-high risk
for all anaesthesia, ESWL, long-term ureteric
stent or percutaneous nephrostomy and conserva-
tive management should be the choice of man-
agement. Further discussion will be in Chap. 24.
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21.11 Patient Factor: Paediatric
Patient

The true incidence of nephrolithiasis in paediat-
ric patients is unclear. All paediatric patients will
need metabolic workup as they may have a high
risk of recurrence. According to the EAU guide-
line, expectant management should be adopted
for asymptomatic lower pole non-struvite, non-
cystine renal stone <7 mm as stone passage may
be observed. Otherwise, treatment is indicated
for stone located in other calyces and ureter.
ESWL is the first-line treatment for most ureteric
stones with a high SFR of 70-90% [24]. URSL
and RIRS are possible for paediatric patients.
Indication for PCNL is also similar to adult. For
detailed discussion, please refer to Chap. 26.

21.12 Patient Factor: Recurrent
Stone Former

In patients with recurrent stone formation, risk
factors should be identified. For example, posi-
tive family history, hyperparathyroidism, nephro-
calcinosis, abnormal GI tract affecting fat
absorption, Genetic diseases like cystinuria, pri-
mary oxaluria, type 1 renal tubular acidosis and
abnormal urinary tract anatomy mentioned
before. Full metabolic workup should be per-
formed including 24-hour urine sampling, stone
analysis if possible. Specific pharmacological
prevention can be considered in cases with a spe-
cific identifiable risk factor. However, in general,
we should suggest patients have >2.5 L of daily
fluid intake. Moreover, a balanced diet with
plenty of vegetables and fibre, reduction in car-
bonated drink intake, normal calcium intake of
1.2 g/day, limited animal protein intake, weight
reduction in obese patients may also prevent
stone formation.
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22.1 Introduction

While almost everyone has two kidneys, the inner
structure of every kidney is not the same. This makes
the planning of stone treatment for each patient need
to be individualized. Embryologically, while the kid-
ney parenchyma (the metanephric kidney) is
developed from the nephrogenic cord (intermedi-
ate mesoderm), ureteric bud grows from meso-
nephric duct. The ureteric bud will grow toward
the mesoderm. During the development, the ure-
teric bud will undergo a series of branching and
from the collecting system, including the ureter,
the renal pelvis, and calyces. This complicated
process resulted in great variation in the collect-
ing system of kidneys, including duplicated sys-
tem, bifid renal pelvis, as well as variation in
caliceal anatomy in individual patients.

22.1.1 Duplicated Urinary System

Duplicated urinary system, or duplex system, is a
congenital abnormality of kidney, with an inci-
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dence of 1-3%. The underlying pathology is due
to abnormal development of ureteric bud during
foetal stage. If the bud has early branching, it will
result in partial duplex or bifid system, depending
on the level of joining of the renal pelvis or ure-
ter. However, if there are two ureteric buds devel-
oped in the foetus, then two separate ureters will
form, i.e. complete duplex system. Most of the
cases, the patients are asymptomatic. However,
some of them may also develop complication,
including stone formation due to the abnormal
anatomy. Also, as in other urinary system, stone
could also be formed in the system and some pre-
cautions need to be considered during the man-
agement of them.

22.1.1.1 Ureterocele
Ureterocele occurs in around 0.1-0.2% patients
and is more common in patient with complete
duplex system, in which the upper moiety is
being affected [1]. Due to the obstruction at the
ureteric opening, there is a cystic dilatation of
the lower end of the ureter and resulted in the
ureterocele. There are subtyping of ureterocele
basing on the extend of the ureterocele and
also its involvement to the surrounding struc-
ture, which will be beyond the discussion here
[1]. The obstruction and stasis inside the ure-
terocele may lead to the formation of stone
(Fig. 22.1).

For simple intravesical ureterocele with stone,
endoscopic management will be the first line
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Fig. 22.1 Stone in ureterocele. (a) Plain film, (b) Post-micturation film

Fig.22.2 Incision for ureterocele

management. Resection of the enterocele may
result in reflux. Therefore, endoscopic transverse
incision, either by point electrode or Holmium
laser, at the lower level of the ureterocele will
help to create a new opening for the relief of
obstruction (Fig. 22.2). The upper lip of the new
incised opening will also act as a flap to decrease
reflux. The stone could then be managed by usual
endoscopic approach.

22.1.1.2 Special Precautions
in Managing Patients
with Duplicated System

Due to the increase risk of vesicoureteric reflux
(usually to the lower moiety) and also obstruction
(usually to the upper moiety), stone formation is
not uncommon in duplicated system. The basic
management is similar to other stone disease.
However, some special precautions might need to
be considered during the planning of treatment.

For small renal stone, SWL could be used as
in other situations. However, we need to exclude
the possibility of distal obstruction, in particular
in patients with dilated ureter on imaging. For
patients with an obstructed upper moiety, the
lower moiety might be displaced more inferiorly
(“drooping lily sign”) which might make the
drainage of the lower pole stone fragment more
difficult and so SWL might not be the preferred
choice of treatment.

As in other stone patients, for patients planned
for PCNL, a good preoperative imaging is essen-
tial for planning of access. Since the upper and
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lower moieties might not be communicate, even
in simple bifid system, and so separate punctures
might be needed for patients with stones in dif-
ferent part of the kidney.

When we considering ureteroscopic manage-
ment or even for ureteric catheter insertion, the
Weigert—-Meyer rule should be remembered. Due
to the congenital abnormality in development,
the ureteric orifice of the upper moiety in com-
plete duplicated system is usually located more
distal and medial to the one from lower moiety.
In female, sometime the ureteric orifice could
even go down to urethra, vagina, Gartner’s duct,
etc., i.e. ectopic ureter. For patient with incom-
plete duplicated system, care must be taken to
cannulate the correct limb at the junction of the
ureter of the stone located moiety. Sometimes,
the limb might be narrower, and the insertion of
ureteric access sheath need to be gentle or may
just keep the sheath at the common stem of the
ureter. Otherwise, the management of the stone is
similar as in other endoscopic treatment.

22.1.2 Lower Pole Caliceal Anatomy
and Stone

The observation of the poorer treatment outcome
for stones in lower renal calices (LC) had led to
studies on the effect of caliceal anatomy on SWL
[2]. The impressive cadaveric work of Sampaio
had shown there was great variation in the distri-
bution of calices in the lower pole, as well as dif-
ferent infundibular diameter and angle [3]. Since
then, many reports on different anatomical fac-
tors and their effects had been published [4]. In
simple term, the more acute the infundibular
angle, the longer and narrower the infundibulum,
the poorer the treatment result. The underlying
mechanism is probably partly related to the grav-
itational effect and also the difficulty of the drain-
age of the caliceal content. Therefore, many
adjuvant therapies such as inversion, hydration,
and forced diuresis had been proposed to improve
the drainage of LC after SWL [5].

Many studies had also been done to compare
the outcomes of different treatment modalities

for lower caliceal stones. From a network meta-
analysis, for stone <20 mm, PCNL has the best
treatment efficacy, followed by ureteroscopy,
then SWL with adjuvant therapy and then SWL
alone [5]. However, adverse effects also followed
the same order [5]. Therefore, when deciding
treatment for patients, we need to get a balance
between efficacy and adverse effects.

Based on all the data, both European Association
of Urology (EAU) and American Urological
Association (AUA) put LC stone (or Lower pole
stone, LP) as one of the parameters in the planning
of treatment for patients. In EAU guideline, for
intermediate size lower caliceal stone (10-20 mm),
if there are unfavourable factors (including poor
LC anatomy, long skin to stone distance, shock-
wave resistant stones) for SWL, RIRS would be
the first recommended treatment [6]. For AUA
guideline, for LP stone greater than 10 mm, PCNL
will be the choice of treatment. For those stone
less than 10 mm, if there are any unfavourable fac-
tors, such as HU > 1000, skin-to-stone distance
>10 cm, or other comorbidities, RIRS should be
recommended [7].

