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Series Editor’s Foreword

The title of this book is a challenge. Anyone with the least knowledge of
present day urology will know that there are many very controversial
aspects of this subject. Urology is not alone in this unsettled environment
for there are similar debates in almost all other aspects of surgery. In
addition to the rapid changes in technology, an important part of the
explanation for these controversies is simply that more surgeons are
prepared to admit that no area of their work is so established that it does
not bear further scrutiny and assessment.

Argument can be tedious but debate is healthy. This book aims to
present material that is debatable: experienced practitioners of each topic
explain why an opinion or preference can be sustained. The purist might
wish to have these opinions resolved by a well-planned clinical trial, but
experience of clinical trials shows that they do not always produce results
that are easily translated into a positive change in clinical practice. Would
the reader be persuaded more by a statistically significant difference or by
an experienced clinician who has reached certain conclusions? Both are
risky, but since surgical techniques are often not easily converted into
appropriate studies or trials the Editors have obtained the best opinion on
each controversy and innovation. The media adore controversy for its own
sake. The medical profession accepts controversy but knows that few
events in medicine are absolute and few procedures can be done only by
one method. '

The Editors have planned their material in nine sections, and each
section opens with an introduction that sets the scene. The subsequent
chapters give state of the art commentaries on each problem or procedure.

An innovation is a new thought, development or technique and the
Editors invited their contributors to include innovative material where
appropriate. This approach allows the reader to determine how these
innovations relate to the changing pattern of management.



vi Series Editor’s Foreword

The summation of this novel approach to a urological text provides an
exciting, readable volume that fulfills the aims of this Series—to provide
a useful, stimulating contribution to the clinical practice of urology.

Edinburgh Geoffrey D. Chisholm.
June 1988



Preface

The main aim of this volume is to bring the general urologist and
urologist in training up to date with some of the many advances in
urological surgical practice. There have been considerable developments
in this respect, and there often exists a choice of surgical procedures for
the same problem. How are these newer techniques undertaken and
what is their place in the management of specific urological problems?
Certain innovative procedures have recently become well established and
are already altering urological surgical practice. There has been an
increasing tendency for specialist interests to develop within urology.
This trend is inevitable, and for the further development and advance-
ment of urological surgery as a specialty it is necessary. However, it is
important for the general urologist to be aware of these developments
and be guided in his approach to certain surgical controversies. We have
in this volume asked recognised experts to outline their techniques
clearly and concisely and we have attempted to evaluate their role in the
management of specific problems.

We have also included much less commonly applied surgical pro-
cedures, many of which, although well established, are so infrequently
undertaken by the general urologist that they engender some degree of
concern in the operator. We consider that a description by an expert of
his own technique is very appropriate and valuable. We have included a
wide range of techniques, from minor to relatively major, that can
readily be undertaken with guidance by the general urologist. With the
more major procedures, the reader would be prudent to avail himself of
more practical help than that given by this book alone. It is not intended
that this should be a surgical operative’s manual but a practically
orientated guide to surgical innovations in urology and their role in
current urological practice — a sort of urological “how I do it and why”.
Therefore, we have included contributions from urologists who have
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either themselves developed specific surgical techniques or have consid-
erable personal experience in the management of particular urological
conditions and are able to provide guidance for the reader who has to
deal with these problems.

Bristol, 1988 J. C. Gingell
P. H. Abrams
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Section 1

Extracorporeal Shock Wave Lithotripsy




Introduction

J. C. Gingell

The most spectacular and revolutionary development in urological
practice in recent times has without question been the successful
introduction of extracorporeal shock wave lithotripsy (ESWL). The
research and background of this technique for the non-operative
treatment of kidney stones by the Dornier Company is admirably
described in this chapter by one of the original medical pioneers,
Professor Eisenberger. The machines produced by Dornier in the
Federal Republic of Germany have now spread throughout the world,
and there are currently approaching 200 in operation in the USA alone.
As with any new development, much further research and refinement has
been generated, culminating in the rapid appearance of Mark II or
second generation machines. Such machines currently appearing on the
market are less complex, smaller and cheaper in both capital outlay and
running costs than the prototype Dornier machine. The implications are
such that most urological centres will acquire their own machine or have
ready access to one for the treatment of their patients with stone disease
of the upper urinary tract.

At present, all Mark II machines have dispensed with the water bath,
and most treatments can be undertaken without the need for general or
regional anaesthesia, particularly if a piezoelectric transducer is used to
produce the shock wave. The technical details of ESWL machines
currently in production in Europe are shown in Table I.1.

Other important considerations, apart from the list price, are the
service contract, warranty, service frequency and current back-up
provided by the company. At a time of rapid development and progress
the facility to modify and adapt the machine in question could also prove
to be important.

The choice basically depends upon the method of localisation of the
stone, either by ultrasound or the more expensive biplanar X-ray, and
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Table I.1. Summary of machine data
Machine data Dornier HM-4 Siemens Lithostar Technomed Sonolith
2000
Country of origin Germany Germany France
Localisation method Biplane X-ray Biplane X-ray Ultrasound
Continuous imaging No No No
Shock wave Spark discharge Electromagnetic Spark discharge
transducer
Focal size 12 X 60 mm 10 X 90 mm 15 X 30 mm
Shock intensity Variable 400-1200 bar  Variable to 500 bar Fixed 800 bar
Shock rate Cardiac frequency Variable to 1.7 Hz Cardiac frequency
Shock wave gating ECG and/or respiratory ECG and/or respiratory ECG
Patient contact Water cushion Water-filled bellows and Degassed water
gel coupling disc
Mobile equipment  No No Moveable
Other uses No General urological No
Gallstone treatment Experimental using Experimental using Experimental
contrast agent contrast agent
Room size 35 m? 35 m? 25 m®

Installation services

Water supply, drainage,

57 kVA three phase

Base plate, 23 kVA three
phase

Water supply, drainage,
4 kVA single phase

Table L.1. (continued)

Machine data Wolf Piezolith 2200 EDAP LT.01

Country of origin Germany France

Localisation method Ultrasound Ultrasound

Continuous imaging Yes Yes

Shock wave Piezoelectric Piezoelectric

transducer

Focal size 3 X 6 mm 4 X 15 mm

Shock intensity Variable to 700 bar Variable to 1000? bar

Shock rate 0.54 Hz Variable to 160 Hz

Shock wave gating None None

Patient contact Degassed water Water enclosed with
membrane

Mobile equipment  Moveable Console only

Other uses Lithotomy position No

available
Gallstone treatment Experimental Experimental
Room size 20 m? approx 30 m?

Installation services

Water supply, drainage, 4 kVA single phase

3.3 kVA single phase

Details extracted from report by Dr A. J. Sargood, Scientific Officer, South

West Regional Health Authority.

the type of shock wave generation used in treatment. An additional
factor is the desirability of using the table for additional manoeuvres such
as the endoscopic insertion of ureteric catheters, double-J stents,
disimpaction of ureteric stones, ureterorenoscopy and percutaneous
surgery, and hence the provision of a comprehensive stone service from a
single table. Much will depend upon the interface between local
requirements and the drainage population to be served. (An ESWL
machine would be fully occupied serving a drainage population of about
3 million).

Where space, mobility of the machine, reduced capital costs and
revenue consequences with minimal anaesthetic requirements are para-
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mount, then a machine incorporating ultrasound localisation and
piezoelectric shock wave production will have distinct advantages.
Although ultrasound imaging is becoming increasingly accurate and
sophisticated it cannot compete with biplanar X-ray localisation of the
smaller stones frequently found in the ureter. Ureteric calculi are a much
more common urological problem than renal calculi, and the use of
ESWL is increasingly being directed to the treatment of stones in the
ureter by treatment in situ or after disimpaction into the renal pelvis. To
treat a stone it must be accurately imaged and localised within the shock
wave. It is not known at present whether ultrasound localisation is
capable of imaging stones much less than 5 mm in diameter; whereas this
can be achieved readily by the more expensive machines using biplanar
X-ray. The choice therefore depends very much upon what can be
realistically expected from the machine and on how easily it can be
integrated with the alternative and complementary techniques in stone
management described in Section II.



Chapter 1

Development, Indications and Clinical
Experience

F. Eisenberger and J. Rassweiler

Concept of Shock Wave Lithotripsy

Geometric focusing is one of the essential principles of non-invasive
kidney stone disintegration. The other is the application of shock waves.
The existence of shock waves is inseparably associated with extremely
high velocities of bodies, i.e. with velocities exceeding the sound velocity
in the respective medium. Typical examples are the impingement of rain
and sand particles on supersonic aircraft, the collision of meteorites with
spacecraft or the effect of high-velocity projectiles on armoured objects
(Forssman and Hepp 1980; Hepp 1984).

These branches of quantum physics are involved in the elementary
research of an aerospace company, Dornier System, which has carried
out substantial work in this field. Within the framework of the respective
development work, the transmission of mechanical shock waves through
the human body was discovered by chance in the late 1960s. A test
engineer touched a target body at the very moment of impact of a high-
velocity projectile and felt a kind of electrical shock, though the contact
point showed no damage at all (Hausler and Kiefer 1971; Hepp 1984).
The idea of using shock wave energy for either military purposes or the
destruction of urinary calculi was born. However, there was a long way to
go until the first patient was treated by the non-invasive technique of
extracorporeal shock wave lithotripsy (ESWL) (Table 1.1).
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Table 1.1. History of the development of ESWL

1966 First observation of the transmission of mechanical shock waves through
human bodies

1969 First animal experiments to study the effect of shock waves on biological
tissue

1970 First in vitro destruction of urinary stones with shock waves generated by a
special multistage light-gas gun

1971 Focusing of the shock waves using an ellipsoid

1974-1978 Systematic in vitro and in vivo experiments with focused shock waves:

Effect on kidney stones with different chemical composition
Effect on biological tissue
Development of a canine kidney stone model

Development of a prototype lithotripter for animal experiments

7 February 1980 First clinical application at the Department of Urology, University of
Munich

1982 Installation of the first ESWL centre at the Department of Urology,
University of Munich

October 1983 Installation of the second ESWL centre worldwide at Katharinenhospital,
Stuttgart

1987 More than 200 ESWL centres and more than 200 000 treatments worldwide

First Investigations

The first investigations were to find out whether the non-invasive
disintegration of kidney stones was feasible when carried out with
focused and unfocused shock waves, generated by means of light—gas
guns (Hausler and Kiefer 1971). In the initial test phase, the generation
of only four shock waves took an entire day and produced only a network
of cracks in a kidney stone.

These in vitro tests were subjected to the following criteria:

1. Reproducible generation of shock waves

2. Focusing of shock wave energy

3. Acoustic coupling to guarantee energy transfer

4. Localisation of the stone

5. Determination of optimal stone-disintegrating energy

and lead to the development of the prototype of the Dornier lithotripter
(Table 1.1).

Technical Principles of ESWL

Shock Wave Generation

The discharge of a high-voltage capacitor generates a spark between the
two tips of an underwater electrode. The electrode is placed at the
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geometric focus of a semielliptical reflector. The spark causes explosive
evaporation of the water, which in turn produces the shock waves
because of its sudden expansion. The underwater electrode guarantees
reproducible constant shock wave generation. The shock wave energy
(pressure) can be regulated by varying the generator voltage (15-26 kV).
After every 1500-2000 shock wave releases, however, the electrode must
be exchanged (Fig. 1.1). Shock waves may also be generated by use of
piezoelectric elements, electromagnetic elements, impulsed laser beam
or microexplosion (lead acid pellets) (Fig. 1.2).

Focusing

As the shock waves are generated at one focal point of the ellipsoid, all
produced energy is collected again at the second focus after being
reflected off the walls (Fig. 1.1). Since the second focus (F) is the point
of highest shock wave energy, the patient has to be positioned in such a
way that the stone is situated at this point. Focusing of shockwave energy
substantially decreases the risk of damaging the surrounding tissue.
Other principles of shock wave focusing are spheric alignment of energy
sources, using an acoustic lens or pseudoellipsoid reflectors (Fig. 1.2).

Table 1.2. Physical characteristics of body tissue

Material Sound velocity Density Impedance
(m/s) (g/em®) (g/em X s x 10°%)
Lungs 650-1160 0.4 0.26-0.46
Fat 1476 0.928 1.37
Water 1492 0.998 1.49
Liver 1570 1.04 1.63
Muscle 1630 1.06 1.72
Bone marrow 1700 0.97 1.65
Bone 4100 1.8 7.38
Urinary calculus 4000-6000 1.9-2.4 5.6-14.4
Iron 5100 7.9 40.3

Acoustic Coupling

The acoustic resistance (impedance) of water is very close to that of most
body tissues (Table 1.2). Therefore, underwater-generated shock waves
penetrate the body easily if the patient is put into the water. This
guarantees optimal energy transfer. However, ‘“‘tubless” coupling is
possible by use of a water cushion (Marshall et al. 1985), but this may
lead to energy loss because of the different interphases (i.e. air bubbles
between cushion and skin) (Fig. 1.2).

Localisation of the Stone

Localisation of the stone is achieved by use of a positioning device, which
is moved under control of a two-axis X-ray system. Both X-ray
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Fig. 1.1a—. Shock wave generation and focus-
ing.

a Patient stretcher. Stone has to be positioned in
the second focus of the ellipsoid (F). b Under-
water electrode placed in the first focus of the
semiellipsoid. Faraday cage around the tips of
the spark provide isolation. Balloons beside the
ellipsoid are inflated during X-ray controls to
improve fluoroscopic imaging. ¢ Two-axis X-ray
system (tube at the bottom, movable intensifier,
screens with cross-hairs). Cross-hairs are mar-
king F,. Stone-bearing side is declined to pre-
vent the stone from being obscured by the
vertebral body on the oblique monitor (particu-
larly in the case of ureteric calculi).
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ESWL
SHOCKWAVE GENERATION FOCUSING ACOUSTIC COUPLING LOCATION
Underwater electrode Ellipsoid Water bath Two X-ray converters
Microexplosion Reflector Water bag One rotating X-ray tube
and contact jelly (c-arm)

Piezoelectrode elements Spheric segment

One coaxial ultrasound scan
Laserplasma explosion Acoustic lens

Stereofluoroscopy
Electromagnetic element

Fig. 1.2. Alternatives for technical realisation of ESWL.

converters exactly intersect at the second focus of the ellipsoid reflector.
The patient who is positioned on a stretcher is moved in the three
dimensions until the stone is centred on both screens (see Fig. 1.1c). For
this purpose there are three X-ray techniques with increasing radiation
exposure:

Fluoroscopic imaging ,
Short-time high-current fluoroscopy
Long-time high-current fluroscopy.

To minimise the radiation exposure of the patient, the use of the high-
current technique should be restricted (if fluoroscopy does not provide
detailed information for exact control of the degree of disintegration).

Ultrasound localisation of the calculi is possible; however, there are
some specific shortcomings: (1) ureteric stones in the middle of the ureter
cannot be located, (2) determination of the degree of disintegration
depends on the experience of the urologist and (3) determination of
disintegration may be very difficult because of artefacts (reflexion)
superposed on the sonographic pattern. However, at the present time
ultrasound localisation has been used progressively in second generation
lithotripters.

Stone Disintegration

Shock waves spread through the body evenly, as the acoustic impedance
of most body tissues (except lungs and bones) is close to that of water.
When a shock wave reaches the stone it is partially reflected and a
portion of the shock wave entering the stone is absorbed due to the
abrupt change of acoustic impedance (Table 1.2). This leads to the
build-up of a high pressure gradient and subsequently to the formation of
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Fig. 1.3. Mechanism of stone disintegration by use of extracorporeally induced shock waves based
on the principles of sound wave physics.

tear and shear forces (consisting of tensile and comprehensible wave
components), which disintegrate the stone when the limit of their
comprehensive strength is exceeded.

The penetrating part of the shock wave is reflected at the back of the
stone, leading to the same phenomenon. With repeated exposures the
stone is finally reduced into smaller and smaller particles from the
periphery to the centre (Fig. 1.3). Besides this mechanism, further high-
velocity phenomena like cavitation or resonance may contribute to stone
disintegration.

All kinds of stones could be destroyed in vitro irrespective of their
chemical composition. However, we observed relatively large cystine
fragments, which indicates that cystine calculi are still problematic for
ESWL treatment.

In vivo Experiments

After in vitro testing for stone-disintegrating energy, in vivo experiments
were begun: cell cultures were examined and animals were subjected to
shock waves. First trials showed that the stimulation ability and the
proliferative potential of human lymphocytes were not altered after
repeated exposure to shock waves. Secondly, it was shown that the serum
concentration of haemoglobin increased slightly with the number of
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Fig. 1.4. In vivo experiments. After shock wave exposure of eviscerated intestine of the rat only
minor petechial bleeding was observed. Note “tubless” coupling of shock wave energy.

treatments when directly exposed to the shock waves. However, in
peripheral blood there was no significant decrease of haemoglobin level.

When vital bones or bone marrow were subjected to shock waves, no
damage besides minor petechial haemorrhages were seen, whereas the
bones of dead animals were broken. After exposure of eviscerated
intestine and parenchymal organs of rats, no damage except minor
petechial bleeding was found (Fig. 1.4). Exposure of the lungs, however,
led to alveolar rupture and haemorrhage because of the different
accoustic impedance between the air-filled alveoli and the parenchyma.
This finally resulted in the death of all animals (Eisenberger et al. 1977a,
b). After protection of the lungs using Styrofoam no pulmonary
deterioration was observed.

Recent preliminary experiments have shown that shock waves may
inhibit tumour growth (Russo et al. 1986).

Canine Kidney Stone Model

As the results of in vitro and in vivo investigations were promising, an
experimental series with in vivo destruction of renal calculi was started.
For this purpose human kidney stones were implanted into the renal
pelvis of mongrel dogs. Because of the small size of the canine pelvis it
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Fig. 1.5a~c. Canine kidney stone model simulat-
ing the clinical use of ESWL.

a Prevesical ligation of the ureter, followed 2
weeks later by implantation of human calculi in
the distended renal pelvis combined with
ureteroneocystostomy. b Specially designed
lithotripter with the ellipsoid at the bottom of the
bath-tub (movable in all three planes). ¢ KUB film
prior to and after ESWL. Complete disintegration
of the implanted stone.

was necessary to ligate the ureter 2 weeks prior to the implantation,
which was performed with ureterocystostomy of the ligated ureter (Fig.
1.5).

The prototype of the ESWL apparatus constructed for the experiments
on animals consisted of a control and an energy unit, with the ellipsoid
attached to the floor of the experimental tub. This experimental device
made it possible to concentrate high-energy shock waves on an area of
approximately 1.5 cm?, with the dog placed on an adjustable stretcher.

"The stone localisation was done by means of an X-ray system
(Eisenberger et al. 1977a, b).

First Clinical Treatment

As a direct development of these experiments a prototype for the
treatment of humans was constructed and technically improved for
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clinical use. Basically, this first prototype consisted of two X-ray screens,
two converters and the most expensive bath tub in the world.

In February 1980, this method was first applied on a patient in the
Department of Urology of the University of Munich (Head: Prof. Dr
med. E. Schmiedt) (Chaussy et al. 1982, 1984; Schmiedt and Chaussy
1985), and since then more than 200 000 patients have been successfully
treated worldwide (Chaussy and Fuchs 1985).

Table 1.3. Urinary stone therapy in the Department of Urology,
Katharinenhospital, Stuttgart, from October 1983 to August 1985

(n = 3424)

Treatment No. of patients Percentage
ESWL 1811 53

PCNL 661 20

URS 379 11

Loop 420 12

OoP 153 4

PCNL, percutaneous nephrolithotomy;
URS, ureteroscopy; OP, open operation.

First Serial Lithotripter

In October 1983, the second ESWL unit was installed in our department
(Eisenberger et al. 1983; Fuchs et al. 1984; Miller et al. 1984a). Since
then more than 5000 consecutive stone patients have been treated, 1811
of which received ESWL treatment (Table 1.3; Fig. 1.6). In Germany, 20
ESWL units are in operation at present (Chaussy and Fuchs 1986).

Treatments

600 1 /
500 7
4001 /!

300
2001

100 1
Fig. 1.6. Cumulative distribution of the different treatment modalities for

urinary stone disease in the Department of Urology, Katharinenhospital,
Stuttgart  (1982-1985). OP, open operation; PCN, percutaneous — r .
nephrolithotomy; URS, ureterorenoscopy. 1982 1983 1984 1985
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Fig. 1.7a~f. Insitu ESWL for upper ureteric calculi. a Positioning technique.
Patient is rotated as far as possible to the stone-bearing side to prevent the
calculus from being obscured by the vertebral body on the oblique monitor.
Crossing of the legs stabilises this position by fixation of the pelvis. b—d
Focusing technique in a case of large obstructive ureteric stones. Cranial
focusing of the stone at the optimal interphase between the stone and the
urine (b). At the start of disintegration, the middle and lower parts are
centred (c: quick pic after 400 shock waves; d: quick pic after 900 shock waves
with fragments in the lower calyceal group). e,f KUB X-ray series prior to (e,
left) and after ESWL of the large infundibular stone. Complete disintegration
and passage of fragments with formation of temporary Steinstrasse in the
middle ureter. The patient did not suffer from any pain during the passage of
debris.
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Fig. 1.7 (continued)
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Table 1.4. Indications for ESWL treatment in 1811 consecutive
cases of urinary calculi

Multiple calculi (pelvic/calyceal) 20%
Solitary calculi (pelvic/calyceal) 51%
Borderline stones 4%
Partial staghorn 4%
Complete staghorn 5%
Ureteric calculi 16%

68% of partial and complete staghorn calculi are treated by the
combination therapy of percutaneous nephrolithotomy (PCNL)
and ESWL. About 70% of upper ureteric calculi are treated in
situ, 25% after retrograde mobilisation of the stone into the renal
pelvis (“push and bang”).

