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Series Editor’s Foreword

The use of lasers in clinical practice is increasing rapidly, both in
the definitive treatment of disease and in the palliation of symp-
toms. Consequently, this sixth contribution to the Bloomsbury
Series in Clinical Science is particularly timely. It opens with an
introduction to the basic physics of lasers and then focuses on
the current use of lasers in urological practice, and concludes by
reflecting on their potential for the future.

Edited, and with several contributions by Tom McNicholas,
the book also contains contributions from a number of workers
at the National Medical Laser Centre in University College Hos-
pital, London. Given their ever widening application, there can
be little doubt that lasers will be a subject the series will return to
again.

To date, the series has been concerned with a wide range of
topics of fundamental importance in clinical science. It has now
gained momentum and future titles continue to reflect its wide
sphere of interest. As Series Editor, I would welcome suggestions
from readers of topics and issues that could usefully be addressed
in the series.

London, May 1990 Jack Tinker



Preface

This monograph reviews urological laser theory and practice. I
have been able to call on the assistance of many of my fellow
collaborators from the National Medical Laser Centre in
Bloomsbury. The members of this multi-specialty group of phy-
sicians and surgeons are all engaged in regular clinical laser
treatment as well as the fundamental laboratory-based research
into the application of laser therapy which is essential for pro-
gress and for the more appropriate use of this technology. I am
fortunate to be able to draw on the expertise of this, the largest
coordinated group of laser workers in Great Britain and probably
in Europe, covering all specialties and with a strong bias towards
urology. In particular I have taken the opportunity to invite con-
tributions from several authors with practical experience of laser
and particularly photodynamic therapy who have now joined the
ranks of the National Medical Laser Centre determined to explore
in more depth the processes involved before any further clinical
application of the techniques, in an effort to improve the quality,
reliability and safety of laser therapy in its multiple forms.

Each chapter includes a historical review and a critical review
of seminal, crucial or very recent laboratory and clinical work.
Chapter 2 gives an overview of “practical lasering”, concentrating
on the YAG laser as this is the most accessible and immediately
useful laser to the urologist. Clinical experience is described in
some detail in each chapter, incorporating the practical points we
learnt the hard way ourselves. Finally an overall assessment is
made of the place of laser treatments in urology and further
developments in both the near and far future.
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Chapter 1

An Introduction to Lasers and Laser Physics

T N. Mills

This chapter offers an introduction to the laser and its principles of operation.
Various laser types and the properties of laser light which make it suitable for
medical use are also described.

Laser Physics

The Nature of Light

The word laser is an acronym for Light Amplification by Stimulated Emission
of Radiation. To understand what is meant by this, it is first necessary to gain
an understanding of the nature of light itself. It may be surprising to learn that
light can take the form of both a particle and a wave. How science has arrived
at and come to accept this duality will be described by taking a very brief and
selective look at the history of optics.

The true nature of light has been the subject of conjecture and scientific
investigation for many centuries. In the seventeenth century some researchers,
including Sir Isaac Newton, favoured a corpuscular theory which treated light
as being made up of a stream of particles or corpuscles. Others, of whom Robert
Hooke and Christian Huygens were the principal proponents, preferred to
consider light as being a wave propagating through an all-pervading elastic
medium they called the “aether”. Experimental evidence was available to sup-
port either theory. Fuelled by the considerable weight of Newton’s opinion, yet
contrary to his scientific philosophy, most scientists supported the corpuscular
theory with tenacity and dogma, whilst the wave theory was all but stifled.
Apart from a few notable exceptions, this state of affairs persisted until 1802,
when Thomas Young and, a few years later, the Frenchman Jean Fresnel,
revived the wave theory of light to explain the phenomena of diffraction,
polarisation and interference. Young realised that light was a transverse wave,
not a longitudinal wave; that is, the medium through which the wave propa-
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gated was disturbed in a direction perpendicular to rather than parallel with
the direction of propagation.

The speed of light was first measured terrestrially by Armand Fizeau in 1849,
and by the late nineteenth century was generally agreed to be about 300 000 km/s.
Very importantly, its speed was found to be less in water than in air. Because
Newton had predicted the reverse, this dealt what was thought to be the final
blow to the corpuscular theory. The evidence now favoured the wave theory.

In 1867, James Clerk Maxwell, who had been analysing data of experiments
on electricity and magnetism, particularly those of the arch-experimenter
Michael Faraday, generated a set of equations which described exactly many
of the observed properties of electricity and magnetism. An extraordinary
result of this remarkable achievement was that the speed of propagation of a
disturbance in an electromagnetic field. calculated using these equations, was
exactly equal to the measured speed of light. Maxwell concluded that light was
an electromagnetic wave whose propagation through the aether was deter-
mined solely by the electric and magnetic properties of the aether. The
electromagnetic wave theory of light was met with utter disbelief until 8 years
after Maxwell’s death, when Heinrich Hertz discharged an induction coil
across a spark gap to set up oscillating electric and magnetic fields and generate
long-wavelength non-visible electromagnetic waves which could be reflected
and refracted in exactly the same way as light.

So, light was an electromagnetic wave. But there remained a number of
problems. Firstly, if it was assumed, as it had to be, that the earth and other
celestial bodies moved relative to the stationary “aether”, the speed of light
measured in two different directions in space would be different. A famous
experiment performed in 1887 by two Americans, Michelson and Morley,
showed that this was not the case. The speed of light, which they were able to
measure with very great accuracy, was the same in all directions. The problem
was resolved in 1905, when Albert Einstein published his Special Theory of
Relativity. He showed that electromagnetic waves were self-propagating: they
had no need of the “aether”, and the problems arising from its proposed exist-
ence could simply be forgotten.

The problems now remaining were concerned with the emission and absorp-
tion of light, which the wave theory was still unable to explain. For example,
classical wave theory predicted that the intensity of radiation emitted by a
“black body” should increase with decreasing wavelength. This would mean
that as the wavelength decreased into the ultraviolet, the intensity of the radia-
tion would become infinite. This “violet catastrophe” was not observed in prac-
tice. Max Planck, who treated the black body as being made up of numerous
oscillating electric fields radiating electromagnetic waves, showed in 1900 that
a satisfactory explanation could be obtained if the energies of the oscillators
were restricted to only certain values.

Another puzzling phenomenon was observed by Hertz whilst studying the
electrical discharge between two metal electrodes. He noticed that a spark was
formed more readily when the electrodes were illuminated by ultraviolet light.
Further studies revealed that the ultraviolet light prompted the release of elec-
trons from the metallic surface of the cathode. Contrary to expectation, the
effect did not disappear when the intensity of the light was reduced to below a
particular level. Even at very low intensities, the effect persisted. Called the
“photoelectric effect”, this phenomenon could not be explained by the wave
theory of light.
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Building on the ideas originated by Max Planck, Einstein provided an
explanation of the photoelectric effect. He treated light as being made up of
discrete indivisible packets of energy, later to be called photons. The energy of
each photon was inversely proportional to the wavelength of the light, such
that ultraviolet light, which is of a short wavelength, is made up of photons
having a high energy. Although the intensity of a beam of ultraviolet light may
be very low, the energy of each photon was by itself sufficient to knock an elec-
tron off the metallic surface and reduce the voltage required to initiate a spark.
It was for his explanation of the photoelectric effect, rather than his formula-
tion of the Special and General Theories of Relativity, that Einstein was
awarded the Nobel prize for physics in 1921.

The concept of the photon, whereby light takes the form of both a particle
and a wave, formed the basis of an entirely new branch of physics dealing with
the Quantum Theory of Matter. The quantum theory shows us that particle
and wave are in fact different manifestations of the same thing, and, as stated
by Einstein. that mass and energy are equivalent. The wavelength of radiation
associated with a particle is inversely proportional to its momentum and so
only sub-atomic particles. of which the photon is one, exhibit detectable wave-
like properties.

Running apace with the studies on the nature of light, studies on the sub-
microscopic world of the atom were also meeting with success. Fraunhofer at
the beginning of the nineteenth century, as others before him, had noticed that
the wavelengths of light emitted or absorbed by a particular element were con-
fined to a number of narrow bands or spectral lines peculiar to that element.
Rutherford a decade later had modelled the atom along the lines of our solar
system, whereby the electrons orbited the atomic nucleus much as the planets
orbit our sun. Whilst attractive in its simplicity, the model was flawed. Maxwell’s
laws, for example, suggested that the atom would radiate light continuously
over a broad range of wavelengths, and the electrons would eventually collapse
onto the nucleus.

In 1913, Neils Bohr used the newly formulated quantum theory to model the
atom. The success of the new theory was demonstrated by its ability to predict
accurately the wavelengths of the emission spectra of hydrogen. The emission
and absorption of light could now be understood to result from changes in the
energy of the atom, which the quantum theory shows to be restricted to certain
defined values, each of which can be represented by a particular configuration
of the extra-nuclear electrons. A change from one energy state to another is
instantaneous and is accompanied by the absorption or emission of a packet
of energy equal to the difference in energy between the two states, known as the
transition energy. The packet of energy may be a photon of light. In molecules,
other discrete energy levels are also present. These take the form of different
stretching and rotational vibrations of the molecular bonds. and their tran-
sitions can also lead to photon emission.

The energy of the photon determines the wavelength of the electromagnetic
radiation with which the photon is intrinsically associated. Thus a transition
from one particular energy level to another produces radiation of just one
wavelength. The greater the transition energy, the greater the photon energy
and the shorter the wavelength, and vice versa. Light, which is taken to include
the infrared, visible and ultraviolet, makes up only a small part of the
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Fig. 1.1. The electromagnetic spectrum.

electromagnetic spectrum (see Fig. 1.1), the whole of which ranges from long-
wavelength. low-frequency radio waves (low photon energy) to very-short-
wavelength. very-high-frequency gamma rays (high photon energy).

Because the energy states of a particular species of atom are strictly defined,
the transition and resultant photon energies are also strictly defined. An atom
of one particular element, therefore, is able to absorb or emit photons of only
particular energies, and hence only particular wavelengths. In actuality, the
random movement of the atom and the close proximity of the external electric
fields of adjacent atoms can increase or decrease the transition energies. result-
ing in emission of photons within a band of different energies, and hence
wavelengths.

We have seen how our understanding of light has come more or less full circle.
The emission and absorption of light are best considered using the photon and
the quantum theory, similar in some respects to Newton’s corpuscular theory,
whilst the propagation of light is best considered using the classical electro-
magnetic wave theory. Together, the two theories provide a more or less com-
plete description of the nature of light.

A Conventional Gas Discharge Light Source

Electric current flowing through the ionised gas in a gas discharge tube (e.g. a
neon lamp) causes collisions which excite the atoms of the gas from the lowest-
energy “ground state” to higher-energy “excited states”. An atom excited to a
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high-energy state will in time return spontaneously to its low-energy ground
state, either directly or via one or more intermediate states. Each transition is
instantaneous and is accompanied by a release of energy equal to the differ-
ence in energy between the two states: the transition energy. The released tran-
sition energy may take the form of a photon of light. Photons released by these
spontaneous radiative transitions are random in respect of phase, polarity and
direction of propagation.

Atoms and molecules can exist only in certain strictly defined energy levels
peculiar to their species. The transition and resultant photon energies are
therefore also strictly defined. Thus, an atom of one particular element is able
to absorb and emit photons of only certain energies, and hence only certain
wavelengths. As stated earlier, the random movement of the atom and the close
proximity of the external electric fields of adjacent atoms can affect the
transition energies, resulting in emission of photons within a band of different
energies, and hence wavelengths. The spectrum of light emitted by the gas
discharge tube, therefore, is composed of one or more broad bands each spread
about a central wavelength. Because the photons are emitted spon-
taneously, the light is emitted in all directions and with random phase and

polarity.

Stimulated Emission and the Laser

Einstein, in 1917, showed that the relaxation of an excited atom or molecule to
release a photon could happen not only spontaneously but also as a result of
interaction with another photon of the correct energy. Remarkably, the inci-
dent photon remains unchanged and the newly emitted photon is identical to
the incident photon in respect of wavelength, phase, polarisation and direction
of propagation. The process is called “stimulated emission™ and is the principle
upon which laser action is based.

The practical significance of Einstein’s discovery was not realised until after
World War II, when it was found that conventional electronic devices were
unable to amplify the very-high-frequency microwaves being used for radar.
Nikolai Basov, Alexander Prokhorov and Charles H. Townes, amongst others,
realised that a photon emitted by an excited atom or molecule could, by initiat-
ing a chain of repeated interactions with other excited atoms or molecules of
the same species, stimulate the emission of numerous other identical photons.
Thus, the intensity or flux of the electromagnetic wave associated with the orig-
inal photon would be amplified. A prerequisite of this phenomenon was that
there must be more atoms or molecules in the upper level, high-energy state
than in the lower level, low-energy state, otherwise photons would tend to be
absorbed by the lower level rather than stimulate emission of further photons
from the upper level. Boltzmann's Law showed that this “population inver-
sion” could not be obtained easily.

In 1953, Townes overcame the difficulties of obtaining a population inver-
sion and constructed the first maser, an acronym for Microwave Amplification
by Stimulated Emission of Radiation. Shortly thereafter, Townes and Arthur
Schawlow set out the conditions necessary for Light Amplification by Stimu-
lated Emission of Radiation: the laser.
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Fig. 1.2. The first laser.

The first laser, shown schematically in Fig. 1.2, was constructed by Theodore
H. Maiman in 1960 whilst working at the Hughes Research Laboratory in the
United States. To acknowledge this milestone in the history of optics, the
Nobel prize for physics was awarded jointly to the American, Townes, and the
two Russians, Basov and Prokhorov, in 1964.

The First Laser

As first suggested by Schawlow, Maiman used a small rod of synthetic ruby as
the laser medium. Ruby is predominantly Al,O; with a small percentage of
Cr,0, held in the crystal lattice. Its pale pink colour is attributable to absorp-
tion of light in the green and violet parts of the spectrum by the Cr’* ions. Itis a
radiative transition of the excited ions on their path back to the ground state
that is able to produce laser action.

Maiman polished the two end faces of the ruby rod flat and parallel, then sil-
vered them such that light travelling parallel to the longitudinal axis would be
reflected back and forth through the ruby rod. To allow some light to escape he
left one face only partially silvered. The energy needed to excite the Cr** ions
and produce the population inversion necessary for laser action was provided
by a gas discharge flash lamp. Optical coupling between the flash lamp and
the ruby was maximised by wrapping the lamp into a helix around the rod and
enclosing the whole in a cylindrical reflector.

Fig. 1.3 shows a simplification of the energy levels in the ruby. Cr’* ions are
excited to high energy levels by the absorption of green and violet light emitted
by the flash lamp. The absorption bands are very short lived and decay almost
immediately to a metastable state via non-radiative transitions: the transition
energy is lost as heat in the crystal lattice. The metastable state is relatively long
lived and returns to the ground state via radiative transitions centred around
694 nm. Because the absorption bands decay very rapidly to a longer lived
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Fig. 1.3. Energy levels in ruby.

metastable state, a population inversion between metastable and ground states
is readily achieved. Laser action is therefore possible.

Laser oscillation is initiated by a photon travelling in a direction parallel to
the longitudinal axis of the rod and originating from the spontaneous relax-
ation of an excited Cr?* ion. Along its path the photon interacts with another
excited ion to stimulate the emission of a second, identical photon which prop-
agates in the same direction. The two resultant photons stimulate the emission
of yet more identical photons by further interactions with other excited ions.
The chain reaction, of which these are the first steps, continues as the photons
travel back and forth through the ruby rod, and lasts for almost as long as the
population inversion remains. The result is an intense pulse of highly colli-
mated red light emerging from the partially reflective end face of the rod.

Photons travelling in directions not parallel to the axis of the rod leak out
through the side walls and are lost. They remove only a small amount of
energy from the crystal. Some energy is lost within the crystal itself and at the
two end mirrors; this does reduce the efficiency of the laser. The term “laser
threshold” is used to describe the minimum population inversion needed to
overcome the losses and initiate lasing.

Since Maiman’s construction of the ruby laser, numerous other materials
have been made to lase. These include gases, solids and liquids. To excite or
pump the laser medium, electric currents, radio waves, light and even chemical
reactions have been used. Unlike the first laser, some produce a continuous
optical output, whilst others emit a series of extremely short, very powerful
pulses.
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Laser Cavity Modes

The laser is an oscillator. made up of an optical amplifier provided by the pop-
ulation inversion in the active medium. and optical feedback provided by the
two end mirrors. Note that because the laser is more an oscillator than an
amplifier, the acronym laser is something of a misnomer! The laser cavity
takes the form of what is called a Fabry-Perot etalon. in which light oscillates
between two plane-parallel mirrors forming, as it does so. a standing wave. The
length of the standing wave. which is the distance between the mirrors (the cavity
length), must equal an integer number of half wavelengths. This being so. only
certain wavelengths are able to oscillate within the cavity. Thus. the cavity sep-
arates each of the broad radiative emission bands of the laser medium into a
number of very narrow bands or lines. each attributable to an “axial mode™ of
the cavity, and separated from one another by a frequency difference called the
“free spectral range” of the etalon. As shown in Fig. 1.4, only those lines with a
gain exceeding the laser threshold will actually lase and so be amplified. The
output of a laser. therefore, is made up of one or more groups of closely separ-
ated narrow lines or bands of wavelengths.

In addition to the axial mode. transverse modes can also be sustained in the
laser cavity. These describe light which resonates along paths which do not lie
exactly parallel to the longitudinal axis of the cavity. They are called TEM
(Transverse Electro-Magnetic) modes, and are designated by TEM-mn where
m and n denote the number of transverse nodal lines appearing across the out-
put beam along the horizontal and vertical axes respectively. In other words.
the output beam may be split up into one or more regions. A variety of different

Gain —»

Axial modes

Gain envelope

Laser
threshold

Wavelength A —>

Fig. 1.4. Gain curve of a laser emission showing the axial modes of the laser cavity.
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Fig. 1.5. Some low-order transverse electric and magnetic (TEM) modes of a laser.

modes are shown in Fig. 1.5. For a number of reasons the lowest-order mode,
TEM-00, is the most widely used: not only is the distribution of flux density or
irradiance (power per unit area) across the beam ideally Gaussian, but the elec-
tric field exhibits no phase changes, which means it is completely “spatially
coherent”, it exhibits the least beam divergence, and it can be focused to the
smallest spot size.