The applications of all treatment modalities
basically follow the general principles. However,
when using RIRS for LC stone, it was recom-
mended to reposition the stone into upper calices
or renal pelvis to minimize excessive bending of
the ureteroscope during the procedure. Also, it
will help to avoid damages in the endoscope dur-
ing the insertion of laser fibre or other endoscopic
accessory instruments.

22.1.3 Caliceal Diverticulum

Caliceal diverticulum (CD) is an out-pocket
occurred in calyces. The radiographic incidence
ranged from 0.2% to 0.5% and is more common
in the upper and middle calyces. It is believed to
be a congenital abnormality in the renal paren-
chyma. CD is usually non-secretory and lined by
urothelium with communication (“neck”) to the
main collecting system. Urine could reflux into
the system. Due to the stasis inside, around one to
two quarters of CD will harbour stone inside.
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While the stones inside CD are usually not big
in size, the relative narrowed neck might hinder
the passage of stone fragment after SWL.
Therefore, the treatment outcomes by SWL were
not very satisfactory [8].

PCNL is another option for treatment, as most
of the system is dilated and so puncturing the sys-
tem by imaging guidance (by ultrasound or fluo-
roscopy using the stone as target) is possible.
However, the small space inside the system might
lead to some difficulty in stabilizing the guide-
wire during dilatation. The Amplatz working
sheath might also not anchoring well in CD, due
to thinner surrounding cortex. Stone clearance is
as usual as in other PCNL. After stone treatment,
it would be better to also improve the CD drain-
age, or stone recurrence might occur. If the diver-
ticular neck could be identified, it could be
cannulated with guidewire and then subsequently
dilatated. However, if the opening is not able to
locate, then a neo-infundibulum might need to be
created by direct puncturing through the CD
toward the renal collecting system. After con-
firming the puncture, and then guidewire, is in
position, the track will then be gently dilated up.

CD stone could also be managed by RIRS
approach. The procedure will be done as in usual
RIRS. If the opening of the CD could be identified
easily, it could then be dilated by balloon or incised
by Holmium laser. For cases with small opening
that is not readily identified, we could instil the
collecting system with methylene blue stained
saline. With the whole system filled with the blue
stained saline, it will expect some of this will also
flow into the CD. Then the collecting system is
flushed with clear saline. The retained blue dye in
CD will slowly leaking out and allow us to locate

the position of the opening of the CD (the “Blue
Spritz” test) [9]. After the opening was identified
and enlarged, the stone could be easily seen and
tackled as usual. At the end of the procedure, a
double-J stent could be placed across the dilated
CD neck to avoid the closing up of the neck again.

While laparoscopic approach has also been
reported, it would be less likely performed in
light of the advancement in current endoscopic
technique.
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Abstract

The patient who is undergoing surgical treat-
ment for urolithiasis is not always in the same
condition; sometimes they are in special con-
dition such as under anticoagulant therapy,
chronic urinary infection, or anomaly anat-
omy. These conditions make challenges for
the urologists to perform the surgical treat-
ment. The purpose of this chapter is to sum-
marize the knowledge of the urolithiasis
treatment in special condition patients from
the clinical point of view. In this chapter, we
begin with the situation of the patients who
have anticoagulant therapy, then we will dis-
cuss the UTI, risk factors of UTI, and antibi-
otic prophylaxis to prevent postoperative
UTIL. Then we also summarize the surgical
management in the patients who have renal
transplantation.
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23.1 Introduction

Recently, the development of surgical treatment
modalities for urolithiasis seems to have changed
to be safer and more efficient. For example, in this
decade ureteroscopy (URS) have presently
become the most beneficial therapeutic option for
most of stone with the size and location of kidney
stone except the staghorn stone, and the urologist
should consider this new treatment. We have
many literatures which were published to confirm
the effectiveness and safety of URS in the treat-
ment of renal stone. However, the patient is not in
the same condition always, sometimes they are in
special conditions such as under anticoagulant
therapy, chronic urinary infection, or elder patient,
these conditions make challenges to the urologist.
The purpose of this chapter is to summarize the
knowledge of the urolithiasis treatment in special
condition patients from the clinical point of view.
In this chapter, we begin with the situation of the
patients who have anticoagulant therapy, then we
will discuss the UTI and how to prevent the UTI
by antibiotic prophylaxis.

23.2 Anticoagulant Therapy
and Antiplatelet Therapy

There is an increasing population of cardiovascu-
lar diseases and an increasing incidence of receiv-
ing anticoagulant or antiplatelet therapy. Many of
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those patients are the high-risk patients who are
undergoing anticoagulant therapy by oral warfa-
rin for chronic atrial fibrillation, mechanical heart
valve, or prior history of venous thromboembo-
lism on or oral antiplatelet for the patient who
suffers the arterial ischemic disorders including
cerebrovascular occlusive disease, coronary
artery disease, and occlusive peripheral arterial
disease [1]. In general, the prior studies indicated
the safety and efficacy of discontinuation of war-
farin, and replace it as “bridging” therapy by
administration of intravenous (IV) heparin or
low-molecular-weight heparin for the patient
who may have invasive treatment [1].

Today, many urologists have to face more
patients who have some vascular-related comor-
bidities managed by oral anticoagulant or anti-
platelet therapy drugs. The perioperative
management of patients who receive anticoagu-
lant or antiplatelet therapy is sometimes contro-
versial because the management needs to be
careful with maintaining the balance between
increased risk of bleeding and thromboembolic
events [2-7]. In 2014, AUA (American Urological
Association) and ICUD (International
Consultation on Urological Disease) construct
consensus-based qualitative recommendations
based on a systematic literature review [6].
According to AUA recommendation, the antico-
agulant or antiplatelet therapy agents should be
discontinued and/or reversed before shock wave
lithotripsy (SWL). The timing of stopping and
resuming the oral anticoagulant or antiplatelet
therapy should be decided according to the risks
of thrombotic complications and bleeding. Also,
about ureteroscopy (URS), the oral anticoagulant
or antiplatelet therapy can continue during URS
treatment for urolithiasis. For the percutaneous
nephrolithotomy (PCNL) for urolithiasis, the oral
anticoagulant or antiplatelet therapy medications
should be discontinued [6].

23.2.1 Shockwave Lithotripsy (SWL)

Classically, the pregnancy and bleeding diathesis
have been two absolute contraindications for
SWL. The reason is that the use of anticoagulant

therapy or antiplatelet therapy has a high risk of
hemorrhagic complications, such as serious post-
operative peri-renal hematomas and renal hemor-
rhage, leading to the protracted postoperative
course and possibly requiring drastic measures,
such as nephrectomy or renal embolization [8].
Actuary, severe life-threatening complications
have been reported in patients who underwent
SWL with anticoagulant therapy or antiplatelet
therapy [9]. While many studies assessed the
SWL complications rates with pathological
bleeding diathesis, anticoagulant therapy, or anti-
platelet therapy, they were in general small-
scaled, retrospective, non-standardized, and of
low quality. Despite, in patients with bleeding
tendency, URS is usually recommended, SWL is
still a possible treatment option instead of being
disregarded as an absolute contraindication.

Ideally, SWL should be postponed
6-12 months for the elective cases and only
emergent procedures can be considered while
maintaining limited patients such as on low-dose
antiplatelet agents. Ureteroscopy and laser litho-
tripsy, while patients are on anticoagulation ther-
apy, remain the safest modalities when treatment
need could not be postponed [8]. In general, for
the low-risk patients requiring SWL, it is per-
formed to withhold the antiplatelet agents periop-
eratively (maximum 7 days) after consultation
with the prescribing cardiologist and informing
patients of risks of hemorrhage and thrombotic
events. There is one report that substitution anti-
platelet agents by unfractionated heparin; how-
ever, it is not recommended because the heparin
does not have the completely same preventive
effects as antiplatelet agents.