Indications (Table 1.4)

Controversies and Innovations in Urological Surgery

The first indications for the treatment of renal calculi by ESWL were
radiopaque single, pelvic or calyceal stones up to 1 cm in diameter
without obstruction of the collecting system distal to the stone (Chaussy

Fig. 1.8a—. In situ ESWL for lower ureteric stones. a,b Fluoroscopic control during treatment (high-current technique). ¢
KUB X-ray series prior to (leff) and after ESWL of a prevesical ureteric stone. The stone has disappeared completely

immediately following treatment (right).

c
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Fig. 1.9. Gross obesity, a technical contraindi-
cation of ESWL. Because of enlarged subcu-
taneous fat posteriorly, the stone cannot be
focused in F,.

et al. 1982). As experience of the method has increased, the indications
have been extended to include multiple calculi, larger stones up to partial
staghorns and high ureteric calculi, i.e. above the iliac crest (Fig. 1.7).
Moreover, we have now successfully treated prevesical ureteric calculi
(Fig. 1.8).

Radiolucent stones can be treated by additional administration of
contrast dye. However, localisation of the fragments during shock wave
exposure still remains problematic. For these cases, we prefer percu-
taneous nephrolithotomy. CT-density has not provided any additional
information for ESWL treatment (Rassweiler et al. 1985a).

Contraindications are untreated bleeding disorders and gross obesity.
A body weight of 130 kg represents the upper limit of patient size.
Moreover, in some patients the stone cannot be positioned into the
second focus, because of enlarged subcutaneous fat posteriorly (Fig.
1.9).

Children smaller than 100 cm can be treated by ESWL with the use of
special strapped Styrofoam boards, except in the case of upper calyceal
calculi (increased risk of pulmonary damage).

Preoperative Preparation

Patients are prepared as for open renal surgery, including laxatives, nil
by mouth after 10 p.m. the day before and sodium loading (1000 ml) in
the morning. Bowel preparation prevents screening difficulties caused by
intestinal gas. This also avoids adverse effects on the intestine, since
intestinal gas represents an interphase for shock waves (risk of intestinal
paralysis). In the presence of urinary tract infection, antibiotics are given
according to the sensitivities.
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Anaesthesia

We prefer epidural anaesthesia using a 90% catheter; general anaesthe-
sia is restricted to special cases (spinal deformation, nervous patient).
Furthermore, ESWL can also be performed under analgo-sedation or
local cutaneous and paravertebral anaesthesia. However, this cannot be
recommended for general use. The advantage of epidural anaesthesia is
that the catheter can be left for several days (multiple ESWL sessions,
regional treatment of pain).

The high-frequency jet ventilation (HFJV) technique decreases the
respiratory-dependent movement of the stone and increases the efficacy
of the shock wave application (about 30% less shock waves per
treatment; Meyer et al. 1985). However, this kind of anaesthesia is more
invasive and time consuming. Recently, as the result of two modifications
of the Dornier HM3 (new generator, larger ellipsoid), which provide a
remarkable reduction of shock wave energy at the surface of the skin, we
have been able to treat 92% of our patients by use of intravenous
analgesics (i.e. 100200 mg Tramadol) alone.

Treatment

After localisation of the stone, ECG-triggered (to avoid induction of
cardiac arrhythmia) shock wave application starts. The focusing method
and the choice of generator voltage depends on the size and location of
the stone (Table 1.5). After every 100-200 shock waves X-ray control is
performed to determine the degree of disintegration and for further
adjustment (see Fig. 1.7). We start at low energy (16-18 kV) to achieve
fine fragmentation of the calculus. The number of shock waves should
not exceed 3000 applications per kidney (mean 1240 per treatment). The

Table 1.5. Rules of ESWL treatment: technique and choice of generator voltage

ESWL in one session

“Crystal-like” pelvic stone® Start with low energy (15-16 kV)
Impacted calyceal stone, ureteric stone Start with high energy (20-22 kV)
Multiple renal calculi Start with the smallest stone
Treat lower calculi first
Borderline stones/partial staghorn calculi Start with the pelvic parts
Large, obstructive ureteric stone Focus on the upper rim of the stone
Poorly visible ureteric stone Administer contrast dye
ESWL in more sessions
Remnants of staghorn stone following PCNL Start with the stone parts in the cranial calyces
ESWL monotherapy for staghorn stone Start with the pelvic and the upper calyceal parts
Maximal number of shock waves per session
Single pelvic or calyceal stones 2000-2500
Multiple stones, staghorn calculi 25003000
Ureteric stones 3000

PCNL, percutaneous nephrolithotomy.
# Calcium oxalate-dihydrate.
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Fig. 1.10. Follow-up control of ESWL in a case of an “easy stone”. Half-sided KUB films show
complete disintegration and passage of the stone fragments in the 3 days following ESWL (left to
right).

mean duration of the treatment is 40 min. Fluoroscopic time depends on
the experience of the urologist (mean 11 quick pics (high-current
technique) and 90 s of fluorotime). The mean radiation exposure
amounts to about 0.14 Gy per patient.

Post-ESWL Management

Investigation by means of a plain X-ray film and ultrasound is performed
on the first, third and fifth day. If complete disintegration of the stone is
documented and no ureteric obstruction or fever occurs, the patient is
discharged (Fig. 1.10). ;

Auxiliary measures are indicated in the case of persistent colic or acute
pyelonephritis caused by ureteric obstruction (Steinstrasse). We prefer in
such cases to insert a percutaneous nephrostomy tube: the distended
ureter regains peristaltic activity, resulting in spontaneous passage of the
fragments in almost all cases (Fig. 1.11). Ureteroscopy should be
restricted to persistent prevesical fragments (Steinstrasse).
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Fig. 1.11a,b. Follow-up of ESWL in ‘“problem
stones”’—auxilliary measures. a KUB X-ray films before
(left) and after ESWL show complete disintegration of a
large pelvic stone with formation of a prevesical Steins-
trasse on the 3rd day (3 TAG). Because of hydronephrosis
(see b) and concomitant acute pyelonephritis with fever,
percutaneous nephrostomy had to be performed. Two
days later (5 TAG) all fragments have passed and the
nephrostomy tube has been withdrawn. b Ultrasound
investigation before and after ESWL shows disintegration
of the calculus with fragments in the lower calyceal group
(above). On the third day after ESWL remarkable
distension of the renal pelvis and upper ureter can be seen
(below); therefore the percutaneous nephrostomy tube
was inserted under ultrasonic guidance.
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Upper Ureteric Stone

Using a special positioning and focusing technique (see Fig. 1.7), we
could increase our success rate for in situ ESWL of upper ureteric stones
to 85% (including 10% second session). Therefore, retrograde mobilisa-
tion of the stone (ureteric catheter, ureteroscopy) is only indicated:

1.In emergency cases (colic, fever, hydronephrosis) together with
insertion of a double-J stent.

2. If the stone cannot be located because it is too close (less than one
finger breadth) to the spine or because of gross obesity or spinal
deformation.

3. If in situ ESWL failed (Rassweiler et al. 1986).

Combination of ESWL and Percutaneous
Nephrolithotomy

Borderline Stones

Calculi of more than 2.5 cm in diameter are called “borderline stones”
because there is a difference of opinion as to whether ESWL or
percutaneous nephrolithotomy (PCNL) is preferable in these cases
(Miller et al. 1985b).

Table 1.6. Complications and side effects in 1811 consecutive cases of

ESWL

Colic 34% (range 5%-40%)
Fever 17% (range 1%-31%)
Septicaemia 1%

Perirenal haematoma 0.3%

The incidence of colic and fever depends on stone size (see Table 1.7).
All perirenal haematomas could be managed conservatively.

The arguments for ESWL are that it is non-invasive and as a
consequence has the lowest rate of severe complications compared to all
other methods (Table 1.6). On the other hand, problems with the
passage of fragments after ESWL directly correlate with the overall stone
mass. There is an increasing rate of ureteric obstruction because of the
formation of prevesical Steinstrasse. This results in a higher number of
auxiliary measures following ESWL (Figs. 1.11, 1.12).

In a retrospective study we have evaluated two groups of patients who
underwent ESWL monotherapy (see Table 1.5). Those with kidney
stones up to 2.5 cm in diameter we called “‘easy stones” and those with
stones of a larger size we called “‘problem stones” (Tables 1.7, 1.8). We
observed a significant difference between the two groups with regard to
pain, fever, auxiliary measures and hospital stay (Eisenberger et al.
1985a, b; Gumpinger et al. 1985).
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Table 1.7. ESWL complications

Complication Easy stones Problem stones
(<2.5 cm) (>2.5 cm)

Colic 24% 34%

Fever 5% 36%

Auxiliary measures 6% 28%

Mortality 0 0

Hospital days

(after treatment) 4 10

Table 1.8. Auxiliary measures after ESWL

Auxiliary measure Easy stones Problems stones
(<2.5 cm) (>2.5 cm)

Ureteral manipulation

(UC, loop, URS) 5% 22%

Percutaneous nephrostomy 1% 4%

Open operation — 2%

UC, ureteric catheter; URS, ureteroscopy.

In the case of borderline stones, PCNL guarantees a better retrieval of
the stone fragments (Fig. 1.12).

Fig. 1.12. ESWL monotherapy in a case of partial staghorn calculus. The KUB X-ray series
demonstrates complete disintegration of the stone following 2500 shock waves. However, on the
third day (right) a large Steinstrasse is seen in the upper ureter which finally had to be removed by
antegrade ureteroscopy.
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Staghorn Calculi (Partial, Complete)

Larger calculi up to partial and complete staghorn stones are treated with
PCNL as the first step. Any residual particles are then disintegrated by
shock waves in a second or third session after 4 days (Fig. 1.13).
Experience in the treatment of staghorn calculi has shown that by a
combination of both techniques the disadvantages—the technical dif-
ficulties with increasing complication rate in PCNL and the increased rate
of side effects and auxiliary measures caused by problems with stone
passage after ESWL—can be overcome (Fuchs et al. 1984; Miller et al.
1984b; Alken et al. 1985; Eisenberger et al. 1985b, c; Miller et al. 1985a).
Therefore, this combination has become the treatment method of choice
in complicated stone disease in our department, and we have now treated
more than 200 cases (Fig. 1.14). However, it has to be noted that only
about 65% of the patients are stone free after an 18-month follow-up.

What Is Left for Open Surgery?

In the case of renal calculi associated with pelviureteric junction (PUJ)
stenosis, pyeloplasty should be done with removal of the stone (Fig.
1.15). Moreover, large stones with a narrow collecting system, stenosis of
the infundibula and large peripheral and central stone mass should be
treated by open surgery.

Conclusion

Extracorporal shock wave lithotripsy has proved to be a safe and
reproducible technique for the treatment of upper urinary stones.
Complete disintegration can be achieved in 97% of renal calculi. Three
months after the treatment 75% of patients are completely stone free,
and only 5% need retreatment because of the residual fragments (Table
1.9).

Table 1.9. ESWL results (3-month follow-up) in 1811 patients treated from
October 1983 to August 1985 in the Department of Urology, Katharinenhospi-
tal, Stuttgart

Stone free 75% (range 63%—-87%)
Remnants requiring no treatment 20% (range 10%-25%)
Retreatment 5% (range 2%-12%)
Multiple session 13% (range 6%—-36%)
Auxiliary measures 13% (range 4%-38%)

The range of the different values corresponds to the different type of calculi
(single, multiple stones, borderline stones, partial and complete staghorns).
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Fig. 1.13a-d. Combination treatment (ESWL+PCNL) in a case of complete staghorn stone. a
Intraoperative control during PCNL shows removal of stone parts in the lower calyceal group and renal
pelvis. b KUB film prior to ESWL shows remnant stone mass in the calyceal groups, whereas the pelvic
stone part has been removed by PCNL.
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Fig. 1.13 (continued) ¢ KUB film after second ESWL session demonstrates complete disintegration of
the calyceal stone parts. d KUB film 5 days after the second ESWL session documents that the patient is
nearly stone free with only a few fragments left in the lower calyceal group. The stone fragments passed
either via the nephrostomy tube or via the ureter without causing any colic or pain to the patient.
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Fig. 1.14. The advantages of the multimodal
therapy for complicated stone disease. (PCN, per-
cutaneous nephrolithotomy)

In combination with the new endourological techniques such as PCNL
and ureteroscopy more than 95% of patients can be treated without the
need for open surgery. Even cases of recurrent stone formation seem to
be treatable. This could not be achieved previously, despite major
improvements in surgical technique including cooling, clamping, radial

Fig. 1.15. Nephrolithiasis with concomitant PUJ stenosis—a remaining indication for open surgery.
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nephrotomies and intraoperative ultrasound location of calculi (Smith
and Boyle 1968; Stephenson et al. 1976; Ueda and Momose 1982; Sturm
et al. 1984).
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Section 11

Endoscopic Innovations




Introduction

J. C. Gingell

Recent advances in endoscopic urological instruments have opened up a
whole new field of urological practice described in this section. The
development of purpose-built nephroscopes has allowed percutaneous
stone removal to replace open surgical removal of renal calculi in all
modern urological units. The detailed technique is comprehensively
described by Whitfield, who undertakes his own renal access, an aspect
of the procedure which in many units is performed by a radiologist. As he
rightly indicates in his contribution, this can be the most difficult step in
the operation and demands a skill that all urological trainees should
endeavour to acquire. The range and design of the instruments
themselves and the necessary accessories of forceps and stone baskets
have developed only by the close cooperation of urologists and
instrument manufacturers. Indeed, this has proved to be the most
encouraging and continually productive aspect of urological endoscopic
development and in no small measure has contributed to the advances
outlined in this section. This particularly applies to ureteroscopy,
described by Miller. The development of the rigid ureteroscope has had a
major impact upon the management of the all-too-common and painful
problem of ureteric calculi. He describes well the therapeutic options of
in situ treatment of larger calculi or their disimpaction for percutaneous
removal or extracorporeal shock wave lithotripsy (ESWL). Clearly no
single technique can be adapted to manage all stones in the upper urinary
tract, and individual skills and experience must be acquired to make full
and appropriate use of the various options available.

The inclusion of the contribution by Fowler on flexible endoscopy of
the lower urinary tract is entirely appropriate. The arguments in favour
of its routine use in outpatient or day-case screening are convincing and
probably cost effective in the long term. It is highly likely that most
urological units will acquire this facility and that more flexible probes
than those currently available for diathermy or laser destruction of small
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bladder tumours will be developed so that the major role of this
instrument in diagnosis will expand inevitably into the realm of therapy.

The innovative contribution from O’Donnell on the use of the
endoscopic injection of Teflon to cure vesicoureteric reflux in children is
destined to have the same impact on open antireflux surgery that
percutaneous stone removal and ESWL has already achieved for renal
calculi. The results as presented are impressive and add a new
therapeutic dimension to the management of this common urological
problem in childhood.



Chapter 2
Percutaneous Stone Removal Techniques
H. N. Whitfield

The technique of percutaneous nephrolithotomy (PCNL) has been
developed over the past 5 years and is now established as a standard
method of removing stones from the kidney (Reddy et al. 1985; Segura et
al. 1985; Whitfield 1983a). Firstly, a transparenchymal track must be
established between the collecting system of the kidney and the skin.
Secondly, the stone must be removed. These two steps may be
performed under the same general or epidural anaesthetic as a one-stage
procedure; alternatively, the track may be established under local
anaesthesia and kept patent for 48-72 h by a nephrostomy tube before
the stone is removed.

Formation of a Nephrostomy Track

The part of the procedure concerned with the formation of a nephros-
tomy track may be performed either by a radiologist or by a urologist
(Kellett et al. 1983; Whitfield 1983b). The track must be placed very
accurately, and this may often be the most difficult step in removing a
stone. With practice, however, there are very few collecting systems that
cannot be punctured.

The patient should be placed prone and semi-oblique so that the side
to be operated upon is raised. Wedges placed under the patient between
the subcostal margin and the iliac crest help to maintain the correct
position.

The initial needle puncture to establish a nephrostomy track may be
performed either under ultrasound control or using uniplanar or biplanar
radiology. In either case it is helpful if the pelvicalyceal system is full.
Standard intravenous urographic contrast medium may be given to
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Fig. 2.2. A Teflon dilator being inserted over a
Lunderquist guide wire.

Fig. 2.1. A Longdwell needle.

outline the collecting system. Alternatively, a retrograde ureteric
catheter can be passed and the upper urinary tract outlined and a little
distended by contrast mixed with methylene blue. -

The skin puncture is usually made between the 12th rib and the iliac
crest lateral to the lateral border of the erector spinae. Occasionally, a
puncture may have to be made between the 11th and 12th ribs if the
kidney is high lying, but transpleural tracks may produce a
pneumothorax.

A lower calyx is the usual site of entry into the collecting system. The
aim should always be to enter a calyx as peripherally as possible to avoid
the large venous sinuses which lie posterior to the calyceal infundibulum.
The track must be transparenchymal so that urinary extravasation is
minimised after removal of the nephrostomy tube postoperatively.

When uniplanar radiographic screening is employed, the depth of the
needle can be gauged by observing the differential movements on
respiration of the tip of the needle and the calyx to be punctured. Once
the needle enters the substance of the kidney the needle shaft will be
observed to move with respiration. Puncture of the collecting system is
confirmed when urine or contrast stained with methylene blue is obtained
on aspiration of the needle. A variety of different needles is available,
but whichever is chosen must be of a sufficient calibre to accept a guide
wire. The present author’s preference is for a Longdwell needle which
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has an outer Teflon sheath (Fig 2.1). When the needle has been removed,
a guide wire is inserted, over which the dilators are passed. Stiff “coat-
hanger” guide wires of the Lunderquist variety have flexible tips of
differing lengths which provide sufficient anchorage to enable the track
to be quickly and safely dilated without the risk of kinking the guide wire
during the dilatation process (Fig. 2.2).

Graded Teflon dilators are available in sizes ranging from 6 FG to 30
FG. A track can easily be formed using these or the graded metal,
telescopic bougies. Intermittent screening is used to check that the guide
wire remains within the collecting system and that the dilators are being
passed to the correct depth. Balloon dilators are advocated by some, but
fascial layers may be difficult to dilate. Previous surgery with resulting
perinephric fibrosis should be considered as a contraindication to their
use.

The calibre of the track that is required will depend on the size of the
stone to be removed. In practice, there is little difference in terms of
difficulties and risks between dilating to 26 FG, the minimum which is
likely to be needed, and 30 FG, the size which it is not often necessary to
exceed. Whatever size of track is needed, the final dilator should be of
the Amplatz variety, over which an outer sheath can be fitted (Fig. 2.3).
The dilator is then removed, but the guide wire should be left in situ. The
sheath not only tamponades the track and reduces any bleeding but also
provides a conduit from the skin to the collecting system which can be
endoscoped safely and repeatedly.

Experimental studies have shown that the process of dilating a
nephrostomy track in this way is safe. The theoretical risk of arteriove-
nous fistula formation does not occur in practice. This is probably
because vessels, particularly arteries, are pushed aside by the bouginage
and not ruptured. Histological sections of kidneys subjected to dilatation
in this way show that healing occurs rapidly to leave only a fine linear scar
(Webb and Fitzpatrick 1985).

Fig. 2.3. Amplatz dilators and

sheaths, 26-30 FG.
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Stone Extraction

If the stone is small enough to be removed intact down the track, a
variety of instruments is available. An ordinary operating cystoscope or
operating urethrotome can be used in conjunction with a flexible stone
basket. However, both flexible stone-grasping forceps and stone baskets
of various designs have limited application. Flexible forceps easily catch
mucosa and cause sufficient bleeding to hinder vision. Stone baskets may
not open satisfactorily in a small collecting system, and the room for
manoeuvring to ensnare the stone is limited. The basket, when closed, is
quite rigid and can easily perforate the renal pelvis.

There are now available from several manufacturers rod lens system
nephroscopes with an eyepiece offset either obliquely or at right angles.
These nephroscopes incorporate a channel which will accommodate
non-flexible stone-grasping instruments (Figs. 2.4, 2.5). Also available is
a triradiate grasping instrument with a telescope which passes down the
middle. A flexible nephroscope may be necessary very occasionally to
reach parts of the kidney not accessible with a straight instrument. Either
a choledochoscope or a purpose-built flexible nephroscope is suitable.

All nephroscopes rely on a flow of irrigant to provide clear vision. The
rate of flow varies in different instruments and depends on whether there
is an instrument in the instrument channel. The irrigant used should
always be normal saline at 37°C. The use of non-isotonic solutions can
lead to a “TUR” type of reaction in the event of fluid extravasation.
Because of the large volumes of irrigant that may be used in a prolonged
procedure, a very significant fall in core temperature will occur unless the
irrigant is at body temperature.

Fig. 2.4. A right-angled offset eyepiece nephroscope with an ultrasound probe.
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Fig. 2.5. An obliquely offset eyepiece nephroscope with two different rigid grasping forceps.

Stones which are too large to be removed intact can be disintegrated
either by ultrasonic lithotripsy (USL) or electrohydraulic lithotripsy
(EHL). Ultrasonic probes are straight and must be passed down a rod
lens nephroscope. The stone is disintegrated into fine sand, which is
evacuated down a suction channel within the probe. The advantage of
this technique is that stone fragments are actively sucked on to the end of
the probe where they are disintegrated. Stone clearance is achieved on a
vacuum cleaning principle. Some stones, for example uric acid, cystine
and some calcium oxalate stones, are extremely hard and may disinte-
grate only very slowly by this method. Triple phosphate stones, on the
other hand, are well suited to removal by this method.

By means of EHL, stones are disintegrated into small fragments which
are then removed through the nephrostomy track. The power and
frequency of impulse repetition can be varied. The danger with EHL
arises if the probe is discharged when in contact with the collecting
system, as perforation will occur. The process of fragmentation may tend
to disperse the stone fragments into inaccessible parts of the pelvicalyceal
system. Attemps to minimise stone dispersion by using Lithogel have
been reported (Hasun et al. 1985).