Coherence

Light is energy propagating through space as an electromagnetic wave. We can
characterise light by the wavelength and amplitude of the electromagnetic
wave. Furthermore, we can say how stable the wave is with respect to both time
and position in space. These last two observations describe the temporal coher-
ence and spatial coherence of the light.
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Temporal Coherence

Fig. 1.6 depicts a short length of an infinitely long electromagnetic wave. For
the sake of simplicity, only the electric field is shown, and this is plane polar-
ised, i.e. the field oscillates in one fixed plane only. Let us assume that a
stationary observer, positioned at some fixed point on the propagation axis, is
able to take instantaneous measurements of the phase of the wave. If the wave
is of just one frequency (and thus of one wavelength), the observer will know
the relationship between the phase of the wave at the instant of measurement
and the phase at any later instant. If, however, the frequency of the wave is sub-
ject to change, the phase relationship will only hold for as long as the frequency
remains constant. This is called the “coherence time”. The same property can
be described equally well by the length of the wave over which the frequency
remains constant. This is called the “coherence length”, and is, of course, equal
to the product of the speed of light and the coherence time. Either quantity
serves to describe the temporal coherence of the light.

The wavelength distribution, or spectral linewidth, of light is also a measure
of its temporal coherence, and is related to the coherence time (or coherence
length). The natural linewidth, which is the linewidth of the spectral emission
of a single stationary atom, is greatly broadened by heat and the presence of
other atoms. This is due to distribution of the atomic energy levels caused by
collisions, thermal oscillations, and the close proximity of the external electric
fields of the other atoms. Due in part to the process of stimulated emission. and
in part to the geometry of the laser cavity, the spectral linewidth of the output of
a laser is very much narrower than that of a conventional light source.

Coherence lengths of many hundreds of kilometres are possible from a laser.
but few commercially available lasers have coherence lengths of more than a



An Introduction to Lasers and Laser Physics 11

wavefront

Fig. 1.7. A perfectly collimated, spatially coherent beam of light. The wavefront is drawn through
two points of equal phase.

few tens of metres. This implies coherence times of less than 1 microsecond.
Conventional light sources have coherence lengths of less than 1 mm.

Spatial Coherence

Spatial coherence is concerned with the stability of the relative phases of a
wave at two points in space - rather than two points in time, as in the case with
temporal coherence. To see what is meant by this, we need to refer to Fig. 1.7,
which shows a number of wavetrains of a perfectly collimated beam of light. A
wavefront, which is depicted by the bold line. is drawn through points on the
wavetrains that have equal phase. Spatial coherence implies that all
wavefronts which arrive subsequently at this same position in space will have
the same shape. The wavetrains may change frequency because of the relative
brevity of the coherence time, but, provided the wavefronts maintain the same
shape, the light is spatially coherent.

The wavefront of a spatially coherent point source is a spherical shell cen-
tred on the source. Similarly, a perfectly collimated beam of light infers a flat
wavefront and perfect spatial coherence.

In summary, temporal coherence implies that the relative phases between
two points in time remain constant; spatial coherence, on the other hand,
implies that the relative phases between two points in space remain constant.

It should be noted that a conventional light source can produce coherent
light, but only in passing it through narrow slits and a filter, after which the
power of the beam is too low to be of any real value. Only the laser is able to
produce powerful temporally and spatially coherent light.
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Properties of Laser Light

Laser light differs in a number of respects from the light emitted by. for example.
a domestic light bulb or a gas discharge tube.

Beam Collimation

By any criterion, the divergence of a laser beam is very small. This becomes
abundantly clear when. for example, the beam of a helium-neon laser is pro-
jected across a room and cigarette smoke blown across its path. The smoke
scatters the light and makes visible a very fine pencil-like beam of intense red
light stretching to the far wall. The low beam divergence of laser light is attribu-
table to its high spatial coherence.

Because of this low beam divergence, the full power of the laser beam may
be focused onto a very small spot. It is this property which enables almost all
the power of the laser to be coupled into and transmitted to tissue through a
small-diameter fibre-optic light-guide which can be passed down the operating
channel of an endoscope.

Output Power

An important consequence of the high collimation of a laser beam is that
although the power output of the laser may be less than that of, say. a fluores-
cent lamp, the irradiance (power per unit cross-sectional area) of the beam is
very high and can remain so for up to very great distances. In contrast a fluor-
escent lamp emits light in all directions as an approximately spherical wave
the irradiance of which decreases as the inverse square of the distance from the
lamp. It is almost impossible to arrange a conventional light source to produce
a collimated beam of light with an irradiance comparable to that of a laser.

A further consequence of the low divergence of the laser beam is that it may
be focused onto a very small spot to produce still greater irradiance. The mini-
mum diameter of the focused beam is a function of the angle of divergence of
the laser and the focal length of the lens. The ultimate spot size is determined
by the wavelength of light. i.e. the spot is “diffraction limited”. Spot diameters
of the order of only a few hundredths of a millimetre can be readily obtained.
The consequent irradiance may be some million million times that attained in
an oxyacetylene flame.

Monochromaticity

Laser light is monochromatic or, more precisely. quasi-monochromatic. It is
light of just one or a few colours. The output of a laser, therefore, is a beam of
light the entire output power of which may be centred on more or less one
wavelength. With a conventional light source, the light is found to be spread
over a very much broader band of wavelengths. The monochromaticity of laser
light is attributable to its high temporal coherence.

Most laser media possess a number of radiative emission bands which are
able to lase, each attributable to particular transitions within the atom or mole-
cule. The output, therefore, may consist of light of a number of different colours.
The argon laser, for example, can lase at about eleven different wavelengths



An Introduction to Lasers and Laser Physics 13

between 437 nm and 529 nm. If only one particular wavelength is required, out-
put at the unwanted wavelengths may be prevented by a variety of techniques.
Most often, the back (totally reflecting) mirror is a multilayered dielectric stack
such that unwanted wavelengths are attenuated by destructive interference
occurring at each multiple reflection within the mirror. Other techniques make
use of prisms or diffraction gratings.

Polarisation of Light

Some lasers, by the nature of their construction, emit plane polarised light, that
is, the electric field of the light oscillates in only one plane perpendicular to the
direction of propagation. There is, as yet, little evidence to substantiate claims
that the polarisation of light plays a part in its interaction with tissue.

Interaction of Laser Light with Tissue

When light enters tissue, it is scattered and absorbed. The phenomenon of scat-
tering is exemplified by light propagating through fog: the light is bounced
back and forth between water droplets. spreading the light out in all directions.
Absorption, on the other hand, is where the light is captured by the medium,
which may then convert its energy into heat.

The practical, clinical importance of the monochromaticity of laser light is
that one component of tissue may absorb or scatter light of one wavelength
more strongly than another. The blue-green light of the argon ion laser, for
example, is strongly absorbed by red blood, but relatively weakly absorbed by
dermis and epidermis. The absorbed light energy is converted to heat, and so,
when skin is irradiated with argon laser light, the temperature of the capillary
blood may be raised to a higher temperature than is the dermis or the epidermis.
The abnormal blood-filled capillaries of a port wine stain may therefore be
destroyed with minimal damage to the skin. The selectivity of this effect is
maximised if the light energy is delivered using a pulsed laser in which the
duration of the pulses is shorter than the time it takes heat to diffuse out of the
capillaries and into the surrounding dermis. The time the laser is switched off.
between individual pulses is also important. It needs to be longer than this
characteristic “thermal diffusion time”, otherwise individual pulses summate
to have the effect of a single, longer pulse. The thermal diffusion time of a cap-
illary blood vessel within the dermis is of the order of 1 millisecond.

In liver, blue-green argon laser light penetrates to a depth of about 1 mm.
The invisible near-infrared light of the neodymium yttrium aluminium garnet
(YAG) laser, which is less strongly absorbed by liver, penetrates to a depth of
about S mm, and, because of scattering, is spread sideways away from the axis
of the incident beam. The longer wavelength far-infrared light of the carbon
dioxide (CQO,) laser, which is absorbed very strongly by water, penetrates to a
depth of only about 0.1 mm in liver. Because the degree of absorption and scat-
tering determines the volume of tissue in which the light energy is dissipated.
the power density in tissue irradiated by a CO, laser may be sufficiently high to
cause explosive vaporisation of intracellular water. This phenomenon forms
the basis of the use of the CO, laser as a tissue cutter or “laser scalpel”. The
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more deeply penetrating but more powerful YAG laser heats a greater volume
of tissue more gradually. which is ideal for coagulation.

Light can produce a number of non-thermal effects in tissue. It can activate
photochemical reactions in much the same way that sunlight absorbed by
chlorophyll activates photosynthesis. Alternatively, if the light is of a short
wavelength (e.g. ultraviolet light), the photon energies may be sufficiently high
to disrupt directly the molecular bonds within tissue. The latter effect. called
photoablation, might form the basis of a “cold” laser scalpel.

At very high power densities, such as those attainable in the very short dura-
tion pulses produced by a Q-switched laser, the electric field strengths are high
enough to disrupt the atomic structure of tissue. Electrons are torn from atomic
nuclei to form a very hot but very localised plasma. By focusing Q-switched
laser pulses through the ocular lens and onto the posterior capsule,
ophthalmologists can use this effect to perform posterior capsulotomies with-
out resort to surgery. With the recent development of a suitable fibre-optic
delivery system, the Q-switched laser can also be used to generate destructive
shock waves for the fragmentation of urinary and biliary calculi. The shock
waves are produced by the rapidly expanding plasma formed at the point of
impact of the Q-switched laser pulse.

Clinical Lasers and Laser Light Delivery

This section offers a brief description of each of the laser types which have
proved to be or promise to be of particular value in urology.

Argon lon Laser

The laser medium of the argon ion laser is a volume of argon gas held in a
small-diameter, air or water cooled tube made of glass, graphite or beryllium
oxide and sealed at each end by glass windows. A current, constricted by a
magnetic field and flowing between electrodes positioned within each end of
the tube, ionises the argon gas and excites the ions so formed to high-energy
states. Transitions between high-energy absorption states and a lower-energy
intermediate state release photons of light in the blue-green part of the spec-
trum. Mirrors positioned outside each end of the tube reflect the photons back
and forth through the gas. At very high current densities, a population inver-
sion between absorption states and the intermediate state exists, stimulated
emission predominates over absorption, and laser oscillation occurs. To
minimise losses. the windows at each end of the tube are tilted at the “Brewster
angle”. This is the angle at which light polarised in the plane normal to the
window is transmitted with maximum efficiency.

One of the two mirrors, the output mirror, is only partially silvered. The laser
output which emerges from this mirror is a highly collimated beam of plane
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polarised light made up of a number of different spectral lines or wavelengths
lying between 437 nm and 529 nm (80% of the power is equally divided between
488 nm and 514.5 nm). There are also a number of less powerful lines which
can lase in the ultraviolet part of the spectrum.

The full output power of the argon ion laser suitable for medical use can be
readily coupled into an optical fibre sufficiently small and flexible to be passed
down the operating channel of a standard flexible endoscope. Like the majority
of lasers, the argon ion laser is very inefficient. An 8-W device, for example,
requires an electrical input power of about 15 kW. This usually necessitates a
three-phase electrical service and a substantial supply of cooling water.

Neodymium Yttrium Aluminium Garnet Laser

The laser medium of the neodymium yttrium aluminium garnet laser is a syn-
thetic crystal rod of yttrium aluminium garnet (YAG) which has been doped
with a small concentration of neodymium (Nd) atoms. Light emitted by a power-
ful krypton lamp, and focused into the rod by an elliptical reflector, “pumps”
the neodymium atoms into a broad band of high-energy states which rapidly
decay via non-radiative transitions to long-lived metastable states. Lasing, pre-
dominantly at the near-infrared wavelength of 1064 nm, results from the decay
of these metastable states to lower-energy intermediate states, which then
decay rapidly via non-radiative transitions to the ground state. Called a four-
level laser, a population inversion and consequent lasing is readily achieved
between the long-lived, high-energy states and the short-lived, low-energy
intermediate states. The laser cavity is completed by mirrors positioned at each
end of the rod. One mirror, the output mirror, is only partially silvered, whilst
the other is usually multicoated to allow only the desired wavelength to lase.

The efficiency of the YAG laser is relatively high at between 1% and 2%.
Continuous wave output powers in excess of 1 kW are possible, but for clinical
applications, 100 W at 1064 nm is ample. Despite its relatively high efficiency, a
YAG laser of this power requires a three-phase electrical service and a supply
of cooling water. To enable visualisation of the path of the invisible infrared
beam, a coaxial visible red beam of a low-power helium-neon laser is usually
employed. Both visible red and near-infrared beams can be transmitted by
small-diameter optical fibres.

Carbon Dioxide Laser

Lying deep in the infrared at 10.6 um the output beam of the carbon dioxide
(CO,) laser is absorbed strongly by all conventional optical fibres. Whilst this
precludes its present use with flexible endoscopes, it is likely that a suitable
fibre will be made available in the near future.

The laser medium of the CO, laser is a mixture of carbon dioxide, nitrogen
and helium gas, held in an air or water cooled discharge tube sealed at each
end by Brewster windows transparent to the infrared. Lasing occurs at tran-
sitions between quantised vibrational states of the carbon dioxide molecule,
excited by energy transferred from the nitrogen molecules which are them-
selves excited by direct or alternating currents. The presence of helium helps
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provide the population inversion by cooling the lower lasing level of the CO,
molecule to its ground state. The resonant cavity is. as usual, provided by two
mirrors positioned outside each end of the tube.

In comparison with other lasers. the CO, laser is very efficient, 15% effi-
ciency being typical. Continuous wave output powers of a few kilowatts are
attainable by some designs, but for most clinical uses a maximum of 35 W is
ample. Because of its high efficiency, such a device can be powered by a single-
phase electrical service and has no need of an external supply of cooling water.
As with the YAG laser, a helium-neon laser provides a visible red aiming
beam.

Dye Lasers

A laser ideal for clinical use would be a device with a high maximum output
power and a wavelength tunable from infrared to the ultraviolet. Whilst not
satisfying the former requirement. the dye laser goes a long way towards satis-
fying the latter.

The laser medium of the dye laser is a dye, such as a coumarin or
rhodamine, in a solvent, such as ethanol. When liquid dyé is excited by light of
a short wavelength, transitions between the first excited electronic state and
numerous vibrational levels of the ground state radiate (fluoresce) light within
a broad band, about 70 nm wide. Different dyes lase within different ranges.

A tunable, continuous wave dye laser, just one of many different designs, is
shown in Fig. 1.8. Liquid dye is pumped through a nozzle to form a thin, laminar
jet which is directed across the optical path of a “folded, three mirror cavity”.
The liquid dye is then recirculated. At the point where the jet crosses the optical
path of the cavity, the dye molecules are excited to a high-energy state by an
intense beam of light, in this case originating from a continuous wave ion laser.
At intensities greater than 1 MW/cm?, population inversions between the first
excited electronic state and the numerous vibrational levels of the ground state
exist, and their transitions provide laser action at wavelengths within the fluor-
escence spectrum of the dye.
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Fig. 1.8. A continuous-wave, tunable dye laser using a folded. three-mirror cavity and pumped by
a continuous wave ion laser.
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The high-velocity liquid jet restricts the flight time of the dye molecules
through the active area to less than a microsecond. This is long compared with
the fluorescence process, but is short compared with other processes such as
phosphorescence which would tend to reduce the dye laser’s efficiency. The
birefringent crystal provides a means of tuning the wavelength of the laser out-
put, i.e. for any one rotational position, light of only one wavelength can oscil-
late within the laser cavity.

The efficiency of the dye laser is high, reaching a maximum of about 25%.
The efficiency of the complete system, however, is compromised by the low
efficiency of the pump laser. Using a range of different dyes and optical cavity
mirrors, a dye laser pumped by a 7-W continuous wave argon ion laser can lase
at any wavelength between 430 nm and 900 nm, with a peak continuous wave
output power of about 1.5 W.

In another design of dye laser, a flash lamp pumps the liquid dye to produce
1-microsecond pulses of typically 200 mJ per pulse. These pulses, which may
be transmitted using flexible, small-diameter optical fibres, are effective for
fragmenting urinary calculi and calcified arterial plaques.

Metal Vapour Lasers

A number of metals can be made to lase when in their vapour phase. They
include copper, which lases at 511 nm (green) and 578 nm (yellow), and gold,
which lases at 628 nm (red). The construction of a metal vapour laser follows
the general scheme of a gas laser. but to obtain the required vapour densities
the laser must operate at high temperatures. The laser tube is therefore usually
made of alumina and the central portion may be held in an oven.

Described as self-terminating, metal vapour lasers can only operate in
pulsed mode and (because they exhibit a very high gain per pass,) they are able
to lase without any mirrors. To obtain a unidirectional output, however, a 100%
reflecting mirror is positioned at one end of the laser tube and the output is
taken directly from the other. The output specification of an air-cooled copper
vapour laser is typically 1 mJ per pulse, 10 kHz pulse repetition frequency, 10 W
average power.

Excimer Lasers

Excimer lasers are of great interest because they provide a source of ultraviolet
laser light. The laser medium of an excimer laser is a volume of gas the atoms
of which are able to form diatomic molecules only in an excited state. The mol-
ecules immediately dissociate, releasing high-energy ultraviolet photons on
entering the ground state. A population inversion between excited and ground
states and consequent laser action at ultraviolet wavelengths is therefore possible.

The word “excimer” is a contraction of the words “excited dimer”, but often
the active molecule is a rare gas atom combined in the excited state with a hal-
ogen atom. Strictly speaking these combinations should not be called excimers
since they involve dissimilar atoms.

Specific examples of rare gas/halide excimer lasers are argon fluoride (193
nm), krypton fluoride (248 nm), xenon chloride (308 nm) and xenon fluoride
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(351 nm). They may be pumped either by an electron beam or by an electrical
discharge. The output is pulsed. the length of each pulse being of the order of a
few tens of nanoseconds.

Q-Switched YAG Laser

In a conventional laser, laser oscillation begins as soon as the laser medium
has been pumped to laser threshold. Preventing oscillation by means of a shutter
placed within the laser cavity, the laser medium in a Q-switched laser can be
pumped to a level far greater than threshold. When the shutter is eventually
opened, the energy stored within the laser medium is released as a single optical
pulse having a duration of about 10 nanoseconds. The peak power of such a
pulse can be of the order of a gigawatt (10° W).

Fibre-optics

Total Internal Reflection

In the way copper cables are used to conduct electricity, optical fibres are used
to transmit light. Optical fibres of the “step index” variety transmit light using

the principle of total internal reflection. When a ray of light travelling in a
medium of high refractive index meets another medium of lower refractive

>42°
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Fig. 1.9. Total internal reflection of light within a glass cylinder (refractive index = 1.5) sur-
rounded by air (refractive index = 1). The critical angle of reflection at the glass/air boundary is
42°. The angle a is the acceptance angle of the cylinder.
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index, the ray is reflected back into the first medium if its angle of incidence at
the boundary is greater than the critical angle. The critical angle K is derived
from the relationship

sin K = n,/n,

where n,; and n, are the refractive indices of the two media.