Intermediate- and high-risk patients should be
managed individually with a high level of cau-
tion. In patients with higher medical risk, it was
recommended that unfractionated heparin or low
molecular weight heparin was administered and
stopped the evening before treatment until stone
therapy was completed. Data had shown that
there was no significant reduction in hemoglobin,
or thromboembolic or hemorrhagic complica-
tions in patients managed by this approach [10,
11]. Moreover, the surgeon needs to pay attention
to the resumption of anticoagulants, because
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there were case reports of massive hemorrhage
5 days after shock wave lithotripsy [6].

23.2.2 Endoscopic Surgery (URS)

The antiplatelet agents or anticoagulation therapy
was used to be stopped before the endoscopic
surgery (URS); however, retrospective reports
demonstrated no increase in complications.
Therefore, the current AUA/ICUD guidelines
state that anticoagulant and antiplatelet therapy
during the perioperative period for USR is safe
[6]. On the other hand, Daels et al. reported that
the URS outcomes among about 12,000 patients
worldwide and showed that postoperative bleed-
ing was significantly higher in patients on the
antiplatelet agents or anticoagulation therapy
compared to those who were not (1.1% vs 0.4%,
P < 0.01) [5]. Also, Westerman et al. demon-
strated that the continuation or temporary alter-
nation (bridging) of anticoagulation sometimes
increases the risk of bleeding related to the
URS. Therefore, the risks and benefits of pro-
ceeding with URS on anticoagulation must be
considered carefully. If in the case of severe
bleeding from the ureter during operation, place-
ment of a ureteral dilating balloon is useful for
making tamponade to stop the bleeding until fur-
ther intervention. Depending on the damaged lev-
els of the ureter, further treatment options may
consist of urgent embolization, endovascular
repair, or open surgery.

23.2.3 Percutaneous
Nephrolithotomy (PCNL)

According to AUA and ICUD recommendations,
oral anticoagulant or antiplatelet therapy medica-
tions should be discontinued before PCNL for
urolithiasis. In 2012, the CROES (Clinical
Research Office of the Endourological Society)
Percutaneous Nephrolithotomy Global Study
database examined the complications of PCNL in
patients on anticoagulant therapy or antiplatelet
therapy. It was a large-scale prospective study
characterizing risk factors for complications

using consecutive patients [12]. They reported
that 310 patients in the 5724 patients who under-
went anticoagulant medication were associated
with a slight increase in the mean modified
Clavien—Dindo complication grade. Nevertheless,
the use of anticoagulant medications did not
increase the risk of complications on multivariate
regression analysis. Thus, the largest clinical
CROES experience was concluded that the
planned discontinuation of anticoagulant therapy
and antiplatelet therapy 10 days before the opera-
tion and restarting it after 5 days of operation is
safe and effective, and the majority of complica-
tions in patients on anticoagulant therapy and
antiplatelet therapy treated with percutaneous
nephrolithotomy are minor. However, this study
does not specifically show the results of thrombo-
embolic complications.

In the conclusion, today, Shockwave litho-
tripsy (SWL) and percutaneous nephrolithotomy
(PCNL) are contraindicated in patients who have
antiplatelet or anticoagulant treatment, and cor-
rection of coagulopathy is recommended before
endoscopic procedures (URS) [6]. However, it
was suggested that the continuation or bridging
of antiplatelet and anticoagulant treatment may
increase the risk of perioperative bleeding, and
also the replacement of low molecular weight
heparin may be able to develop the organ or life-
threatening clots [4]. No evidence was shown
that anticoagulants are safe to be continued dur-
ing the stone surgery, and guidelines would rec-
ommend consulting an internist and commence
bridging therapy [7]. Therefore, we need to con-
sider the balance of the risk of thromboembolic
events with that of bleeding complications to
know whether to withhold low-dose antiplatelet
before the procedure.

23.3 Urinary Tract Infection

23.3.1 Risk Factors

The most common complication of urolithiasis
surgery is postoperative urinary tract infection
(UTD). Even the reported incidence of postopera-
tive UTI is relatively low from 3 to 5%. However,
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it could lead to prolonged hospital stay, increased
medical costs, unplanned intensive care unit
admission, etc. The development of systemic
inflammatory response syndrome (SIRS) or sys-
temic sepsis might even be fatal events [13—15].
Therefore, factors associated with the UTI fol-
lowing stone surgery need to be assessed before
surgery [2]. The potential mechanism of UTI
after urolithiasis surgery involves the migration
of bacteria or bacterial products into the blood-
stream by elevated intrarenal pressure by the irri-
gation during endoscopic procedures, and also
open up of blood vessels from renal parenchyma
during PCNL. In general, the reported risk fac-
tors associated with UTI after stone surgical
management included female gender, indwelling
catheters, urinary diversion, paraplegia, infec-
tious stones, anatomic anomalies, urinary tract
obstruction, another infection at other body parts
at the time of surgery, significant renal or liver
dysfunction, long hospital stay, immunosuppres-
sive status, diabetes mellitus, obesity, chemother-
apy or chronic corticosteroid use, voiding
dysfunction, and old age [16-21].

For the URS procedure, in 2020, Sun et al.
conducted a systematic review and meta-analysis
of the existing literature to indicate the risk fac-
tors of the infectious complications following
URS [2]. From their investigation, preoperative
positive urine culture was the most significant
risk factor (OR 2.95, p < 0.01) for UTI after the
URS. Also, the female gender was the second
significant risk factor (OR 1.95, p < 0.01).
Diabetes mellitus (OR 1.55, p < 0.01), pre-and
postoperative stents (OR 1.53, and OR 1.44,
respectively), Extended operative time was asso-
ciated with infectious complications following
URS. However, old age, stone diameter, and
renal dysfunction were not correlated with infec-
tious complications.

For PCNL treatment, in 2011, Korets et al.
reported the analysis of a total of 204 PCNL with
20 (9.8%) postoperative systemic inflammatory
response syndrome (SIRS), including 6 (30%)
requiring intensive care (ICU). They demon-
strated that multiple stone burden of 10 cm or
greater and multiple access tracts were signifi-

cant predictors of SIRS, and they recommend
collecting pelvic urine and stone cultures [22].
Other risk factors associated with post-PCNL
UTI including female gender, indwelling cathe-
ters, paraplegia, urinary diversion, and voiding
dysfunction [16—18]. Struvite stones or staghorn
stones were also associated with a significantly
high risk of UTI or urosepsis after surgery [23].
In 2017, Dr. Fan reviewed 156 UTI including 21
patients who developed septic shock after mini-
mally invasive percutaneous nephrolithotomy
(MPCNL) for upper urinary tract stones. They
concluded that postoperative WBC count of less
than 2.98 x 109/L, preoperative urine nitrite, and
stone size were predictors independently for uro-
septic shock after MPCNL [24].

23.3.2 Usage of Antibiotics

In general, for the prevention of postoperative
UTI, antibiotic prophylaxis is used before the
stone surgery [19, 25, 26]. The administration of
the lowest dose of antimicrobials was recom-
mended to decrease the risk of infection for mini-
mizing the risk of drug-resistant organisms.
Current EAU guideline recommends the usage
of antibiotic prophylaxis to reduce the rate of
symptomatic UTI at the URS treatment as inva-
sive stone therapy even with weak evidence, and
also the administration of single-dose antibiotic
prophylaxis is recommended to decrease the rate
of clinical urinary infection following PCNL
with strong evidence [27]. The AUA guideline
(2014) recommended the administration of anti-
microbial prophylaxis based primarily on prior
urine culture results before the invasive stone
intervention [25]. However, for SWL, no routine
antibiosis is recommended [19]. For URS treat-
ment, the prevalence of fever and UTT after URS
treatment was relatively low (<2.2%) comparing
PCNL. In 2015, as CROES URS global study, Dr.
Martov reported that the usage of antibiotic pro-
phylaxis was differed widely across all over the
countries (13-100%). Also, the factors related to
UTI incidence after URS were reported the
administration of antibiotic prophylaxis, stone
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burden, previous history of kidney stones, URS
procedure time, post-URS complications, and
anticoagulation medication usage [28]. Two
meta-analyses demonstrated that there is no evi-
dence of benefit for antibiotic prophylaxis prior
to URS in reducing the rate of clinical UTI, but
the rate of bacteriuria was reduced significantly
with the evidence level Ia [19, 29]. From these
results, EAU Guideline recommends the use of
antibiotic prophylaxis to reduce the rate of symp-
tomatic urinary tract infection following
URS. AUA Guidelines strongly recommend that
prophylaxis is indicated in all patients for 24 h.
Because RCTs suggesting antibiotic prophylaxis
reducing the risk of postoperative bacteriuria, the
evidence level is Ib [19, 25, 29].