Indications for PCNL

In centres where extracorporeal shock wave lithotripsy (ESWL) is not
available, over 90% of all renal stones should be removed percu-
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taneously, together with a significant proportion of stones lying within
the upper third of the ureter. Even in centres where ESWL is available
any stone more than 3 cm in diameter will need to be debulked prior to
ESWL treatment.

Two-stage procedures are usually easier to perform than one-stage
operations. Any bleeding that has occurred at the time of establishing the
nephrostomy track will have settled down within 48-72 h. Visualisation
of the stone is then not a problem. However, with increasing experience
most stones can be removed in a one-stage operation.

Stones in The Renal Pelvis

Stones lying within the renal pelvis are the most straightforward to
remove percutaneously. If the maximum diameter of the stone is not
greater than 0.8 cm it is possible to remove the stone intact. Larger
stones must first be disintegrated. The larger the stone and the smaller
the renal pelvis the more difficult the procedure becomes. Just as with
conventional open surgery, a stone that occupies the whole of a small
intrarenal pelvis would be more difficult to remove percutaneously than a
similar sized stone lying freely within a large extrarenal pelvis.

Stones which are causing obstruction either acutely or chronically at
the level of the pelviureteric junction (PUJ) are difficult to remove.
Mucosal oedema around the stone and spasm of the renal pelvis above it
result in the stone becoming firmly impacted. In these circumstances, it is
often best to disintegrate the stone since attempts to disimpact it may
result in disruption of the PUIJ.

A stone which lies in the pelvis of the upper moiety of a duplex kidney
may prove to be impossible to remove percutaneously. All other stones
in the renal pelvis, including those in a horseshoe kidney, can be
removed via a percutaneous approach.

Calyceal Stones

Most calyceal stones can be removed percutaneously, but pinpoint
accuracy in positioning the track is called for. The operator must define
whether the stone-bearing calyx lies anteriorly or posteriorly. If a track is
made into an anterior calyx and the stone lies posteriorly, access will
prove impossible with a rigid instrument. A direct puncture on to the
stone must be made. However, stones in an upper calyx of a high-lying
kidney may be very difficult to remove percutaneously. A puncture
above the 12th rib may enable a satisfactory track to be made which is not
too oblique.

Ureteric Stones

Many stones which must be removed from the upper third of the ureter
can be treated by a percutaneous approach. Ideally, the stone should first
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be pushed back into the renal pelvis from where retrieval is uncompli-
cated. A large ureteric catheter is passed and direct pressure on the stone
from below may result in the stone moving backwards into the renal
pelvis. Sometimes, normal saline forced through the catheter under
pressure succeeds in blowing the stone back. On other occasions the
stone can be disimpacted from the ureter by passing a guide wire through
the ureteric catheter and jiggling the stone from below with it. Stones
which remain impacted can be removed from the upper third of the
ureter with a flexible nephroscope, or sometimes a rod lens instrument
can be passed down the ureter. However, disimpaction even under direct
vision is not easy, and ureteric perforation can occur.

Contraindications to PCNL

When several stones are lying in different calyces, or in the case of a
staghorn calculus with many calyceal extensions, the advantages of
percutaneous removal become less marked. Several tracks and often
several operating sessions will be required to achieve complete stone
clearance. If ESWL is not available such cases may still be best dealt with
by conventional open surgery. However, partial staghorns can be very
satisfactorily treated by PCNL (Fig. 2.6).

Fig. 2.6a,b. A recurrent partial staghorn stone composed of cystine which was completely removed in a one-stage PCNL. a
Preoperative control; b postoperative control at 24 h.

b
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Very occasionally, patients who are obese may not be suitable for
PCNL. The distance between the skin surface and the collecting system is
greater than the length of the operating instruments. Such patients may
also be overweight for ESWL.

Results of PCNL

If a high rate of success of stone removal by PCNL is to be achieved,
correct case selection is essential. The operator must have a three-
dimensional image showing the relationship of the stone, the collecting
system and the proposed line of the nephrostomy track. Renal pelvic
stones are easier to remove than both upper ureteric and calyceal stones.
It is more difficult to remove large stones which require disintegration
than small stones which can be removed intact. Two-stage procedures are
easier than one-stage operations.

There is a well-recognised learning phase in surgery, especially
endoscopic surgery, and PCNL is no exception. It is sensible to limit the
complexity of stones which are attempted until some experience on
simple cases has been built up. One of the main differences between
endoscopic and open surgery in the kidney is that the margin of error in
percutaneous surgery is small. If bleeding occurs, if the track is lost, or if
the collecting system is perforated, there may be no alternative but to
abandon the procedure. However, the option may exist for a further
attempt at percutaneous stone removal after an interval, which will vary
according to the complication.

The success rate will depend not only on correct case selection and the
experience of the operator but also on the instruments which are
available. The full potential of the technique can only be fulfilled when a
comprehensive range of purpose-built nephroscopes and stone-grasping
instruments is available. The question is often asked whether EHL is
better than USL, but there is no easy answer. Some surgeons have a
personal preference; some types of stones disintegrate better by one
method than by the other; it is sometimes an advantage that the
electrohydraulic probes are flexible; ultrasound probes incorporate a
suction channel; ultrasound does not damage the wall of the collecting
system. When both methods are available the chances of successful stone
removal are maximised.

In a recent report (Whitfield and Mills 1985), 98 out of 105 pelvic
stones (93%), 27 out of 38 calyceal stones (71%) and 5 out of 7 (71%)
ureteric stones were completely removed. These figures include cases
treated when purpose-built instruments were not available, when the
experience on which to base case selection was being built up and when
the technique itself was in its infancy. Better results should now be
achieved by any department of urology in which the technique is
practised.
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Complications of PCNL

Percutaneous nephrolithotomy is a very safe procedure. In the present
author’s series no patient died, no patient required open surgical
exploration as an emergency and no patient has subsequently developed
evidence of an arteriovenous fistula. The incidence of stone recurrence
appears to be no higher after PCNL than after open surgery (Marberger
et al. 1985). Complications can be minimised by meticulous technique.

Bleeding

The amount of bleeding that occurs during dilatation of the track is very
variable. Not once in 150 patients was the bleeding during this step
sufficient to necessitate abandoning the procedure. In one patient a 2 unit
transfusion was needed. One patient required transfusion for bleeding
which occurred after stone removal in a two-stage procedure, and
another patient required a 3 unit transfusion for a secondary haemor-
rhage on the 10th postoperative day.

When bleeding occurs at a time when the access track is still patent, a
large-bore nephrostomy tube should be inserted to tamponade the track.
If bleeding is very heavy the nephrostomy tube should be spigoted to
encourage haemostasis by further tamponade. Antifibrinolytic agents
should be avoided since the resulting rubbery blood clots are very
difficult to remove. If bleeding fails to respond to these conservative
measures, arteriography and highly selective arterial embolisation may
be considered.

Septicaemia

The risk of provoking septicaemia should be minimised by prescribing
prophylactic antibiotics to all patients undergoing PCNL (Charlton et al.
1986). An oral drug active against Gram-negative organisms (e.g.
trimethoprim, cephalexin, nitrofurantoin and ampicillin) is sufficient. If a
urinary tract infection is present preoperatively or if the stone is thought
to be infective in origin, an aminoglycoside should be given. Septicaemia
is no more common after PCNL than after conventional open surgery.

Residual Stones

The aim of surgery is always to achieve complete stone clearance. If
residual fragments remain, management will depend on the size and
position of the stones, the symptoms caused and, in the long term, the
rate of increase in size. If the retained fragments are small and
asymptomatic, they are termed ‘“non-surgical stones”. A conservative
policy of management can safely be followed. Larger residual fragments
in the pelvis and calyces may be removed via a further percutaneous
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procedure, although very occasionally an open operation may be
necessary.

If stone fragments pass into the ureter the nephrostomy tube must be
left draining until the fragments have passed spontaneously or until they
have been removed endoscopically from above or below. In the last
resort an open operation may be necessary.

It is possible to minimise the risk of stone fragments passing into the
ureter by leaving a ureteric catheter or a Fogarty balloon catheter within
the ureter at the time of stone disintegration. The tip of the catheter or
the balloon should lie at the level of the PUJ.

Residual fragments that are left behind in the track may safely be
treated conservatlvely, since they seldom cause complications. If a
discharging sinus persists it is not difficult to explore the track and
remove the stone fragment.

Perforation

The collecting system, usually the renal pelvis, can be perforated by
direct trauma from a nephroscope or by an instrument passed via a
nephroscope. With the electrohydraulic lithotripter a perforation will
occur if the electrode is discharged while touching the wall.

The management of a perforation should be to abandon the procedure
immediately the complication has been recognised. A nephrostomy tube
should be left to drain the system and healing can be confirmed by a
nephrostogram after 1 week. After this time a further attempt at
endoscopic stone removal can be made.

Extravasation

The risk of extravasating irrigating fluid has been greatly reduced by
using Amplatz sheaths. Not only do these tamponade the track and
reduce bleeding, they also provide a low-pressure irrigating system. If the
track is being endoscoped via an Amplatz sheath and if the collecting
system is not perforated, it is very difficult for a significant volume of fluid
to be extravasated and absorbed. The compllcatlons of absorption can be
further reduced by using 0.9% saline as the irrigant. This fluid should be
at body temperature.

The ‘‘Perc Casualty”’

Very occasionally, a patient who has a stone for which percutaneous
removal is planned will end up having multiple procedures. A one-stage
operation is abandoned before stone removal, the second stage is not
successful and either further percutaneous surgery or an open operation
proves to be necessary. In retrospect the patient and the surgeon
recognise that a conventional open operation would have been prefer-
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able. Such eventualities should be avoidable by recognising the complex-
ity of the stone(s) to be removed and forewarning the patient
accordingly. With increasing experience the “‘perc casualty” becomes a
rare event.

Conclusions

There is abundant evidence that PCNL on its own is a safe, effective and
economical method of removing renal stones (Wickham et al. 1983;
Mayo et al. 1985). The morbidity in terms of pain, postoperative chest
complications, deep vein thrombosis, pulmonary embolism and paralytic
intestinal ileus is lower than after conventional open surgery (Rittenberg
et al. 1985). The period of hospitalisation and the time required for
convalescence are reduced (Brannen et al. 1985). Percutaneous surgery
is also an essential adjunct in many patients undergoing ESWL. The
rapid development of the technique and its adoption in all major centres
of urology will ensure that the best possible treatment becomes available
to patients with renal stones.
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Chapter 3
Ureteroscopy
R. A. Miller

Introduction

The introduction of the rigid ureteropyeloscope (Karl Storz GMBH) by
Perez-Castro Ellendt and Martinez Pinero (Perez-Castro Ellendt and
Martinez Pinero 1980) has lead to unprecedently rapid clinical and
instrumental advances (Ford et al. 1984). There is little doubt that in
1987 no urologist can afford to be unfamiliar with this technique.
Concomitant advances in percutaneous nephrolithotomy (PCNL) (Miller
1985; Miller 1986) have complemented ureteroscopic techniques and
should be considered as a single entity: upper tract endoscopy or
“Endourology”, as the Americans have termed it. In this chapter the
indications, techniques, complications, management of cases and
instrumentation will be considered.

Indications

There are two broad groups of indications: diagnostic and therapeutic.
Diagnostic endoscopy may be carried out to elucidate the cause of upper
tract haemorrhage, filling defects, strictures of the ureter and positive
cytology. Therapeutic endoscopy is used for the treatment of calculi,
retrieval of foreign bodies, resection of tumours (biopsy and diathermy),
division of strictures including pelviureteric junction (PUJ) stenosis and
placement of double-J stents. There are no absolute contraindications to
ureteroscopy, but conditions affecting urethral access such as fixed hips
are clearly a relative contraindication. There is little doubt that women
are easier to ureteroscope than men, principally because a large prostate
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makes access to the ureteric orifices much more difficult. Patients who
have had previous lower ureteric surgery are often more difficult to
ureteroscope.

Techniques

Patient Preparation

All patients undergoing ureteroscopy must have a preoperative
intravenous urogram and urine culture. The procedure is best carried out
with the patient placed on a radiological screening table under general
anaesthesia with the legs in the Lloyd Davis position. We routinely cover
all patients with a preoperative dose of gentamicin (80 mg) given
intravenously, followed by oral antibiotics for at least one week. It is
possible to use a C-arm screening unit instead of a proper uroradiological
table. Endoscopy without screening (not recommended) is possible but is
absolutely contraindicated when dealing with small mobile stones, which
have a tendency to shoot up into the kidney, in which case immediate
one-stage PCNL is indicated. Following induction of anaesthesia a
diuresis should be achieved by the administration of frusemide or
mannitol together with intravenous fluids. Ureteroscopy can be a
prolonged and tedious procedure which may take between 5 min and 2 h
or more. The operator should bear this in mind when planning cases.
Initial failure to retrieve stones is not uncommon. It is therefore essential
that it is explained to the patient that further endoscopic sessions or
percutaneous nephrostomy may be necessary. Indeed, following failure
to retrieve stones, open operation may proceed under the same
anaesthetic in some cases.

Introduction of the Ureteroscope

Prior to introducing the ureteroscope the ureteric orifice must be dilated.
Conventional rigid cystoscopy is performed using a 23.5 FG (large)
cystoscope. A floppy straight guide wire is introduced into the renal
pelvis. Plastic, metal or balloon dilators are now passed coaxially over
the guide wire. In some cases ureteral meatotomy can be performed
using the purpose-designed Bischler scissors (Richard Wolf GMBH).
Dilators should be radiologically screened as they are passed up the
ureter to the point of interest. Care should be taken not to dislodge small
stones back into the renal pelvis during dilatation. In my opinion,
dilation over 16 FG is dangerous; however, some Americans are
currently dilating ureters to 24 FG with balloons. Only long-term follow
up will show the results of this. The Perez-Castro technique is to pass a
preliminary ureteric catheter a day or so prior to endoscopy and leave it
in situ. This method has much to recommend it and is ideal for rather



Ureteroscopy

49

narrow ureters which tend to dilate over the catheters, thus avoiding
traumatic bouginage and haemorrhage which will spoil the view. This
fact is probably responsible for the high success rate achieved at a second
ureteroscopic session. It is therefore essential that if further endoscopy is
planned a ureteric catheter is left in situ. Flexible metallic olivary bougies
which are not perforated to take a guide wire are now obsolete and
should be returned to the museum. My personal preference is for the
graduated Teflon bougies which come in all the necessary sizes. The
Finlayson Catheter Set (Lewis Medical Products) is not unlike the
Amplatz System for PCNL (Miller et al. 1984) and consists of a series of
plastic bougies which are hollow and fit over one another leaving a plastic
sheath in situ. While theoretically ideal, these tubes are very difficult to
nsert.

Currently, we are carrying out research into a new access technique
which will greatly facilitate ureteroscopy. This involves the use of a new
“hydroplastic” (Aquaplastic Ltd.) material which expands and becomes
slippery when wet. The material when dry is firmly adherent to an 8 FG
ureteric catheter which is introduced into the ureter in the usual way.
Perfusion by saline and urine causes the tube to swell, allowing the
catheter to be extracted from its lumen. Ureteroscopy may then be
carried out, or the tube may be left in situ to act as a stone shoot
following extracorporeal shock wave lithotripsy (ESWL).

After the ureter has been dilated, endoscopy can proceed. The
appropriate endoscope should be selected. The choice is between small
(9 FG-10 FG) or large calibre (11.5 FG-13 FG) rigid endoscopes and the
new flexible fibreoptic scopes (Keymed Ltd.), which are based on the
paediatric bronchoscope. The newer shorter ureteroscopes are soon to
become available. These are highly recommended and are much more
manoeuvrable than their longer counterparts. It should be remembered
that large scopes have better flow and allow the use of better and larger
accessories. However, sometimes the ureteric calibre is insufficient for a
large endoscope. The flexible endoscopes are expensive, peculiarly
delicate and limited in their accessories, although the advent of laser
lithotripsy may make them more useful. At present the view obtained,
because of their poor irrigant flow, is not good enough to justify their
expense. Normal saline at a restricted height of 80 cm above the patient is
the preferred irrigant, thus diminishing the chance of a serious reaction
to major retroperitoneal extravasation of fluid, which may occur if the
ureter is perforated.

The operator has three choices as to the method of ureteroscopy. The
ureteroscope may be introduced coaxially over the guide wire, alongside
the guide wire or without a guide wire in situ. In all cases this is
performed under direct vision, with screening being employed if there
are difficulties. Whichever method is used the scope is gently advanced
up the ureter in the same way that a sigmoidoscope is passed up the
rectum. Failure to get a clear view is due to impaction of the urothelium
on the end of the optic, bleeding caused by trauma, or problems with
fluid flow. In all cases it is best to withdraw the ureteroscope slightly and
remove all accessories from the instrument port, thus facilitating irrigant
flow. Under normal circumstances it is then possible to re-establish a
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clearer view. Considerable patience may be required to pass the
ureteroscope into the renal pelvis: force must never be used. The most
difficult parts of the ureter to negotiate are the intramural portion, the
pelvic brim and the PUJ. Oedema caused by stones or previous trauma
makes it very difficult to obtain a clear view. If there is complete loss of
view the procedure must be abandoned. In the event of a major
perforation of the ureter an attempt should be made to pass a catheter or
double-J stent across the defect. An 8.5 FG pigtail nephrostomy drain
should be inserted as a safety valve. Further endoscopy should be
delayed for at least 10 days.

Manipulation of Calculi

Stones in the lower third of the ureter are ideally treated with the
ureteroscope. Those in the middle and upper thirds are better treated by
push/pull (flushing/pushing with an angiographic catheter followed by
PCNL) or push/bang (in association with ESWL). Impacted stones can
be very difficult to manage as they are invariably surrounded by very
friable oedematous urothelium, and a clear view is extremely difficult to
achieve. Ureteric perforation and damage can easily be caused by in situ
disruption or attempts at extraction. The best devices at present for stone
retrieval are the flat wire (Segura pattern) baskets. Alligators and
triradiate forceps (rigid) newly developed by Richard Wolf (GMBH) and
Karl Storz (GMBH) are useful but have a tendency to break very easily.
Frequently, upper ureteric stones can be approached from the kidney. In
such a case it is necessary to perform the percutaneous puncture in the
middle or preferably upper caliceal group. This often involves a supra 12
puncture which requires a good deal of experience. Large stones or
impacted stones are better disintegrated than retrieved. Two clinical
methods exist: ultrasonic lithotripsy (USL) and electrohydraulic
lithotripsy (EHL). The ultrasonic probes initially developed for ureteros-
copy did not fit down the ureteroscope instrument port (Marberger and
Stackl 1983). Initially, therefore, a balloon or basket was passed
proximal to the stone through the instrument port of the ureteroscope.
The sheath of the ureteroscope was approximated to the stone jamming
it between the endoscope and the proximal balloon. The telescope was
then removed and a sonotrode inserted. Disruption could then proceed
under radiological control. This method can no longer be advocated.
Stone disruption should always be done under direct vision using one of
the larger ureteroscopes which enables the use of the sonotrode and
balloon catheter or basket simultaneously. There is no doubt that
fragmentation of ureteric calculi can be extremely difficult and hazardous
irrespective of the disruptive modality. If EHL (5 FG or less) probes are
used, single shot and minimal voltage settings are mandatory. Firing the
probe at the ureteric wall directly usually results in perforation.
However, the probe can be safely used providing that wall contact is
avoided. A new generation of electrohydraulic probes which are very
much smaller than 5 FG (2.5-3 FG) will soon be introduced. These have
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a lower voltage capability and are purpose built for ureteroscopic EHL.
Research into pulsed focused dye lasers (G. Watson 1986, personal
communication) indicates that this method is liable to provide an
alternative to USL and EHL.

If a large stone is disrupted it is sometimes better to leave some small
fragments in the ureter, rather than to pull out each tiny fragment, thus
requiring multiple passages up and down the ureter. In such cases it is
wise to leave a large ureteric catheter in situ. This causes ureteric
dilatation as previously described and facilitates stone passage. In the
postoperative period it may be necessary to perform a temporary
percutaneous nephrostomy if the patient develops a fever. It is a good
rule to leave a ureteric catheter in situ after all complex stone
manipulations. Double-J stents should only be used if there is a real
concern about the integrity of the ureter and a prolonged healing period
is anticipated. A urethral catheter should be left in situ for 12-24 h at
least following all complex stone manipulations but is generally not
required if ureteroscopic inspection only has been performed.

Resection of Ureteric Tumours

Ureteroscopy has made it possible to treat ureteric tumours under direct
vision in much the same way as bladder tumours are treated (Huffman et
al. 1985). The major role of ureteroscopy, however, is the diagnosis and
biopsy of tumours. Low-grade superficial tumours can be treated by
resection. High-grade invasive tumours still require open resection of the
ureter or nephroureterectomy. Following tumour resection check
ureteroscopies should be instituted exactly as for bladder tumour
management. This procedure can be time consuming but, as these
tumours are relatively rare, is fully justified. Recurrent superficial disease
can be managed by percutaneous antegrade infusion of topical chemo-
therapy, but the effectiveness of this has not been satisfactorily assessed.