Fig. 1.9 shows a ray of light travelling in a solid cylinder of glass (n = 1.5)
held in air (n = 1). On meeting the side wall of the cylinder, the ray is totally
internally reflected if its angle of incidence is greater than 42°. Rays of light
incident at angles of less than 42° leak out of the cylinder and into the air. It is
easy to see that the glass cylinder can, by multiple total internal reflections,
transmit light along its full length, provided the light starts its journey running
in a direction lying close to the longitudinal axis of the cylinder, i.e. within the
“acceptance angle”, a.

Commercially available step index optical fibres are made up of a cylindrical
core of glass or fused silica which is isolated from the external environment by
a layer of lower refractive index glass or polymer, called the cladding. The
whole may be then enclosed in a tough plastic sheath for protection. The
cladding, by providing an optically smooth boundary at the wall of the fibre
core, minimises transmission losses.

Low loss fibres are available commercially in sizes ranging from about 10 pm
to 1000 um in diameter. Fibres made of glass are suitable for transmitting light
in the 380-1300 nm range, whilst those made of fused silica are suitable for
wavelengths of 220-1300 nm. Flexible fibre-optic endoscopes utilise bundles of
the smaller-diameter glass fibres for both illumination and image trans-
mission. For transmitting laser light down the biopsy channel of an endoscope,
single fibres of larger diameter are employed.

In addition to the step index fibres, there is also a family of “graded index”
fibres. Although graded index fibres are not normally used for transmitting
high-power laser light, the way in which they work may be of some interest.
The refractive index of the cores of graded index fibres varies continuously
with radius, from a high value at the centre to a low value at the surface. The
cladding is absent. Rays of light not travelling parallel to the axis of the fibre
are deflected by refraction away from the surface and back towards the centre.
The fibre acts rather like a series of positive lenses, each re-imaging the image
formed by the previous lens. In many respects these fibres are similar to the rod
lenses used in rigid urological endoscopes.

Fibre-optic Transmission of Laser Light

The property of the laser which enables its use in therapeutic endoscopy is the
very low divergence of its output beam. It allows almost all the energy of the
laser to be coupled into and transmitted by an optical fibre sufficiently small
and flexible to be passed down the biopsy channel of a standard endoscope.
The smallest spot to which a laser beam can be focused is calculated using the
relationship

d=2fsin4A

where d is the spot diameter, f the focal length of the coupling lens, and A4 the
angle of divergence of the laser.
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To ensure efficient transmission of the laser energy by an optical fibre, the
angle of convergence of the focused beam must not. of course. exceed the
acceptance angle of the fibre.

Whilst the output beam of a YAG laser can be focused to a spot diameter of
about 200 um. an optical fibre of about 400 ym diameter is usually employed
for use with an endoscope. The larger diameter facilitates accurate alignment,
which ensures efficient coupling of the laser energy into the fibre.

To minimise power loss, the two ends of the fibre must be cleaved flat and
perpendicular to the longitudinal axis. They must be clean: any dirt will absorb
energy. get hot, and melt the fibre tip. The risk of contamination can be
reduced by providing a coaxial gas jet.

The laser light emerges from the distal end of the fibre as a divergent cone.
The irradiance at the tissue surface is therefore dependent upon the cone angle
and the fibre tip to tissue separation.

Optical Fibres for the CO, Laser

The light emitted by the CO, laser lies deep in the infrared region of the
electromagnetic spectrum. Light of this wavelength (10.6 um) is absorbed very
strongly by many materials, including those used in conventional optical
fibres. Most of the materials which do not absorb 10.6 pm light have either
poor mechanical properties or high toxicity, both of which render them
unsuitable as optical fibres for clinical use. At the time of writing. considerable
effort is being devoted to the development of an endoscopic “CO, fibre™: this
will, no doubt, soon bear fruit.

Laser Safety

Lasers are hazardous. Their clinical use is associated with a number of potential
hazards to the patient, operator and staff. Their use requires extreme caution.

The eye is at greatest risk. The ocular lens, like any other positive lens,
focuses the highly collimated beam of the laser to a very small spot. In the eye,
this spot falls on the retina. Because the full power of the laser beam is concen-
trated within the area of this spot. part of the retina may be instantly and per-
manently destroyed if the power of the laser beam entering the eye exceeds a
certain critical value. Almost all clinical lasers mentioned in this chapter
exceed this critical value by at least three orders of magnitude. The exceptions
cannot damage the retina by virtue of the fact that their beams are absorbed
very strongly by water. resulting in corneal burns and permanent scarring
rather than retinal damage.

If there is any possibility of the laser beam entering the eye. either directly or
by reflection, and exceeding the maximum permissible exposure level, protec-
tive eyewear which attenuates the laser beam to a safe level must be worn. Of
particular relevance to the use of lasers with endoscopes is the provision of a
filter or shutter at the eyepiece of the endoscope. This prevents reflected light
from entering the operator’s eye via the optics of the endoscope.

Apart from the risk of damage to the eye, the laser presents a fire hazard and
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can produce serious burns to exposed skin.

All personnel associated with the use of clinical lasers should read the manu-
facturer’s operating instructions, be aware of the hazards and take all neces-
sary steps to minimise the risk of accidents. A number of publications devoted
entirely to the subject of laser safety are listed in Further Reading.
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Chapter 2
A Practical Guide to Laser Treatment
T A. McNicholas

This chapter sets out general guidance for laser use with special reference to
the endoscopic YAG coagulation of bladder tumours, since these are of gen-
eral importance to all urologists. The practical points outlined here will have
relevance to most other urological laser applications. Where particular points
are important for specific applications they will be dealt with in the appropriate
chapters later in the book. Table 2.1 describes the characteristics of lasers in
urological use.

General Guidance

A close liaison between the urologist and the manufacturer of the laser he
eventually chooses is essential. Time and effort spent assessing the various
machines is time well spent. In effect this means reading the literature and

Table 2.1. Characteristics of lasers in urological use

Laser Wavelength  Power Mode Delivery Use
(nm) range (W) system

CO, 10 600 0.1-100 Cwé + Articulated arm  Cutting. tissue

pulsed to endoscope or  welding
microscope

Argon 458-515 0.001-25 CW + Fibre Superficial
pulsed coagulation

Dye 400-700 0.001-6 CW + Fibre. Photodynamic
pulsed therapy (PDT).

laser lithotripsy

YAG 1060 5-120 CW + Fibre Coagulation
pulsed (tumours and
Q-switched vascular lesions)

4CW. continuous wave.
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then talking to other users and subsequently meeting the manufacturers and
assessing their products. We would suggest that although a great deal of infor-
mation can be gained from the literature and colleagues it is essential to see at
least the “short listed” machines in operation in the environment in which you
plan to use them. This may require some temporary safety measures for the
purpose of the short trial period. but do not make expensive alterations prior to
purchase of the laser. A practical trial in your own operating room will show
whether the laser can work with existing electrical and water supplies. How-
ever, the hospital engineers can usually advise about the electrical supply and
water temperatures and flow rates which are available. Ideally. expensive alter-
ations such as water pumps or cooling arrangements for the water (if the ambient
temperature is high) should be avoided. Fig. 2.1. shows our clinical laser
installed in the operating theatre at St. Peter’s Hospital, London.

We cannot stress strongly enough how important a good relationship
between the operator and the manufacturer is. Good back-up service is per-
haps the single most important feature to look for, though the current range of
lasers themselves (particularly YAG and CO, lasers) are really quite reliable
instruments.

After buying the laser local safety rules may have to be drawn up or may
already be in existence due to laser use in other departments. We would advise
a period of training with an experienced laser operator if there is one practising
nearby, although there are many “hands-on™ courses available. These should
allow some practical guidance on the use of the laser and practical experience
on dead tissue, subsequently on live tissue and possibly demonstration of clinical
cases.

Fig. 2.1. The Living Technology Fiberlase in the operating theatre at St. Peter's Hospital. London.
(Reproduced by permission of the British Journal of Hospital Medicine.)
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The laser operator should be aware that in British practice he is likely to be
the one who has, in the final analysis, to make the machine work, although in
more affluent environments elsewhere the resources may be available for a
laser technician or perhaps a nurse dedicated to looking after the laser. In
either case at least one person should be intimately familiar with the standard
operation of the laser and be able to deal with simple malfunctions. For more
serious problems a “hot line” to the manufacturers or their agents is essential
and that ‘phone number should be available to the user at all times.

The choice of laser is at least partly determined by price. Machines of
increasing sophistication are becoming available, but unfortunately usually at
an increased price. However, some recent technological developments are worthy
of further consideration. The advent of YAG lasers that can function reliably
without requiring a continuous supply of running water and which can draw
their power requirements from relatively routine electrical circuits would be a
great advantage for many people. Savings in the cost of electrical and plumb-
ing alterations and fittings might well outweigh some of the extra cost of the
new machines. These new developments also mean that the machines are
more mobile and can more easily be moved from one operating room to
another.

Purchase and installation of the laser in an appropriate operating room hav-
ing been successfully completed. the urologist has to choose appropriate cases
for treatment. We would advise gaining experience on simple superficial bladder
cancers and some skin lesions such as viral warts of the genitalia which will
allow use of the “non-urological fibres” that generally require cooling with gas
(Figs. 2.2 and 2.3).

Fig. 2.2. A fibre delivery system (urological system: bare fibre with PTFE cladding). (Reproduced
by permission of the British Journal of Hospital Medicine.)

The start of any laser treatment session should involve a certain set routine
to avoid major problems with the equipment. For all but the most advanced
YAG lasers it is immensely important to ensure that the water supply has been
attached and is turned on, so that there is a free flow of clean water as and
when the machine requires it. We make it an absolute rule that this is the first
procedure to be performed by those responsible for the laser. The second
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Fig. 2.3. A fibre delivery system with cooling of fibre tip by gas passing through outer “cannula”.

manoeuvre is to turn on the electrical supply. The exact details of this will
depend on the local arrangements, but most machines require a three-phase
electrical circuit with 40 W power per phase, which is the type of circuit gener-
ally used to supply portable X-ray machines. Therefore it is likely that such a
circuit will at least be close to a theatre if not already installed in the operating
room. Next the machine can be turned on, usually by a key system. It is a good
idea for the most frequent operators of the machine to have their own keys. In
our practice one set of keys remains in the charge of the senior theatre nurse as
a fail-safe mechanism. One further key is always kept available should all else
fail.

Once the machine has been switched on, it is a good idea to let it run for a
period to reach normal operating temperature. Most machines will benefit
from running for approximately half an hour prior to use. However, in prac-
tice. we have been impressed by the stability of most machines even when cir-
cumstances require them to be switched on just before treatment.

The Fibre

The urologist should be familiar with the fibre he is going to use. In urological
practice this is usually just a simple quartz glass fibre (Fig. 2.2). The central
glass core is usually covered by a thin layer of a soft plastic and then a strong
outer cladding of polytetrafluoroethylene (PTFE). Most other laser users will
use a fibre of this basic construction but with the addition of a loose outer
sheath of plastic. down which cooling gas is passed when the laser fibre is used
in the atmosphere (Fig. 2.3). However, in urological practice cooling of the
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fibre from the surrounding irrigation fluid is usually sufficient and therefore
this outer “cannula” is not necessary. Obviously if the laser is being used for
open surgery of any sort, then a fibre with a cooling cannula will be required.

Recently the fibre manufacturers have actively promoted the use of disposable
fibres which are prepared to a very high standard in the factory for single use.
We still use a “repairable fibre” and each user must decide which is most
appropriate for his practice. Urologists should certainly not be daunted by the
problems of repairing fibres, assuming that they are using a sensible simple
system consisting basically of the PTFE-clad fibre alone. In the early days of
laser urology there were many systems with outer coverings of heavy material
or even metal designed to protect the operating room staff by absorbing any
escaping laser energy in the event of an unknown break in the fibre. However,
this was a rather misguided development and most fibres are now of a much
simpler design. The user should be warned, however, that many of this pre-
vious generation of fibres are not repairable in the operating room due to their
complex construction, and require expensive repair at the manufacturer’s
plant.

A simple PTFE fibre can be prepared for use by removing a length of the
outer PTFE coat with a suitable stripper provided by the manufacturer. An
adequate length is one that will easily pass through the endoscope to be used.
The inner layer of plastic should then be removed for a length of 1-1%2 ¢m from
the end of the fibre and finally any remaining vestiges of silicone can be
removed with a soft optical polishing cloth or alternatively yet another specific
device supplied with the fibre. It is important not to damage the fibre during
this process, since this will lead to some loss of laser energy.

The Cleave

Preparing the fibre is the subject of much anxiety and mystique. However,
there is no more to it than cutting glass or tiles. The essential tool is a good-
quality cutting blade such as a tungsten carbide blade, which can be lightly
drawn across one surface of the fibre, thereby scoring it. It is then necessary to
break the fibre sharply at this point using the fingers. If the proximal end of the
fibre launch delivery mechanism is inserted into the laser aperture on the
machine, a red helium-neon aiming beam should be visible. If the spot of light
from the newly cleaved fibre end is perfectly round when the fibre is held per-
pendicular to a suitable surface, then the cleave is satisfactory. In practice a
small amount of irregularity in this spot is acceptable, but we would
recommend that a good cleave is achieved at the start of each patient session.
This does tend to come with practice. When we started these procedures, we
used several feet of fibre per month, but now a 3-metre fibre length lasts for
over a year - barring accidents such as the theatre trolleys running over the
fibre or one’s colleagues stamping their feet on it!

There is no doubt, however, that in much of the world the disposable fibre
system will be the system of choice. The fibres should come prepacked and
sterilised from the manufacturer and can be simply plugged into the laser aper-
ture on the machine and disposed of afterwards.
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Calibration

Each manufacturer will give specific recommendations for calibration of its
laser prior to a treatment session. and these should be adhered to rigidly. Most
YAG lasers will have a wide range of possible power emissions, but will gener-
ally be most stable over a particular part of the total possible range depending
on how the manufacturer has adjusted the machine. It is therefore worth ask-
ing the service engineer to set the laser to work most efficiently at the power
range you expect to use most frequently.

The choice of powers for laser coagulation will be learnt by experience, and
you should be prepared to adjust both power and duration of radiation accord-
ing to the clinical situation and in particular according to the response seen in
the irradiated tissues. There are certain guidelines that may help the beginner,
though. and these are included in the detailed discussions of particular tech-
niques. As a very general guideline, a power of 15-20 W is a suitable starting
point for urethral and ureteric lasering and 40 W for lasering within the bladder.

The next step is to ensure that the equipment is available to allow the safe
use of the laser via an endoscope. In most cases the procedure during which
the laser is to be used will be endoscopic and the surgeon’s eye must be pro-
tected from the effects of any reflected laser light by an add-on eyepiece of KG3
glass which will selectively absorb the YAG laser wavelength. An alternative
method is to use a video camera and to operate using the image on a con-
veniently situated TV screen. Those not completely familiar with this tech-
nique can use a beam splitter system that allows both the TV image and the
surgeon’s eye view to be available. However, it is necessary to check with the
video manufacturer that a suitable filter has been fitted to the camera system to
allow the surgeon to look down the beam splitter at the site of laser action with-
out danger. If a laser is being used with an endoscope sufficiently often, then it
may be worth getting the manufacturer to insert a protective lens as part of the
structure of the endoscope. This has the great advantage of avoiding the mist-
ing that often occurs between the add-on eyepiece and the original eyepiece of
the instrument.

The final option is the use of protective goggles, but most endoscopic surgery
is almost impossible to perform whilst wearing them. They also have the dis-
advantage of being relatively expensive. However, they are essential should the
laser be fired in the operating room for open surgery such as the treatment of
warts. In such cases only the minimum staff required should be in the room
and all those present, including the patient, should wear goggles. Since goggles
protective against YAG and argon laser light can appear similar it is important
where both types of laser are being used in the same environment that the gog-
gles are labelled with their protective characteristics and checked before use to
avoid mistakes.

Instruments

The appropriate endoscopes should be available. Although fibres can be passed
down the standard operating channels of most urological instruments, there is
a risk of damaging the carefully prepared cleaved end of the fibre. Therefore
the major instrument manufacturers have produced modified laser inserts
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Fig. 2.4. A fibre passing through a modified Albarran lever which traps the fibre. keeping it under
control as it leaves the cystoscope (Storz, Rimmer Bros.. London).

which have a protective channel for the fibre. By all means use instruments
with an ordinary working channel if necessary, but do check that the fibre can
be easily passed through them without damage.

In our practice we use a cystoscope with a modified Albarran lever which
traps the distal end of the fibre keeping it nicely under control (Fig. 2.4). The
urethrotome is used for most urethral laser surgery. We have found it best to
use it with the knife left in position to reduce leakage from the instrument; care
is of course necessary about the knife. McPhee introduced a modified
resectoscope (Storz: Fig. 2.5) which includes in the working element both a tra-
ditional loop and a separate channel which carries a laser fibre. The channel
directs the laser fibre so that it passes just within the loop. This has the advan-
tage of allowing resection followed immediately by laser coagulation without
having to change instruments.

Final Preparations
At this stage the machine should be running but disabled, so that accidental

firing of the laser is impossible. We have a strict rule that the machine remains
disabled until the endoscope is within the patient, the fibre has been passed

Fig. 2.5. Combined resectoscope and channel for urological laser fibre (McPhee design, Storz
instrument, Rimmer Bros., London).
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through it, and all is ready for coagulation to begin. At that stage the laser is
enabled and the surgeon thereafter has control of firing by means of a foot
pedal. Should the surgeon wish to remove the fibre or endoscope. then he asks
for the laser to be disabled. In addition the theatre staff are now sufficiently
familiar with the laser to disable it themselves should the surgeon remove the
endoscope without formally requesting the disabling to be performed. Disabl-
ing in most machines should be a simple matter of pressing one button which
leaves the laser on standby ready to be enabled again at a moment's notice.

The final preparation before coagulation is to check that the aiming beam is
on the target. The YAG laser light is invisible and therefore a low-power
helium-neon (HeNe) laser is built into the machine to provide an aiming
beam visible to the operator. The beams of the two lasers should be carefully
aligned so that there is no significant difference between the beam paths. If for
any reason the red spot of the aiming beam laser is not visible. there is no
means of knowing where the YAG laser energy is going to be directed and
lasering is not safe. Although it may be suspected that the aiming beam has
inadvertently been directed elsewhere, the other possibility is that there is a
malfunction in the system, or indeed a break in the fibre so that the laser
energy may be escaping. We therefore have an absolute rule of “no HeNe - no
lasering™. So just prior to coagulation the spot is put on the target and subse-
quent coagulation is performed according to the requirements of the clinical
situation.