For PCNL, five meta-analyses of RCTs indi-
cated a moderate level of evidence that antibiotic
prophylaxis was associated with a significant
decrease in the postoperative UTI following
PCNL (Ia); two RCTs concluded that a single
dose of a suitable agent was adequate for prophy-
laxis against clinical infection after PCNL (Ib).
Thus, the EAU guideline strongly recommends
the use of single-dose antibiotic prophylaxis to
decrease the risk of clinical urinary tract infec-
tion following PCNL. Also, AUA Guidelines
strongly recommended prophylaxis in all patients
for 24 h [19, 29, 30].

In addition, the literature suggested that even
with maximum caution and the absence of major
patient mismanagement, the clinical situation in
which the endourologists face the fatal complica-
tion after stone surgery still remains possible. For
example, urinary tract infections should be
treated completely before the surgery, and uri-
nary obstruction with UTI should be drainage
several days before the surgery. All the predict-
able factors should be examined and all efforts
should be done to prevent and early recognize
and recovery of the postoperative UTI [15, 24,
31]. For general caution, the surgery may be
safely performed on good sterile techniques and
best surgical practices, such as bathing the skin
with soap or an antiseptic agent prior to surgery
and preparing non-mucosal skin surfaces with
chlorhexidine and alcohol in the operating room.

There were no data supporting that hair removal
decreases the risk of infection [32].

23.4 Transplanted Kidney
23.4.1 Incidence of Urolithiasis

The reported incidence of transplant urolithiasis
varies greatly from 0.3% to 3% among the series
of studies [33-35]. In 2016, Cheungpasitporn
et al. performed a systematic review and meta-
analysis about the incidence of kidney stones in
kidney transplant recipients. In their study, they
demonstrated that an overall incidence of renal
calculi in kidney transplant recipients was 1.0%
[36]. The mean age of recipients with kidney
stones was 42 years old, and there was no gender
difference in the stone formers. Calcium-based
(CaOx and CaP) stones were the most common
types of renal stones after kidney transplantation,
it was followed by struvite stones known as infec-
tion stones, and uric acid stones. Sixty-seven per-
cent of kidney stones were calcium-based stones
(30% mixed CaOx/CaP, 27%CaOx, and
10%CaP), followed by struvite stones (20%) and
uric acid stones (13%) [36, 37]. Urolithiasis in
renal transplant may either arise de novo after
transplantation or be already present in the
donor’s kidney. In 2002, Klingler et al. reported
nine renal stone cases with renal transplantation
[38]. They recommend that the small renal stone
(4 mm or less) in the transplanted kidney need to
be closely followed up because the stone can pass
spontaneously. For both renal stones and ureteral
stones greater than 15 mm, they also suggested
the antegrade endoscopic procedures (PCNL) as
the favorable treatment. New stone formation in
transplanted kidneys was reported as the result of
many factors, such as gout, secondary hyperoxal-
uria, secondary hyperparathyroidism super-
saturated urine, hypercalciuria, distal renal
tubular acidosis, UTI secondary to immunosup-
pression, ureteric double-pigtail stent, or habitual
low oral fluid intake.

Usually, the transplanted patient has meta-
bolic factors such as hypercalciuria, secondary
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hyperoxaluria, secondary to hyperparathyroid-
ism, or gout [39]. However, the most common
urolithiasis of transplanted kidneys is reported in
calcium oxalate stones [36]. The reports sug-
gested the risk factors of urolithiasis for trans-
plantedkidneysby persistenthyperparathyroidism,
hypercalcemia, and concomitant hypercalciuria
have been identified as major risk factors. The
causes of allograft with oxalate stones are is not
still fully understood [34]. Patients with allograft
calculus will not experience typical renal colic,
so the presentation of stone disease in trans-
planted kidneys is often late [40, 41]. Because the
transplanted kidney and ureter are denervated at
the operation of transplantation. The diagnosis is
suspected if the patient has fever, hematuria,
worsening renal function suddenly or transplant
pyelonephritis is noticed. The patient only com-
plains the mild discomfort in the iliac fossa where
the transplanted kidney lies. The loss of the renal
colic but slight pain is derived by the distension
of the kidney causing stretching of the overlying
renal fascia and abdominal wall musculature.
Typically, the patients presented with either oli-
guria or anuria, and the elevation of serum creati-
nine concentration by blood analysis. Generally,
most of the stones are radiolucent; it is not easy to
make a definitive diagnosis by X-ray. The ultra-
sonography is useful for the diagnosis of uroli-
thiasis as a routine part of follow-up. It is easier
and clinically useful to identify the location and
size of the allograft stones, and it also can pro-
vide the assessment of the hemodynamics of the
transplanted kidney. Computed tomography is
usually used subsequently for confirming the
diagnosis and provide more information for treat-
ment planning. The management of kidney trans-
plant urolithiasis is known to be challenging
because of the artificial anatomical relocation of
the allografted organs and the complexity of the
comorbid disease.

23.4.2 Shockwave Lithotripsy (SWL)

In the transplanted kidney, the spontaneous pas-
sage of urolithiasis has been reported; however,

close surveillance is recommended to know the
evolving obstruction or the possible increase of
the stone size [42]. Shockwave lithotripsy is con-
sidered as the first-line treatment for non-
obstructive stones <1.5 cm in diameter for
urolithiasis for the transplanted kidney. The
stone-free rate is reported as 78.8% [19] and the
surgical technique has been well demonstrated in
a large cohort of renal transplant recipients [20],
including those with ureteral stones. However,
SWL is often challenging for the transplanted
kidney, because the location of the kidney in the
pelvic can cause difficulty in positioning for
SWL treatment. The transplanted kidney is
located in close to bony landmarks, and it is usu-
ally difficult to use fluoroscopic imaging to know
the location of the stone, and also, the overlying
bowel may cause difficulty with shock wave
delivery. Thus, it is better to be the patient in a
prone position to perform the SWL treatment.

23.4.3 Endoscopic Surgery (URS)

Even the flexible URS is reported to be more
effective in treating ureteral calculi in the trans-
planted kidney, URS in the transplanted kidney is
technically challenging [43—45]. The difficulties
of URS in transplanted kidney are related to the
place where the allograft ureter is implanted, it is
usually located in high on the posterior or ante-
rior wall. The angle between the new ureteral ori-
fice for the transplanted kidney and the urethra
becomes <120°, and it makes it technically diffi-
cult to insert the URS to the transplanted ureter,
even flexible scope.

In small case series, the reported stone-free
rate is of 60-70% [42]. Flexible URS can be used
for most patients, and semirigid URS is used to
treat ureteric stones. It may be better to approach
with a flexible URS, as it provides better maneu-
verability and efficiency of renal stone fragmen-
tation by the Holmuiun YAG laser fiber [43, 44].
In this situation, attempting only basket extrac-
tion without reducing the size of stone by laser-
ing is sometimes dangerous, as significant
ureteric damage, and ureteral healing of trauma-



23 Patients with Special Medical Condition

237

tizing ureter may be reduced by the loss of the
vascularity compared to a native ureter. If it is not
possible to access the transplant new ureteric ori-
fice, the percutaneous and retrograde combined
technique should be considered for accessing the
lower ureter. Especially, the long, twisted ureter
such as the grafted ureter has been anastomosed
to the native ureter is going to be a particular
problem.