Treatment of Ureteric Strictures and Division of the PUJ

Ureteric strictures can be treated endoscopically by dilatation and
division, in the same way that urethral strictures are dealt with. The usual
technique is to pass the endoscope up to the stricture and under direct
vision pass a balloon or bougie over the guide wire across the stricture
and dilate it. The stricture can now be further incised using a cold knife.
Having established a good track, a double-J stent can be inserted. This
should be accompanied by urethral and nephrostomy catheter drainage
to ensure that refluxing vesical urine and draining urine do not
extravasate alongside the stent through the previously strictured area. In
a similar way it is possible to incise the PUJ. It is uncertain if merely
incising the PUJ and leaving a J stent in situ is sufficient. Experience with
percutaneous pyelolysis (Ramsay et al. 1984) suggests that percutaneous
drainage is a prerequisite. A great deal more experience is required
before such techniques can be generally recommended.
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Double-J Stent Insertion

While standard J stents do not require ureteroscopy for insertion, a
frequent problem remains the curling up of the stent in the bladder. To
overcome this it is often easier to insert the ureteroscope into the lower
third of the ureter. The telescope can then be removed and the stent
inserted through the sheath. This is particularly useful when dealing with
malignant compression of the ureters, where resistance to the stent
insertion can be overcome by the rigid sheath of the ureteroscope.

Diagnostic Ureteroscopy

Unfortunately, rigid ureteroscopy is not a universal panacea for the
diagnosis of haematuria. Commonly, having entered the renal pelvis,
bleeding tissues can be identified. Biopsy usually results in loss of vision
because of bleeding. A positive result is diagnostic but a negative result
does not necessarily mean that the patient has not got malignant disease
as the wrong area may have been biopsied. The middle and lower calyces
are usually inaccessible to accessory instrumentation but can be seen with
the 70° telescope of viewing ureteroscopes. In view of the possible
complications of ureteroscopy, the decision to do a diagnostic ureteros-
copy should not be taken lightly.

Postoperative Management

Patients who have undergone an easy diagnostic ureteroscopy can usually
go home the same day. Those who have had therapeutic manipulations
should have a urethral catheter for 12-24 h at least. In addition, they may
have a ureteric catheter or percutaneous nephrostomy as previously
discussed. Most of the patients who have had complex manipulations or
difficult ureteroscopy get considerable flank pain associated with an ileus
and often with a fever. This settles within 48 h on antibiotic treatment
and intravenous fluids in most cases. It is a wise precaution to check the
ureter with an intravenous urogram 6-8 weeks postoperatively as
strictures occasionally result from instrumentation.

Complications

The serious complications of ureteroscopy are perforation, stricture and
complete disruption of the ureter. Gram-negative septicaemia can
usually be avoided by prophylactic administration of antibiotics. Perfora-
tion is dealt with endoscopically as detailed above. Complete disruption,
usually a ureterovesical disconnection, occurs if large stones are trapped
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in a basket and pulled through a narrow ureter too hard. These require
immediate open reimplantation. Strictures following ureteroscopy can be
very difficult to manage. We have seen 6 in 200 cases. It is likely that they
result from overstretching of the ureter with intramural extravasation,
not unlike a dissection of the aorta. Another explanation is the stripping
of the ureter from its retroperitoneal blood supply. These have all been
managed by open ureterotomy or reimplantation.

b

Fig. 3.1. a Standard (long) viewing ureteroscope (Richard Wolf GMBH). b New short viewing
ureteroscope (Richard Wolf GMBH).
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Endoscopic Instrumentation (Figs. 3.1-3.3)

There are two types of ureteroscope—rigid and flexible. The rigid
endoscope may be small calibre for inspection (9 FG-10 FG) or wide

b

Fig. 3.2. a Interchangeable long operating scope with 90° offset telescope and ultrasound probe
(Richard Wolf GMBH). b Short version of a.
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calibre for operating (11.5 FG-13 FG). There is now a new range of short
ureteroscopes from Richard Wolf (GMBH) and Karl Storz (GMBH)
which are more manoeuvrable and robust. These are highly recommen-
ded. Viewing ureteroscopes consist of a sheath and telescope (small
versions of a cystoscope elongated). The 0° (Karl Storz GMBH; ACMI),
5° (Richard Wolf GMBH; Olympus; GU) are used for inspection and
operating in the ureter. The 70° telescopes are reserved for viewing
inaccessible calyces from the pelvis of the kidney. The operating
ureteroscopes are of two basic types: fixed, with oblique offset moulded
telescope and instrument channel (ACMI; Karl Storz GMBH; Richard
Wolf GMBH, Bischler), and interchangeable, where the offset (oblique,
right angle) telescope can be interchanged with a forward-viewing or 70°
optic (straight) for viewing. The latter has only recently been introduced.
Modern ureteroscopes have a facility for a continuous flow. The ACMI
operating ureteroscope incorporates a fibre viewing bundle instead of a
rod lens system. This has the disadvantage of reduced resolution but does
allow a relatively big instrument port while still maintaining all the
advantages of the rigid system. It also enables the operator to move the
telescope in any direction. A further benefit of this system is that it
completely overcomes the difficult problem of ‘“‘sheath bending”. Rigid
rod lens optics tend to lose their peripheral field when distorted. This is
seen as a crescentic aberration by the operator. The Olympus optic,
which incorporates a double sheath system for the optic housing,
partially solves this problem, although not when the endoscope is fully
stressed (Miller et al. 1986).

Fig. 3.3. Interchangeable operating ureteroscope (long) (Karl Storz GMBH): 1, oblique offset telescope (operating); 2,
sheath; 3, viewing telescopes; 4, telescope protector for sterilisation.
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Fibreoptic ureteroscopes (Bagley et al. 1985) are still in their infancy.
Non-deflectable instruments, without an instrument channel, are of no
use at all. The latest 3.6 mm endoscope (Olympus) with a 1.2 mm
operating channel and deflectable tip shows some promise but in most
cases cannot compare with the cheaper, more durable, rigid endoscopes
with their superior illumination, resolution and irrigant flow.

Conclusion

All urologists must master the skills of ureterorenal endoscopy. The
ureteroscope may be used for diagnosis and treatment. Success depends
on patience, personal skill and the level of instrumentation available.
Complications can usually be dealt with endoscopically by stenting and
draining, although strictures developing after instrumentation are a
serious problem which sometimes require open surgery. Rigid uretero-
scopes are better than their flexible counterparts. The new short
operating endoscopes are particularly useful.
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Chapter 4
Flexible Cystoscopy
C. G. Fowler

Introduction

The history of urological fibreoscopy is brief. Hopkins and Kapany
(1954) were the first to show that an image could be transmitted via a
flexible coordinated bundle of glass fibres, using optical principles
patented in the 1920s by J. L. Baird (1927). It was quickly apparent that
this innovation would revolutionise medical endoscopy. The rigid
gastroscope was soon obsolete and the era of gastroenterological
fibreoscopy arrived.

In urology, however, the reception was cooler. Fibrelight illumination
and the rod lens were already liberating urologists from the tyranny of
the old distally illuminated endoscopes, whose basic design dated back to
Nitze (1889). The brilliant rod lens telescope, the second of Hopkins’
great boons to endoscopy (Hopkins 1959), was the central component of
a whole new generation of urological instruments. The far-sighted
investigations of Marshall (1964) and of Bush and Whitmore (1967) were
not followed up. There seemed to be no obvious place in urology for
fibrescopes with their necessarily poorer image quality and limited
operative potential.

Tsuchida and Sagawara (1973) reported an early purpose-built flexible
cystoscope. Their instrument had a rigid insertion tube but was equipped
with a flexible tip. Once in the bladder, the tip was deflected so that the
bladder neck could be visualised via a side-viewing objective. Although
the views obtained with this instrument were unusual and interesting, no
significant use for it was apparent and further development ceased.

It was not until the early 1980s that there was further published work
on the subject. Technical improvements in fibrescope construction had
answered the need for small-calibre instruments for bronchoscopy and
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choledochoscopy. Wilbur (1981), Burchardt (1982) and Wagenknecht
(1982) demonstrated some of the many uses to which an enterprising
urologist might put a choledochoscope with an external diameter of
S mm. However, the applications which they envisaged were very highly
specialised and far too limited in themselves to justify the comparatively
high cost of the instrument.

A major disadvantage of the conventional rigid cystoscope is that it is
rather uncomfortable to pass under topical urethral anaesthesia. The
patient has to lie in the unenviable semilithotomy position while the
surgeon performs the procedure between the patient’s legs. The tortuous
male urethra must be straightened over the instrument. Furthermore, the
examination of the bladder may be inadequate, especially where the
prostate is enlarged or the pelvic floor stiffened by previous surgery or
radiotherapy. Although there are urologists all over the world who are
happy to perform rigid cystoscopies under local anaesthesia, their
patients are, in the main, less enthusiastic (Fig. 4.1). In the UK, most
cystoscopies in men are performed under general anaesthesia, although
the chance of finding a lesion which requires endoscopic surgery might be
50% or less. The result is a workload with which many urological
departments are unable to keep pace.

By contrast, a fibrescope can be passed under topical urethral
anaesthesia as easily as a latex urethral catheter. A pilot study, set up
with the cooperation of KeyMed towards the end of 1982, showed that
the image quality of the fibrescope was quite sufficient to demonstrate
lesions within the bladder, and, when the findings on flexible cystoscopy
were checked by rigid cystoscopy, there were few false negatives (Fowler
1984). Similar results were reported from the USA by Clayman et al.
(1984). The advantages to the patient in terms of comfort and
convenience were immediately evident.

The routine use of the flexible cystoscope to avoid unnecessary general
anaesthetics and hospital admissions is attractive in a climate of
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increasing waiting lists and diminishing resources (Fowler et al. 1984).
The simple idea that its true place was in the office or outpatient clinic
provided a stimulus and justification for the development of flexible
cystoscopy which has followed.

Technique of Flexible Cystoscopy

Before the flexible cystoscopy examination begins, the patient empties
his bladder fully. This removes the need to drain the bladder during the
examination. The urethra is anaesthetised in the usual way by instilling
15 ml of 1% lignocaine gel. The gel is left in the urethra for a full 5 min
before the examination begins.

The patient lies supine during the examination (Fig. 4.2). The
operating field is isolated using a perforated water-resisting sheet. With
sterile water running through the irrigation channel, the tip of the
fibrescope is introduced into the external urinary meatus.

With a male patient the easiest method is for the surgeon to hold the
penis between the third and fourth fingers of the non-dominant hand,

Fig. 4.2. Flexible cystoscopy.
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Fig. 4.3. Inserting the tip of the fibrescope into the penis. Fig. 4.4. Radiograph of flexible cystoscope performing the
‘“antegrade” manoeuvre.

using the thumb and index to guide the tip of the fibrescope (Fig. 4.3).
With a female patient, an assistant holds the eyepiece of the instrument
while the surgeon passes the insertion tube into the urethra as if it were a
catheter. Once the flexible cystoscope is inserted, the woman can lie
comfortably with her hips extended.

The bending section of a flexible cystoscope angulates in a single plane.
By a combination of angulation and axial rotation, the objective is easily
steered down the male urethra. The external urethral sphincter forms an
obstacle to passage of the instrument. The patient is asked to void, the
sphincter relaxes and the objective can be guided gently through into the
prostatic urethra. Because the tip is steerable, the prostatic urethra can
be examined in great detail. The tip of the instrument is then advanced
into the bladder.

Once in the bladder, a surprisingly small volume of irrigant has to be
instilled to clear the view, usually less than 50 ml. If more is run in, the
patient can experience an unpleasant feeling of bladder fullness. If there
is blood or debris within it, the bladder can be evacuated by suction. A 50
ml syringe applied to the irrigation channel is suitable for this. However,
suction is rarely necessary because the presence of blood or debris
usually implies that the patient has a lesion which needs formal
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cystoscopy under general anaesthesia. Under these circumstances, it is
usually wisest to abandon flexible cystoscopy. Suction also carries the
disadvantage that the urothelium may be pulled into the open end of the
irrigation channel, causing pain.

Examination of the bladder continues in the conventional way by
systematic scanning using the ureteric orifices and air-bubble as
landmarks. The cystoscopy is completed by deflecting the tip of the
instrument from the bladder wall opposite so that the objective looks
back at the bladder neck with the insertion tube passing through it (Fig.
4.4). This not only gives an extraordinary antegrade view of the trigone
and internal meatus but it also allows the urothelium to be scanned
tangentially from the fundus of the bladder.

With experience, a complete examination takes only a minute or two.
Moffatt (1985) has emphasised the importance of explanation and
reassurance during the procedure. With care and gentleness, it is usually
possible to cystoscope even a tense and agitated patient without causing
distress.

Instruments

The basic technique was developed using instruments which had been
designed for choledochoscopy and nephroscopy. It was soon clear that
improvements were needed to provide an instrument properly suited to
the special needs of flexible cystoscopy (Fowler et al. 1984; Powell et al.
1984). Several prototypes have been tested to establish optimum
dimensions and bending section geometry for a dedicated flexible
cystoscope (Fig. 4.5). .

If the overall length of a flexible cystoscope is too long, the insertion
tube may be difficult to control. Conversely, if the overall length is too
short, the operator will have to stoop to carry out the examination and
this will be unnecessarily uncomfortable for him.

The ideal length for the insertion tube will depend on the anthro-
pometrics of the lower urinary tract. Measurements in patients have
shown that to achieve the antegrade bladder neck view where the
cystoscope is inserted to its fullest extent, an insertion tube of at least 300
mm is necessary. This presupposes a maximum tip angulation of 180° and
may be reduced slightly if a passive bending section is included in the
design.

By increasing the external diameter of the insertion tube to 6 mm, a
larger irrigation/instrument channel of 2.6 mm can be accommodated.
The result is a considerable increase in the rate of irrigant flow. However,
the larger calibre instrument may cause more patient discomfort, and the
increased flow rate is still insufficient to allow easy drainage of urine
through the instrument. A larger irrigation channel can occasionally be a
help when fluid flow is required during instrumentation. However, this is
rare. In general, the smaller calibre (4.5-5 mm) prototypes tested have
been easier to use and more comfortable for the patient.
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Fig. 4.5. A flexible cystoscope. (Courtesy of Olympus Pty)

When a fibrescope is inserted into the bladder, the insertion tube is
usually held tightly by the structures of the bladder neck. The geometry
of the bending section will determine the amount of access and the
closeness to which the bladder wall can be approached by the objective.
Choledochoscopes and nephroscopes have a short bending section which
angulates in a tight curve. This permits them to operate within confined
spaces. Within the bladder, a short, tight bending section is a liability
because the objective can be moved close up against only a restricted
region of the bladder wall (Fig. 4.6). Consequently, the flexible
cystoscope needs a longer bending section with a much less tight radius of
bending. This may have advantages in terms of the longevity of the

Fig. 4.6. A short, tight bending section allows only a
small area of the bladder wall to be examined closely.
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instrument because this configuration causes less stress to the fibre
bundles and control wires.

Sterility

Fibrescopes are delicate instruments which are unable to withstand
sterilisation by the low-pressure steam used for rigid endoscopes.
Ethylene oxide exposure, while effective, takes too long, so chemical
disinfection with 2% activated glutaraldehyde has been the sterilisation
method of choice. The reagent is highly irritant and must be carefully
rinsed from the instrument and irrigation channel before the instrument
is used.

Unfortunately, there is little clear evidence as to the length of
glutaraldehyde exposure which is necessary for 100% kill of urinary tract
pathogens (Babb et al. 1981). A policy of immersion of a clean
instrument for 10 min before use has been adopted. Culture of
postoperative midstream urine specimens has failed to show evidence of
cross-infection between patients. Where mycobacterial contamination is
suspected, longer immersion times have recently been advised (DHSS
1986). Further studies of infection after flexible cystoscopy are in
progress.

Clinical Application

Since 1982, when flexible cystoscopy was introduced at The London
Hospital, nearly 5000 examinations have been performed. During this
period, indications for flexible cystoscopy have widened so that all
diagnostic cystoscopies in both sexes are performed by fibrescope unless:

1. There is a strong patient preference for general anaesthesia.

2. There is definite preoperative evidence of a lesion which will require
a general anaesthetic for endoscopic treatment.

3. There is blood, debris etc. in the urine which will obscure the view.

4. A bimanual examination under anaesthetic is considered essential.

Tables 4.1 and 4.2 show the indications and outcome of 1205 flexible
cystoscopies performed since these guidelines for selection were estab-
lished. Exclusion of patients inappropriate for flexible cystoscopy and
increasing experience with the technique have resulted in a very low rate
of technical failure.

Fibrescopes are expensive to buy and maintain. Because they are
relatively fragile, they need careful handling by properly trained staff.
The most common problem has been with fluid leakage into instruments
during disinfection when a non-immersible choledochoscope was inad-



64 Controversies and Innovations in Urological Surgery

Table 4.1. Indications for 1205 outpatient flexible cystoscopies

Check cystoscopy for superficial bladder cancer 470 (39.0%)
Investigation of haematuria 313 (26.0%)
Outflow symptoms 230 (19.1%)
Pain and symptoms of bladder irritation 152 (12.6%)
Others 40 ( 3.3%)

Table 4.2. Outcome of 1205 outpatient flexible cystoscopies

No lesion found and no further procedure indicated 818 (67.9%)
Further procedure under the same LA: 110 ( 9.1%)
Urethral dilatation 46
Biopsy 17
Retrograde ureterogram 12
Laser coagulation 35
Procedure under GA indicated 248 (20.6%)
Unsatisfactory examination: 29 ( 2.4%)
Pain 10
Poor view 18
Anatomical difficulty 1

LA, local anaesthetic; GA, general anaesthetic.

vertently soaked without its protective devices being properly fitted. This
difficulty has been resolved by the introduction of fully watertight
instruments which do not need special protection before immersion. As
yet, it is not possible to say what the working lifetime of a flexible
cystoscope will be since no individual instrument has yet been worked to
destruction.

Instrumentation

A number of procedures can be performed under local anaesthesia using
instruments passed down the instrument channel of the fibrescope. The
flexible cup biopsy forceps can provide surprisingly deep specimens,
including muscle. However, the samples are very small, and it is usually
advisable to take several specimens from a single lesion. Cannulation of
the ureter for retrograde ureterography is usually easy unless the trigone
is badly distorted by an enlarged prostate (Fig. 4.7). Recently, the
removal of double-J stents has been much simplified by using the flexible
cystoscope. A nylon loop is used to snare the free end of the stent where
it protrudes from the ureteric orifice.

Electrohydraulic lithotripsy in the bladder has been less satisfactory
under local anaesthesia. Two attempts to fragment bladder stones in
patients who could not tolerate a general anaesthetic failed because the
patients found it uncomfortable when the electrohydraulic discharges
were powerful enough to disrupt the stone. Stones lying free within the
bladder tend to be blown away from the electrode by the force of the
shock wave and it is difficult to break them up.
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Fig. 4.7. Retrograde ureterography under local anaes-

thesia.

Intravesical Chemotherapy

The flexible cystoscope provides a simple means to monitor the response
to treatment with intravesical chemotherapeutic agents. In a recent trial,
for instance, interferon was used to treat patients with superficial bladder
cancer (Oliver et al. 1986). The agent was administered via the irrigation
channel of a flexible cystoscope so that the state of the bladder could be
assessed both visually and by biopsy as the trial progressed.

Laser

One of the claims for neodymium-YAG laser destruction of bladder
tumours is that the procedure is painless (Hofstetter et al. 1981). To date,
45 small (diameter <0.75 cm) recurrent bladder tumours in 35 patients
have been treated at The London Hospital by neodymium-YAG laser
irradiation delivered via a 0.6 mm irrigant-cooled quartz fibre passed
through the instrument channel of a flexible cystoscope. Topical urethral
anaesthesia with lignocaine was supplemented where necessary with a
small dose of intravenous benzodiazepine. The patients were questioned
carefully about the pain they experienced during treatment, and the
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effectiveness of tumour eradication was assessed by follow-up flexible
cystoscopy at 1 month and subsequently.

When care was taken to avoid excessive accumulation of heat in the
bladder wall, the laser caused no more than a suprapubic burning
discomfort, but in two patients treatment was abandoned because of
pain. The laser was easy to direct through the fibrescope, though the
stiffness of the quartz fibre tended to restrict full flexion of the bending
section, making access to some tumours more difficult. This problem has
been surmounted by using a less stiff 0.4 mm laser guide.

Follow-up cystoscopy revealed a sharply demarcated ulcer at the site of
laser irradiation. In patients who had tolerated treatment, there was
complete local tumour destruction, except for one patient treated early in
the series.

When patients with superficial bladder cancer are followed by regular
check cystoscopy, recurrent tumours are usually small at the time of
diagnosis. The number of patients suitable for laser treatment is
therefore large, and there is clearly a significant potential saving in cost if
they can avoid general anaesthesia and/or hospital admission. It remains
to be seen whether such a saving is sufficient to offset the present high
capital cost of the laser.

Conclusion

Flexible cystoscopy has claims to be a significant advance in urological
endoscopy on both humanitarian and economic grounds. The major
stimulus to the development of the method and instrumentation came
from the idea that it would allow painfree diagnostic cystoscopy under
topical anaesthesia. That urologists have begun to appreciate the new
technique is evident from the dramatic increase in sales of the purpose-
designed flexible cystoscopes which are now available. Fibreoscopy
requires new skills which take time to learn. As more surgeons become
expert with the instruments, the pace of development will increase and
the full potential of urological flexible endoscopy will be realised.
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Chapter 5

Endoscopic Treatment of Vesicoureteric
Reflux

B. O’Donnell and P. Puri

Introduction

Vesicoureteric reflux is a common problem and has been shown to be
present in 30%-50% of children with urinary tract infection (Internatio-
nal Reflux Study Committee 1981). Severe vesicoureteric reflux is
recognised as an important cause of end-stage chronic renal failure in
early adult life (Bailey 1981; Bailey and Lynn 1984). The management of
reflux is in itself controversial. It is widely agreed that reflux in undilated
ureters (grade I or II in the international classification) disappears over a
period of years in more than 80% of ureters (Edwards et al. 1977),
though a small proportion of these kidneys may develop scarring during
the regression. Until recently, patients with these lesseer degrees of
reflux were managed by continuous low-dose chemoprophylaxis until the
reflux had disappeared. On the other hand, higher grades of reflux in
whom ureteral and pelvicalyceal dilatation is present (grades III, IV and
V in the international classification) are less likely to cease refluxing
spontaneously (International Reflux Study Committee 1981).