Techniques

Coagulation of Superficial Bladder Cancer

After a full examination of the bladder, biopsies are done if necessary. This
pathological assessment of the depth of invasion can. arguably, be sacrificed in
laser coagulation of small, apparently superficial tumours but should certainly
not be omitted in the assessment of a patient presenting with his first tumour.
The whole process should be done with the bladder minimally distended, just
sufficient to open out all the “nooks and crannies”. Overdistension will reduce
the thickness of the bladder wall, increasing the possibility of onward trans-
mission of the laser energy, and will be uncomfortable for the patient.

It is very important to stop all bleeding from biopsies before commencing
lasering. Whilst the YAG laser can be used for coagulation. in our opinion it is
much easier to stop the bleeding with a diathermy electrode or the resectoscope
loop prior to insertion of the laser fibre. The use of coagulating insulated
biopsy forceps is ideal, particularly if multiple biopsies have been taken. Once
haemorrhage is under control lasering can proceed. Ideally all haemostasis
should be completed so that the subsequent laser coagulation can be achieved
in one session without having to remove the laser fibre and disable the laser
repeatedly.

The fibre is passed down the instrument channel and the operator should
get close to the target tissue and pass the fibre through the endoscope so that
the distal tip of the laser fibre can be seen as well as the red aiming beam spot.



A Practical Guide to Laser Treatment 31

If you are too far away, then this spot will be difficult to see, particularly if the
albarran lever is pointing the fibre tip away from the target. It may also be diffi-
cult to see if high-power light sources are being used to allow video recording.
It may help if the light intensity is reduced temporarily to allow the aiming
beam spot to be seen.

The fibre is best held 2-3 mm away from the tissue and a pulse of laser
energy is fired at the target. Should the effect be minimal then it is necessary to
get closer or increase the power. On the other hand if the effect is too vigorous,
with disruption of the surface, then the cystoscope and laser fibre should be
withdrawn further from the target (or the power reduced) and the pulse
repeated to assess the effect again. There is a certain knack in being able to
keep the fibre quite close to the tissue despite the patient’s respiratory move-
ments and one’s own movements. It is quite frequently the case that small
amounts of tissue debris attach to the end of the fibre as it gets warmer: these
can usually be cleaned off by drawing the fibre back through the albarran lever
a few centimetres. Should this manoeuvre fail, the laser may have to be dis-
abled, and the fibre withdrawn entirely and cleaned with a swab.

We approach superficial bladder tumours by using the laser set at 40-45 W
and firing 2-4 second bursts of laser energy at the base of the tumour, particu-
larly if it is a polypoid tumour. Should the tumour be sessile coagulation is first
done peripherally, around the tumour, and then centrally on the tumour mass.
Should no effect be seen it is necessary to get closer to the tumour or increase
the power or the pulse duration. Conversely should the effects be too vigorous
the instrument and fibre need to be pulled back and the pulse duration or
power reduced - or sometimes a combination of all three. It is quite surprising
how the absorption of different areas of the bladder might vary and inflamed
vascular areas will appear to absorb vigorously. Blood if present will avidly
absorb energy - so much so that little microexplosions develop. This has the
disadvantage of often causing more bleeding and leading to extra debris float-
ing in the bladder which tends to stick to the fibre end.

Adequate laser coagulation leads to a visible shrinkage of tissue followed by
the tumour seeming to rise up from the surrounding mucosa and blanching in
a characteristic way that signifies protein denaturation and adequate coagula-
tion (Fig. 2.6). This, in general terms, may appear similar to the coagulative
effects of cystodiathermy but without the “boiling” effect of bubble formation
and release of debris. If the laser is too close or the power is too great, it may
burn a hole, especially if the fibre touches the tissue. This may also damage the
fibre end. A bright flash tends to be seen if the tissue is touched with the end of
the fibre and afterwards a small pin-hole perforation; this is usually of no con-
sequence.

Larger tumours can be more difficult to coagulate completely, particularly
the part of the tumour farthest away from the operator. Experience will show
that repositioning the endoscope, with increased or decreased distension of the
bladder and sometimes manual pressure suprapubically, will allow adequate
access to the tumour site. Tumours in certain positions such as at the bladder
neck can be difficult to reach and here the resectoscope may be required any-
way, after which coagulation of the site may be possible.

In very large exophytic tumours the coagulated exophytic mass can be
removed by brushing it off with the endoscope, the fibre or biopsy forceps. In
fact biopsy at this stage may still give the pathologist a tissue specimen from



32 Lasers in Urology: Principles and Practice

Fig. 2.6. Bladder cancer partially coagulated by YAG laser. (Reproduced by permission of the British
Journal of Hospital Medicine.)

which the nature of the tumour and its grade can be assessed. However, large
exophytic tumour masses should be resected first and coagulated with the laser
subsequently. As described above, laser coagulation should be preceded by
good haemostasis. This may mean that after an extensive resection coagulation
needs to be delayed for a few days.

We do not routinely drain bladders after laser treatment alone. However, if
large tumours have been resected and large areas coagulated with the laser
then bladder drainage by catheter may be required. We do drain bladders
where tumour in a diverticulum has been coagulated.

Invasive Bladder Cancer

Treatment of invasive tumours involves a conventional resection of the initial
tumour deep enough for adequate staging. Subsequent laser irradiation is
carried out after an interval of about 1 week when adherent blood clot has
lysed.

A higher power than is generally used for superficial tumours (45-50 W) is
applied in 4-5-second pulses to ensure treatment to the entire tumour and sur-
rounding mucosa. The characteristic blanching is less apparent in a previously

resected field, so particular care has to be taken to ensure even irradiation of
the whole target area.
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Flexible Cystoscopy and Laser Therapy

The clinician needs to justify the treatment of superficial tumours by an expen-
sive laser coagulator rather than cheap, conventional and undoubtedly effective
diathermy. We have found that laser treatment in combination with flexible
cystoscopy allows almost all of our patients with low-grade superficial bladder
cancer (who comprise about 80% of all bladder cancer patients) to be managed
entirely as outpatients using only topical urethral anaesthesia. The savings in
terms of bed occupancy, theatre and anaesthetic costs can be considerable,
particularly if the laser is sited in a multi-disciplinary endoscopy unit where its
use, and costs, can be shared with other users (primarily gastroenterologists
and chest physicians). The minimal need for catheterisation post-operatively
can further reduce costs.

There are also clear medical advantages for the many patients who are rela-
tively elderly and unfit and who would otherwise require repeated anaesthetics
over many years. As long as the procedure is adequately explained, few
patients given the choice will opt for conventional inpatient treatment
(Flannigan et al. 1988). Those that do are usually elderly women who can find
the flexible procedure somewhat embarrassing. or those whose fear of discom-
fort during treatment is extreme.

It is of course possible to use fine diathermy electrodes with flexible
cystoscopes, but these are distinctly uncomfortable, particularly on the trigone.
The technique usually necessitates parenteral analgesia and sedation, which
seems to negate the major advantage of flexible cystoscopy. Also, many flexible
instruments are not built to allow the safe use of diathermy and there is the
remote risk of current leak to the operator’s eye.

Patients on the waiting list for annual check cystoscopy for the surveillance
of transitional cell cancer of the bladder make up a large proportion of the
operating lists of any urological department, committing much of the available
surgical, anaesthetic and nursing resources. However, it has been shown that
60%-80% of diagnostic or surveillance “check cystoscopies” do not require the
performance of any operative procedure beyond the insertion of the cystoscope
itself. Recent developments, especially the availability of flexible fibre-optic
cystoscopes, and the current need to improve the efficiency of treatment in the
presence of diminishing or re-allocated resources, have led to the possibility of
changes in the management of this patient population. Using topical urethral
anaesthesia alone the latest flexible cystoscopes allow the accurate, easy and
painless “outpatient” assessment of the lower urinary tract.

In 1985 we set out to determine whether we could continue surveillance of,
and add treatment for, all lower-risk bladder cancer patients (the “yearly check
cystoscopy”) in an outpatient setting, with appropriate planned admission and
general anaesthetic only for those shown to require it. Of 84 patients assessed
as suitable 79 (94%) successfully underwent cystoscopy in an outpatient setting
using local urethral anaesthesia alone. Biopsy and YAG laser coagulation of
superficial bladder cancer were found to be possible and acceptable in 12 of
the 13 patients with tumours (one refused treatment).

Since this was then a new treatment method these patients were initially re-
examined as outpatients between 4 and 6 weeks later to ensure adequate
tumour destruction. Once confidence was established in the technique we
reverted to standard follow-up routines, with the difference that they occurred
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in an outpatient setting. At the repeat cystoscopy coagulation was found to be
complete in 8 patients. leaving a healing ulcerated area. One patient was
thought to be incompletely treated and required additional laser coagulation.
Those with low-grade and solitary tumours that had been adequately treated
were booked for a repeat flexible endoscopy 1 year later. No patient refused
either the offer of repeat flexible endoscopy or further laser treatment.
Overall 75 patients (92.5%) were entirely managed as outpatients. The
method therefore reduces the need for general anaesthesia in this largely
elderly population and allows the more efficient use of departmental resources.

Method: Flexible Cystoscopy

It is wise initially to select for screening by outpatient flexible cystoscopy those
patients with a low risk of tumour recurrence, superficial (pT,—pT),), low-grade
(G,-G,) disease or who are at high risk of complications from general anaes-
thesia. Once the confidence has been gained to extend the procedure to include
tumour treatment, then a wider patient population can be screened.

In our practice all procedures were performed at a clinic held during one 3-
hour morning session a week, staffed by one urologist and one nurse with
shared secretarial help to deal with bookings and reports. Six patients per ses-
sion were initially booked in, though greater experience allowed up to 10 to be
seen later.

On arrival informed consent for cystoscopy, followed by biopsy and treat-
ment if necessary, was obtained from each patient. In males urethral anaesthesia
was achieved by the instillation of 20 ml lignocaine jelly down the urethra with
10 minutes’ delay (by the clock) whilst it became effective. During this time the
cystoscope was being prepared by immersion in activated glutaraldehyde solu-
tion for 10 minutes. One flexible endoscope is sufficient, though a second will
increase throughput.

The operator questioned and examined the patient and explained the proce-
dure further. For females lubricant jelly was applied just to the tip of the
endoscope and to the urethra. After rinsing off the sterilising solution (includ-
ing washing out the irrigating channel) the cystoscope was passed down the
urethra under direct vision. Once in the bladder a systematic examination was
performed to ensure inspection of all areas. The ability to flex the distal tip of
the endoscope back on itself allows a good vision of the whole of the bladder
neck, internal meatus and the anterior wall of the bladder.

Once the endoscopist becomes accustomed to the rather different view
obtained using the flexible instrument and the manipulations necessary to
obtain a satisfactory view of all parts of the bladder then the accuracy of
cystoscopy appears high (Fowler et al. 1984; Powell et al. 1984; Clayman et al.
1984). Our own pilot study confirmed accuracy and allowed us to become
familiar with the instrument; we would recommend this procedure in the initial
stages, particularly if the endoscopist is unfamiliar with flexible endoscopes
generally (gastroscopes etc.). The image differs both in quality, being slightly
granular as a result of the fibre bundles making up the image., and in orien-
tation. The rigid cystoscope is usually lying in the centre of the bladder and has
an angle of view offset by 30° to 70° from the “straight ahead™ long axis of the
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instrument. The flexiscope tends to lie or “creep” along the lower surface of the
bladder and the view is directly ahead from the tip of the scope.

Method: Laser Coagulation

The patients in whom small recurrences were found were biopsied followed by
tumour coagulation using a YAG laser (Pilkington Medical Systems (now
Living Technology plc) Fiberlase 100).

The YAG laser energy is transmitted along a 0.4-mm (400-um) diameter
quartz glass fibre passed down the instrument channel of the endoscope.
Larger standard 0.6-mm fibres are much more rigid and significantly reduce
the mobility of the tip of the endoscope, with the result that some tumours at
the bladder neck especially will be inaccessible. The quartz glass fibre should
be disinfected by soap and water cleaning followed by immersion of the distal
3-4 m of fibre coiled up in a standard tray containing activated glutaraldehyde.

It is essential to place the relatively unprotected “urological” fibre within a
protective sheath or cannula so that the sharp fibre tip does not protrude dur-
ing its passage down the instrument channel and damage the channel's inner
lining. Such damage is most likely to occur where the side arm entry port of the
instrument channel meets the main body of the endoscope and at the distal
bending section of the instrument. If this does happen the results can be
expensive, particularly if the internal damage goes unnoticed and is followed
by further immersion in disinfecting solutions! It is often best and easiest to
pass the fibre with the endoscope tip pointing straight ahead in the bladder.
This position is much easier to determine in some manufacturers’ instruments
than in others.

A certain dexterity and a helping hand from an assistant is useful at this
point to achieve rapid replacement of the biopsy forceps (if used) by the fibre
to allow rapid coagulation, especially if bleeding from the biopsy site is
marked. Treatment itself is essentially just as for laser coagulation using a rigid
cystoscope, but with two provisos. First, distension of the bladder must be
avoided as there is no quicker way of losing the patient’s cooperation. Second,
the laser should be fired in short bursts of 0.5-1.0 seconds, repeated until the
target tumour is completely coagulated as determined by the characteristic
shrinkage and blanching of the target tissue.

Most patients are aware of the laser energy and usually describe it as a
suprapubic burning or stinging sensation which is rarely uncomfortable as
long as short pulses are given with an interval of several seconds between each
to permit heat dispersal. We use a laser power of 30-40 W with a pulse duration
of 0.5-1 seconds. It is most convenient to set the instrument panel timer to a
longer exposure and to control the pulse length with the foot pedal.

The fibre is stroked linearly across the tumour at a distance of 2-3 mm from
it. About 2-3 seconds’ total exposure on each area is enough to produce the
blanching effect which indicates that an adequate depth of coagulation has
been achieved. Some authorities (e.g. Hofstetter 1987) recommend first treating
a ring of normal mucosa approximately 0.5 cm in radius around the tumour to
seal off lymphatics and small blood vessels. The theoretical benefits of this, as
discussed later, are probably greater than the practical ones and as the laser
effect spreads for some distance beyond the irradiated area this is probably
overtreatment.
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Fig. 2.7. Site of laser-treated bladder tumour 6 weeks after treatment showing healing ulcer.

Precise control of the fibre tip is less easy with flexible than with rigid
endoscopes, particularly when a significant angulation is necessary to reach
the tumour. In addition the flexible endoscope naturally lies along the bladder
wall so that there is a tendency to approach tumours obliquely. Therefore the
laser energy reaching the furthermost part of a sizeable tumour may be in-
adequate. In these situations it is quite safe to exceed the normal power as the
tangential incidence of the beam reduces the energy density considerably. It is
our policy to check such patients about a month later, when the adequately
coagulated tumour will have sloughed, in case there is a small area of residual
tumour which needs further treatment (Fig. 2.7).

As mentioned there may be several difficulties which relate to the fibre. The
standard urology fibre is a bare 600-um quartz fibre. This is stiff enough to
restrict significantly the maximum angulation of the flexible cystoscope and
can make for difficult access to tumours near the bladder neck which may
have been easily seen previously. Often a “J" manoeuvre, approaching the
bladder neck from above, will be successful but care must be taken to ensure
that forward scatter of energy will not damage the emerging cystoscope. The
increased flexibility of the newer 400-um fibres largely alleviates this problem.

A more serious problem is that of damage to the endoscope by the fibre
itself. The tip of the 600-um fibre is sharp and stiff and in attempting to force it
down a working channel thrown into a sharp bend by a serpentine prostatic
urethra it is easy to impinge on and pierce the channel lining. Other potential
sites of damage are, as mentioned above, where the angled side entry port joins
the endoscope body and at the distal flexible tip (if this has not been straight-
ened out in the bladder). A 400-um fibre is only slightly better in this respect
than is the 600-pm, but there are several solutions. One option is to withdraw
the instrument into the straight penile urethra, insert the fibre, but not let it
protrude, and advance again into the bladder. If use of the laser is expected the
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fibre can be prepositioned before introducing the cystoscope, though this sig-
nificantly reduces irrigation flow, particularly with the 600-um fibre. A second
possibility is to insert the fibre coaxially inside and just short of the end of a
piece of fine-bore tubing. The leading soft end of this introducer will guide the
fibre safely round bends and can be withdrawn once the fibre is safely through
the instrument and into the bladder. A variation on this theme is to use a gas-
cooled fibre, with the gas turned off, as this has a coaxial sheath held by a blunt
metal tip which is much less likely to damage the working channel lining than
is a sharp bare fibre. Again though, its large size will all but abolish irrigant
flow.

Flexible cystoscopes are several times more expensive than their rigid counter-
parts and particular care must be taken when using a laser to avoid damaging
them. It should be self-evident that the laser must not be fired unless both the
tip of the fibre and the helium-neon aiming spot are visible. It is not unknown
for a 600-um fibre to crack under extreme angulation and yet retain integrity
due to the Teflon sheath until the laser is fired into the optical bundle. In this
case the fibre tip will appear to manipulate normally but the aiming spot will
be lost.

The back scatter of laser energy via the endoscope optics is a potential
source of damage to the operator’s retina, and a suitable filter should be fitted
over the eyepiece. It is unnecessary for other participants to wear goggles as the
laser will not be enabled until the fibre tip is inside the bladder.

After laser use all endoscopes should be leak tested, as if damage has been
done this may be made irreparable by immersion in sterilising solutions.

Complications of Laser Treatment

The only significant complication of laser irradiation is the possibility of dam-
aging an adjacent loop of bowel from forward scattering of energy through the
bladder wall. This is most unlikely if the power is kept below 50 W. Hofstetter
(1987) had only 3 patients out of more than 1000 in whom secondary intestinal
perforation occurred, when too high a power (in excess of 80 W) was inadver-
tently delivered. Cos and Di Sant’Agnese (1988) found in dog bladder that
bowel injury occurred with a 7-second irradiation (7 X 1-second pulses) at 60 W,
or more than 10 seconds at 40 W. Irradiation for 7 seconds at 40 or 50 W pro-
duced a coagulative necrosis from 4 mm to full thickness. Although Cos and
Di Sant’Agnese saw bladder perforation in some experimental animals treated
at high doses it seems agreed by other authors that in the clinical setting the
structural integrity of the bladder wall is maintained despite full-thickness
damage, unlike the effect with diathermy. This consideration is probably ir-
relevant when dealing with superficial tumours. Also in contrast to electrical
coagulation, obturator nerve stimulation is not seen with the laser.