23.4.4 Percutaneous
Nephrolithotomy (PCNL)

The use of PCNL to extract a calculus from a
transplanted kidney was first described by
Hulbert et al. in 1985. In his report, the renal
stone of two cases was reported about the removal
of the renal stone using grabber and ultrasonic
lithotripsy for each case with making the renal
access and sheath dilatation up to 28 F. After his
report, this PCNL technique was reported from a
variety of institutions. Today, the PCNL is the
recommended treatment option for the trans-
planted renal calculi >1.5 cm in diameter, espe-
cially those located in the calyces and renal
pelvis.

The transplanted kidney is located in the pel-
vic position with a relatively superficial location.
It makes the limitation of the access to the stone
percutaneously. The only anterior access to the
allograft kidney using ultrasound-guided or
CT-guided puncture with supine position is
allowed. Moreover, usually after the transplanta-
tion, the kidney was encased by tough fibrous
capsule fibrous, which makes it more difficult to
dilate the percutaneous access of PCNL, and
increases the risk of bleeding by traumatic injury
[38, 45]. It may also limit the use of the rigid
nephroscope; it is better to prepare flexible instru-
ments to inspect all parts of the kidney and ureter
[33, 37]. Using a combined approach with PCNL
and flexible URS, the higher stone-free rates (66—
100%) were reported [46]. Immunosuppression
medication is also suggested that it may poten-
tially impair wound healing, and increase the risk
of severe infections or sepsis after percutaneous
nephrolithotomy.

23.4.5 Open Surgery

Open surgery has an important role as the surgical
treatment for urolithiasis of the transplanted kid-
ney. It may be performed for the cases in which
the other treatment modalities have already failed,
and it may contain the case with ureteric reim-
plantation for associated stricture disease [45, 47].
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Abstract

Urolithiasis in renal anomalies, such as horse-
shoe kidney, cross-fused ectopia and malrotated
kidneys and in special situations, such as scolio-
sis and transplanted kidneys, present multiple
challenges in terms of surgical approach to the
stones, patient positioning during surgery and
optimal urinary drainage, in order to achieve
excellent stone-free rates. With appropriate
imaging, the stones can be accessed using mini-
mally invasive techniques. A combination of
PCNL and Flexible URS usually results in good
stone clearance. RIRS is also favoured in rea-
sonably-sized stones. The success rate of stone
clearance using ESWL is generally low.
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24.1 Introduction
There will be challenges when a urologist is con-
fronted with urolithiasis in special situations
especially with renal anomalies such as horse-
shoe, crossed fused ectopia, ectopic (pelvic) and
malrotated kidneys. Similar difficulties may be
encountered in situations where there are skeletal
abnormalities and with transplanted kidneys.
These renal anomalies are associated with an
increased risk of recurrent urinary tract infection
and altered urinary drainage giving rise to an
increased risk of stone formation. Furthermore, the
renal anomaly will result in altered calyceal orien-
tation, abnormal vasculature and aberrant spatial
orientation with respect to other visceral organs [1].
Although in the past open surgery was the
mainstay of treatment, urolithiasis in abnormal
kidneys can now be successfully and safely man-
aged by endourological procedures. Various pro-
cedures such as the standard PCNL, Mini PCNL,
URS, RIRS and even ESWL have been described
with varying degrees of success. Additional pro-
cedures such as laparoscopic pyelolithotomy
may have a role as well. There are however no
clear guidelines in the preferred choice of treat-
ment in these cases. It is imperative that the pro-
cedure chosen is individualised based on the
following factors:
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2. Renal anatomy (calyceal orientation, vascula-
ture, drainage of kidney, kidney mobility)

3. Associated skeletal deformities (kyphosis,
scoliosis)

4. Orientation of surrounding organs especially
bowel

5. Technical expertise/facilities available

24.2 Renal Anatomy
24.2.1 Horseshoe Kidney (HK)

This is one of the most common congenital mal-
formations. It has a prevalence of 1:400-800 in
the normal population [2]. The abnormalities
associated with HK include malrotation of the
kidney. The kidney is located more caudally with
high insertion of the ureter which is forced supe-
rior and laterally and in 30% of cases may be
associated with ureteropelvic  obstruction.
Therefore, these patients will have a higher risk
for urinary tract infection, urolithiasis and uri-
nary stasis. The incidence of stone disease in HK
is 20% [3].

24.2.2 Crossed Fused Ectopic Kidney
(CFE)

This is where one kidney is shifted from one side
to the opposite side, and the two kidneys fusing
together during the period of growth more often
on the right side. However, the ureter descends to
its normal position in the bladder. It is more com-
mon in males. The exact incidence is unknown as
many patients are asymptomatic, but authors
have reported its incidence as 1 in 7500 autopsy
cases [4]. CFE may be associated with renal
tumours or cystic dysplasia. Symptomatic
patients may present with recurrent urinary tract
infection, urolithiasis, abdominal mass or hydro-
nephrosis. Ultrasound imaging is a good screen-
ing tool and further anatomy can be defined using
CT Scan, MRU or radionuclide scintigraphy.
Some of these patients may have associated vesi-
coureteric reflux.

24.2.3 Ectopic/Pelvic Kidney

Pelvic kidney has an incidence of 1 in 2000 cases
[5]. The position of the kidney in the pelvis leads
to an abnormal ureteric insertion and a tortuous
ureter, coupled with kidney malrotation that can
lead to urinary stasis and stone formation. It may
also be associated with a higher risk of trauma.
The majority of patients with pelvic kidneys
remain asymptomatic.

24.3 Choice of Treatment
24.3.1 Horseshoe Kidney (HK)

24.3.1.1 PCNL

HK is associated with aberrant vessels entering
the isthmus dorsally and a retrorenal colon. The
renal pelvis is located anterior and medial. The
upper calyx is situated more medially and is usu-
ally infracostal. The anteroposterior tilt of the
kidney is prominent, and this makes the upper
pole calyx more superficial and posteriorly
located. In 1973, Fletcher and Kettlewell [6, 7]
reported the first PCNL in HK. The puncture is
best done in the prone position although the
access tract may be longer. Ultrasonography
would be the preferred method of visualisation of
the calyx and best used with Doppler to avoid
puncturing into aberrant vasculature. The upper
pole calyx is frequently punctured below the 12th
rib on the posterior axillary line with a caudal
angle of puncture as has been described by
Janetschek and Kuanzel [7, 8]. The puncture is
usually more medial, and this should safely avoid
the colon which is more posterolaterally related
to the kidney. However, a more medial puncture
through the paraspinal muscle may be associated
with a more difficult dilatation and bleeding.

For a better stone-free rate (SFR), PCNL com-
bined with antegrade flexible ureteroscopy is a
safe way to approach stones in multiple calyces
and in staghorn calculi. Many studies showed
SFRs of the primary PCNL procedure in HK
ranging from 81% to 87% [7] PCNL is best suited
for stones >15 mm especially with a high stone
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density (>1000HU). Miller et al. reported an SFR
of 84.1% in 35 patients with HK and 97.7% of
cases handled with one access including 82.2%
of kidneys accessed by the upper pole [7, 9].

The complication associated with this
approach is no more than for PCNL in a normal
kidney. The complication rates can further be
reduced by the use of miniaturised PCNL proce-
dures using the mini-Perc and ultra mini perc for
smaller stones and in combination with the stan-
dard PCNL for stones that require multiple
access.

24.3.1.2 RIRS

RIRS may be an option for stones<15 mm and
may be considered for stones >15 mm with den-
sity <1000HU. In the larger stones, it may be a
staged procedure. The success of RIRS is also
dependent on the drainage of the kidney. SFR
vary between 75% and 88% [10, 11].