Moderate reflux (grade III in the International Classification) is
controversial. Many would claim to treat such cases conservatively, but
they figure largely in any published operated series. Severe vesicoureteric
reflux (grade IV/V in the international classification), recurrent urinary
infections while taking antimicrobial therapy (‘“‘break-through infec-
tions”) and non-compliance with medical management are generally
taken as indications for surgery.

Many open antireflux operations have been invented over the last 30
years, and the majority are successful in eliminating reflux. The two most
commonly used are the Leadbetter—Politano technique (Politano and
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Leadbetter 1958) of transvesical reimplantation of the ureters and
Cohen’s transtrigonal advancement technique (Cohen 1975). A success
rate of 95% or more has been reported in eliminating reflux using various
antireflux procedures. Few authors make any distinction between the
various grades of reflux in reporting their results, and many who have
been able to show 95% (and upwards) success rate do not make adequate
distinction between patients with dilated ureters and those without such
ureterectasia. The success rate in some reports is boosted by including
the results of surgery in lower grades of reflux, and even the results of
reimplanting non-refluxing ureters, where the indication for intervention
has been on the contralateral side. This tactic dilutes disasters in a tidal
wave of normality.

Postoperative ureterovesical obstruction is probably under reported.
This is a particular hazard in thick-walled or neuropathic bladders. If the -
ureters are obstructed the patient is worse off than if he/she did not have
any surgery, as silent destruction of renal tissue may occur. The Cohen
reimplant is less likely to become obstructed than most of the other
techniques, but the price paid is the relative inaccessibility of the ureteric
orifice should any diagnostic or therapeutic intervention be subsequently
required.

A further criticism of the various operations is that in the follow-up
most surgeons perform a single micturating cystourethrogram at 3 or 6
months after surgery and if this is satisfactory it is not repeated. The test
is an uncomfortable one and is avoided by patients and surgeons alike,
but a realistic follow-up should include a micturating cystourethrogram 5
or 10 years following intervention. Such a routine would provide a
number of surprises. This has happened in our own experience and in
dealing with referred patients from other operators.

Endoscopic Correction

The biggest trend in surgery today is towards endoscopic work. This has
been particularly so in urology, where most prostatic and bladder
conditions as well as intrarenal problems are being treated endoscopi-
cally. It was this trend that gave us the impetus to explore endoscopic
correction of vesicoureteric reflux. The main anatomical abnormality in
primary vesicoureteric reflux is deficiency or absence of the longitudinal
muscle under the submucosal ureter. During filling and micturating the
rise in intravesical pressure results in upward and lateral displacement of
the ureteric orifice, reducing the length and obliquity of the intramural
ureter. We began with the concept of putting something solid under the
affected ureteric orifice to produce a support behind the refluxing
intravesical ureter. We were also anxious to anchor the ureter to prevent
it sliding upwards and laterally during the high intravesical pressure
phases. A review of the literature revealed that there were many
references to the use of Mentor Polytef paste in laryngology and urology
(Arnold 1963; Lewy 1976; Politano 1982; Schulman et al. 1984;
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Vorstman et al. 1985). We were impressed by the qualities of this
material (polytetrafluoroethylene) and encouraged by the lack of tissue
reaction, particularly in the sensitive area of the vocal cord.

The next step was to produce vesicoureteric reflux experimentally. We
induced vesicoureteric reflux in piglets and then corrected it by the
intravesical subureteric injection of the paste (Puri and O’Donnell 1984).
Gross examination of the vesicoureteric region showed a well-circums-
cribed subureteric Polytef mass of firm consistency retaining its shape
and position at the site of injection. Histological examination of the
Polytef implant showed encapsulation by a thin layer of fibrous tissue.
This provides a firm anchorage for the submucosal ureter and prevents it
from sliding upwards and outwards during micturition. Moreover, it
forms a floor against which the roof of the ureter can be compressed, it
narrows the orifice without interfering with compliance and it produces a
terminal “swan neck”, all of which help to reduce reflux. We
subsequently used th1s technique to treat primary and secondary
vesicoureteric reflux in children.

Technique: Subureteric Teflon Injection (The Sting)

The injection of Polytef paste is carried out with a 5 FG nylon catheter
onto which is swaged a 21 gauge needle with 1 cm of the needle
protruding from the catheter. There is now such a needle made to our
design by Karl Storz (27291 PURI). The catheter is introduced through a
14 F cystoscope. It is important to pass the catheter with the telescope
removed, and only when the catheter comes through at the distal end of
the cystoscope should the needle be inserted. The procedure is best
carried out with the bladder almost empty. Under direct vision through
the cystoscope the needle is introduced under the bladder mucosa at the
6 o’clock position 34 mm below the affected ureteric orifice. It is
advanced about 5 mm into the space behind the submucoasal ureter and
0.3-1.0 ml of Polytef paste is injected using a 1 ml syringe with a metal
sheath and piston (Karl Storz, Cat. 27200Q). The paste is put into the
lamina propria between the bladder mucosa and the muscle. Recently,
we have used a specially designed instrument made by Richard Wolf
(Cat. 8625.31), “The Stinger”’, through which a rigid needle 5 FG with a
21 gauge tip is used for the injection. The paste is particularly viscid, and
the high-pressure injector (Karl Storz, Cat. 27200) made for laryngology
is useful. The use of a prepositioned ureteric catheter or Fogarty catheter
has improved our placement of the paste in patients with large ureteric
orifices. The catheter is left in situ until the injection is almost complete.
The catheter is then withdrawn and the injection completed. A correctly
placed injection creates the appearance of a nipple, on top of which is a
slit—like an inverted crescentic orifice. This provides a firm hump against
which the ureteric orifice may be compressed with rising intravesical
pressure. It angles and narrows the orifice making it less likely to fall
open. The uninjected roof retains its compliance while preventing reflux.
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There has been no evidence of abscess formation or extrusion through
the intact mucosa. Some paste may escape through a needle hole, and
multiple punctures, particularly punctures of the ureter, should be
avoided. Bleeding at the injection site has not been a problem. Initially,
efforts werée made to wash any excess paste out of the bladder, but as
both the glycerine and the Polytef particles are themselves lubricants we
no longer do this. We are now injecting more paste than we did in the
early days, when we were concerned about the possibility of severe tissue
reaction and also the possibility of circumureteric fibrosis. This has not
occurred.

In two cases known to us an exaggerated response to the paste has
taken place. This spread out laterally into the bladder wall, but the
antireflux effect was maintained without causing obstruction. The
decision to increase the paste dosage was taken because the paste is 50%
glycerine, which is absorbed rapidly from the injection site. This means
that the hump created by the injection becomes smaller, possibly within a
week of the injection. Consequently, we now inject slightly more paste
than appears absolutely necessary and we also wait for 3 months before a
post-injection micturating cystogram. The maximum amount of Polytef
paste injected subureterically in our cases has not exceeded 1.2 mil.
Patients may be discharged from the hospital within 24 h, and a majority
have been done as day cases. Co-trimoxazole is prescribed for 2 weeks
following the procedure. In earlier cases a micturating cystogram was
carried out on the same or the following day. Schulman carries out the
procedure under fluroscopic control (C. C. Schulman 1986, personal
communication). When he feels he has a good visual effect from the
injection he does a cystogram under general anaesthetic to check the
immediate position. In our experience, the micturating cystourethrogram
is best deferred for 3 months. If there is any concern about obstruction,
an ultrasound examination of the kidneys may be carried out sooner. A
follow-up micturating cystogram, with an ultrasound or intravenous
urogram, are obtained at 12 months.

The Paste

Polytef paste is a suspension of biologically inert polytetrafluorethylene
particles in glycerine. Glycerine comprises 50% of the paste by weight.
Following injection of Polytef paste, glycerine is absorbed into the tissues
and the Polytef implant achieves a firm consistency, retaining its shape
and position at the injection site encapsulated by a thin fibrous layer.
Injection of Polytef paste has been used since 1961 by laryngologists to
enlarge displaced or deformed vocal cords in patients with dysphonia
(Arnold 1963; Lewy 1976). It has been used by urologists to treat urinary
incontinence (Politano 1982; Vorstman et al. 1985). No untoward side
effects from the laryngological or urological use of Polytef paste have
been reported in humans to date.



Endoscopic Treatment of Vesicoureteric Reflux 73

Recently, Malizia et al. (1984) have reported that periurethral
injection of Polytef paste in continent animals was associated with distal
migration of Polytef particles from the injection site. Politano, who has
pioneered the use of polytetrafluoroethylene in the treatment of urinary
incontinence, has not observed a single case of significant clinically
documented embolisation following injection of 10-20 ml of Polytef
paste periurethrally in 300 patients since 1964 (Vorstman et al. 1985).
Using light and electron microscopy we failed to show evidence of
migration of Polytef particles in animals followed for 3-15 months after
subureteric injection of 0.1-0.4 ml of Polytef paste (unpublished data).

In our patients the amount of Polytef paste injected is so small that
significant migration appears unlikely. If, on the other hand, migration of
Polytef particles to regional lymph nodes does occur, it does not seem to
cause any harm to the patient. The track record of the substance in
laryngology and urology during the past 20 years cannot be overlooked.

Table 5.1. Results of endoscopic treatment of vesicoureteric reflux in 120 ureters

No. of ureters

Cessation of reflux after single injection of Polytef 91
No. requiring second injection for correction of reflux 11
No. requiring third injection for correction of reflux 2
No. requiring fourth injection for correction of reflux 1
Grading of reflux improved after first injection 1
No change in the grade of reflux after Polytef injection 3
Reflux deteriorated after first injection 1
Results

Table 5.1 shows the results of endoscopic correction of reflux in 120
ureters. A total of 54 patients with 83 refluxing ureters have now been
followed up for periods ranging from 3 to 18 months (mean 7 months).
All 54 patients had a negative micturating cystogram following endosco-
pic correction of reflux and have had a follow-up micturating cystogram.
Of these patients, 41 have also had a follow-up intravenous urogram.
There was no vesicoureteric reflux in 68 ureters. There was a recurrence
of reflux in 12 (15%) and contralateral vesicoureteric reflux in 3. Of the
12 patients in which recurrence of reflux occurred, five ureters had grade
I, four ureters had grade II and three ureters had grade III reflux
(international classification). Recurrence of reflux is attributed to early
technical difficulties and to insufficient amounts of Polytef paste used in
earlier cases. Later papers (O’Donnell and Puri 1986a,b) give further
details of results.

We subsequently separated out those ureters with grade IV and V
reflux (international classification). While these showed a higher initial
failure rate and a higher relapse rate, 80% were satisfactorily treated by
injection, which was repeated if necessary. The one serious failure area
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has been reflux into duplex systems, where the results have been
disappointing (33% success rate). Technical modifications are in prog-
ress.

The procedure has been successfully used in neuropathic bladders,
mainly in patients with spina bifida (Puri and Guiney 1986). It may be
difficult to find the ureteric orifices in a trabeculated succulated bladder.
Once found they should be catheterised and the catheter left in situ
during the injection.

Complications

The only complications of significance have been an initial failure to
correct the reflux and subsequent relapse of reflux. These problems have
become less with more accurate placement of the paste and with
increased dosage. Both problems are treated by reinjection.

Significant obstruction of the ureter has occurred in one patient with a
neuropathic bladder and a high intravesical pressure. Sustained obstruc-
tion has not been a problem. Some patients have developed temporary
nephralgia for up to 14 days following large injections (up to 1.2 ml).
Ultrasound examination of the kidneys has shown some hydronephrosis
in these patients. The nephralgia has disappeared and the hydronephro-
sis has regressed in every case. The rapid absorption of the glycerine in
the paste is the likely mechanism in the relief of the obstruction.

If the obstruction were sustained we would pass one or two ureteric
catheters into the affected orifice for 2448 h. (A colleague has
successfully done this in one of his cases.) A meatotomy of the ureteric
orifice over an indwelling ureteric catheter could be performed if
obstruction persisted. We have not had to do this.

Summary

Our procedure has been in use for more than 3 years at the time of
writing. It is safe, straightforward and effective. It needs care and
attention to pinpoint the exact spot for injection. It avoids open
operation. There have been no local or general complications. The only
real problems have been failure of the first, and occasionally of the
second, injection to stop reflux. The best results have been in patients
where the terminal ureter has been raised and narrowed to produce a
nipple-like appearance, on the top of which is an inverted crescentic
ureteric orifice. The absence of any sustained obstruction in treating the
primary refluxing ureter makes this form of management unique.
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Section II1

Ureter




Introduction

W. K. Yeates

Major controversies in urology such as indications for radical pros-
tatectomy for carcinoma do not have quite their equal in disorders of the
ureter, but there are many conditions and clinical situations in which
there is doubt and disagreement about the cause of symptoms or the best
policy of management. At a basic level, what is the mechanism of the
production of ureteric colic, spasm or distension? Is reference of pain to
the “testis”” anything to do with stimulation of the genitofemoral nerve by
the ureter? In acute ureteric obstruction should fluid intake be increased,
or is it better to reduce the pressure on the kidney by fluid restriction,
even by the administration of an antidiuretic such as DDAVP? Provided
that the patient is not, for example, an airline pilot, or is planning to be
far from urological services, how long should a calculus causing no
symptoms and no obstruction and without infection be left in the ureter?
What should be the attitude to calculus extraction in the presence of
various degrees of active urinary tract infection?

Endoscopic management of ureteric calculi has rapidly become the
accepted preferred approach for most cases, with a natural, forecastable
polarisation of upper ureteric calculi being managed from above and
lower ureteric calculi from below. Problems of failure to reach or to
extract the calculus or, of much more importance, problems arising from
injuring the ureter by instrumentation are not insignificant but overall
they compare favourably with the different complications of open
ureterolithotomy.

The indications for active interference in a particular case of ureteric
calculus are influenced by the availability of an appropriate operating
ureteroscope and the associated experience of the urologist. On a minor
point, the decision as to whether or not the ureteric orifice should be
dilated largely depends on the type of beak on the particular uretero-
scope. The selection of techniques of actual extraction (by forceps or
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basket) and fragmentation (by electrohydraulic, ultrasound or laser
probes) are currently being assessed. ‘

During the expansion of these experiences in the endoscopic manage-
ment of ureteric calculi, there are controversies to be resolved within
each learning urologist as well as among colleagues! The proportion of
cases of ureteric calculi being treated conservatively is certainly falling.
How much is this increased intervention a measure of excessive
enthusiasm arising from advances in technology—an example of feasibil-
ity versus advisability? When ureterolithotomy is required, particularly
in an infected case, should the ureter be left unsutured with an effective
tissue drain to the site; or should it be intubated, with a cutaneous
ureterostomy, or with drainage into the bladder? In renal tuberculosis
with manifest involvement of the ureter, should chemotherapy be
combined with steroid therapy, or only if manifest obstruction develops?

Opinions on the management of idiopathic retroperitoneal fibrosis
range from immediate ureterolysis alone to steroid therapy alone,
preceded, if necessary, by percutaneous nephrostomy. Some advise
bilateral ureterolysis via an anterior transperitoneal approach. Others
find two extraperitoneal loin incisions allow easier exposure of the
dilated ureters above the obstruction. If carried out with great care,
ureterolysis very rarely injures the ureter, which raises the question, does
the fibrosis ever involve the wall of the ureter itself? With the advent of
self-retaining (pigtail) silicone ureteric stents a new approach of long-stay
ureteric intubation combined with steroid therapy is a natural develop-
ment. But how long should intubation and the steroid therapy be
continued? The rarity of recurrence of retroperitoneal fibrosis after
ureterolysis without steroids, and the usual spontaneous subsidence of
the raised ESR, have never been satisfactorily explained.

In severe structural lesions of the lower pelvic ureter with obstruction,
or fistula, or both, there is little controversy about the indications for
reimplantation into the bladder by some means. There may be some
difference of opinion about the timing of the procedure, but only wound
infections, excessive radiation reactions and the patient’s poor general
condition are real contraindications to early intervention. To these, in
contrast, should be added, the policy of routine surgical closure, which
pre-empts the spontaneous closure of a ureterovaginal fistula—a rarity
but a reality in ““clean” cases without obstruction.

Although there are certainly exceptions, operative injury to the lower
end of the ureter frequently results in a deficiency which would allow
simple direct reimplantation without tension only at the sacrifice of an
adequate antireflux procedure. In these cases reimplantation by either a
psoas hitch or Boari flap procedure is clearly indicated. Which, if either,
procedure is the better, is a matter of controversy in most cases.
However, in the rare case of excision of the lower pelvic ureter for
tumour, a direct (with or without a psoas hitch) reimplantation will allow
much easier cystoscopic follow-up surveillance than after a Boari flap.

Mobilisation of the bladder, a psoas hitch, and the construction of a
Boari flap are, fortunately, facilitated by the thinner wall and larger
bladder capacity in the female. However, in many males, but also in
tuberculosis and in some Bilharzial cases, the bladder capacity may be so
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reduced or the bladder so thick walled that the construction of an
antireflux mechanism is prevented.

The length of deficiency in the lower ureter which can be bridged by a
psoas hitch or a Boari flap depends on the bladder and the experience of
the surgeon. In lesions considered to be too high for direct reimplanta-
tion the choice lies between reconstruction, transuretero-ureterostomy,
ureter replacement procedures and renal autotransplantation.

Opinions, and experience which might alter opinions, vary consider-
ably and obviously influence decisions on which are the best possible
methods of reconstructing the ureter. The necessary conditions for
segmental resection and anastomosis—clear visualisation, certain viabil-
ity of both ends, and the absence of tension—are fulfilled in only a few
clinical situations, such as operative transection at the pelvic brim
(without previous irradiation), some localised higher Bilharzial strictures
and a short, benign polyp-bearing segment in the upper ureter. Very few
urologists have significant experience of the Davis-type ureterotomy with
intubation and omental wrapping or patch grafting on an omental base
and would feel much more confident with alternative procedures.

Transuretero-ureterostomy is an excellent operation for a mechanical
injury of the lower ureter but is not desirable in cases of calculus or
urothelial tumour, or when there is a significant possibility of a
subsequent lesion in the pelvis from radiation or recurrent growth
affecting the lower common ureter. Both ileal replacement of the ureter
and renal autotransplantation in appropriate cases are invaluable, but
they are such major procedures that it is questionable whether either is
justifiable when the opposite kidney is normal and is likely to remain so,
and especially if the function of the affected side is equivocal. Even when
the ureter itself is normal, the addition of a full-length ileal ureter from
the renal pelvis and/or lower calyx is an excellent operation for recurrent
renal calculi in a well-functioning kidney when the opposite kidney is not
normal. This ileal stone chute originally described by Willard Goodwin
seems to be a neglected procedure. Renal autotransplantation would not
seem to be as reasonable a procedure as ileal replacement in calculus
cases, from both the infective and calculus recurrence aspects. Its place in
the management of ureteric lesions makes an interesting topic for debate.

Reimplantation of the ureter for reflux is much less frequently
performed than it was a few years ago. Which are the most reliable
residual indications for reimplantation: The degree of reflux on screening
of the site? The situation of the ureteric orifice and/or its appearance on
cystoscopy? To what extent are radioisotope and urodynamic investiga-
tions important guides for operative interference?

Should a symptomless megaureter with normal calyces be reimplanted
into the bladder, or should this be done only when there are dilated
calyces? Is ureteric activity on screening a guide to the operative
procedure required? How much, if any, tailoring is required? Is tailoring
indicated by the degree of dilatation or only by the tortuosity of the
ureter?

Aortoiliac reconstructions with Dacron replacements may occasionally
result in ureteric obstruction. Should the ureter be divided and
reanastomosed anterior to the graft? As there is danger to both the
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ureter and to the vessels of a subsequent ureteric fistula in the presence of
synthetic material, it is probably much more advisable to take down and
reconstruct the graft behind the ureter.

These are but some examples of clinical situations where carefully
considered opinions on the management of ureteric disorders still differ.
While there are no raging controversies in ureteric surgery, there are
sufficient points of variance to enliven many a urological meeting for the
foreseeable future. These controversies are discussed in this section,
which is concerned with the ureter, and in the sections which deal with
endoscopic innovations (Section II) and paediatrics (Section IX).



Chapter 6
Transuretero-ureterostomy
J. C. Smith

Definition

The operation of transuretero-ureterostomy (TUU) is usually taken to
mean the anastomosis of one ureter to its fellow across the midline.
However, it can be used to describe the anastomosis of two elements of a
duplex system or the joining of two ureters as part of a urinary diversion,
either with a bowel conduit or a cutaneous ureterostomy (Fig. 6.1).

Indications

The operation is indicated where the function of the lower end of one
ureter is compromised and where reimplantation of that ureter into the
bladder is technically difficult. The other ureter should, in most cases, be
normal or at least have good drainage into the bladder with no
obstruction and preferably no vesicoureteric reflux.

The most common indication for operation is when a ureter has been
damaged by a surgical procedure with resulting ureteric obstruction or
fistula formation. However, tumours obstructing the ureter, either
primary ureteric tumours or other tumours invading the ureter, may
constitute an indication for the procedure.