It is prudent though, as well as considerate, to avoid thinning the bladder
wall by any more distension than is required merely to unfold the mucosa.
Vision is rarely a problem as there is no bleeding during treatment unless
biopsies have been taken. Treating tumours in the dome, particularly in elderly
women, is therefore quite safe. None of our patients has had noticeable secon-
dary bleeding when the necrotic tumour separates a week or so later. One
patient complained of frequency and dysuria, with sterile urine, for some days
after extensive laser treatment, but we have seen no other significant problems.
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Discussion

Whilst the initial aim of our study was to determine whether “outpatient”
endoscopic assessment improved the efficient use of our resources by selecting
patients requiring treatment which merited inpatient admission, it became
obvious that a combination of painless outpatient endoscopy with effective
treatment of localised. superficial tumour at the same session would be an
attractive and reasonable proposition for some patients. The YAG laser proved
to be an effective coagulator of bladder tumours.

Both our clinical experience and measurement of discomfort by using a visual
analogue scale (VAS) scores (Huskisson 1974) suggest that laser coagulation is
no more painful than taking a small endoscopic biopsy, and in some it is com-
pletely painless. This is particularly so if the laser is fired in short bursts of 0.5-
1.0 seconds that are repeated until the target tumour is completely coagulated.

Comparison with diathermy coagulation is under way and there is no doubt
in our minds that this is also quite well tolerated in many well-motivated
patients. It is our strong impression that the laser coagulation is less painful
and more acceptable overall. The ability to give multiple short-duration laser
pulses seems to allow more reliable and complete coagulation. However, the
capital costs of the YAG laser are high compared with diathermy equipment
and we are assessing which is the more cost effective.

Other attempts to reduce the costs and inconvenience of cystoscopic surveil-
lance for bladder cancer using general anaesthesia, such as the use of
ultrasound (Malone et al. 1986) with or without urinary cytology. do not yet
match the accuracy of directly viewing the interior of the bladder. The only
possible exception is the cytological diagnosis of carcinoma in situ (Juul et al.
1986). In our view our arrangements are easier to establish and continue than
those of the alternatives.

The patients benefit from a simple, painless, quick endoscopy without the
disruption of hospital admission and the risks of general anaesthesia are
avoided in what is generally an elderly group often suffering intercurrent dis-
eases. The clinician and his unit benefit from the opportunity to plan the use of
inpatient operating lists for patients known to require resection and inpatient
resources. In addition, once the outpatient cystoscopy arrangements are estab-
lished a proportion of the diagnostic cystoscopies can also be performed in this
manner, particularly those presenting with microscopic haematuria and recur-
rent urinary infections, which allows further savings in inpatient resources.

One of the criticisms of laser coagulation is that inadequate material is avail-
able for histological examination, particularly in respect of determining
tumour stage. Small cold-cup biopsies of the lesion can be taken through a
flexible cystoscope prior to laser treatment which may be adequate for con-
firming the presence and grade of tumour, but the base cannot be adequately
sampled. We feel strongly that a patient’s initial tumour should be resected
conventionally together with random biopsies and bimanual examination so
that complete histological information is available at the start. Those patients
with papillary low-grade superficial disease are then followed up on the out-
patient laser list initially at 3 months and then at increasing intervals as long as
they remain clear. Papillary recurrences are coagulated as they occur. Patients
who develop sessile tumours, large numbers of recurrences or high-grade
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malignant cells on voided cytology revert to conventional treatment. So far this
has not happened in our practice.

In this way the risk of significant understaging seems to be very low and
large numbers of patients fall into the category in which routine histology is
unnecessary. We rarely find large recurrences in this group, but if there is a sig-
nificant exophytic growth the base is likely to be inadequately treated. After
initial coagulation the denatured tumour may be detached with biopsy forceps
and a second treatment given to the base. If this is not done the patient should
be brought back in 3-4 weeks to check for residual tumour. This can be quite
time consuming and we find that resection is more satisfactory for tumours
larger than 2-3 cm.

Conclusions

The YAG laser in conjunction with flexible cystoscopy can make a useful con-
tribution to the management of a large proportion of bladder cancer patients
by enabling anaesthesia-free, outpatient treatment of their recurrences. As long
as certain selection criteria are maintained there is no real risk of tumour
understaging, and there may be a reduction in tumour recurrence rate after
laser compared with electrical coagulation. The techniques are easy to learn
and there are considerable benefits to be had in terms of convenience and
economy, especially in a multispecialty laser unit.
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Chapter 3

Laser Treatment of Urological Tumours
1: Transitional Cell Tumours

T A. McNicholas and A. J. Pope

Bladder Tumours

There has been enormous interest in the possibility that endoscopic neodymium
yttrium aluminium garnet (YAG) laser coagulation could add to the manage-
ment of bladder cancer.

Most patients present with superficial disease not involving the muscle of
the bladder wall (T,. T,: UICC 1978) and whilst their life expectancy may be
good compared with those presenting with muscle invasive disease, some 55%
will suffer recurrences by 3 years and 25% of those with stage T, tumours will
have progressed to develop muscle invasive disease by 2 years after diagnosis
(Cutler et al. 1982). Once diagnosed these patients will thereafter require long-
term surveillance with cystoscopy and the repeated treatment of small, super-
ficial transitional cell tumours of the bladder. An endoscopic method that
could reduce the incidence of recurrence and subsequent invasion would be
welcome, particularly if it could also contribute to the control of invasive dis-
ease once present.

Standard treatment consists of biopsy and either coagulation with the coagu-
lating diathermy electrode passed through the cystoscope or transurethral
(electro)resection of the bladder tumour (TURB) with the resectoscope. TURB
alone is predictably curative only for those presenting with superficial disease.
Full thickness bladder wall removal by TURB results in gross urinary
extravasation; thus reliable endoscopic management of bladder tumours
deeply invading the muscle of the bladder wall is not possible using conven-
tional techniques.
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Historical Background

The first workers to apply laser energy to the bladder were Parsons et al. (1966).
who exposed an opened canine bladder to 694-nm light from a pulsed ruby
laser. using energy levels of 10-15 J. The histological appearances after 3-10
days showed minor damage confined to the mucosa with sharp transition from
neighbouring normal tissue. Parsons et al. suggested that this new energy
modality might destroy the bladder cancer endoscopically, provided a suitable
“light pipe” could be found. This breakthrough did not come until the develop-
ment of the flexible quartz fibre (Nath et al. 1973).

Earlier, Mulvaney and Beck (1968) had studied the in vitro effects of both
ruby and CO, lasers on urinary calculi and had achieved partial disintegration
with a pulsed beam. They commented that neither laser was the ideal for the
destruction of tumours, and suggested that the newly developed argon laser
might be more suitable.

First reports of the argon laser’s urological applications soon followed
(Staehler et al. 1976). Although it has found great use in other branches of med-
icine the argon laser is not ideal for urology as it is low-powered, poorly
haemostatic and, although readily transmitted by quartz glass fibres, only pen-
etrates tissue for 1-2 mm. As the blue-green argon laser light is well absorbed
by haemoglobin it may theoretically be ideal for treating pigmented lesions
such as haemangiomas; but although effective for small bladder tumours
(Smith and Dixon 1984). in clinical practice it has been supplanted by the
YAG laser.

The argon laser pumping a rhodamine B dye laser emits red light at 630 nm
and is the standard light source for photodynamic therapy (Benson 1988). This
promising technique involves the administration of photosensitisers which are
retained selectively by tumour cells and cause a cytotoxic photochemical effect
when exposed to specific wavelengths of light. Even in this field, though, the
argon-dye laser is likely to be superseded by the newer, more powerful pulsed
metal vapour lasers.

Mussiggang and Katsaros (1971) were the first to describe the use of the YAG
laser for urological purposes. They realised its advantage over the CO, laser in
that its output is transmissible via flexible glass fibres, and designed a proto-
type laser cystoscope using bundles of thin glass fibres to transmit the energy.
Unfortunately the glass caused significant transmission losses and the result-
ant heat quickly melted the adhesive used to hold the bundles together unless
the whole apparatus was water cooled. Mussiggang and Katsaros studied the
effect of the pulsed YAG laser on bladder. prostate and renal tissue as well as
on calculi. In the bladder they were able to produce coagulation to a depth of
about | mm using a power of 25 W. This damage was sharply demarcated from
the surrounding normal tissue. Stachler and Hofstetter (1979), using a power of
40 W for 2 seconds, produced full-thickness lesions (2-3 mm) in a rabbit blad-
der; by comparison an argon laser made shallower lesions.

The YAG laser has proved the best suited to the urologist’s needs. It is most
effective as a thermal coagulator and has been used successfully to treat lesions
from the external genitalia to the renal pelvis. Good transmission through
water, deep tissue penetration and excellent haemostatic properties make it the
laser of choice for bladder cancer. It is in this field that most expertise has been
gained, notably from European centres such as Oslo (Beisland and Seland
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1986), and Munich where Hofstetter’s group have treated over 1000 patients
since 1976 (Hofstetter 1987).

So despite early interest in the argon laser it has become clear that for most
purposes the YAG laser will fulfil the urologist’s requirements and there is no
economic justification for both types of laser in any but the most laser-orien-
tated research units particularly those using argon as part of a photodynamic
therapy (PDT) programme (see Chap. 6).

Certain YAG laser specifications used under controlled circumstances allow
a more or less transmural thermal coagulation of the bladder wall without
injury to adjacent organs. In fresh (in vitro) human bladder experiments 50 W
YAG laser energy applied for 4 seconds raised the temperature of the outer
bladder wall to 65 °C - enough to produce a full-thickness thermal necrosis -
but adjacent loops of small bowel were not heated beyond 45 °C (Hofstetter
and Frank 1980). For a given power of 40-50 W for 3-4 seconds in bladder a
penetration to a depth of 3-6 mm has been described by Pensel et al. (1981),
though others have found a lower penetration (Stein 1986; Smith and Landau
1989).

Stein described a series of experiments in which he assessed the depth of
penetration of the YAG laser in an animal model and found the maximal
depth of effect to be 2.62 mm at a power of 50 W for 4 seconds. The bladder was
removed and examined immediately after laser exposure and this almost cer-
tainly led to an underestimate of the depth of the pathological injury. In our
laboratories we have found 4-5 days to be the optimum time after injury to
assess the maximal extent of damage (Bown et al. 1980).

We studied the lesions produced by the YAG laser on pig bladder and com-
pared them with those produced by similar energies of diathermy current
delivered through either a standard resectoscope loop or a coagulating elec-
trode. The laser fibre was inserted at cystotomy to achieve a perpendicular inci-
dence on the bladder mucosa. Powers of 20-60 W for 2 or 4 seconds were
employed. In addition an area of mucosa of about 0.5 cm? was irradiated until
the characteristic blanching which is normally taken as the end point in clini-
cal use was achieved. The amount of bladder distension and the spot size
(2 mm) were constant. Diathermy current was delivered by a computer-
controlled generator with a feedback circuit so that a given amount of energy
could be delivered in a specified time. Histological examination was per-
formed at 5 days and the depth of lesion calculated from sections stained with
haematoxylin and eosin and viewed using a microscope with a graticule eye-
piece.

We found that at equal energy parameters the coagulation effect from the
YAG laser was deeper than that produced by diathermy, though both
modalities would achieve a full-thickness lesion in the relatively thin
“minipig” bladder (mean thickness 2.6 mm) using powers of 40 W or more for
in excess of 2 seconds. After laser treatment, the endoscopic appearances of
“white coagulation” reliably signified a coagulation depth greater than 2 mm,
and usually 3 mm, whereas the coagulation resulting from diathermy with the
resectoscope loop was superficial, extending only 1-2 mm into the bladder wall
(Pope and McNicholas 1989).

The diathermy electrode produced a similar depth of penetration to the laser
for a given energy but there appeared to be a qualitative difference between the
effects of the laser, which caused protein denaturation with little alteration of



44 Lasers in Urology: Principles and Practice

Fig.3.1. Effectof YAG laser co-
agulation at 60 W for 4 seconds
on pig bladder. (By courtesy of
Mr. A. Pope)

the tissue architecture (Fig. 3.1), and of diathermy where more structural dis-
ruption could be seen (Fig. 3.2).

It is our distinct impression that conditions in the “real world™. as opposed to
the laboratory, are such that in practice the penetration depth will generally be
less in the intact bladder and will also depend on the degree of bladder
distension, which will alter the thickness of the bladder wall. In clinical prac-
tice it is safest, therefore, to avoid excessive distension of the bladder during
treatment, even though there is a margin for safety.

Because the bladder wall appears to maintain its architectural integrity even
after transmural laser treatment, definitive laser treatment of muscle-invading
bladder tumours is theoretically feasible. YAG laser coagulation is claimed to
improve results because of:

1. The greater depth and uniformity of coagulation of the bladder wall com-
pared with that achieved by diathermy (Hofstetter and Frank 1980).

2. The early coagulation and therefore occlusion of lymphatic channels
within the bladder (Zimmerman et al. 1984), which was shown in experimental
studies using Indian ink injected into the dome of the rat bladder. The rele-
vance of this to the human bladder can be questioned, and in our own attempts
to reproduce these experiments we found that passage of the ink to the drain-
ing lymph nodes could be prevented by coagulating a rim of bladder surround-
ing the ink collection with either the YAG laser or diathermy electrocoagulation.
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Fig. 3.2. Effect of diathermy electrode coagulation at 60 W for 4 seconds on pig bladder. (By cour-
tesy of Mr. A. Pope)

The only marked difference was that diathermy coagulation more often led to
subsequent necrotic rupture of the bladder dome with the late release of the ink
to the nodes whereas the laser coagulated bladders remained intact.

3. Better haemostasis, which allows treatment without the necessity for post-
operative catheterisation. This is certainly true for the smaller tumours and for
many of the larger tumours if the target has been undisturbed during treat-
ment. However, bleeding after biopsy can be troublesome, especially if using a
flexible cystoscope with a limited irrigant flow rate.

If 1aser treatment follows extensive resection then in practice it is difficult to
ensure haemostasis and focal bleeding points are best stopped by the
resectoscope using the combination of coaptive pressure and diathermy to the
bleeding vessel.

The YAG laser has theoretical advantages for more diffuse bleeding such as
that following radiotherapy or from extensive ulcerating tumour but, again, in
practice it is technically difficult to coagulate effectively what might be a large
surface area. This will certainly take time and requires obsessional care from
the operator. He should remember that the YAG laser energy will be widely
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scattered from the point of incidence so that the 2 mm or so spot size seen on
the mucosa will cause a tissue effect approximately 4-6 mm in diameter: so he
can reassure himself that the surface laser effect is therefore at least as wide-
spread as that from the diathermy alternatives. whether loop or “rolly ball’. and
may be qualitatively better.

4. Less electrical interference with neuromuscular function. There is thus no
danger from inadvertent obturator nerve stimulation when using the laser
posterolaterally in the bladder.

Superficial Bladder Cancer

Clearly the influence of inadequate initial treatment and the presence of a
widespread “field change” in unstable urothelium will have an influence on all
results, particularly with regard to “recurrence” rates, whatever treatment
modality is used.

When considering whether a particular treatment has the potential to reduce
disease recurrence there are two features of “recurrence” to consider: firstly,
tumour recurrence in the previously treated area (as accurately as this can be
determined); secondly the “new occurrence” of tumour elsewhere in the bladder.
Obviously differentiating these can be difficult if not impossible and generally
“total” recurrence rates are reported rather than the incidence of recurrences at
the site of the original treatment compared with recurrences or occurrences
elsewhere.

At this point it may be helpful to review the literature concerning the natural
history of (primarily superficial) transitional cell carcinoma of the bladder.

Natural History and Results of Conventional Treatment

Heney et al. (1982) described 353 cases of bladder cancer followed up by the
surveillance of the National Bladder Cancer Collaborative Group A (NBCCG-
A). One hundred and forty-eight of these patients were presenting with bladder
cancer for the first time. Of these, 96 (65%) had superficial (T, or T,) disease, 48
(32%) had muscle invasive disease and 4 (2.7%) had metastases. After exclu-
sions due to treatment with chemotherapy or short follow-up, 58 cases of super-
ficial disease with a mean follow-up period of 74.8 months were described. Low
risk of recurrence was found to be associated with small size (less than 3 cm
diameter), grade 1 tumours, T, stage, negative cytology, single tumours and
normal random biopsies (“cystitis” being regarded as “normal” for the pur-
poses of this study). Conversely, high risk of recurrence was associated with
multiple tumours, diameter over 3 cm, grade 2-3 tumours, T, stage, positive
cytology and abnormal random biopsies.

Cutler et al. (1982), reporting further NBCCG-A data, described 850 cases
recruited between 1974 and 1976. Of these, 404 were presenting for the first time
and 446 were known to have previously had bladder cancer. Their study
showed an overall recurrence rate following conventional treatment for T,
tumours of 31% at 12 months, 45% at 24 months and 54% at 36 months, com-
pared with 39%, 52% and 56% respectively for T, tumours. However. many
other reports combine T, and T, tumours. If this is done with Cutler et al.’s
data an overall first-year recurrence rate of 34% is obtained, with 47% and 55%
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at 24 and 36 months respectively.

Of course T, and T, disease carry quite different prognoses. This same study
indicated that T, disease carried a 3% chance of progression to muscle in-
vasion at 2 years compared with 25% for T, tumours.

Boyd and Burnand (1974) and Page et al. (1978) showed that the commonest
sites of recurrences were at the dome and the anterior bladder wall whereas the
original tumour was most commonly situated on the trigone, lateral and pos-
terior walls of the bladder. Heney et al. (1982) stated that in 5.2% of new cases
tumours were located in the dome, compared with 59% of patients having
recurrent tumours at the dome.

Whilst it is generally agreed that some patients have multifocal disease, with
a generally unstable urothelium, these reports do suggest, in addition to the
“field effect”, a different distribution of recurrent compared with initial
tumours. This is possibly as a result of the implantation of cells released by the
original treatment on to mucosa damaged by abrasion from the instrument
used (Weldon and Soloway 1975). or of thermal injury from hot gases released
during resection/coagulation rising to the dome (Heney et al. 1982).

On the other hand, in the study of Heney et al. (1982) random biopsy sites
did not show any apparent increase in tumour development, and these must be
regarded as damaged areas likely to be seeded. The authors suggested that
these areas are normally coagulated following biopsy and that this produces
an unhealthy environment for cells to seed on and to remain viable. The exper-
imental evidence for this suggestion is weak. Soloway and Masters (1980)
showed a marked increase in tumour cell implantation on areas of diathermy
fulguration in the mouse bladder, supporting the concept of implantation as
an important part of the aetiology of recurrent tumours. The mice were divided
into two groups. One group underwent electrocautery of the dome of the blad-
der and the other group had no interference with their bladders; both groups
then had a cell suspension of a FANFT-induced murine transitional cell
tumour introduced into their bladders. Of those with previously uninjured
bladders 12% developed tumours, whereas 54% of those with injured bladders
developed tumours.