The complication rates for RIRS in HK are no
different from those in normal kidneys. However,
kidneys with poorer drainage may have a higher
incidence of residual stones.

24.3.1.3 ESWL

ESWL may be difficult due to localisation prob-
lems in relation to bony anatomy and overlying
bowel. Poor results may also be associated with
poor drainage of the kidneys. The success rate of
79% for stones <15 mm (HU < 1000) drops to
25-53% for stones >15 mm [11, 12]. If failure
occurs due to ESWL, RIRS should be considered
as the secondary procedure.

24.3.2 Crossed Fused Ectopia (CFE)

Three-dimensional reconstruction of the kidney
by computerised tomography would be an ideal
pre-requisite in planning the approach to treating
urolithiasis in crossed fused ectopia. Vascular
anomalies are usually associated with this condi-
tion. There are no standard guidelines in treating
stones in CFE.

Based on the literature search of the 35 cases
reported [13], treatment methods included open
surgery in 4 cases, conservative treatment in 5

patients, ESWL in 7 patients, PCNL in 10
patients, RIRS in 4 patients and laparoscopic
pyelolithotomy in 1 case. In another 5 patients,
the treatment modality was unknown.

ESWL failed in 3 of the 7 patients treated and
they required secondary treatment. Resorlu et al.
reported the first use of RIRS in a patient with a
15 mm stone which confirmed that RIRS was
safe and feasible in CFE [14].

24.3.3 PelvicKidney

PCNL in such kidneys requires a supine oblique
position. The kidney is elevated by placing a bol-
ster behind the pelvis. The challenge would be
avoiding punctures into the overlying bowel.
Some techniques that can assist in the puncture
include displacing the bowel by compression
using the ultrasound probe (ultrasound-guided
puncture) [15] and the use of laparoscopy in dis-
placing the bowel and guiding the puncture nee-
dle [7, 16]. However, ultrasound-guided puncture
may be challenging in the presence of pneumo-
peritoneum. Furthermore, due to the potentially
deep position of a pelvic kidney, a longer Amplatz
sheath and nephroscope may be required. The
use of a colour Doppler ultrasound during the
puncture may further prevent vascular injury.
Dilatation may be a challenge with a higher risk
of tract loss.

RIRS and URS will also have their own set of
difficulties in the pelvic kidney. The ureter may
be tortuous with angulations making it difficult to
negotiate the scope. It is important to place a
Urethral Access Sheath (UAC) in all cases of
RIRS. However, unlike in the normal kidney
where the UAC is placed at the pelvi-ureteric
junction, in a pelvic kidney, the sheath will be
placed at mid or lower ureter to allow for better
deflection of the flexible ureteroscope [11, 17].

In a recent paper on managing pelvic kidney
stones, the authors concluded that flexible URS
and PCNL had equivalent success rates (81.25%
vs 86%) and that RIRS was associated with
shorter operating time (46 vs 95 min). The stone
volume in patients selected for RIRS was notably
smaller [11, 17].
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ESWL may be an option in pelvic kidneys but
although stone fragmentation may occur, the
SFR may still be low due to poor kidney
drainage.

Another viable option in pelvic kidneys is
laparoscopic pyelolithotomy especially in kid-
neys with a large extrarenal pelvis. The risk of

bleeding, bowel, and nephron injury is much
lower and the SFR would be much higher.

24.3.4 Algorithm of Stone
Management in Anomalous
Kidneys [17]

Pelvic Ectopic kidney
HSK / Malrotated kidney/ADPKD

Size of the stone

+ Density

'

+ Density ¢

> 1000 HU <1000 HU < 1000 HU > 1000 HU
« PCS orientation on imaging Drainage Drainage
« Is it possible to find Delayed Delayed
an acoustic window
between skin and entry calyx
- o ®
Prompt
J Drainage 1
| Prompt | Prompt | | Delayed |
No Yes « RIRS if + *
stone size upto 2 cm ESWL < RIRS Foll
« if stone is > 2 cm | | | | ° OW®|
_>| Pelvis-anterior + extrarenal | follow®) or stages RIRS +

PCNL* (Ultrasono-
-graphy guided)

L

Laparoscopic/Robotic/
Open Pyelolithotomy

If failure occurs
consider RIRS

1. Are there any
bleeding diathesis

_>|

|_>|

Intrarenal pelvis

Staged RIRS/Laparoscopic-guided PCNL

and /or

Trans-siatic PCNL
Transgluteal PCNL
Transobturator PCNL

Alternate option

24.4 Stonesin Other Special
Situations

24.4.1 Skeletal Deformities

Patients with skeletal deformities such as scolio-
sis and kyphosis also run a risk of urolithiasis due
to immobility causing hypercalciuria, urinary
tract infection and urinary stasis [18].

ESWL is a feasible option for smaller stones.
However, there may be difficulties in locating the
stone through imaging, especially with the ultra-

2. s the skin to stone
distance < 10 cm.

Consider RIRS

sound. Furthermore, SFR may be lower due to
poorer drainage of the kidneys especially if there
is associated malrotation of the kidney. The suc-
cess of ESWL will also depend on the density of
the stone. There would also be added difficulty in
the positioning of these patients with spinal
deformity.

PCNL would carry similar disadvantages
especially since there may be a distortion of the
usual bony landmarks. There may also be dis-
placement of surrounding organs especially the
bowel and lung. Patient positioning may also be
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challenging be it supine or prone position.
Ultrasound-guided puncture or even CT-guided
puncture (with the assistance of an interventional
radiologist) may be required. With PCNL in such
patients, stone-free rates (SFR) are in the range
of 60-88% in most studies [18, 19]. RIRS may
also be a challenge with SFR ranging from 35.7%
to 75% [11, 20, 21].

24.4.2 Transplanted Kidney

ESWL for smaller stones may be challenging and
has to be done prone due to the overlying pelvic
bone. It is also imperative to monitor the stone
fragments as it is passed out, due to the potential
of causing obstruction and tipping the patient to
renal failure. Overlying bowel may also make it
difficult to localise the stone. Stone clearance up
to 66% has been reported [22].

URS/RIRS would also be technically difficult
due to the position of the ureteroneocystostomy
at the dome of the bladder.

An antegrade approach with PCNL is a rea-
sonable option in these kidneys. Either ultra-
sound or CT-guided puncture can be done
especially since the graft kidney is anteriorly
located. Care must be taken when dilating the
tract to avoid graft injury and bleeding. High SFR
can be obtained especially using flexible scopes,
laser and baskets and this has been reported in
several series [22].

This is one area where open surgery may also
be a choice of treatment if other endoscopic mea-
sures are not feasible or fail.

24.5 Conclusions

There are currently no standard guidelines in the
management of urolithiasis in anomalous kidneys
and in special situations of skeletal deformities.
Most recommendations are derived from the lit-
erature based on case series. Many authors have
proposed various algorithms to aid in decision-
making. Each case, however, should be treated
individually and the best approach that is safe and
yet gives the best SFR should be chosen.

Evaluation in these special situations may
require additional imaging techniques such as
MRU, CT IVU, 3D-reconstructed CT Scan or
Radionuclide Scintigraphy to better define the
anatomy and drainage of the kidney. The choice
of treatment will also depend on the relation-
ship of the kidney with surrounding organs
especially the bowel and will take into consid-
eration any bony anomalies overlying the
kidney.

Although historically stones in anomalous
kidneys were removed through open surgery, it is
now standard of care to approach these stones
through a minimally invasive approach. This is
especially made possible with smaller and better
endoscopes, the availability of laser technology
and better imaging techniques.

Procedures that may work well in normal kid-
neys may not have similar outcomes in anoma-
lous kidneys. One good example is ESWL for
small stones in the pelvicalyceal system.
Although ESWL may fragment the stone, SFR
may remain low in anomalous kidneys due to
poor drainage. Stone localisation may also be
challenging due to overlapping bowel or due to
skeletal abnormalities.