Although not commonly performed, the operation is simple and
successful and should be part of every urologist’s surgical armamentar-
ium. One of the chief obstacles to be overcome is concern over damage
to the contralateral (normal) ureter, but the reported results show this
rarely occurs and it should only be a minor cause for concern. Certainly
the end results amply justify the use of this procedure which should
probably be used more frequently than it is at present.
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Fig. 6.1. I, Transuretero-ureterostomy to form a urinary diversion (cutaneous ureterostomy). 2, Classic transuretero-
ureterostomy. 3, Transuretero-ureterostomy formed from right kidney and upper ureter anastomosed to the left lower ureter.
[Reproduced with kind permission from Smith JC (1986) Transureteroureterostomy. In: Williams DI (ed) Operative surgery:
Urology. Butterworth, London, pp 315-318 (Rob and Smith’s Operative surgery, 4th edn)]

Advantages of the Operation

The chief advantage of the procedure is the ease with which it can be
performed in a difficult situation. Surgical damage of the ureter during a
pelvic operation often occurs so high that reimplantation of the ureter
even using procedures such as the psoas hitch or Boari flap are difficult or
even impossible. Under these circumstances the only alternatives are
transuretero-ureterostomy, ileal interposition or nephrectomy.

Transuretero-ureterostomy is the simplest and usually the most
satisfactory of these options for the following reasons:

1. The operation site is out of the area of previous surgery: operations
in the pelvis may be fraught with difficulties because of previous sepsis or
irradiation damage. TUU is carried out above the brim of the pelvis,
usually in a virgin surgical field.

2. The operation leaves the urinary tract lined by its natural epithelium
and there are no problems associated with the contact of urine and bowel
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mucosa such as fluid and electrolyte absorption and possible infective
complications.

3. If the contralateral ureter and its orifice is normal then a reflux-free
ureterovesical junction is present.

4. Because reported long-term results are so satisfactory, urological
follow-up is unnecessary and the patient may be discharged from
supervision as soon as a postoperative urogram shows satisfactory
function and anatomy. This is particularly important if the original
problem occurred during a surgical procedure.

5. By preserving a normal functioning kidney, subsequent litigation
may be avoided. Many patients will forgive the surgeon a secondary
procedure to correct damage to a ureter but will be aggrieved and take
legal action if the second procedure results in the loss of a previously
healthy kidney.

Contraindications

Although there are no absolute contraindications to the use of TUU, its
use is unwise in a few situations. Clearly there must be no distal
obstruction in the recipient ureter or a fistula may result which fails to
heal.

Where the damage to the ureter is due to irradiation of the pelvis, this
may be bilateral and the operation may ultimately fail because of
recurrent ureteric obstruction on the opposite side. In one of the present
author’s cases, the anastomosis failed because of heavy irradiation to the
ureter which was brought across, and which then became necrotic
because of poor blood supply.

In cases of urothelial malignancy, the operation must be used with
caution because of the multifocal nature of the condition. However, in
some instances TUU may be preferable to nephroureterectomy.

The operation is rarely indicated in stone disease. In one of the present
author’s cases, a stone impacted at the anastomotic site causing some
anxiety before being passed spontaneously.

Finally, it is rarely worth preserving a very poorly functioning infected
kidney by anastomosing its ureter to a normal ureter on the other side.
There is always the theoretical risk of infecting a previously healthy
kidney, although in practice this has not caused serious problems.

Technique

Any standard incision can be used for the operation,.but if an incision has
already been performed and the operation is indicated to correct surgical
damage, it is usual to use the same incision for the second procedure.
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Fig. 6.2 a. Mobilisation of the right colon by incision of the posterior peritoneum below and medial to the caccum and lateral to
the ascending colon. b Localisation of the left ureter through the left mesocolon. [Reproduced with kind permission from Smith
JC (1986) Transureteroureterostomy. In: Williams DI (ed) Operative surgery: Urology. Butterworth, London, pp 315-318 (Rob
and Smith’s Operative surgery, 4th edn)]

However, a low Pfannenstiel’s incision may make the operation difficult
if high ureteric damage has occurred, and under these circumstances a
second vertical incision is to be preferred.

Following incision the small intestine is lifted cranially and an incision
made in the posterior peritoneum at the brim of the pelvis (Fig. 6.2a).
This is extended on the right, mobilising the caecum, and the right ureter
is located and mobilised. The left ureter is more difficult to locate as it
lies under the sigmoid mesocolon. However, it can be found either by
dissection under the mesocolon (Fig. 6.2b) or by reflecting the sigmoid
medially and locating the ureter from the lateral side.

Depending on the indications for operation, an obstructed distended
ureter may easily be located and traced down to the point of damage.
The ureter can then be divided just above the point of obstruction and
mobilised to enable it to be brought over the midline (Fig. 6.3). In such
cases the wall of the ureter is thickened and vascular and there is little
problem with blood supply.

In other cases, the ureter may be normal in calibre, and mobilisation
across the midline must be carefully done preserving the periureteric
vascular tissue as far as possible. It is an advantage that the blood supply
of the upper ureter comes from its medial side and by carefully mobilising
the ureter by lateral dissection it can be transposed in a medial direction
and the blood supply preserved. The contralateral (recipient) ureter can
then be drawn gently towards the midline using slings above and below
the proposed site of the anastomosis, again carefully preserving the blood
supply. The recipient ureter is then incised with a small blade and the
opening enlarged with scissors to match the end of the opposite ureter,
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Fig. 6.3. Mobilisation of the divided left ureter in order that it can
be anastomosed to the right ureter (held by tapes). [Reproduced with
kind permission from Smith JC (1986) Transureteroureterostomy. In:
Williams DI (ed) Operative surgery: Urology. Butterworth, London,
pp 315-318 (Rob and Smith’s Operative surgery, 4th edn)]

which is usually divided in an oblique fashion. The anastomosis is
performed with 4-0 chromic catgut using fine continuous sutures and
completing each end of the anastomosis over a tube passed up or down
the recipient ureter (Fig. 6.4).

Fig. 6.4. 1-4 Anastomosis between cut end of left
ureter and side of right ureter. [Reproduced with
kind permission from Smith JC (1986) Trans-
ureteroureterostomy. In: Williams DI (ed) Operative
surgery: Urology. Butterworth, London, pp 315-318
(Rob and Smith’s Operative surgery, 4th edn)]
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Fig. 6.5a—. Pathological conditions necessitating transuretero-ureterostomy, illustrating the surgical solutions to these
conditions.
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The question of whether to splint the anastomosis or divert the urine
down with a nephrostomy or ureterostomy is a difficult one and depends
on the surgeon’s preference and the local anatomical circumstances. The
present author does not usually splint or divert unless the anastomosis is
being done to drain a solitary kidney or where there are some particularly
adverse local factors. A suction drain left down to the anastomosis and
removed not earlier than 5 days after the operation has usually proved
satisfactory. Double-J stents have been used in occasional cases in recent
years but are normally not necessary.

The operation, although extremely useful, is rarely indicated. The
present author has personally performed under 30 cases in more than 20
years of consultant practice. A number of different clinical situations in
which the operation has been employed are illustrated in Fig. 6.5.

Follow-up

Early postoperative intravenous urography will always show some
dilatation of the (previously normal) recipient kidney. This gradually
resolves, and it is therefore sensible if the postoperative course is smooth
to delay radiological follow-up until 3-6 months after the procedure.
Thereafter, follow-up is probably unnecessary, although ultrasound
assessment to detect hydronephrosis is simply performed if indicated.
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Other aspects of the follow-up may well be dictated by the underlying
pathology. However, the long-term results of transuretero-ureterostomy
are so satisfactory that close individual follow-up of the urinary tract is
unnecessary.

Summary

Transuretero-ureterostomy is a simple procedure with an excellent
success rate. It frequently enables the surgeon (and the patient!) to
overcome a difficult situation without loss of a kidney and with a very
satisfactory long-term outlook. Once the surgeon has overcome the
psychological aversion to interfering with a normal kidney and ureter on
the other side, the results of this procedure are most gratifying.



Chapter 7
Intestinal Interposition
J. P. Blandy

Almost any part of the gastrointestinal tract can be used as a substitute
for some part of the urinary tract, provided it has an adequate vascular
pedicle. The ileum, being abundant, and relatively free from organisms,
is most easy to use, but the colon, stomach and even the appendix can be
employed on occasion.

Indications

Tuberculosis was formerly a common cause of long ureteric strictures;
today bilharziasis is more important. There is an increasing role for
conservative surgery in well-differentiated urothelial cancers of the
ureter. Until recently, iatrogenic injury of the ureter was almost confined
to pelvic surgery, except for the rare damage done by a Dormia basket in
removal of a ureteric calculus. Today’s enthusiasm for the ureteroscope
seems to be adding to the total number of damaged ureters. Finally,
there may still be an occasional need to replace the ureter in recurrent
staghorn matrix stones in the kidney (Goodwin and Cockett 1961).

Technique

Choice of the Length of Intestine

The site of the missing length of ureter may govern the selection of which
part of the intestine to use. In the (rare) patient with bilharziasis whose
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Bilharzial
stricture

Fig. 7.1a,b. The appendix makes an ideal substitute for the ureter affected by bilharziasis in the
appropriate segment.

stenosis is limited to the 2-5 cm of ureter adjacent to the appendix,
nothing is more easy than to use the appendix on its mesentery as a
substitute for the narrow part, giving a ureter indistinguishable from
normal in the follow-up urogram (Fig. 7.1). On the other hand, when the
left ureter has been destroyed, by whatever cause, or when it is necessary
to make a wide duct for stone debris between the left kidney and the

Descending
colon

Bladder

b

Fig. 7.2a,b. On the left side the descending colon is ideally situated to replace the ureter.
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Fig. 7.3. On the right side an isolated segment of ileum forms
a useful replacement for the ureter.

bladder, it is easy to mobilise the splenic flexure, join the transverse to
the sigmoid colon, and use the descending colon as a replacement for the
ureter (Fig. 7.2).

On the right side the ileum is usually the most convenient length of
bowel to use as replacement for all or part of the ureter (Fig. 7.3), but it
may be more convenient to utilise the sigmoid in lesions of the lower
third of the ureter. The surgeon’s choice may be restricted further when
patients have received preoperative irradiation, and he must always be
very aware that intestine which seems normal on casual inspection from
the outside may be severely damaged within, often to the extent of total
loss of the mucosa.

Preparation

Mechanical cleansing of the bowel is far more important than any
combination of antimicrobials, and in our unit we prepare the bowel with
a high fluid sorbitol washout supplemented by neomycin and metronida-
zole.

Prophylactic Antibiotics

Despite the hazards of superinfection when prophylactic antibiotics are
used, there is nearly always some sound reason why they should be given:
either the elderly patient suffers from chronic bronchitis with sputum that
is never free from organisms, or there is a pre-existing urinary infection.
It is seldom safe to omit antibiotics.
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Incision

Placing the incision will be dictated by the underlying indication for the
operation, but one principle common to all cases is the need for adequate
exposure. It is always necessary to get really wide exposure of the kidney
when an anastomosis must be made between renal pelvis and bowel;
safety demands control of the arterial supply of the kidney, and that
necessitates adequate exposure. Cases which require the use of bowel as
a substitute for the ureter are never straightforward, and to start with
anything less than maximal exposure is the mark of inexperience. For
these reasons the choice usually lies between a long midline incision or an
oblique one along the line of the 12th rib, curving down towards the
symphysis pubis.

Exposure of the Kidney, Ureter and Bladder

Since intestinal substitution for the ureter is seldom needed in a patient
who has not been operated on before, often many times, the peritoneal
cavity is usually full of adhesions. In such cases the first step in the
procedure is to perform a very cautious laparotomy with most gentle
division of all the adhesions. In making this dissection, special care is
taken to preserve the omentum. It is useful to lift the omentum off the
transverse colon before mobilising the splenic or the hepatic flexure; this
simple manoeuvre makes it much easier to mobilise the ascending or
descending colon in order to display the ureter.

Left Ureter

After the omentum has been lifted off the transverse colon, and the
splenic flexure mobilised, the peritoneum on the lateral aspect of the
descending colon is incised to allow the bowel to be rolled medially,
exposing in turn the kidney, gonadal vein, duodenum and aorta (Fig.
7.4). Difficulty must be expected in the type of case requiring intestinal
interposition, and it is seldom possible to find a ureter untouched or free
from adhesions. When in difficulty, it is a good rule always to seek the
ureter higher than expected, if necessary tracing it from the hilum of the
kidney downwards into the mass of surrounding fibrous tissue. As the
ureter is followed down it will cross anterior to the bifurcation of the
common iliac artery and posterior to the superior vesical vessels, which
must be divided to liberate the lower third of the ureter.

Right Ureter

After mobilising the hepatic flexure the right colon and duodenum are
swung medially, and the dissection on the right is otherwise similar to
that on the left. It is equally necessary to divide the superior vesical
vessels to liberate the lower few centimetres of ureter.
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Superior
vesical
vessels

Fig. 7.4a,b. Exposing the left ureter by mobilising the splenic flexure and descending colon and

dividing the superior vesical vessels.

Planning the Replacement

Once the preliminary dissection has been completed, the adhesions
divided and the pathology attended to as seems appropriate, there is still
a gap to be bridged. How to deploy the intestine to replace the ureter is
now a matter of ingenuity and common sense. The choice of procedure is
guided by two simple principles:

1. In general it is best to implant ureter into intestine and intestine into
bladder (Fig. 7.5). The blood supply to the lower 5 cm of the ureter is
precarious, especially in elderly atheromatous patients, and the ureter is
notoriously apt to slough. This is far more important than the doubtful
advantage of keeping a reflux-preventing mechanism at the lower end of
the ureter—at least in the adult. It is usually better to discard the lower
few centimetres of ureter and join the intestine directly to the bladder.

2. When there is a choice, it is easier and safer to use small rather than
large bowel.

Preparation of a Segment of Intestine

Tleum

With light shining through the mesentery, the peritoneum is gently
incised along a convenient gap between the branches of the ileocolic
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b Fig. 7.5a,b. Principles of intestinal interposition:
implant renal pelvis or ureter into intestine (a) and
intestine into bladder (b).

artery first on one side of the mesentery and then on the other. The
mesenteric vessels are divided between pairs of mosquito forceps and
ligated with fine thread or silk. The correct length of bowel is measured
by laying it into the gap that must be bridged, and then the mesentery is
divided in the same way. An end-to-end anastomosis is made between
the divided bowel in the surgeon’s accustomed and favourite way (The
present author prefers a two-layer anastomosis with 3-0 chromic catgut
for the mucosa and interrupted silk or thread for the seromuscular coat.)

Renal
artery

Inferior calyx

Fig. 7.6a,b. Calycoenterostomy: with the

renal artery occluded, the lower calyx is

laid open, and haemostasis is secured by
a b meticulous suture/ligature. .
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It matters little whether the segment of colon is ascending, transverse,
descending or sigmoid provided that care has been given to careful
mobilisation of the bowel to start with, with due attention to its
embryological lines of adhesion and its blood supply. The colon is less
well supplied with blood than the ileum, so greater care must be taken to
ensure an adequate blood supply before making an isolated loop. In the
elderly patient, one cannot rely on the inferior mesenteric artery, which
is so often inadequate. Of the many techniques for anastomosing the
large intestine, the present author prefers two layers: 3-0 chromic catgut
for the mucosa and interrupted fine silk or thread for the seromuscular
coat.

Anastomoses

However the substitution is to be planned, there are only four possible
anastomoses: renal calyx to bowel, renal pelvis to bowel, ureter to bowel,
and bowel to bladder.

Renal Calyx to Bowel

First, control of the renal artery must be achieved: without this the
procedure can be bloody and dangerous. The renal pelvis is opened
between stay sutures and a right-angled forceps is passed into the inferior
calyx. The renal artery is occluded and the inferior calyx is laid open to its
lowest part (Fig. 7.6). In the cut surfaces one can see the open ends of
vessels. Each must be secured by suture ligature with 3-0 or 4-0 catgut.
Only when all the visible vessels have been sutured is the renal artery
released, and the remaining bleeding vessels are identified and secured
with a few more sutures. A

The upper end of the intestinal conduit is anastomosed to the edge of
the pelvis and calyx with interrupted 3-0 chromic catgut sutures. A
suitable splinting catheter is led via the renal parenchyma down through
the lumen of the bowel: silicone rubber tubing provided with multiple
side holes is appropriate for this purpose, the upper end being led out as
a nephrostomy and secured to the skin (Fig. 7.7).

Renal Pelvis to Bowel

Exactly the same anastomosis is made to the renal pelvis if it is
sufficiently large and accessible. A generous elliptical incision is made in
the dependent part of the renal pelvis and sutured to the upper end of the
bowel over a suitable splinting catheter (Fig. 7.8). Unfortunately, under
the circumstances which oblige one to replace the ureter it is seldom so
easy. More often the renal pelvis is small, distorted and obscured by
fibrosis.
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\

c

Fig. 7.7a~c. Calycoenterostomy: the proximal end of the segment of bowel is sutured over an appropriate
stent to the mucosa of the pelvis and calyx.

a b

Fig. 7.8a,b. Pyeloenterostomy: the proximal end of the bowel is sutured to a long incision in the
pelvis, over a stent.
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Fig. 7.9a—c. Antireflux anastomosis between ureter and small bowel—Camey’s method: the mucosa is incised and the ureter
sutured to its edges, so that the wall of the ureter acts as the valve.

Ureter to Bowel

If the ureter is of large calibre, it may be joined end to end to the
intestine over a suitable splinting tube, and there is little point in trying to
make an antireflux anastomosis. If the ureter is of normal calibre,
however, one may as well fashion an antireflux tunnel and draw the
ureter under the mucosa in the colon, or, in the case of the small bowel,
use Camey’s method and let the wall of the ureter act as the inner layer of
the valve (Fig. 7.9).

Bowel to Bladder

It is helpful to fill the bladder with saline when getting ready for the
anastomosis of bowel to bladder; this makes it easier to select the most
convenient part of the bladder for the anastomosis. An incision is made
in the muscular wall of the bladder and the lower end of the bowel loop is
simply anastomosed with interrupted 3-0 chromic catgut to the wall of
the bladder. The splinting catheter that leads up to, or right through the
kidney is led across the bladder to emerge via a separate incision in the
lower abdominal wall, rather than through the urethra. In the post-
operative management it is helpful to have the ureteric splint separate
from the catheter draining the bladder. The wound is closed with
drainage in the usual way, avoiding the use of non-absorbable sutures.

How long the splints and catheters are left in situ is always a matter of
choice. The present author leaves them in for at least 10 days, and usually
14. The wound drain is removed in stages after 5 or 6 days, when a track
has formed.
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Chapter 8
Boari Flap
J. P. Blandy

A defect in the lower third of the ureter may result from many
pathological conditions, but the most common by far is iatrogenic injury
sustained in the course of hysterectomy, when the ureter has been
crushed, ligated or divided. As a rule, after several days of obstruction
that usually goes unnoticed, the necrotic wall of the injured ureter gives
way and urine leaks through the vagina. Even then the diagnosis may be
delayed by fruitless manoeuvres with methylene blue, and tampons in
tandem, when the most important thing is to make sure that the fluid
leaking from the vagina is urine. All that is required to confirm this
diagnosis is a “blood urea” test, which can currently be performed on a
drop of fluid taken up with a syringe as it pools in the vagina. Since there
is no other body fluid with a urea content greater than that of blood, this
simple test puts the diagnosis beyond dispute. Action should then follow
without delay. :

Investigations

The first investigation is an intravenous urogram. The damaged ureter is
usually a little obstructed, and appears somewhat dilated. Very occasio-
nally, contrast can be seen to leak from the site of the injury and to pool
in the vagina. However, this evidence is not enough. One must always
remember that, under the circumstances that give rise to inadvertent
iatrogenic injury to the ureter, not only one but both ureters may be
damaged, and, furthermore, there may also be a vesicovaginal fistula. All
these injuries can be repaired at one operation, and if only one fistula is
corrected, the patient will have to undergo yet another operation, when
the surgeon will find the operative field much more difficult to work in.

A cystoscopy should always be performed and bilateral ureterograms
undertaken with a bulb-ended catheter. This investigation will reveal an
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unsuspected vesicovaginal fistula and show which ureter has been
damaged. The opportunity should be taken to pass a catheter up the
undamaged ureter, and leave it in situ, attached to the Foley catheter left
in the bladder. It is usually much easier to see the ureteric orifice at
cystoscopy and to catheterise it then, than when the bladder is open a few
minutes later.

Timing of Intervention

The sooner the ureter is repaired the better. If both ureters are grossly
obstructed, and the patient has become anuric, it may be prudent to
insert small nephrostomy catheters percutaneously into the kidneys for a
few days, and if there is septicaemia secondary to infection in such an
obstructed kidney, it may be profitable to leave the patient for a few days
with a nephrostomy to decompress the kidney and with antibiotics to
overcome the infection. However, there is no justification for delay on
any other grounds, and the traditional teaching that one should wait for a
certain number of weeks or months before intervening is quite invalid
and is based on experience half a century ago with post-partum fistulae
(which have an entirely different aetiology). There is nothing to be
gained by procrastination (Flynn et al. 1979; Badenoch et al. 1986).

Incision

When an abdominal hysterectomy has been performed, the old incision is
reopened, whether Pfannenstiel or vertical: either will give adequate
access. When a vaginal hysterectomy has been performed, the present
author uses a Pfannenstiel incision. Since there are always adherent loops
of bowel in the pelvis these must be carefully freed to reveal the back of
the bladder. The damaged ureter is found after mobilising the sigmoid on
the left, or the caecum on the right, and it is traced down to the site of the
injury. Seldom can one be sure exactly what has gone wrong: usually the
ureter disappears into a firm mass of fibrous tissue. Sometimes one can
see the ligature that encircles the ureter, but far more often one must be
content to note that the ureter seems to disappear into a mass of fibrous
tissue. Now is the time to divide the ureter where it seems to be healthy,
and ligate the distal stump. The proximal healthy ureter will be seen to
retract for 2-3 cm, leaving a gap to be bridged which is a little longer than
seemed at first sight (Fig. 8.1). It is perhaps for this reason more than any
other that the present author has come to use the Boari flap routinely,
since it overcomes any temptation to perform an anastomosis under
tension. No doubt the admirable psoas hitch can achieve the same ends in
the right hands, but it is a device to obviate tension, whereas with the
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Site of injury

to ureter
Fig. 8.1. After tracing the ureter down to the site of Fig. 8.2. Making the Boari flap: fill the bladder and mark
injury, it is divided just above the zone of fibrosis. It will out a broad-based flap with three stay sutures.
retract, giving rise to a much longer gap than at first seems
likely.