Whilst it is generally agreed that many patients have multifocal disease, with
a generally unstable urothelium, the natural conclusion from these studies is
that the urologist should consider not only the local destructive effect of any
chosen therapeutic method but also its wider significance in terms of release of
viable cells and surface injury elsewhere in the bladder.

Results of YAG Laser Treatment

So what evidence is there for improvement in treatment of superficial tran-
sitional cell cancer by YAG laser therapy? In particular, does it reduce tumour
recurrence rates? Hofstetter has published a large series of reports detailing his
group’s experience with the YAG laser. Certainly the credit for the early experi-
mental work and clinical application of the YAG laser must go to this group.
In particular they laid down the therapeutic guidelines that most urologists
have followed since. Hofstetter described local recurrence rates after YAG
laser coagulation of 1.5% (Hofstetter and Frank 1980). His group has subse-
quently produced an impressive series of reports describing the treatment of
large numbers of patients: however. relatively few patients have been reported
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as part of a prospective study, and of these the randomisation into four groups
is such that statistical significance is unlikely without much larger numbers
(Hofstetter 1986).

Staehler et al. (1985). in a study of 150 patients, described local recurrence
rates of 5% in 60 patients with full follow-up. Staehler et al. studied patients
with largely superficial disease (as far as they could determine) and 60% were
treated with laser coagulation 4 days after TURB of protuberant, exophytic dis-
ease. The other 40% had laser treatment alone. However, recurrence rates else-
where in the untreated areas of the bladder were 57%.

True local recurrence rates for other modalities are difficult to determine. An
examination of the data in the papers previously referred to suggests local
recurrence rates of between 30% and 50% with standard (non-laser) treatment
(though many urologists would suggest this conflicts with their clinical impres-
sion of recurrence rates).

Many other groups in Europe, the USA and Japan have reported their ex-
perience following YAG laser coagulation of tumours. Malloy (1986) reported
a 37% recurrence rate in 76 patients with superficial disease treated mainly as
outpatients and with a 2-year follow-up period; Smith (1986a) described a 6%
recurrence rate in the treatment site and 35% elsewhere in the bladder in 93
patients with superficial disease; and Shanberg et al. (1987) reported an 18%
recurrence rate in 28 patients with T, disease.

Beisland et al. (1985) described their results in 100 consecutive patients, 53 of
whom had new tumours and 47 recurrent tumours. Recurrences were carefully
mapped in an attempt to separate those in the treated area from those occur-
ring further afield. Patients underwent coagulation either by diathermy or
YAG laser if tumours were small (less than 6 mm diameter) or TURB with or
without YAG coagulation 2 weeks later if tumours were larger than 6 mm.
Beisland et al. claimed a local recurrence rate of 7% after laser treatment at 3
months after treatment; in comparison 21% of patients developed a new occur-
rence of tumour in non-irradiated areas of the bladder over the same follow-up
period.

These appear rather high rates at 3 months but were related to early treat-
ments. The tumour development rate fell markedly on longer follow-up of later
patients, so that, as the authors acknowledge. there may have been a “learning
curve” effect initially. There was no difference in recurrence rates between
patients who had been electroresected and subsequently laser irradiated and
those who had been laser irradiated only. Arkell and Randall’s (1988) first 12
patients underwent the successful coagulation of 54 of 55 original tumours with
one recurrence in the treatment site, but 6 (50%) went on to develop further
tumours elsewhere in the bladder.

Perhaps the best study available comes in a subsequent report from the Oslo
group comparing local recurrence after YAG treatment with that following
traditional electroresection and coagulation (TURB) (Beisland and Seland
1986). In this prospective randomised study 122 patients received either
transurethral resection or laser treatment if small superficial T,/T, tumours
were found (less than 6 mm in diameter). Patients found to have larger though
still superficial (T,/T,) tumours underwent tumour resection. They were then
randomised to receive either laser coagulation to the resected area 2 weeks later
or no further treatment. Only small tumours were treated either purely by laser
or purely by electrocoagulation or electroresection (if the tumour was suf-
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ficiently small it could be removed by one pass of the 6-mm resectoscope loop).
The authors demonstrated a significant decrease in local recurrence rates
(P<0.001) in patients treated with the laser (3/62) compared with those treated
with electrosurgery (19/60).

This interesting and well-designed trial indicates that small tumours are
effectively treated by existing techniques or by laser, there being no local recur-
rences at a follow-up of 2 years. For T,/T, tumours larger than 6 mm in diameter
there was a statistically significant difference between those treated by TURB
followed by laser treatment (no recurrences) and those treated by TURB alone
(38% recurrences). In T, tumours with a diameter larger than 6 mm there was a
20% recurrence rate after TURB plus laser compared with 60% (6/10) following
TURB alone. Overall laser recurrences were 4.8% compared with 31.6% after
TURB alone. Recurrence rates in areas of the bladder remote from the treated
areas were very similar whether the patient had been treated by laser or
electroresection and electrocautery (20% compared with 22%). However, since
70% of the laser group had undergone electrosurgery prior to laser ablation, the
implication is that they had larger tumours.

These results do seem to suggest that cutting through (larger) tumours is
associated with an increased risk of recurrence. but it is not yet clear whether
this is related to the larger size of the original tumour - which has previously
been identified as a risk factor predisposing to the development of recurrences
(Heney et al. 1982) - or whether it is related to the liberation of viable cells that
subsequently seed elsewhere.

The experienced laser urologist would intuitively suspect that the visibly less
violent process of laser coagulation would release fewer malignant cells than
diathermy electroresection or coagulation, and a recent experimental study
appears to support this previously unconfirmed impression. See and Chapman
(1987) explored whether there was any difference between the effects of the
YAG laser and electrocautery in a laboratory situation by a series of experi-
ments based on the major steps of tumour cell implantation. They found that
electrocautery. including electroresection of the tumour model by a resecto-
scope, followed by diathermy of its base, resulted in 620% more viable cells
being liberated compared with the cells liberated by YAG laser coagulation of
the same experimental model.

See and Chapman’s experimental model involved the use of 3-methyl-
cholanthrene-induced transitional cell carcinoma passaged in syngeneic
Fisher 344 rats. A 1.5-cm diameter tumour, previously implanted sub-
cutaneously into the right hindquarter of the animal, was dissected free from
overlying skin., and the hind limb with tumour in situ excised and transected
along a plane through the middle of the tumour. This gave two identical halves
of tumour attached to lower limb musculature. One half was then “resected”
using a 28Fr resectoscope, and the other half coagulated with the YAG laser so
that complete thermal coagulation was achieved (to cause equal depth of
tumour necrosis). At the end of the ablation/resection a 100-ml aliquot of the
resection fluid was obtained and the cell count performed. Electrosurgery lib-
erated 620% more viable cells and 729% more cells in total than laser ablation
of an identical lesion. Adherence to the surfaces was also found to increase as a
function of the concentration of cells present in the bathing medium.

This increase in the release of cells, if similarly produced in man. would be
likely to increase the chance of successful tumour implantation and recurrence
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and may be expected to contribute to differences in recurrence rates after laser
treatment. Experimental studies of tumour cell transplantation kinetics and
other systems have demonstrated that the incidence of tumour growth is a
direct function of initial tumour burden - in effect. of initial inoculum size
(Porter et al. 1973).

See and Chapman’s (1987) other studies of quantitative and qualitative cel-
lular adherence of an equal number of cells to surfaces previously injured
either by laser or by electroresection showed no significant differences between
the two methods of coagulation.

There appears to be agreement in the literature that large, exophytic tumours
require prior debulking by TURB. This is certainly our view. In addition
TURB is still essential as part of the full staging of the patient’s first tumour.
Thus two suggested advantages of using the YAG laser - that fewer cells are
liberated and that lymphatic coagulation may occur earlier - are going to be
lost if the tumour has already been disrupted and disseminated by the
electrosurgical process. Or at least the advantage has been lost in terms of a
reduction of implantation possibilities in sites remote from the tumour:
implantation within the tumour site may still be lower, as would appear to be
borne out by the quoted local recurrence rates following laser coagulation.

Conclusion: Superficial Bladder Cancer

There is a small body of evidence suggesting that local tumour recurrence rates
for superficial disease are indeed reduced by laser treatment. Recurrence rates
elsewhere in the untreated areas are not obviously altered. and if this is due to a
field change within the urothelium this is not surprising. Experimental evi-
dence would seem to point to a reduced release of viable cells. particularly
when laser coagulation was used alone rather than following TURB. However
clinical evidence of any advantage resulting from this is as yet limited and in
the small number of reports so far the recurrence rates in untreated areas
appear to be similar whatever treatment method is used for the initial tumour.
Outpatient treatment with minimal or no anaesthesia may prove a cost effec-
tive treatment option for those patients with superficial. well differentiated
recurrences of their bladder tumour.

The Neodymium-YAG Laser in the Treatment of Muscle Invasive Bladder
Cancer

In the case of invasive bladder cancer there is the prospect that in selected
patients the deep thermal effects possible with the YAG laser might be as effec-
tive as radiotherapy or cystectomy: alternatively in those in whom cure is not
possible, significant palliation may be achieved with minimum morbidity. We
will examine the evidence for these claims.

The YAG laser produces a characteristically different pattern of coagulation
from electrical energy even though it is still a thermal effect (Figs. 3.1 and 3.2).
Diathermy current passes through tissue according to its electrical resistance.
In a heterogeneous layered structure such as the bladder the coagulating cur-
rent may spread out unevenly and conduct preferentially along paths of low
resistance such as blood vessels. However. this spread is less marked and more
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focal if the diathermy energy is applied with coaptive pressure to the layers of
the bladder wall. Laser energy, in contrast, generally produces a more con-
fined, well demarcated area of coagulation, the depth of which relates to the
applied energy. In the laboratory at least, a consistent transmural injury can be
obtained without excessive forward scattering which could damage adjacent
bowel. This sort of controlled lesion cannot reliably be produced by diathermy.
Full-thickness resection and cautery has been advocated for the endoscopic
control of muscle-invading tumour, but it is unlikely to become the accepted
management without adjuvant therapy, especially chemotherapy (Hall et al.
1984).

Results of Conventional Treatment

Present routine treatment of localised bladder tumours which are invading
muscle consists of cystectomy with urinary diversion or radiotherapy, either
alone or in combination. A recent series of 182 patients with T, or T; bladder
cancer showed an overall corrected 5-year survival rate of 40% following radical
radiotherapy as the primary treatment, with salvage cystectomy for those (18%)
who failed to respond, or who subsequently relapsed (Jenkins et al. 1988).
Radiotherapy prior to radical cystectomy offers the potential of reducing pelvic
recurrence and many older series showed the benefit from this combination.
Skinner and Lieskovsky (1984) reported a series containing 197 patients with
T, or T, cancer 97 of whom had radical surgery alone, the others preoperative
adjuvant radiotherapy as well. There was no significant difference between the
two groups, which both had a disease-free actuarial 5-year survival rate of
about 50% pT, and pTs;,, 64%:; pT;, and pTy,, 44%).

Results of YAG Laser Treatment

The three reported series of YAG-treated patients with invasive cancer for
which there is adequate information about stage and treatment parameters
involve quite small numbers of patients (Beisland and Seland 1986; Smith
1986b; McPhee et al. 1988). In addition, as with many trials of “new” treat-
ments, they tend to consist largely of patients who are either unfit for or who
refuse conventional treatment.

Beisland and Seland’s (1986) prospective randomised trial included 25
patients with T, tumours, 15 of whom had laser treatment after TURB and 10
who had TURB only. After 4 years all were still alive, with 12 (80%) of the
laser group free from recurrence in the treated area compared with only 4 (40%)
in the TURB-only group. Recurrence of superficial disease elsewhere in the
bladder was similar in both groups at around 20%. These results compare with
local recurrences after treatment of superficial cancer of none out of 47 in the
laser group and 13 out of 50 (26%) in the TURB-only group. Smith (1986b)
reported 21 patients with muscle invasive tumour, 15 of whom had T, or T,
tumours. Of these, 8 (53%) were disease-free at a mean follow-up of 1 year. Not
surprisingly results were better in less advanced disease. Four of S patients with
T, tumours were clear at 1 year, as were 3 of 6 with clinical stage T;, (although 1
developed distant metastases), but only 1 of 4 T,;, patients was clear of local
tumour. The 2 clinically T;, patients without metastases were later staged P,y
after cystectomy. Six patients with bulky T, disease all seemed to be sympto-
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matically improved after palliative laser treatment. One delayed perforation of
the sigmoid colon was seen but there was no small bowel damage.

McPhee et al. (1988) treated 32 patients with a higher laser power (50-80 W)
but used a diffusing tip to increase spot size: the power density was therefore
probably less than that used by other groups. There was one post-operative
death (cardiac) but no instance of bowel perforation. Crude survival for T, and
T, tumours was 58% (50% disease-free) at follow-up after between 4 months
and 6 years. Once again results were good for T, tumours, with no local recur-
rence in 12 patients after 6-72 months of follow-up, though 40% developed T,
recurrences elsewhere in the bladder. Four of 7 patients with T, cancer had a
recurrence and 3 died (only 1 with cancer). All 7 patients with T, tumours
died, 1 post-operatively and the other 6 with recurrences. All 6 who received
palliation for T, tumours also died.

The risk of clinical understaging, especially of T}, tumours, is clearly present
and laser therapy would not be expected to cure a tumour which had spread
outside the bladder wall. Nevertheless effective local control of about 80% of T,
tumours seems possible with minimal morbidity in patients who are largely
unfit for radical surgery. One worrying feature is that re-epithelialisation may
cover viable nests of tumour cells deep in the bladder wall and compromise
detection until sizeable extravesical recurrence has occurred.

A major problem is the inability to guarantee a consistent full-thickness
necrosis in the clinical setting despite what seems achievable experimentally.
One possible solution, though it would increase morbidity, might be to irradiate
appropriately situated tumours from both the mucosal and serosal aspects. or
at least to monitor the serosal temperature during treatment. In a series of
patients undergoing endoscopic laser coagulation prior to cystectomy we were
able to guarantee full-thickness coagulation, monitoring the effects of
endoscopic laser coagulation on the serosal surface of the bladder either visu-
ally or by thermometry (Fig. 3.3). Alternatively we applied laser energy to both
the mucosal aspect (endoscopically) and the serosal surface (exposed at oper-
ation). Much higher total energies were required to achieve visible serosal
effects than would have been expected from the guidelines suggested by the
German laser pioneers.

Unfortunately these acute studies all suffer from the disadvantage that a
much lower energy might just as successfully achieve full-thickness coagula-
tion if the specimen or subject were allowed 3-4 days to develop the full tissue
response to the laser injury.

Until more accurate dosimetry is possible it is prudent to select patients care-
fully for laser treatment; those with either T, tumours or those with T, cancer
who are unfit for or refuse cystectomy are suitable. It seems possible that when
large numbers of patients have been treated by YAG laser therapy after TURB,
the results in T, bladder cancer might bear comparison with the best results
after radical radiotherapy or surgery, with a fraction of the morbidity that these
conventional treatments involve.

Conclusion: Invasive Bladder Cancer
For muscle-invading tumours laser treatment is only indicated. at present, in

carefully selected patients who are either not candidates for radical treatment
because of age or distant metastatic disease, or who categorically refuse bladder
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Fig. 3.3. Full thickness YAG laser coagulation of human bladder (6 mm thick and coagulated
prior to cystectomy).

removal or radiotherapy. It can also be used as palliative therapy in an attempt
to debulk large tumours with extravesical extension and side wall fixation. and
particularly as a haemostatic treatment for troublesome and resistant haemor-
rhage from incurable tumours. Laser therapy for invasive bladder tumours is
still in its infancy and at the present time laser treatment can only be realistic-
ally applied to superficial bladder tumours.

Urethral Tumours

Urethral transitional cell carcinoma in association with extensive disease of
the bladder is clearly best treated by cystourethrectomy. The position is not so
clear when the bladder is either devoid of tumour or, more commonly, the
tumour present in the bladder is minimal and can be regarded as
endoscopically controllable. In these circumstances some form of local therapy
for the urethral tumours is desirable unless or until the surgeon feels that
cystourethrectomy is necessary.

The urethra is unforgiving of most treatments and exhibits a tendency to
cicatrisation and stricture formation, particularly after high-frequency electro-
coagulation (Mauermayer 1983). Topical preparations of chemotherapeutic
agents may also lead to stricturing as well as meatitis, dysuria and scrotal irrita-
tion (Sand et al. 1987). In the absence of an obvious “ideal” treatment we felt
that the use of the YAG laser energy in the urethra might represent a possible
alternative treatment for extensive urethral transitional cell tumour. We have
assessed the YAG laser in the management of patients with multiple urethral
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Fig. 3.4. Multiple urethral tumours.

tumours in whom traditional treatments had failed or were thought likely to

cause extensive urethral damage due to the widespread nature of the tumours
(Fig. 3.4).

Methods

Six patients with extensive urethral transitional cell tumours were treated. In 5
the previous pathological diagnosis was confirmed. In one man of 39 with very
extensive papillary growths and areas of flat, abnormal epithelium in the urethra,
further pathological review involving viral DNA gene probing suggested a viral
aetiology. the transitional epithelium displaying hyperplasia, squamous
metaplasia and dysplasia with vacuolated cytoplasm. In each case tumour
appeared to be superficial, was impalpable in the urethra and on biopsy was
G, or G, in tumour grading.

After urethrocystoscopy with mapping and biopsy of urethral lesions, a “test
treatment” was performed on lesions within a 1-cm long circumferential strip
of mid-penile urethra using the YAG laser (Living Technology Fiberlase 100)
at a power of 20 W for short pulses (1-2 seconds) until the target tissue shrank
and became a uniformly white colour representing coagulation of tissue pro-
teins (Fig. 3.5, opposite p.56). The laser beam was conducted along a 600-um
diameter quartz glass fibre passed down the instrument channel of a
cystoscope or more usually a 20Ch urethrotome.

Patients with transitional cell tumours of the prostatic urethra are known to
be at risk of invasion and metastatic spread and are best treated by radical
clearance: consequently laser treatment was not directed at tumours situated in
the prostatic urethra.
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Fig. 3.6. Focal urethral stricture following laser coagulation of mass of urethral tumour.

Endoscopy was repeated 6 weeks later to assess the urethral response to laser
coagulation and particularly to see whether stricture formation had occurred.
If the urethral appearances were satisfactory as much tumour as possible was
treated at 6-weekly intervals, followed by check endoscopy at 3 months and 6
months following completion of treatment.

In one patient with a relatively large mass of tumour in his mid-penile urethra
which required a large energy application we found a discrete circumferential
stricture which was easily managed by one dilatation at the time of check
endoscopy (Fig. 3.6). Details of the first 4 patients with significant follow-up are
shown in Table 3.1.