The way in which a procedure is done will
also need to be modified and a good example of
this is PCNL. Puncture into the calyceal system
may require a combined approach of using ultra-
sound (with or without Doppler), fluoroscopy
and sometimes even laparoscopy.

In summary, management of these cases is
best done in centers with adequate facilities and
experience to ensure not only a good SFR but
also safe surgery. These are the appropriate cases
where a combined multidiscipline meeting may
be useful in coming to a consensus and in choos-
ing the right treatment for the patient.

Nomenclature

PCNL  Percutaneous nephrolithotomy

RIRS  Retrograde intra renal Surgery

URS Uretero renoscope

ESWL  Extracorporeal Shock Wave Lithotripsy
SFR Stone Free Rate
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25.1 Pregnancy

— Ultrasound is recommended as the primary
imaging method if urinary tract stones are sus-
pected in pregnant women. MRI without con-
trast medium can be a second option.

— Low-dose computer tomography should be
saved as the last imaging tool in pregnant
women. The absorbed dose shall not exceed
50 mGy.

— The primary treatment of non-complicated
urinary stones during pregnancy is conserva-
tive management.

— Interventional procedures such as ureteral
stent indwelling or percutaneous nephrostomy
would be necessary. Still, the possibility of
encrustation is higher than that of the control,
so frequent replacement is recommended
every 4—-6 weeks at least.
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— If the spontaneous passage of urethral stones
fails in pregnant women, the URS may be
performed.

It is estimated that urinary stones in pregnant
women are between 1 in 200 and 1 in 1500, a rate
similar to that of nonpregnant women of the same
age [1]. Eighty to ninety percent of the cases are
detected during the second and third trimesters.
One-third of the patients have a previous history
of urinary stone disease.

Symptom caused by a urinary stone during
pregnancy is not so different as in the general
population. Flank pain (85-100%), gross hema-
turia (15-30%), and lower urinary tract symp-
toms are common complaints, but due to the
special situation, preeclampsia or premature
labor may occur in a small number of cases.
Acute abdominal or flank pain during pregnancy
can be a diagnostic challenge for clinicians.
Diagnosis may be delayed due to difficulties in
distinguishing hematuria and physiological hydro-
nephrosis caused by pregnancy. Physiological
hydronephrosis is observed around 90% during
pregnancy. Decrease in the peristalsis of the uri-
nary tract due to progesterone during pregnancy,
and the pressure of the urinary tract by the fetus
and the enlarged uterus is considered the reason.
Physiological hydronephrosis is expected on the
right side. It is induced by the uterine dextrorota-
tion and the pressure-reducing effect of the sig-
moid colon on the left side. It develops between 6
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and 10 weeks of gestation and can be maintained
for up to 4-6 weeks of childbirth. If the patient
has a history of urinary stones and pre-pregnancy
images, it can help for diagnosis [2].

25.1.1 Diagnosis

The biggest concern in diagnosing urinary stones
in pregnant women is exposure to ionizing radia-
tion, which comprises a potential teratogenic
effect. In general, all imaging methods used to
diagnose urinary stones are well below the
absorption safety threshold of 50 mGy. Still,
when considering the use of imaging tools, espe-
cially if the amount of radiation absorbed by the
fetus is expected to exceed 0.5 mGy, there must
be sufficient explanation to justify its use. The
efforts must be taken to reduce the delivered dose
of radiation as low as possible, while the quality
of the achieved diagnostic image should be fair
enough for use. The fetal effect of radiation
depends on the gestational age. Fetal tissues are
susceptible to ionizing radiation the most during
the first trimester when organs are being
developed.

25.1.1.1 Ultrasonography

If urinary stones are suspected in pregnant
women, ultrasound is used as primary imaging,
with a positive prediction of 77% [3]. However,
ultrasound is highly operator-dependent. There
are limitations in that it is difficult to distinguish
between physiological hydronephrosis and the
obstruction caused by the urinary stone. Typical
ultrasonic findings suspected of urinary stone
obstruction include dilatation of ureter above
the lower ureter, high-grade left hydronephro-
sis, absence of jetting from the ureteral orifice,
and an increased renal resistance index (RI). By
measuring RI, one can increase the accuracy of
ultrasonography in distinguishing physiological
dilation and stone-related obstruction. An RI of
0.70 demonstrates 87% accuracy with 45% sen-
sitivity and 91% specificity for diagnosis. If the

difference in RI value between the affected kid-
ney and the normal contralateral counterpart
exceeds 0.06, the accuracy can be up to 100%
with 95% sensitivity and 100% specificity [4,
5]. The bladder should be fully filled to confirm
the absence of the distal ureteral stone.
Transvaginal ultrasonography can be effective
in detecting stones located below the pelvic
brim [4, 6, 7].

25.1.1.2 MRI

Although the MRI encompasses the limitation
of the inability to visualize the stone, it is
considered a second imaging modality for
providing useful information. MRI helps to
delineate the pathologic obstruction from
pregnancy-induced hydronephrosis, deter-
mine the degree of urinary obstruction, or
indirectly diagnose the stones’ location. The
positive predictive value of MRI for diagnos-
ing urinary stones is around 80% [3]. The
stone’s presence can be inferred from signs
such as “signal voids,” “double kink,” and
perinephric and periureteral edema. At pres-
ent, 1.5 T is recommended for use because
there is a lack of evidence for the effects of
3.0 T magnetic resonance imaging on preg-
nant women. The use of Gadolinium for con-
trast enhancement shall be limited in
consideration of its possible impact on the
fetus, particularly during the first trimester

[8].

25.1.1.3 CT

Computer tomography has a high positive pre-
dictive value of 95% or more, but due to fetal
effects from radiation exposure, conventional
CT is contraindicated during pregnancy [3]. A
low-dose CT scan protocol has recently been
described, which delivers minimal radiation
exposure to the fetus. The judicious use of low-
dose CT scans in pregnant women with flank
pain, and negative initial ultrasound is advo-
cated. Even so, CT should be prohibited during
the first trimester [6].
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25.1.2 Management

Although there are limitations in diagnostic tests,
the spontaneous passage of urinary stones from
pregnant women is 48-80%, similar to that of
nonpregnant women. Up to 50% of the remaining
stones will pass during the postpartum period.
Therefore, conservative management using
hydration and pain control is the initial treatment
of choice. Nonsteroidal anti-inflammatory drug
(NSAID), commonly used to control colic pain
caused by stones, is contraindicated in pregnant
women. Low-dose morphine can be used for
severe pain. For moderate pain, acetaminophen
can be effective [9]. Alpha-blockers, commonly
used for medical expulsive therapy, are not rec-
ommended due to lack of evidence in pregnant
women [10]. Conservative management will fail
in 15-30%. Ureteral stent indwelling or percuta-
neous nephrostomy is required if there is a high
chance of complications like severe hydrone-
phrosis, sepsis, and premature labor onset [11].
However, during pregnancy, there is a high pos-
sibility of encrustation in the urinary stents,
which may require frequent replacement every
four to six weeks [12]. If the ureteral stent or
nephrostomy tube needs to be maintained for a
long period, URS may be a reasonable alternative
[13—15]. URS under anesthesia is relatively safe
during the second trimester. The selection of
anesthesia methods requires discussion with an
anesthesiologist. Features distinguished from
general urinary stone operations include monitor-
ing fetuses during the surgery, positioning
patients 15-20° left semi-lateral, and inserting
the urinary stent or guidewire image-guided by
ultrasound. It is recommended to insert a ureteral
stent after the surgery. If childbirth is imminent,
delaying treatment to postpartum may be an
alternative. In pregnant women, ESWL is contra-
indicated. PCNL could be performed in highly
selected cases. There is a risk of premature birth
at 4-10%, related to the insertion of a urinary
stent or the URS [16-18]. Where active treatment
is necessary, care should be provided at an expe-
rienced institution that can respond quickly to
fetuses and mothers [16].