Boari flap, which is just as quick and easy to perform, there is never any
tension (Blandy 1986).

Marking out the Boari Flap

The bladder is filled with saline through the catheter. When it is
comfortably full, a U-shaped flap is marked out with a broad base and
three stay sutures (Fig. 8.2). The flap is cut out 1 or 2 cm at a time, care
being taken to control the small arteries that are divided in the wall of the
bladder with suture ligatures of fine catgut rather than diathermy. In
making this flap it is comforting to know where the ureter lies, with the
ureteric catheter that has been placed in position at the preliminary
cystoscopy (Fig. 8.3).

Ureterovesical Anastomosis

A tunnel is made in the Boari flap with scissors, and an 18 FG Jacques
catheter is slipped over the end of the scissors, which are used to draw the
catheter along the tunnel (Fig. 8.4). The ureter is sutured to the catheter
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Boari flap

Ureteric
catheter

Fig. 8.3. The flap is formed. A catheter is now passed up the
undamaged ureter, if it has not already been placed at the
preliminary cystoscopy. The Foley catheter is lifted out of the
bladder.

and gently drawn through the tunnel. The end of the ureter is spatulated
and a cuff turned back. The edge of the ureter is sutured to the bladder
with four or five 3-0 chromic catgut sutures (Fig. 8.5).

It is the present author’s practice to splint these anastomoses with a

Gibbon catheter which runs through the opposite side of the bladder and
is sutured to the skin (Fig. 8.6). A double-J splint will serve the same
purpose, but it needs another cystoscopy to take it out—and these
patients have always had more than enough “operations”.
- The Boari flap is now folded into a tube like the finger of a glove, and
sewn in two layers with 3-0 chromic catgut (Fig. 8.7). The end of the tube
is attached to the ureter with a fine catgut suture, and the tube to the
tendon of psoas minor or some other firm fascial band to make sure that
it:lies without tension in a nice easy line. In a particularly difficult case it
does no harm to fold omentum around the Boari tube as an additional
precaution. After removing the marker ureteric catheter from the good
ureter the wound is closed with catgut in the usual way, leaving a tube
drain to the prevesical space and a suitable small Foley catheter in the
bladder.

Postoperative care

The splinting Gibbon catheter is removed from the ureter after 5 or 6
days (or when it no longer drains urine), and the urethral catheter after
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Scissors /

Submucosal
tunnel

Jacques
catheter

Fig. 8.da—d. A submucosal tunnel is made in the Boari flap with scissors, over which a Jacques catheter is slipped and used
to draw the ureter down the tunnel.

Fig. 8.5a,b. The ureter is spatulated, turned back and sutured to the
mucosa of the bladder tube.

Gibbon
catheter

4-0 catgut
stitch

Fig. 8.6. The anastomosis is splinted with a Gibbon
urethral catheter, the flanges of which make it easy to
fix to the skin. The stent is sutured to the Boari tube
with a 4-0 catgut stitch to keep it aligned and prevent
kinking.
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3-0 catgut
sutures

Fig. 8.7. The Boari flap is rolled up into a Fig. 8.8a,b. Double Boari flaps for bilateral ureteric injury.
tube and sutured in two layers with 3-0 catgut.

The upper end of the tube is stitched to the
ureter, and when there is any suggestion of
tension, the tube itself is sutured to the tendon
of psoas minor or some other suitable suppor-
ting tissue.

12 days. A postoperative pyelogram is obtained after 3 months, by which
time the appearances of the bladder are remarkably normal, and it may
be impossible to guess which side has the Boari flap.

Modifications of the Boari Flap

If both ureters have been injured, the bladder is bisected in the midline,
and a Boari flap formed on each side, and splinted in the usual way
(Blandy 1986). Otherwise the operation proceeds as described above
(Fig. 8.8).

When a very long gap must be bridged, the flap can be elongated by
using some of the posterior wall of the bladder, after first mobilising the
other side of the bladder by dividing the superior vesical pedicle. In doing
this one must take great care not to injure the good ureter, another
reason why it is prudent to place a ureteric catheter in it at the beginning
of the operation (Fig. 8.9).

When there is a vesicovaginal fistula as well as a ureterovesical one,
both should be closed at the same operation. The Boari flap is marked
out first. Then the medial limb of the incision is continued to bisect the
bladder down to the vesicovaginal fistula, and the plane between the
trigone and vagina is separated for about a centimetre (Fig. 8.10). After
closing the vaginal wall with 3-0 chromic catgut sutures, it is covered with
a patch of omentum. The damaged ureter is implanted into a Boari tube
formed from one side of the bladder, and the other side is rotated
medially to close the defect (Fig. 8.11). In these cases it is the present
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Fig. 8.9a—c. An extra-long Boari flap. To make the flap, the opposite superior vesical pedicle is divided between ligatures (a)
and the flap is planned so that it can be carried on to the posterior wall of the bladder, having made certain of the position of
the good ureter by placing a catheter in it (b). (c) In a patient who starts off with a large bladder, the Boari flap can be made to
reach the kidney without tension.

Fig. 8.10a—c. Ureteric fistula in the presence of iatrogenic vesicovaginal fistula. a The Boari flap is planned first. b The
medial limb of the incision is carried down to the vesicovaginal fistula. ¢ The trigone and margin of the bladder are
separated for a full centimetre from the vagina, making sure of the safety of the undamaged ureter by its marker
catheter.
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Omentum

y

a b c

Fig. 8.11. a The damaged ureter is anastomosed to the Boari flap in the standard way. b The hole in the vagina is closed and
sealed with a plug of omentum. ¢ The other half of the bladder is rotated to cover the gap.

author’s practice to leave splinting catheters in each ureter. (Gibbon’s
urethral catheters are very convenient because their flanges may be
sutured to the skin.)

Follow-up

The experience in the present author’s department has shown clearly that
early intervention in these cases of iatrogenic injury to the ureter with the
aid of the Boari flap gives excellent results (Bowsher et al. 1982;
Badenoch et al. 1987).
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Chapter 9

The Turner-Warwick Bladder-Elongation
Psoas-Hitch Procedure for Substitution
Ureteroplasty

Richard Turner-Warwick

The bladder-elongation psoas-hitch (BEPH) procedure for the resolution
of lower ureteric defects has many advantages over the classic Boari
bladder-flap technique; not only can it reach at least as high but it is much
simpler to achieve and it facilitates the reflux-preventing reimplantation
of one or both ureters (Turner-Warwick and Worth 1969). It also
provides the safest procedure for the reflux-preventing reimplantation of
large-calibre ureters because it avoids the need for “tailoring” them
(Turner-Warwick 1972, 1982; see Chap. 44).

Principles of the Procedure

It is the correct siting of the initial incision into the bladder that enables it
to be elongated so that its fundus can be anchored to the psoas muscle
above the iliac vessels without either tension or significant impairment of
its blood supply.

1. The transverse elongating incision into the bladder is accurately
located across the middle of its anterior wall at the level of its maximum
diameter, extending a little more than half way round it. When this
“equatorial” incision is closed vertically it effectively elongates the
anterior wall of the bladder so that its uppermost extremity can be
elevated above the iliac vessels (Fig. 9.1).
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Fig. 9.1. The bladder-elongation psoas-hitch procedure.

2. The extent of the bladder elevation can be further increased by
“double” horizontal relaxing incisions (Fig. 9.2). The effect of this is to
convert the whole bladder into a wide elongated strip with maximal
preservation of its blood supply.

Fig. 9.2a~c. The “double-incision” bladder-elongation procedure.
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3. Fixation of the upper apex of the bladder to the psoas muscle
involves no tension, provided the bladder has been elongated by
appropriate incisions. This redeployment does not prevent the detrusor
contraction evacuating it completely. However, it is important to anchor
the bladder firmly to the psoas muscle to prevent distraction of the
ureteric reimplantation by detrusor contraction.

Procedure

The patient is positioned supine on the operating table. Good access is
provided by the suprapubic V incision (Turner-Warwick et al. 1974) or a
midline incision; however, the traditional Pfannenstiel incision provides
inadequate access.

1. The peritoneal reflection around the dome of the bladder is
circumcised and the superior vesical vessels are divided on both sides.
The lower segment of the ureter is excised and the ureterovesical stump
is ligated. A fine 4-0 stay suture is inserted into the distal end of the
mobilised proximal ureter, and its terminal lumen is opened by a 1.0-1.5
cm spatulating incision.

2. A 0 stay suture is inserted just above the mid point of the anterior
bladder wall and the primary horizontal bladder-elongating incision is
made. A single hemi-circumferential transection of the bladder in the
equatorial line is usually sufficient to enable a reflux-preventing tunnel
reimplantation of the ureter to be achieved above the level of the iliac
vessels.

However, when maximum elongation is required to enable a some-
what smaller bladder to reach this level, or a normal bladder to reach the
upper half of the ureter a “double incision” is used (Fig. 9.2): for this the
primary horizontal incision is located in the lower segment of the bladder
and when this is elongated vertically, secondary lateral incisions are
made into its margins at its new proximal extremity. The effect of this
additional procedure is to convert the whole bladder into a wide
elongated strip, the length and vascularisation of which compares
favourably with a Boari flap. Haemostasis of the bladder incision is
achieved by fine electrocoagulating forceps.

3. A finger inserted into the fundus of the bladder elevates it to reach
the psoas above the iliac vessels, where it will be firmly anchored after
the reflux-preventing tunnel reimplantation of the ureter. When both
ureters require reimplantation, parallel tunnels in a unilateral psoas hitch
are used, one ureter being mobilised and re-routed across the midline
below the root of the inferior mesenteric vessels (Turner-Warwick and
Worth 1969).

To facilitate the tunnel reimplantation of the ureter 0 stay sutures are
inserted on either side of the proximal margins of the elongated incision
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and traction maintained by appropriately placed haemostats, the tips of
which are hooked under the margin of the abdominal ring retractor.

4. The length of the sub-urothelial tunnel required to prevent vesico-
ureteric reflux is naturally proportional to the calibre of the ureter—a
ureter of normal diameter requires a tunnel of about 3 cm. The need for
“tailoring” of a large-calibre ureter 2 cm or more in diameter, and the
potential complications of this procedure, can be avoided by extending
the length of the implantation tunnel to 10-14 cm, from the psoas hitch
down to the trigone (Turner-Warwick 1972); the calibre of even larger
ureters can be reduced before implantation by a simple in-rolled plication
(see Chap. 44, p. 489).

5. With the bladder-elongating incision stay-suture retracted supero-
laterally the sub-urothelial ureteric tunnel is easily created with
Lahey-McIndoe scissors, starting externally just behind the neo-fundus
of the elongated bladder. When the scissor-blades are visualised beneath
the urothelium, the tissue plane beneath it is developed into a tunnel of
appropriate length and width by simple blunt dissection under direct
vision using a progressive scissor-tip opening/closing manoeuvre.

At the distal end of the tunnel the scissor-tips are pushed through the
urothelium and inserted into the lumen of a 20 FG catheter which is then
withdrawn through the tunnel length. This ensures that a tunnel of
appropriate width for the implantation of a normal ureter has been
achieved, and the catheter lumen is then used as a guide for the pull-
through passage of the 8 FG stenting catheter, anchored to the spatulated
end of the ureter.

6. The ureter is gently pulled though its reimplantation tunnel by
traction on its stenting catheter and anchor suture. The distal spatulated
end of the ureter is firmly anchored to the margins of the distal end of the
tunnel by interrupted 4-0 polyglycolic acid (PGA) sutures.

It is most important that the determined length of the reimplantation
tunnel should be maintained by similar interrupted anchoring sutures
between the adventitia of the ureter and the margins of the bladder wall
at its entry site. The two anterior full-thickness sutures also include a
small bite of the urothelium to ensure that full length of the sub-
urothelial tunnel is maintained.

The apex of the bladder elongation is fixed to the psoas on either side
of the ureteric entry with four or five interrupted 0 PGA sutures. When
present, the psoas minor tendon can be used for anchorage, but
otherwise large bites of the psoas muscle are taken, carefully avoiding the
genitofemoral and lumbosacral nerves, with the sutures loosely tied to
avoid strangulation. The psoas hitch anchorage does not create any
tension on the elongated bladder; its purpose is simply to avoid
distraction of the reimplantation by detrusor contraction.

A 16-18 FG Malecot catheter is inserted into the bladder before the
elongating horizontal incision is closed vertically, by two layers of
running 2-0 PGA sutures. The stenting catheter is usually exteriorised
through the bladder and abdominal walls and a Penrose drain placed in
the paravesical area. The abdominal-approach incision is closed.
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Advantages of the Psoas-Hitch Procedure

In the author’s opinion the bladder-elongation psoas-hitch procedure has
clear advantages over the classic Boari flap procedure:

1. A comparable elevation of the bladder is achieved by a much
simpler incision in its wall.

2. The minimal incision does not impair the vascularisation of the
elongated bladder. Consequently the psoas-hitch procedure can be used
when the vascularity of the bladder wall is impaired by intramural
pathology such as schistosomiasis or irradiation, which may preclude the
raising of a long Boari flap.

- 3. The effective width of the elevated apex of the elongated bladder is
much greater than that of a Boari flap; this greatly facilitates a reflux-
preventing tunnel reimplantation of one or both ureters and even enables
it to be used for the implantation of large-diameter ureters without
tailoring.

4. The vertical closure of the horizontal elongating incision is simple
and secure compared with the long suture line required to tubularise a
Boari flap. Moreover, the closure of the “angles” at the relatively narrow
base of the Boari flap is notoriously difficult.

5. Provided the bladder capacity is approximately normal, the
bladder-elongation procedure can be used even when the bladder wall is
grossly thickened as a result of hypertrophy, a situation which may
compromise or preclude tubularisation of a Boari flap. However, gross
trabeculation may preclude a submucosal tunnel reimplantation of the
ureter and in such cases reflux prevention may be achieved by the
Turner-Warwick split-cuff nipple procedure (Turner-Warwick and Ash-
ken 1967; see Chap. 44, p. 491).

6. The endoscopic surveillance of the urothelium of a psoas-hitched
bladder elongation is not compromised, and a rigid ureteroscope can be
introduced to the in-line ureteric tunnel reimplantation without dif-
ficulty. Pan-urothelial endoscopy tends to be compromised after a Boari
flap procedure, so this procedure is generally contraindicated when
follow-up endoscopy and electrosurgical control of a bladder tumour is
likely to be required.

Indications

For the reasons listed above, the psoas-hitched bladder elongation is the
simplest procedure for the substitution of the lower third/half of the
ureter. The common indications for it are:

1. Obstruction of the lower ureter
2. Ureteric fistulae resulting from pelvic surgery
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Vesical fistulae close to, or involving, the lower ureter

4. The resolution of persistent reflux or obstruction after previous
ureteric reimplantations

Resection of the lower ureter for localised transitional cell tumour
6. Reimplantation of dysfunctional duplications of the upper urinary
tract

7. The reflux-preventing reimplantation of large-calibre ureters without
tailoring. (Turner-Warwick 1972, 1982; see Chap. 44).

b
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Chapter 10

Double-J Stents
J. C. Gingell and M. J. Stower

As with many innovative developments the insertion of double-J stents
has now become a standard procedure, so much so that it is difficult to
remember how one managed without them. Many practising urologists
have witnessed the demise of the T-tube, so frequently inserted after
open ureteric surgery, and have experienced the value of the double-J
stent inserted endoscopically in the management of the obstructed
ureter, whether caused by stone or stricture. The immediate manage-
ment of retroperitoneal fibrosis (Deane et al. 1983), acute hydronephro-
sis of pregnancy (Lowes et al. 1987) and ureteric obstruction caused by
sloughed papillae or matrix normally with a closed renal infection are
valuable applications that complement or obviate the need for percu-
taneous nephrostomy and, occasionally, dialysis.

The first purpose-built self-retaining stents were described by Zims-
kind et al. (1967) and Marmar et al. (1970), but were difficult to insert
and tended to migrate (Gibbons et al. 1974). These early silicone stents
were moulded with barbs and a flange at the lower end which prevented
upward migration but made insertion more difficult (Gibbons et al.
1976). The development of flexible tips in the stents, however, improved
the success rate of insertion (Rutner and Fucilla 1976). The modern
stents are soft silicone catheters with a “self memory” J at each end
which is straightened by the insertion of a guide wire (Finney 1978). The
stents are usually inserted endoscopically via a catheterising cystoscope
but can also be inserted at open operation and occasionally by the
antegrade and percutaneous routes.

Endoscopic Insertion (Fig. 10.1a)

It is important to select the correct length and appropriate diameter of
the stent. Some ‘‘universal” stents are available which rely on the
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Fig. 10.1a,b. Insertion of double-J stent: a endoscopic
insertion; b open insertion. (Reproduced by courtesy of
Medical Engineering Corporation, Racine, Wisconsin)

principle of a coiled “spring-like”” lower end; however, if they are used in
ureters of less than average length too many coils are present in the
bladder and downward migration of the stent can be a problem. The
prior passage of a standard calibrated ureteric catheter gives a good guide
to the length of stent required. It is not essential to use radiological
screening or on-table X-ray films for the passage of ureteric stents, but if
these facilities are readily available then they can be utilised and are a
useful refinement. The two methods of passing a ureteric stent are
described below.

Method 1

The simplest technique is to pass the guide wire (preferably calibrated)
up the ureter to the renal pelvis and then to slip the “open-ended” stent
and following pusher catheter on to the guide wire. The stent and
follower are then advanced over the guide wire via the cystoscope and up
the ureter until the junction between the stent and following catheter is
seen in the bladder several centimetres from the ureteric orifice. The
guide wire is then removed by the assistant or scrub nurse while the
operator holds the following catheter to prevent the stent from being
inadvertently drawn down by the guide wire.

Method 2

The “closed-ended” stent is mounted on its guide wire together with the
following pusher catheter. The role of the scrub nurse or assistant is to
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maintain an even, steady push on the guide wire while the operator grips
the junction of the pusher catheter and the stent between thumb and
index finger to prevent the tip of the stent from slipping off the end of the
guide wire and bending back on itself. Once the stent has been
introduced into the lower ureter and the junction of the pusher catheter
and stent passes through the rubber nipple into the cystoscope, the
operator must now grip the distal end of the pusher catheter together
with the contained guide wire and the assistant supports the pusher
catheter to allow the continued passage of the stent up the ureter. It is
important to avoid kinking the guide wire within the stent, which can
occur if the cystoscope is not kept close to the ureteric orifice. The stent is
passed until the junction of stent and pusher catheter is seen in the
bladder. The pusher catheter is then held by the operator while the
assistant withdraws the guide wire. As in the previous method described
the lower end of the stent can then be observed to curl upwards on
removal of the wire to form a curve away from the trigone. The correct
position of the stent can then be confirmed by screening or by an on-table
X-ray film if considered necessary.

In both methods of insertion it is advisable to use a 30° telescope and
obviously a cystoscope of sufficient size to allow the passage of the stent
between the sheath of the instrument and the telescope. It is important to
use an Albarran bridge mechanism and to stay as close as possible to the
ureteric orifice in order to be able to exert sufficient pressure to introduce
the stent and pass it up the ureter without kinking the wire, which may
occur if too much distance is allowed between the end of the cystoscope
and the ureteric orifice. The bladder should be as empty as possible, and
if irrigation is used during insertion it should be just sufficient to maintain
vision.

If one is dealing with a ureteric stricture of whatever aetiology it is
preferable to dilate the stricture first and not rely on the stent to do so.
This is achieved by introducing the graduated flexible dilators over a
guide wire, passed up the ureter, before the introduction of a
ureterorenoscope. The same mechanism can be employed to disimpact a
large ureteric calculus into the renal pelvis prior to the passage of a
ureteric stent to prevent the stone from returning into the ureter, before
extracorporeal shock wave lithotripsy (ESWL) or percutaneous removal
is undertaken.

Open Insertion (Fig. 10.1b)

In modern urological surgical practice the double-J stent has replaced the
T-tube. The advantages of the double-J stent are compelling: (1) no
external urinary drainage via a small tube that often became kinked,
obstructed and, despite seemingly adequate fixation, displaced; (2) no
increased risk of infection which accompanies external urinary drainage;
and, (3) of paramount importance, better patient comfort and conveni-
ence. The only disadvantage is that the stent subsequently requires
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endoscopic removal, but this is a simple outpatient or day-case procedure
requiring only urethral anaesthesia in the female and most male patients.

Technique

It is not so straightforward to estimate the length of stent required at
open operation as it is when placing a stent endoscopically. It is best to
err on the side of generosity, as a few centimetres extra in the bladder is
preferable to inserting a stent that does not enter the bladder and
occupies the lower ureter. The guide wire is inserted into a side hole of
the stent and passed until the proximal end is straightened. The
straightened stent is then passed into the renal pelvis and the guide wire
removed. The guide wire is then inserted into a side hole of the stent at
the ureterotomy, and the distal portion of the stent is straightened and
passed down the ureter into the bladder. The guide wire is removed and
the ureter closed over the stent. A drain is always inserted down to the
site of the operation.

Antegrade or Percutaneous Insertion

Occasionally, it may be advisable to pass a double-J stent down the
ureter from the renal pelvis after percutaneous manipulation, usually for
stone, and particularly if the renal pelvis has been “breached”. The
techniques described for the more usual retrograde placement are both
appropriate. Experienced ‘“interventional” radiologists are able to
manoeuvre “floppy” tipped arterial guide wires down the ureter to the
bladder via needle nephrostomy and, with limited dilation over the guide
wire, can then insert a double-J stent.