Discussion and Conclusion

YAG laser energy effectively coagulates scattered small papillary tumours of
the urethra with little or no risk of stricturing even when multiple areas require
coagulation. The treatment of large focal masses of tumour can lead to super-
ficial stricturing which does not appear to extend deep into the urethral wall
and which is readily dilated. Such masses of urethral tumour would previously
have been amenable only to urethrectomy.

One of our patients, previously treated with radiotherapy, whose urethral
tumours had been almost entirely cleared with laser therapy, was awaiting
cystectomy on account of recurrent bladder and prostatic urethral tumour
when he rapidly developed abnormal liver function tests followed by clinical
evidence of metastatic liver disease within the space of 3 months.

Tumours within the glandular urethra and fossa navicularis are relatively
difficult to manage with existing cystoscopes due to the poor visualisation in
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Table 3.1. Results of YAG laser treatment of tumours occupying the whole length of the urethra

Patient No. Total Flow  Stricture Tumours Urethral Residual
no. treat- energy rate cleared follow-up tumour
(age) ments  (J) (ml/s) elsewhere
1(79) 2 3400 - No Yes Clear Prostatic
(except FN)* urethra and
within FN
2(76) 3 16 500 22 No Yes Clear No
330 4 5200 40 No Yes Clear No
474> 2 9300 - Yes. No Small area of Recurrentp,, G,
dilated persistent mid-  tumourin bladder
penile tumour and prostatic
and a mass of urethra following
prostatic radiotherapy®
urethral tumour
(previously
resected)

“Tumours within the FN (fossa navicularis) are difficult to get adequate access to and tend to be
relatively undertreated.

PThis patient developed metastatic disease whilst awaiting cystectomy.

Prostatic urethral and bladder tumours nor treated by laser in this series.

this part of the terminal urethra. We have found the visual urethrotome a better
but not ideal instrument for examination and treatment in this region. To over-
come this difficulty a purpose-designed “meatoscope” is invaluable and a suit-
able prototype instrument is now being used to inspect and treat this area. This
is described in Chap. 5 and illustrated in Fig. 5.6.

If a YAG laser is available it may be used in an attempt to maintain
endoscopic control of scattered papillary urethral tumours. The endoscopic
use of the YAG laser was an effective and safe treatment, particularly for multi-
ple, superficial papillary tumours of the urethra.

Tumours of the Ureter and Pelvicaliceal System

Our clinical studies of the endoscopic use of the YAG laser for the treatment of
bladder tumours in comparison with traditional electroresection suggested no
very obvious immediate advantages that had not been fully explored else-
where. This led us to consider treating conditions where there were particular
treatment difficulties and where the use of the YAG laser appeared to offer
advantages over existing treatment methods. Transitional cell tumours of the
urethra and upper urinary tract appeared to be such problems.

Current treatment of transitional cell cancers of the ureter and pelvicaliceal
system usually involves nephro-ureterectomy. However, the place of more con-
servative treatment is increasingly being considered (Reitelman et al. 1987).
Whilst this generally means local resection for ureteric tumours or local
resection of pelvicaliceal tumours exposed at open operation it must increas-



Fig. 3.5. YAG laser fibre coagulating tumours in urethra.

Fig. 3.7. Tumour in an upper pole calyx in a solitary kidney undergoing endoscopic laser
coagulation (successful palliative treatment for haemorrhage).
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ingly be considered whether a totally endoscopic method of treatment would
be as good.

The challenge is to develop methods whereby superficial, relatively low-
grade tumours of the ureter and pelvicaliceal system can be treated in an
endoscopic manner in the way that tumours of the same grade and stage which
occur in the bladder are treated. The rapid developments in the endoscopic
armamentarium for upper tract endoscopy appear to make that possibility
more realistic. All urologists will be aware of the developments in endoscopic
treatment of upper tract stone disease and it will come as no surprise to hear
that where an endoscope has been passed then a laser fibre is sure to follow!

Historical Background

Watson'’s pioneering work with the pulse dye laser for ureteric stone destruc-
tion (Watson and Wickham 1986) was the real beginning of the upper tract
laser era, although in 1984 Hofstetter had described ureteroscopic laser coagu-
lation of ureteric tumours with no complications and no post-laser strictures.
Smith (1987) described the laser treatment of four tumours in the intramural
ureter; he found treatment at this site to be particularly safe and to carry a
much reduced risk of perforation due to the thickness of the urinary bladder.
Malloy (1985) has described the use of the YAG laser for coagulation of
tumours within the upper collecting system through an open pyelotomy in-
cision, care being taken to avoid spillage of cells into the open wound. In our
view, this has no advantages over a percutaneous technique and may well be
more prone to the risks of seeding.

The same reasons for the use of the laser as an energy source for stone
destruction also apply to tumour destruction in the upper urinary tract and
particularly to ureteric tumours. Although ureteroscopes have improved in
quality and are much reduced in size (which reduces the damage to the ureter
by the passage of the endoscope itself) there remains the problem of how to get
an adequate supply of energy to achieve the desired therapeutic effect once
endoscopic access has been gained. The principal advantage of the laser, of
course, is that relatively large amounts of energy can be passed down small-
calibre transmitting fibres. and indeed using the YAG laser these same small
fibres can allow relatively deep and reliable coagulation at the target site. Once
again the laser is being used partly because it may be a more effective
coagulator but perhaps more importantly because it can be used relatively easily
in the ureter.

Such endoscopic local treatment of a transitional cell carcinoma of the
upper tract is at present only indicated when traditional treatment is
unsuitable. Patients with solitary kidneys, bilateral ureteric or renal tumours,
or patients who are poor operative risks (or indeed who refuse a more radical
procedure) can be considered. However, at present the technique should be
used only by those who have both laser and upper tract endoscopic experience
and who are prepared to deal with any complications which might ensue. It is
our hope and expectation that with increasing experience and further techno-
logical developments the ultimate goal of the endoscopic management of
upper tract tumours will be realised.
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Ureteric Tumours

In many ways ureteric tumours are a more straightforward problem for the
upper tract laser endoscopist than intrarenal tumours. Ureteric tumours can be
approached with the ureteroscope to allow a direct biopsy and endoscopic
assessment. Alternatively cytological brushings can be performed from the
bladder thereby avoiding one diagnostic ureteroscopy. We use an 11.5Fr Wolf
ureteroscope or the 9.5Fr Storz ureteroscope with the movable eyepiece. The
ureteric orifice frequently will not require dilatation prior to using the smaller
instruments now available, particularly if these are introduced with a degree of
hydrostatic dilatation of the orifice. The Storz Ureteromat is suitable for this
and includes sensitive safety features such as feedback pressure monitoring
which cuts off the irrigation if certain pressure parameters within the ureter are
exceeded:; with care less sophisticated pressure infusion devices can be used.

For therapeutic ureteroscopy ureteric lesions can be approached either retro-
grade from below or anterograde through a percutaneous puncture of the kid-
ney. A flexible ureteroscope is an attractive option when introduced through a
percutaneous nephrostomy tract and down the ureter.

There is little literature defining appropriate power settings for treating
lesions of the ureter or renal pelvicaliceal system. However, given a ureteric
wall thickness of only 1-1.5 mm. our experimental and subsequent clinical
studies have dictated a reduction of power from that used in the bladder to 15-
20 W, and we limit application in one area to no longer than approximately
2 seconds. Smith (1983) found that higher powers (60 W) for shorter periods
(0.5 seconds) were less likely to perforate the dog ureter than were the para-
meters we use. Excessive photoradiation causes carbonisation of the tumour
and possibly perforation of the ureteric wall. In practice, though, the ureter is
usually coagulated by firing the laser at the tumour site relatively obliquely.
thereby reducing the power density at the laser impact site and acting as a
safety valve.

Whenever extensive areas are coagulated or where there is any doubt about
the patency of the ureteric wall - or indeed where access to the site of the
ureteric tumour has been difficult - then a double-J ureteric stent should be left
in place for approximately 4 weeks to combat post-operative ureteric oedema.
The stent can be removed by flexible or rigid cystoscopy under local anaes-
thetic and the region examined with the ureteroscope when the inflammatory
response to treatment and to the presence of the stent has settled. i.e. at about
3 months.

Clinical studies have been sparse and mainly show the technical feasibility
of this approach rather than confirming an advantage over other forms of local
treatment. In practice many experienced laser users who have an interest in
upper tract endoscopy have applied the YAG laser in this way. Shanberg has a
series of 10 patients with lower ureteric tumours of low grade (G,/G,) whom he
has treated with 20-25-W power settings and 2-second pulses. He advises the
use of a mixture of lignocaine (lidocaine) gel injected up the ureter as a com-
bination of lubricant and antispasmodic (A. Shanberg, personal communi-

cation 1989).
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Pelvicaliceal Tumours

The situation is more difficult for tumours of the pelvicaliceal system and par-
ticularly for tumours of the renal pelvis. The renal pelvis is as thin as the ureter
and tumours within it may be situated in such a position that adequate laser
coagulation might put at risk adjacent structures such as the renal vessels and
the gut. Obviously in other parts of the pelvis adequate coagulation would be
safer. However, in a series of reports on the endoscopic treatment of renal pelvic
tumours using the resectoscope an incidence of perforation has been found to
be acceptable (Woodhouse et al. 1986), so it is likely that laser coagulation will
be as safe.

For tumours situated in the caliceal system the much greater volume of tissue
underlying the tumour greatly reduces the risks of onward transmission of the
laser energy beyond the tumour.

Upper tract renal pelvicaliceal tumours should be assessed radiologically
and cytologically as are any other tumours of the upper urinary tract. Access to
them is in practice much more reasonable through a percutaneous track,
though the risks of seeding have to be considered. If only low-grade tumours
are chosen for this localised treatment - which is in our view the only appro-
priate group for this treatment - then the risks of implantation are low. The
risks of implantation can be further reduced by the use of an iridium wire
inserted along the percutaneous track as described by Woodhouse et al. (1986).

With future developments, particularly of flexible ureteronephroscopes, the
distinct possibility arises of access to all parts of the pelvicaliceal system by
passage of the flexible ureteroscope from the bladder. This is still some way off
though; it should also be remembered that repeated regular endoscopic access
is necessary following such treatment, without which a single endoscopic treat-
ment may not advance treatment significantly.

We have a series of patients in whom pelvicaliceal tumours have been
treated for palliative reasons - usually repeated haemorrhage from tumours in
patients with disseminated disease or who are unfit for other, more aggressive
therapy. We have been impressed by the palliative effects achieved in these
patients. Such a case is illustrated in Fig. 3.7 (opposite p.56, where a caliceal
tumour in a solitary kidney can be seen undergoing laser coagulation.
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Chapter 4

Laser Treatment of Urological Tumours
2: Carcinoma of the Prostate and Penis

T A. McNicholas

Carcinoma of the Prostate

Introduction

Carcinoma of the prostate is the commonest urological cancer and is the fifth
commonest malignant tumour of males worldwide (Parkin et al. 1984). It
remains one of the major challenges in urology. In the UK it characteristically
presents to urologists at a late stage with extensive local disease and/or
metastases (Chisholm and Habib 1981), though in much of Western Europe
and North America approximately half the cases will be potentially curable
with small-volume, localised disease.

Particular problems remain in the effective treatment of “early” prostatic
cancer. Firstly, there is the fact that with increasing age the majority of prostate
glands will exhibit some evidence of focal carcinoma of the prostate (Franks
1954). The incidence of incidental or latent carcinoma of the prostate appears
high, whereas the clinical incidence of the disease, although an important
cause of morbidity and death compared with other malignant processes, is
lower thar it should be if it is indeed the case that all these tumours will
inevitably progress. Therefore it has appeared that many “early” cancers if
found may not progress. and particularly in those presenting at an advanced
age will not cause clinically significant problems. However, there remains the
strong possibility that even small volumes of relatively low-grade tumour in a
younger male may well lead, in the fullness of time, to clinically significant
problems.

McNeal et al. (1986) have provided more information on this possibility in a
study during which post-mortem specimens found to contain carcinoma of the
prostate were examined to see whether tumour progression was related to
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tumour size or other features. They found 100 glands with evidence of
adenocarcinoma among 436 males examined post-mortem. They measured the
volume of the largest mass of tumour found in the gland (in many cases there
was more than one area of tumour). In addition the histological grade was
assessed according to the Gleason system (Gleason et al. 1974), and the pres-
ence, depth and extent of capsular invasion and involvement of the seminal
vesicles was also recorded. The post-mortem studies showed that increase in
tumour volume was strongly correlated with a progressive loss of differen-
tiation, the presence and extent of capsular penetration and the likelihood of
metastatic spread. Metastases were only found in association with a tumour
volume above 4 ml and only 13% of cases of tumours were that big (80% of the
tumours were smaller than 1.4 ml and 60% smaller than 0.46 ml).

When applied to the pathological findings in radical prostatectomy speci-
mens from 38 males, metastatic disease to lymph nodes (found at staging
lymphadenectomy) was associated with large volumes (above 4 ml) but the
relationship was not statistically significant. Grade, though, was significantly
related to both volume and metastatic disease.

From this study McNeal et al. concluded that tumours start small and well
differentiated. As they grow they lose differentiation and acquire the capacity
for metastasis, probably expressed largely in tumours above 1 ml in volume.
The authors feel that carcinoma of the prostate does indeed follow a predict-
able course. The high incidence of adenocarcinoma in post-mortem studies
(“latent carcinoma”) without a high incidence of clinical signs or evidence of
metastases can be explained by their finding that most of the tumours in the
post-mortem series were below 1 ml in volume and could be expected to
remain silent for a long time. The clinically undetected “latent cancers”
reported from the post-mortem series are not, therefore, a separate disease
entity but are in most cases recent developments (as a manifestation of the
sharply rising age-specific incidence curve), and are too small to be detectable
or to have achieved metastatic potential.

It follows that the presence of prostatic cancer in the younger male does put
him at risk of disease progression, even if the extent of the tumour is appar-
ently very small, purely by virtue of his longer time at risk.

Even the supposition that for many, especially the elderly. the development
of prostatic adenocarcinoma may not be life threatening can be challenged.
Adami et al. (1986) took advantage of the sophisticated population recording
systems available in Sweden to study 44 300 cases of prostatic cancer recorded
in the Swedish Cancer Registry between 1960 and 1978. They measured relative
survival, defined as the difference between the observed rate of survival in the
prostatic cancer group and the rate expected for the general population corre-
sponding to the studied group. This measure therefore corresponds to the
probability of nor dying from prostatic cancer. They found that the relative sur-
vival after 5, 10 and 15 years was 51%, 34% and 24% respectively. There was an
annual excess death rate of approximately 8% for the prostatic cancer group,
rising to 10% for those above 74 years of age. The study supports the view that
clinically diagnosed carcinoma of the prostate does not behave in “benign
fashion™ even at an advanced stage and does in fact significantly affect survival
whenever diagnosed.

The challenge to the clinician is whether he can pick out those at particu-
larly high risk of significant tumour development. A large number of prognostic
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factors have been examined in an attempt to define the risk of progression for
any particular patient’s tumour, including histological assessments of the
grade of the tumour by either the Gleason scoring system (Gleason et al. 1974)
or that described by Mostofi (Mostofi 1975). This has increasingly been shown
to correlate with the likelihood of lymph node spread (Paulson 1980).

An encouraging finding of McNeal’s report (1986) is that the features to
which metastatic potential was related, i.e. volume, depth and extent of
capsular invasion and seminal vesicle involvement, are all increasingly meas-
urable or detectable, particularly with ultrasound. Flow cytometry may also
have an increasing role to play (Fordham et al. 1986). Finally, serological tests
in particular serum acid phosphatase and prostate specific antigen levels will,
if elevated, suggest the presence of extraprostatic disease. Thus the possibility
arises of increased accuracy of prognosis which may allow surgeons to focus
curative therapy on younger males who can reliably be expected not to have
developed metastatic spread already.

The utilisation of all these prognostic features may help in consideration of
the clinical problem in the treatment of apparently localised prostatic cancer,
i.e. the case of the relatively young male (below 65) with a histologically proven
focus of tumour and no evidence of extraprostatic spread. Should this apparently
localised tumour reveal, on pathological examination, features particularly on
Gleason or Mostofi scoring that suggest a moderately or poorly differentiated
tumour with an increased likelihood of local or distant progression, then an
attempt at curative treatment appears to be indicated in the absence of evi-
dence of distant spread.

Such a patient, if diagnosed after transurethral resection of the prostate
(TURP), will be staged by the TNM system (UICC 1978) as either T, if 5% or
less of the resected chips are positive for tumour on pathological examination
(Ford et al. 1984) or Ty, if more than 5% of the chips are positive. This
subclassification was first suggested by Jewett (1975), using the American clas-
sification notation of A; and A,. It seems clear that those falling into the Ty,
(A,) group have a much more gloomy prognosis than the T,, (A,) group and
indeed worse than T, disease (Cantrell et al. 1981; Sheldon et al. 1980; Beynon
et al. 1983) and require more aggressive treatment.

However, the choice of a potentially curative treatment for early, apparently
localised disease remains problematical. This is partly due to the difficulties
inherent in trying to show a clear curative advantage for one modality over
another in a condition with a prolonged and variable natural course. In addi-
tion the condition is perceived as affecting a relatively elderly male population
and the morbidity of existing potentially curative treatment may be seen as
excessive.

Both radical surgery and radical radiotherapy have significant complica-
tions and side effects. Radical surgery is frequently associated with impotence
(85%-90%: Walsh and Jewett 1980) and incontinence (13%: Smith and Kelly
1984), although recent developments in methods of surgical removal of the
gland, sparing the neurovascular bundles, have contributed to a reduction in
the incidence of these serious complications (Walsh and Mostwin 1984). Radical
radiotherapy commits the patient to a 6-8-week course of daily treatment, and
even in the hands of the most experienced a significant complication rate of
10%-12% has been reported (Ray and Bagshaw 1975). Experience elsewhere in
Europe and the UK has confirmed that severe side effects can be expected
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from radiotherapy in from 30% (Ritchie et al. 1985) to as high as 74% of cases
(Lindholt and Hansen 1986). Incontinence is unusual but impotence is probably
more common than has been realised, even though it occurs gradually (pre-
sumably as a result of radiation-induced vascular damage) rather than
abruptly as after surgery. Goldstein et al. (1984) reported that 79% of their 19
potent patients closely followed up after definitive radiotherapy became
irreversibly impotent at an average of 14 months after treatment and their
investigations suggested a vascular aetiology due to damage to vessels within
the radiation field.