25.2 Children

— In children. Ultrasonography is a first-line
imaging tool for those suspected of urinary
stone.

— KUB or low-dose non-contrast CT could be
an alternative option if the US is not enough
for diagnosis.

— Asymptomatic renal stones without obstruc-
tion may be subjected to active surveillance
using periodic ultrasound.

— In children, non-complicated asymptomatic
single ureteral stones sized less than 10 mm
can be managed conservatively.

— If active treatment is required, ESWL is rec-
ommended as the first choice. URS could be
performed as the next option.

— For the renal stone sized 10—20 mm, ESWL or
RIRS is recommended. If renal stone size
exceeds 20 mm, either ESWL or PCNL could
be considered.

— When performing ESWL, ureteral stent, or
PCN insertion is recommended.

Children (<18 years of age) are indicated for
in-depth metabolic investigation since the earlier
onset of urolithiasis is relevant to the high risk of
stone formation. The risk of renal stone recur-
rence ranges from 50-70% within 3 years.
Besides, functional abnormalities or anatomical
anomalies such as vesicoureteral reflux, uretero-
pelvic junction obstruction, and neurogenic blad-
der are the second most common causes of
urinary stones in children [19]. Correction for
such causative factors should also be performed
to reduce the chance of recurrence.

Children present with various symptoms
depending on the age of diagnosis. For infants
younger than 60 days old, irritability is the most
common symptom. Children of the mean age of
10 months usually present urinary tract infection
and its related symptoms (50%), followed by
incidental findings during image workup for
other reasons (20%). Children above four years
old mostly present diffuse abdominal pain (57%)
followed by classical renal colic (44%), urinary
tract infection, hematuria, and G-I symptoms as
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in the adult patient group. In general, puberty
begins at the age of nine for girls and ten for
boys, and most organs grow to a size similar to
adults as they pass puberty. The age of pediatric
patients is essential in determining the size of
organs and whether they can cooperate with the
treatment plan. Therefore, an individualized
approach based on these factors would be more
appropriate rather than depending on the
guideline.

25.2.1 Diagnosis

In children, the cumulative and long-term effects
of radiation exposure are the primary concerns as
well. Since children have a higher chance of
recurrence, the cumulative dose of the radiation
can be more significant by repeated imaging.
Thus, the carcinogenic risk may be higher for
children having more extended life expectancy.
Ultrasonography (US) is a first-line imaging tool
for those suspected of urinary stones. Its advan-
tage is the avoidance of radiation and not requir-
ing anesthesia. For better diagnosis, it is
recommended to include a full-filled bladder
view to visualize the adjoining portion of the ure-
ter. Findings such as the absence of ureteral jet-
ting or resistive index of both kidneys’ arciform
arteries give you a clue on the grade of obstruc-
tion. However, ultrasonography fails to identify
stones in more than 40% of children. If ultraso-
nography cannot exclude urinary stone, KUB, or
low-dose non-contrast CT could be an alternative
option [20]. KUB can help identify radio-opaque
stones and for the follow-up. Low-dose CT is
sensitive, and sedation or anesthesia is rarely nec-
essary with newer generation high-speed CT
scans.

25.2.2 Management
The management option in children is not so

much different from those in adults. Pain is man-
aged routinely with NSAID as the first option.

Single, asymptomatic lower-pole renal stones
can be observed. There is a significantly higher
chance of stone passage in patients with non-
struvite, non-cystine stones less than 7 mm.
Intervention such as SWL, URS, and PNL may
be needed for stone stones elsewhere indepen-
dently of the size.

25.2.2.1 Maedical Expulsive Therapy
There is not much evidence on the safety and
effectiveness of MET in children as in the adult
[21-23]. However, a recent meta-analysis of five
trials showed that a-blockers facilitated stone
passage with increased SFR compared to control
(OR = 2.7, p = 0.001) [24]. Evidence shows
alpha-blockers as an effective treatment option in
children, especially with distal ureteral stones
less than 10 mm [25]. The use of a-blockers was
not associated with an increased risk of adverse
events than no treatment or placebo. Pills can be
taken at about ten years of age or older, but
younger children are may not be able to
swallow.

25.2.2.2 ESWL

ESWL is an effective treatment method for child-
hood. It is recommended as a first-line option in
children with single ureteral stones less than
10 mm. In children with renal stones, ESWL can
be applied to stones with a size up to 20 mm
(~300 mm?). The overall success rate of ESWL in
children is 70-90%. Retreatment may be required
in 4-50%, and 4—12.5% must undergo additional
procedures. However, it may require general
anesthesia during the procedure, depending on
the patient’s age and lithotripter type. It prevents
the reduction of treatment effects due to move-
ment during the procedure and reduces radiation
exposure due to repositioning. For this reason,
general anesthesia is needed during ESWL in
most cases under ten years of age [26, 27].
Intravenous sedatives or patient-controlled anal-
gesia may be administered at an age where the
child can cooperate [28]. Tuncer et al. compared
the effects of ESWL with or without anesthesia
in 61 kidney stone children. They reported that in
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patients over 9 years of age who are
well-cooperative, ESWL was successful without
anesthesia [29]. Adanur et al. said that the suc-
cess rate of children under 2 years of age who
underwent ESWL reached 99%, while only 2.9%
of major complications such as urinary tract
infection, steinstrasse were shown [30]. Turna
et al. reported a success rate of 84.6% without
significant complications in 36 children under 1
year old [31].

25.2.2.3 URS

When choosing invasive procedures such as
URS or PCNL in children, it is important to keep
in mind that the patient’s organ size is small and
to the instrument should be chosen accordingly.
Recently, the utilization of ureteroscope in chil-
dren is increasing. The Stone free rate using ure-
teroscopy is 81-98% for ureteral stone. A
flexible ureteroscope can be applied for pediatric
renal stones and SFR of 76-100%. Complication
rates are relatively low for both semi-rigid and
flexible ureteroscopic surgeries (1.9-23% vs.
0-28%). Younger age, cystine composition,
large stone size are predisposing factors for
treatment failure. Pre-stenting can increase the
stone-free rate while decreasing the complica-
tion rate. Post-URS stenting is recommended in
most cases. Clinicians should keep in mind that
additional anesthesia may be needed when
inserting or retrieving the stent. Dangle et al.
compared the surgical outcome of URS between
64 children under the age of 11 and 40 children
over 12. There was no difference in the stone-
free rate and the complication rate between the
two groups [32]. Atar et al. compared the success
rates of URS based on the size of the uretero-
scope. Either 4.5Fr or 7.5Fr ureteroscope was
used in 69 children under the age of 8. In chil-
dren under the age of 3, the stone-free rate was
significantly higher when using the ureteroscope
size of 4.5Fr than 7.5Fr (93.8% vs. 66.7%).
There was no difference in the success rates
within the two groups between the ages of 4 and
7 [33]. There were also significantly fewer side
effects in the 4.5Fr group. In preschoolers who

require surgical treatment for ureteral stone, it is
advised to use a smaller caliber ureteroscope, the
younger they are.

25.2.2.4 PCNL

Large stones with more than 2 cm in size, stones
resistant to ESWL or RIRS are indicated for
PNL. SFER for pediatric PNL is 71.4-95% after a
single session with an overall complication rate
of 20%. Dede et al. conducted a PCNL using a
4.85 Fr nephroscope in 24 children aged
1.3 years on average, reporting an average
admission of 2.5 days and SFR of 83% [34].
Dow et al. also reported the PCNL outcome
using a 14Fr nephroscope in 26 children,
3.6 years of age. In this study, patients had renal
stones sized more than 5 cm, but the stone-free
rate was 85% [35]. None of the patients in these
studies have received blood transfusions. PCNL
can be applied to children of various ages.
Miniaturization of nephroscope may have bene-
fits in children as for the body configuration
being smaller than adults. It reduces the compli-
cation rate, length of hospital stay, postoperative
pain while increasing the chance of performing
tubeless PNL.
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