Discussion

The indications and complications of the use of double-J stents in our
unit in Bristol have recently been reviewed in some detail (Pocock et al.
1986).

Indications

We have found the prompt insertion of stents to be of particular value in
iatrogenic ureteric injury, retroperitoneal fibrosis and acute hyd-
ronephrosis of pregnancy. Urinary fistulae following pyeloplasty,
ureteric surgery and ureteric injury have all closed within a few days of
stent insertion. The role of the double-J stent is well established in the
endoscopic management of ureteric calculi. Those stones too large to
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remove with the ureterorenoscope have been displaced back into the
kidney from the ureter and a double-J stent inserted for subsequent
percutaneous removal or referral for ESWL. After ureterorenoscopic
removal of a ureteric calculus, if manipulation has been prolonged, a
double-J stent is inserted “prophylactically”.

We have found the double-J stent less successful in the management of
malignant obstruction of the ureter most commonly caused by carcinoma
of the prostate or bladder. Usually it is not technically feasible to identify
the ureteric orifice when the intramural ureter is invaded, although some
success has been obtained in malignant retroperitoneal fibrosis. In our
limited experience with tuberculous ureteric strictures we have usually
been unable to obtain satisfactory stent placement, which probably
reflected the severity of fibrous stricturing. The use of stenting in the
early inflammatory stage, however, is an attractive alternative to
repeated bouginage.

Complications

The complications of double-J stent insertion can be considered under
the following headings:

Failure to Insert the Stent

As with any surgical manoeuvre the success rate improves with
experience. Sometimes it is easier to use the softer tip guide wire and
railroading technique (method 1) and on other occasions the stent
previously mounted on the stiff-ended guide wire (method 2). If a
ureteric catheter can be passed to the renal pelvis then one should be able
to pass a stent. If method 2 is attempted and fails, then method 1 should
be tried, but the stiff-ended guide wire should not be used as it may be
passed through the side wall of the ureter. If a stricture or impacted stone
is being dealt with, then the tapered ureteric dilators should be used first.

Perforation of the Ureter

Perforation of the ureter can largely be avoided if the above advice is
followed. If X-ray control is not being used and difficulty is encountered,
then undue force must not be used. Instead, an image intensifier (C-arm)
should be used to obtain a bulb ureterogram to ascertain the cause of the
problem. Perforation of the ureter by the stent requires its removal. On
the few occasions that this has occurred in our unit no complications
resulted except for pain caused by extravasation in one patient.

Migration of the Stent

We have observed upward migration of the stent in 2 of 100 patients. The
mechanism in one was due to surgical manipulation of a ureter during an
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operation for retroperitoneal fibrosis with a previously inserted stent in
situ. A plain abdominal X-ray film several months after surgery showed
the lower end of the stent at the pelvic brim. The stent was easily
removed with the ureterorenoscope. The other patient had an acute
hydronephrosis following a pyeloplasty and may not have had the stent
properly sited at the original operation.

Downward migration was more common (7 of 100 patients). Of the
three pregnant women, two passed their stents spontaneously after 8 and
10 weeks in situ, respectively, probably as the result of the physiological
dilatation of the ureter in pregnancy. In the remaining patients the stents
were either too long or of the “universal length” variety with too much
redundant stent in the bladder. If the upper end of the stent is not in the
pelvis then spontaneous downward migration can be expected.

Encrustation of the Stent

Encrustation is a remarkably infrequent complication. It occurred in our
series in only three stone formers in the presence of urinary infection
(Bacillus proteus) and in one other non-stone former who also had
infection with a urea-splitting organism. However, it is a serious
complication, and precautions must be taken to prevent its occurrence.
All stents must be removed at the earliest opportunity after serving their
purpose. All patients must be encouraged to maintain a high fluid intake,
and we advise the majority to take prophylactic antibiotic therapy
(usually trimethoprim) in addition. Patients with a stent in situ must have
regular mid-stream urine specimens examined for infection and plain
abdominal X-ray films to detect encrustation. The latter may not be
readily recognised, however, because of the low density of the calculus
formation. In two of our patients the calculus formation at the upper end
of the stent in the renal pelvis prevented endoscopic removal of the stent,
which snapped in mid ureter on attempted removal. Percutaneous
removal of the stent, together with the stone fragments, was required in
one patient, and urgent open surgical removal in the other because of
septicaemia.

If the stent is not removed during the patient’s stay in hospital, firm
arrangements must be made for subsequent removal to prevent it being
overlooked. The majority of stents, however, remain encrustation free
and in pristine condition when removed. We have had patients with
stents in situ for as long as 2 years without any complications.

Summary

Self-retaining double-J ureteric stents are of value in a wide range of
conditions routinely encountered in urological practice. The technique of
insertion is simple to follow and can be readily undertaken by anyone
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experienced in the passage of ureteric catheters. Complications are
relatively few and can be obviated by a careful technique and close
follow-up.
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Chapter 11
Renal Autotransplantation

Christine M. Evans

Introduction

Renal autotransplantation was first performed successfully in 1962, for
the management of ureteric injury (Hardy 1963). The kidney can be
removed and reinserted (usually into the iliac fossa) with or without an
extracorporeal procedure (bench surgery). Since 1962 a large number of
autotransplants have been reported for a greater number of reasons, with
increasing enthusiasm. Many of these patients would probably be better
managed by more conventional medical and surgical methods. The time
has come to evaluate the role of renal autotransplantation and identify
which conditions could be treated by this technique.

Indications

Vascular Disease

The majority of renal autotransplantations have been performed for
extensive renovascular disease (Marshall et al. 1966; Belzer et al. 1970),
either caused by fibromuscular dysplasia or atherosclerosis. The disease
process in atherosclerosis may be confined to the renal artery but is also
likely to affect the aorta itself. There is also an indication for this
procedure in the management of severe aortic disease (aortic aneurysm
or aortoileal occlusive disease) (Libertino et al. 1980). The need to use
this procedure for renal artery occlusion in preference to conventional in
situ revascularisation techniques is rare. Of more than 600 operations
only 1 was managed by renal autotransplantation (Stewart et al. 1984).
This patient had extensive aortic atherosclerosis with an occluded single
functioning right kidney which was transplanted into a reasonable right
common iliac artery leaving the ureter intact.
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In the Cleveland Clinic between 1971 and 1979 10 out of 360 patients
with renal artery occlusion required renal autotransplantation. Of those
10 patients, 9 were cured postoperatively (Novick and Stewart 1984).

Should surgery of any kind be contemplated for renovascular disease
in the light of better medical management and percutaneous transluminal
angioplasty (PTA)? A great deal of enthusiasm has greeted this latter
procedure, which has a low complication rate of 5% (Grim 1981). The
results of the technique vary from a 17% cure rate in patients with
atherosclerotic renal disease to 67% in patients with fibromuscular
disease. However, the procedure is quite easily repeated and should be
considered initially in surgical management. Open surgery can always be
considered later, if needed; if PTA fails it does not preclude open
surgery.

The role of renal vein renin ratios in renal artery stenosis still also
remains a matter of controversy. If there is no excess renin production
from the affected side it does appear that the likelihood of surgery curing
the hypertension is reduced. Also the persistence of hypertension
following surgery is not necessarily associated with reocclusion of the
vessels but may be due to irreversible renal damage, repair of a stenosis
which was not the cause of the hypertension or coexistent non-
hypertensive renal disease (Horvath and Tiller 1983).

However, there do appear to be guidelines for surgical intervention,
which may be listed as follows:

1. If the main renal artery is involved either by fibromuscular disease or
atherosclerosis and is amenable to local resection or in situ bypass,
these surgical procedures are indicated.

2. If the blood pressure is very difficult to control by medical means in
the presence of unilateral renal atrophy, nephrectomy is indicated.

3. If there is extensive atherosclerosis and good renal reserve, medical
treatment should be continued.

As to the indications for autotransplantation with extracorporeal
arterial reconstruction, it is suggested that good-risk patients with
progressive disease involving segmental branches would benefit (Belzer
et al. 1970). The most likely patients to require autotransplantation in
terms of numbers are those with severe aortic atherosclerosis in the
absence of significant iliac disease. Although the suprarenal aorta is
usually less affected by the disease process and thus both splenorenal
anastomosis on the left and hepatorenal anastomosis on the right offer
excellent alternatives, renal autotransplant can be considered. If, in
addition, aortic replacement is considered, it has been advised that a
two-stage approach is considered (Libertino et al. 1980). Renal revascu-
larisation performed at the initial operation followed 3 months later by
aortic replacement has reduced the operative mortality from 40%, with
the simultaneous aortic and renal reconstruction, to 4%.

The condition of middle aortic syndrome has also been treated with
renal autotransplantation (Kaufman 1973). This is an entity characterised
by non-stenosing arteritis and is a variant of Takayasu’s disease. The
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aetiology is unknown but it affects young women mainly, giving rise to
occlusion of the branches of the abdominal aorta with intestinal angina,
hypertension (secondary to renal artery stenosis) and occasionally
intermittent claudication. Because of occlusion of the coeliac axis,
splenorenal or hepatorenal bypass procedures may not be possible for
the treatment of the renal artery stenosis; renal autotransplantation
offers a good alternative.

Thus renal autotransplantation is infrequently indicated in the surgical
treatment of renovascular disease. Extracorporeal branch arterial repair
is indicated if the vessels involved are less than 1.5 mm, thus making in
situ repair difficult, and also if preoperative arteriography demonstrates
intrarenal extension of renovascular disease. It is also indicated when
renovascular occlusion is associated with abdominal aortic disease and
relatively disease-free iliac arteries.

Ureteric Disease

The first successful renal autotransplants were done for high ureteric
injuries (Hardy 1963; Marshall et al. 1966). Indications have included
extensive iatrogenic ureteral trauma after ureterolithotomy, left colec-
tomy, transuretero-ureterostomy and stripping of the ureter following
endoscopic stone basketing, when the site or extent of the ureteric
damage has excluded reanastomosis or neo-ureterocystostomy and the
method has been preferred to ileal substitution (Stewart et al. 1984).
Other conditions for which this procedure has been done are multiple
ureteric tumours and tuberculous ureteritis. Also this procedure has been
used for persistent outflow obstruction and pain after unsuccessful
pyeloplasty (Ranch et al. 1985). In addition, bilateral renal autotrans-
plantation has also been reported (Stewart et al. 1976) as a staged
procedure for retroperitoneal fibrosis and urinary fistula following
diversion. Renal autotransplantation is extremely difficult in the pre-
sence of perirenal or renal sepsis or in the presence of a nephrostomy.
Sepsis would make the procedure very hazardous indeed in view of the
probable infection, which might occur at the vascular anastomosis, and
thus increase the possibility of secondary haemorrhage.

Novick and Stewart (1984) reported on 10 renal autotransplants
performed on 8 patients with extensive ureteral disease. Eight were
successful. The two failures were in patients with severe perirenal
inflammation and fibrosis. It would therefore appear that unilateral renal
autotransplantation is not needed if the other kidney has adequate
function, as nephrectomy would be safer. In bilateral disease or in the
presence of a single kidney, autotransplantation may offer the best long-
term solution but is not advised in the presence of sepsis.

Renal Neoplasia

Renal adenocarcinoma in a single kidney is a good indication for
considering renal autotransplantation with bench surgery, especially if
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the tumour is sited in the middle portion or is extensive (Calne 1971). If
the tumour is sited at either pole, partial nephrectomy with or without
temporary vascular occlusion should give adequate resection. Stewart
(1984) reported on 17 patients with a tumour in a single kidney over a
period of 20 years. One patient underwent partial nephrectomy with
bench surgery and autotransplantation, and two others, before the
advent of extracorporeal perfusion techniques, would have benefited
from the same technique. It is a probable estimate that 20% of patients
with a carcinoma of the solitary kidney should be considered for
autotransplantation.

Renal Calculous Disease/Renal Trauma

Extensive renal nephrolithiasis has been considered an indication for
bench surgery (Gil-Vernet et al. 1975). In situ anatrophic nephrotomy
(Smith and Boyce 1968) will allow for the removal of even the most
extensive renal calculi, and thus it is unlikely that autotransplantation
still needs to be considered for renal calculi.

More controversial is the problem of autotransplantation and
pyelocystostomy for recurrent intractable ureteric colic from the passage
of renal calculi down the ureter requiring both excessive analgesia and
repeated ureterolithotomy. Again, newer techniques of stone removal,
including rigid ureteroscopy, percutaneous nephrolithotomy and extra-
corporeal shock wave lithotripsy, will treat most patients.

The haematuria/loin pain syndrome has also been treated by auto-
transplantation (Sheil et al. 1985). The rationale for this could be the
reduction in colic from the passage of small clots or renal denervation.
This is a non-life-threatening condition and, although it is difficult to
treat, renal autotransplantation seems difficult to justify.

Following trauma, the technique involving removal of severely
damaged kidneys, repair of the damage and organ perfusion has been
reported. Autotransplantation as a secondary procedure when the
patient has stabilised is then performed (Corman et al. 1973). The need
for this procedure would be extremely rare, arising only in the case of
life-threatening haemorrhage from the trauma in the presence of a single
kidney.

The reconstruction of donor kidneys with vascular anomalies, either
from cadavers or live relatives, although included in articles on auto-
transplantation, is really a separate issue and is a procedure frequently
undertaken in the practice of renal transplantation.

Methods of Autotransplantation

Evaluation preoperatively should include renal and aortic arteriography.
Patients for surgery should not have extensive cardiovascular/pulmonary
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problems, and those with solitary kidneys should be informed of the
possiblity of postoperative renal replacement therapy, e.g. haemodialy-
sis.

The kidney will benefit from a good diuresis during the time of surgery
prior to clamping of the vessels.

The operative methods will differ if extracorporeal repair (bench
surgery) is required. In patients with ureteric lesions or renal artery
lesions confined to the main renal artery, the removed kidney is perfused
with chilled perfusate (intracellular solutions: Collins, Marshalls, Sacks)
until the effluent from the renal vein is clear. Anastomosis of the renal
artery and vein to the prepared iliac vessels is then performed. The vein
is anastomosed end-to-side to the external iliac vein. The renal artery is
anastomosed either end-to-end to the internal iliac artery or end-to-side
to the external iliac artery. The time between clamping and cooling is
important, but once the kidney is chilled time is less important. The
kidney should start functioning immediately after it has been reanasto-
mosed. In the presence of renovascular disease the ureter can be left
untouched, and although it is rather long and redundant it drains
adequately. In the presence of ureteric disease urinary continuity can be
restored by uretero-neocystostomy or uretero-ureterostomy. (Fig. 11.1).

Ureteric Injury Vascular Tumour in
/ Dnsease Disease Solitary Kidney
Tumour ?
Without Bench Bench Surgery Bench Surgery Wlthout Bench
1 Uretero-neocystostomy 3 Ureter left intact Method 1 or 2 Method 1 or 2 Method 3

2 Uretero-ureterostomy

Fig. 11.1. Methods of autotransplantation.
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If extracorporeal surgery is required, as in removal of a tumour,
radical nephrectomy is performed and the kidney perfused as above. If
possible the ureter is left intact, as the collateral blood supply to the renal
remnant will be improved. This means that the kidney perfusion and
partial nephrectomy will need to be performed on the anterior abdominal
wall. Dissection of the tumour should begin at the hilus; arteries and
veins to the tumour should be ligated but those to normal kidney remain
untouched. The tumour should be removed with a 2 cm margin. In order
to ensure the tumour has been cleared, tumour-free margins can be
checked by frozen section. The capsule is then closed and the kidney
reinserted as above.

When performing bench surgery for renal revascularisation it is
advisable to remove the kidney entirely and work on a separate bench as
this method is less cuambersome and magnification techniques easier to
apply. Pre-fashioned saphenous vein grafts, vein patches or branched
internal iliac artery autograft are the best materials to use for vascular
reconstruction. It is recommended that after the arterial repair is
completed, before autotransplantation, the kidney is placed on a
pulsatile perfusion unit at systolic pressure where anastomotic leaks can
be identified. Also, indigo carmine can be perfused to indicate patency of
the branch vessels. The kidney is then reinserted as above with
reimplantation of the ureter.

Conclusion

Indications for renal autotransplantation are few but include renovascu-
lar disease with or without aortic atherosclerosis, partial nephrectomy for
tumours in solitary kidneys and extensive ureteric disease in the absence
of sepsis. A surgeon trained in transplantation techniques may well
consider autotransplantation in preference to small bowel substitution in
the case of ureteric damage, as it is certainly no more hazardous. It is
important to determine that the operation is necessary and to ensure that
it is not embarked upon lightly.
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Chapter 12

Omento-ureteroplasty and
Omento-skin-patch Substitution
Ureteroplasty

Richard Turner-Warwick

The results of ureteric surgery are often compromised by the characteris-
tics of the surrounding fatty tissue, which is poorly vascularised and
resists infection badly. Consequently, almost any healing reaction tends
to result in fibrosis, which often forms a dense frozen mass around a
ureterotomy or a reconstruction. This may compromise its urodynamic
mobility and function.

Although the macroscopic appearances of the omentum have a general
resemblance to peri-ureteric fat, it is in fact the only body tissue that is
specifically developed for the resolution of inflammatory processes—a
function which is as much dependent upon its highly developed lymphatic
drainage system as its blood supply, because it is this that ensures the
efficient transportation of inflammatory debris and macromolecular
exudates that would otherwise accumulate and form pus (Turner-
Warwick et al. 1967).

However, although long since emphasised (Turner-Warwick 1976), the
additional ‘““‘urodynamic value” of a pedicled omental graft wrap in
functional reconstructions is not as widely recognised and used as
perhaps it should be. Quite unlike peri-ureteric fat, the omentum regains
its suppleness after the resolution of a local inflammation, thus
preventing immobilisation by fibrosis and preserving the freedom of the
urodynamic excursion of a reconstructed ureter or sphincter mechanism
and the natural expansion and contraction of the bladder. Consequently,
in addition to its value as a supporting wrap an omental pedicle graft is an
integral component of many functional reconstructions of the urinary
tract.



132 Controversies and Innovations in Urological Surgery

Indications for the Use of the Omental Wrapping

Retroperitoneal Fibrosis

Although the ureteric obstruction resulting from idiopathic retroperi-
toneal fibrosis can sometimes be resolved by simple full-length ureteroly-
sis and lateral transposition, the vascularisation of such a mobilised
ureter is precarious and omental wrapping is strongly advocated
(Turner-Warwick et al. 1967; Turner-Warwick 1976); indeed the success
of a remobilisation procedure after a previous surgical failure is virtually
dependent on this.

Intubated Ureterotomy

The development of intubated ureterotomy by Davis (1943) was a
milestone in the surgical management of ureteric strictures. However,
the results were often compromised by the characteristic fibrotic healing
reaction of the peri-ureteric fat. Undoubtedly the results of simple
ureterotomy procedures can be improved, not only by the addition of
omental wrapping, but also by the use of a fenestrated ureteric stent
which drains the peri-catheter space and prevents the development of a
“urinoma” resulting from the extravasation of peri-catheter urine in the
proximal ureter by peristalsis (Turner-Warwick 1976).

Other Indications

Other specific indications for omento-ureteric wrapping are the resolu-
tion of coincident inflammatory responses associated with ureteroplasty
for tuberculosis and adjacent aortic-graft surgery etc. It is also useful as a
prophylactic procedure for reducing the natural incidence of complica-
tions associated with uretero-ureterostomy, uretero-conduit anastomosis
and surface ureterostomy stenosis (Turner-Warwick 1976).

Substitution Ureteroplasty

The substitution of the lower third of the ureter rarely presents a problem
because it is simply achieved by reimplanting the ureter into a psoas-
hitched bladder elongation, which, with the extended procedure, can
often reach the upper half of the ureter (see Chap. 9, p. 109).

However, substitution/reconstruction of the middle third of the ureter
often presents a surgical challenge when a lesion is too extensive for
restoration of continuity by a simple spatulated overlap anastomosis.

A pedicled urothelial-island bladder patch, freely mobilised on the
basis of the superior vesical vascular pedicle, is sometimes a valid
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alternative to a bladder-elongation procedure (Turner-Warwick 1972),
and the appendix can also be mobilised as a pedicled substitution for the
mid-segment of both the right and the left ureter.

Omento-skin-patch Ureteroplasty

We have used a free full-thickness skin graft supported by an omental
pedicle graft on five occasions, both as a hemi-substitution patch to
complete the epithelialised circumference of a ureterotomy or a partial
circumference anastomosis and as a circumferential tube graft substitu-
tion of a ureteric segment (Fig. 12.1). Naturally the augmenting patch
graft procedure is preferred to the tube graft when possible, because the
hemi-substitution principle is generally more reliable.

One of our five cases developed a short-segment re-stenosis within 2
months which was satisfactorily resolved by redeployment of the
proximal uretero-graft anastomosis; this re-exploration was greatly
facilitated by the characteristic ease with which the tissue planes of an

Fig. 12.1. Omento-ureteroplasty and omento-skin-patch substitution. Improvement in the results of the Davis
intubated ureterotomy for ureteric stenosis and partial resection/re-anastomosis. A ureteric stent with fenestration
achieves intraluminal drainage of urine and exudates that otherwise accumulate in the peri-catheter space and
extravasates through the suture line. Omental wrapping provides a supple vascular support with efficient physiological
lymphatic drainage of exudates. Augmentation of a partial ureteric defect or circumferential segmental replacement can
be provided by a full-thickness skin graft from the labia or distal penile/foreskin.
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Fig. 12.2a,b. Intravenous urograms showing 7-year follow-up appearances of free-draining omentum-
supported full-thickness skin graft substitution of right ureteric segment in a patient with a retrocaval ureter with
a 9 cm atretic segment. a Preoperative urogram; b postoperative urogram.

omental pedicle gra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>