Although results from long-term studies are not yet available. seed implan-
tation appears to be associated with a disease-free survival lower than that after
radical surgery or radiotherapy: however, complications are similarly reduced
(Nag 1985). In our experience seed implantation techniques have been ham-
pered by logistical problems related to the supply of the seeds. their cost and
the complex arrangements required for their implantation (Carter et al. 1987).

Therefore an alternative approach to curative therapy that avoids the mor-
bidity of radical surgery or radiotherapy would be of great benefit. Ideally. such
treatment would be endoscopic rather than requiring major open surgery. It
would be applicable to prostatic tumour within any part of the gland, would
have an acceptable incidence of side effects. and particularly would have no
adverse effects on potency or continence.

Endoscopic Laser Coagulation of the Prostate

In the early 1980s a novel technique was reported (Sander et al. 1982; Sander
and Beisland 1984) that combined a radical resection of the prostate to remove
the bulk of tissue and “debulk™ the tumour, followed by photocoagulation of
the remaining prostatic capsule with the neodymium yttrium aluminium gar-
net (YAG) laser in an attempt to sterilise any remaining cancer cells in the
capsule. Their initial results were encouraging in terms of disease-free survivals
and there were no instances of impotence or incontinence (Beisland and
Sander 1986).

We adapted this technique in the light of our own experience in an attempt
to determine whether the boundaries of endoscopic treatment for localised car-
cinoma of the prostate could be extended further (McNicholas et al. 1988a).
Patients who appeared to have disease localised to the prostate and a normal
bone scan were entered into a pilot trial. A detailed sexual history and an
assessment of continence were recorded for each patient.

Ultrasound scanning was performed (a) on referral to the Prostate Unit, (b)
under anaesthesia. (¢) prior to the extended TURP, and (d) usually after
extended transurethral resection of the prostate (when the image is often
obscured by blood which causes a lot of acoustic echoes. so that repeated
ultrasound assessment some weeks later is usually of more value). The
ultrasound assessment was in any case repeated before laser treatment and of
course in the period after treatment.

The Bruel and Kjaer 1850 ultrasound scanner was used with the relatively
well known 5.5 or 7 megahertz (MHz) axial scanning transducer. This gives a
series of cross-sectional slices or images through the prostate from posterior to
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Fig. 4.1. Sagittal transrectal scan of prostate showing resection cavity. This view is particularly use-
ful for assessing apical tissue. (By courtesy of Mr. S. Carter.)

anterior at intervals that can be set from 0.5 cm upwards. The computerised
calculating facility of the machine can be used to work out the total surface
area of the prostate and the volume of the gland. The images are very informa-
tive about lesions within the main body of the gland but rather less informative
about the apical tissue than is the recently introduced sagittal scanning probe
(Bruel and Kjaer) which gives a longitudinal cut through the prostate from
apex to base of the prostate, seminal vesicles and bladder. The sagittal scan is
particularly informative about the apical tissue, its extent and the characteristic
extension of the peripheral zone described by McNeal (1969) at the level of the
verumontanum and frequently extending below the level of the verumon-
tanum (Fig. 4.1). Additionally, the site of the pelvic floor musculature can be
readily identified.

Each patient then underwent examination under anaesthesia (EUA) fol-
lowed by a second-look or “extended” TURP carefully done in planned and
mapped segments. The purpose of this was firstly to “debulk” the prostate
gland under ultrasound control aiming to leave a residual rim of prostatic cap-
sule 6 mm or less in depth (Fig. 4.2.). The procedure also allows further patho-
logical staging. Practical points will now be covered in detail.

The prostate is resected in quadrants. In addition apical specimens are
taken, thus giving five segments in all. All chips are examined and the number
of chips involved, the weight resected, and the Gleason scoring both per seg-
ment and overall are recorded. Using the criteria previously applied in this unit
(Ford et al. 1984) those with 5% or less of the resected tissue involved by
adenocarcinoma were defined as having focal or T,, disease whereas those
with greater than 5% involvement had diffuse or Ty, disease.

Finally, when the cystoscope or resectoscope is in position, the anatomical
features can be defined on the ultrasound image with great confidence by plac-
ing the resectoscope loop or “rolly ball” on the peak of the verumontanum and
then at the level of the endoscopically visible distal sphincter. By these means,
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Fig. 4.2. Axial transrectal ultrasound scan showing suitable thickness of residual tissue. (By cour-
tesy of Mr. C. Charig.)

and by the use of the measuring facilities of the ultrasound machine, very accu-
rate measurements can be made of the amount of tissue remaining, the depth
of tissue between the resected surface and the outer limit of the true capsule,
and, more crucially, between the limit of resection apically and the proximal
margin of the sphincter mechanism. Ultrasound assessment also allows the
biopsy of suspicious areas under ultrasound control.

Ten weeks after the extended TURP the patients undergo laser coagulation
of the prostatic capsule using the YAG laser. The energy is conducted along a
fine quartz glass fibre that is passed down the cystoscope or resectoscope and
the whole surface of the capsular walls is irradiated using a power of 50 W or.
when experience increased, 60-70 W, slowly moving over the surface of the
prostatic capsule in an attempt to coagulate the whole area evenly. The laser
beam rests on any particular site for no more than 3-4 seconds at a time, giving
a depth of penetration of the laser energy of approximately 6 mm (Pensel et al.
1981). Rectal temperatures are monitored by means of a thermocouple held
against the anterior wall of the rectum behind the prostate. If the temperature
reaches 52 °C the laser is stopped and the flow of irrigant increased. In practice
the “educated finger” in the rectum will indicate almost as accurately when
laser action should stop: it becomes too uncomfortable to maintain in position
due to the temperature reached! (C. Charig 1988, personal communication.)

Transurethral access allows adequate exposure of much of the prostatic cap-
sule and of the bladder neck. However. for good access to the apical regions a
suprapubic approach is necessary. We have adapted the well-known technique
of percutaneous access to the kidney to allow the creation of a dilated track
into the bladder. This is followed by the passage of a specially designed access
cannula through which a range of endoscopes can be passed into the bladder
and into the resected prostatic cavity, allowing excellent access to the apical
regions of the prostate (McNicholas et al. 1988b):
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Fig. 4.3. St. Peter's Hospital cannula (Cook Urological).

1. The patient is prepared and draped for cystoscopy as usual. A small area
of the lower abdomen is exposed and prepared as for suprapubic open surgery
or retropubic prostatectomy. A 1-cm skin incision is made in the midline
suprapubically.

2. A 12FG intravenous (i.v.) cannula and needle are inserted through the
incision after palpation of the (full) bladder. If the bladder is not full or other-
wise easily palpable then its position can be determined by using fluoroscopy
and a small amount of contrast medium injected through a fine needle. Gener-
ally a puncture high on the anterior wall of the bladder makes access to the
apical prostate and urethra easier.

3. Once urine is seen escaping from the i.v. cannula a “floppy” tipped guide
wire is inserted well into the bladder.

4. The i.v. cannula is removed and a series of Teflon fascial dilators or, more
commonly in our series, a set of telescopic metal dilators are passed over the
guide wire to dilate a track up to 28-32Fr in calibre.

Whilst simple Amplatz-type access cannulae were used initially, these
resulted in excessive soaking of the patient due to irrigant escaping from the
open end of the cannula. In addition there was a risk of the cannula slipping
out of the bladder. Therefore the “St. Peter’s Hospital cannula” (Cook
Urological, USA: Fig. 4.3) was designed to reduce still further the possibility of
extravasation and to prevent inadvertent withdrawal from the bladder. It also
allows controlled escape of irrigant through drainage tubing attached to a port
on the proximal end, so maintaining a low-pressure irrigating system and
keeping the patient dry. Its wide internal diameter (28-30Fr) allows the whole
range of urological endoscopes, both rigid and flexible, to be passed as
required without any risk of urethral injury either from the passage of large
instruments or as a result of their repeated insertion and removal.



70 Lasers in Urology: Principles and Practice

Fig. 4.4. Endoscopic view from the urethra of the suprapubic laser resectoscope.

5. Finally the St. Peter’s cannula is passed over the largest dilator and enters
the bladder. Gentle rotation with downward pressure is enough to push the
dilators (and subsequently the cannula) into the bladder. Care is taken not to
push instruments too firmly against the back wall of the bladder. The guide
wire can now be removed or left as a “safety wire".

6. The balloon on the St. Peter's cannula is blown up and the cannula
pulled back so that the balloon abuts the bladder wall. This reduces still fur-
ther any possible extravasation and guards against inadvertently pulling the
cannula from the bladder and losing the track.

7. Endoscopy with the appropriate instrument(s) and laser coagulation of
the distal apical prostatic tissue can then take place (Fig. 4.4).

8. Atthe completion of the procedure a catheter is passed transurethrally. Its
position can be checked suprapubically and then a suprapubic catheter can be
placed if necessary or the cannula is removed and one silk suture used to close
the skin.

9. The urethral catheter is left in the patient’s bladder for a minimum of 36
hours and the patient goes home usually on the fourth day.

Post-treatment Assessment

After laser treatment patients were assessed at 1 month to confirm that they
were progressing satisfactorily and were admitted for a full clinical, ultrasonic
and endoscopic assessment at 3 months, 6 months and 1 year following treat-
ment. Any problems with urinary flow or control were investigated. Potency
was assessed and serological tests for serum acid phosphatase. prostate specific
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antigen and alkaline phosphatase were performed. Patients underwent EUA
and endoscopy to monitor the healing of the prostatic capsule. in particular the
bladder neck.

Ultrasound-guided biopsies of any abnormal area and “blind™ transrectal
prostatic biopsies of each lobe were taken in a determined effort to detect any
cancer present.

The accuracy of biopsy is improved by the use of spring-loaded biopsy guns
such as the "Biopty”, which allows the operator to concentrate on accurate
placement of the needle tip, either by digital assessment of the suspicious area
or by using ultrasound guidance, after which the safety catch can be released
and the biopsy taken. This avoids the inaccuracies due to the relatively coarse
movements resulting from manipulation of a “Tru-cut” biopsy needle.

Blind biopsies are taken transrectally, the patient being given prophylactic
antibiotic cover with gentamicin intravenously and metronidazole rectally.
Ultrasound-guided biopsies are performed transperineally as the ultrasound
axial transducer occupies the rectum and the computerised needle “guide-
lines” projected onto the ultrasound image on the screen assume a
transperineal approach. (The newer sagittal scanning probes allow transrectal
biopsy.) Any suspicious area was biopsied and in the absence of clinical or
ultrasound suspicion a representative biopsy was taken of each lobe of the pos-
terior prostate. Subsequently patients were seen in the prostate clinic and
underwent an annual bone scan.

Results

Twenty-five males have undergone a complete course of treatment (extended
TURP followed by laser coagulation of the prostatic cavity) since April 1986.
As a result of the staging procedures a further four have been excluded: one
because of lymph node involvement found at pelvioscopy, two relatively unfit
males with T,, disease confirmed on second-look TURP and one because of
severe coexisting illness.

The average of all patients was 63.5 years (range 39-76) and of the laser
patients 624 years (range 39-75). Results of the pathological assessment of the
tissue removed when a first TURP was performed compared with that removed
at the subsequent extended TURP is shown in Table 4.1. Table 4.2 shows similar

Table 4.1. Comparison of pathological assessment of prostatic tissue removed in patients under-
going both first TURP and “extended”™ TURP (# = 13)

Positive Gleason Focal Diffuse % chips Weight
histology score or no disease® positive resected (g)
(Mean and disease® (No.and %) (Meanand (Mean and
range) (No. and %) range) range)
-First TURP 13 -29(2-6) 6 (46%) 7 (54%) 9.2% (1-25) 21 (4-56)
“Extended”
TURP 11 3.5(0-6) 6 (46%) 7 (54%) 8% (0-25) 12.3(1.5-21)

45% or less of chips positive (Ford et al. 1984).
®More than 5% of chips positive.
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Table 4.2. Pathological assessment of prostatic tissue removed by “extended” TURP (n = 20)

Positive Gleason Focal orno Diffuse % chips Weight resected
histology score disease? disease® positive (g)
(Mean and (No. and %) (No. and %) (Mean and (Mean and
range) range) range)
16 4(2-7) 7 (35%) 13 (65%) 11% (0-75) 13.2(1.5-26)

45% or less of chips positive (Ford et al. 1984).
®More than 5% of chips positive.

Table 4.3. Clinical. pathological and ultrasound staging (n = 20)

T(l TI TZ T]
Toa Toh
Clinical 11 6 3 0
Pathological 4 7
Ultrasound 6 9 3 2

details of the pathological findings from 20 males undergoing extended TURP.
Disease stage of the 20 patients is detailed according to their clinical, patho-
logical and ultrasonic features in Table 4.3 and energy doses administered per
treatment are illustrated in Fig. 4.5.

60
50 I+
40 [ ]

30 -

Energy (kJ)

20+

10
[ ]

U WS N SN (N NN WS NS Wy S (N N S S SN NN U N N
0 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20

April 86 Treatments June 87
Patient nos.

12 3 5 4 2 8 7 9 6 5 17 11 1518 10 20 19 12

Fig. 4.5. Graph showing energy given per treatment during the early development of the tech-
nique. Filled squares indicate second treatments.
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In the immediate post-TURP period one patient complained of urgency, two
described perineal discomfort and one required a 2-unit blood transfusion
after his extended TURP. No other patient required transfusion and the average
inpatient stay was 4 days. One patient subsequently described the passage of
clots with no other sequelae whilst at home awaiting his laser treatment.
Another patient described a diminution of flow after his extended TURP and
at laser treatment was noted to have a degree of bladder neck obstruction. This
same patient was seen to have a much more marked degree of bladder neck
obstruction 3 months after his laser treatment and underwent bladder neck
incision with subsequent relief of his symptoms and improvement in his flow
rate.

After laser treatment four patients described perineal discomfort in the first
3 months. (The perineal discomfort previously reported by one patient prior to
laser treatment did not recur after the treatment.) These patients had all
received much higher energy doses than previously used as we gradually
increased the total energy dose as experience increased (see Fig. 4.5). At their 3-
month follow-up three patients had a large amount of slough in the prostatic
cavity; this was removed with the resectoscope loop to avoid any possible
dystrophic calcification. This tissue was avascular and did not bleed. Four
patients were noted to have a mild bladder neck stenosis not requiring treat-
ment and two had a more marked but asymptomatic bladder neck stenosis.
They both underwent bladder neck incision at their 3-month endoscopy and
one of them required a repeat bladder neck incision on one occasion subse-
quently.

There were no immediate alterations to continence or potency with the
exception of one patient who has had no erections since laser treatment and
had not been sexually active prior to treatment. He had described a reduction
in erections after his extended TURP. One other patient complained of
reduced quality of erections after treatment, but the clinical features of early
prostate cancer had been a chance finding during investigation of this problem
and other studies suggested a psychogenic cause for his erectile dysfunction.
Follow-up now extends to over 3 years for the early members of the group and
within the last 3 months one 59-year-old man has been reviewed and com-
plains of deteriorating erections. He is currently being investigated further.

In the early stages of follow-up two patients had positive biopsies. In both
cases clinical, ultrasonic and endoscopic evidence suggested that an excess of
tissue had been left. They have both undergone further debulking TURP and
second laser treatments with negative biopsies subsequently. Two patients
have clinical and pathological evidence of remaining apical disease; in retro-
spect they were understaged despite our best efforts and would not have been
suitable for any local therapy given with curative intent. The other patients
have negative biopsies. In no case has disease progressed.

After extended TURP, ultrasound images characteristically showed a thin
hyperechoic area on the resected surface and this characteristic picture was
repeated and exaggerated after the laser treatment. This does have the dis-
advantage that ultrasound assessment of these patients is particularly difficult
after the extended TURP (and, of course, they may also have undergone a pri-
mary diagnostic TURP) especially when followed by laser treatment. Charac-
teristically the whole gland is much shrunken, both in total length and in its
anteroposterior diameter (Fig. 4.6).
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Fig. 4.6. Transrectal ultrasound scan showing foreshortened prostate after laser treatment and
radical TURP (volume 4.5 ml). (By courtesy of Mr. C. Charig.)

Discussion and Conclusions
Radical Endoscopic Local Treatment

There have been previous attempts at either endoscopic treatment of carci-
noma of the prostate or other surgical methods short of complete radical
retropubic or perineal prostatectomy. One such was reported by Riches in
1970, who described his methods of removing the posterior lobe of the prostate
including capsule at open retropubic surgery as a prophylactic measure when
there was a suspicion of prostatic cancer. This method does not address the
fact that tumour may well exist in anterior and lateral parts of the prostate
(Eggleston and Walsh 1985).

An endoscopic “extensive” or “radical” TURP with the intention of remov-
ing all prostatic tissue, both adenoma and true prostatic gland tissue, leaving
only the prostatic capsule, is fraught with technical problems. Most impor-
tantly there are the difficulties in truly removing all the tissue that is intended
for removal: secondly. severe haemorrhage from pericapsular vessels may be
encountered. The method described here overcomes these problems by allow-
ing an extensive ultrasound-guided resection that remains generally within the
bounds of the prostate but allows complete coagulation of the residual
prostatic “rim” by means of the laser. Tissues beyond the prostate, including
the pelvic autonomic nerves, may be protected by the “heat sink™ effect of the
pericapsular and more distant vessels; diathermy. in contrast, may be relatively
concentrated on these vascular channels, leading to the potential for
concentration of current and resultant thermal injury. In laser treatment the
rectum is also protected by the presence of Denonvilliers’ fascia (and the pelvic
plexus nerves responsible for potency may be protected by the vasa nervorum
and the veins of Santorini’s plexus).
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Effects on Prostate

The prostatic shrinkage that characterises this treatment has not been reported
by the other group with any experience in this field. though they do report the
characteristic increase in hyperechoic lesions within the prostate (Beisland
and Laerum 1986). It is clear from discussions with Dr. Beisland and from
their reported works (Sander and Beisland 1984) that the energy levels they use
are distinctly lower than ours, which may account for this difference in the
final appearances of the gland.

Whatever the ultrasound appearance of the abnormal area. final confirmation
of the presence of tumour is by biopsy and pathological assessment of the
material. Dr. Beisland’s group does not routinely biopsy patients post-
operatively if the clinical and ultrasound appearances do not suggest malig-
nancy. We have found this potentially misleading. and biopsy all patients post-
operatively as described above. Dr. Beisland describes a small decrease in the
maximal transverse diameter of the capsule in the first 3-6 months after laser
treatment with little additional shrinkage from that time (Beisland and
Laerum 1986). Our experience has been the opposite. and many of our patients
have a marked shrinkage of the prostate both in the anteroposterior diameter
and in the length of the gland - so much so that endoscopically the trigone
seems to be approaching the verumontanum! It is not clear. though, whether
this is due to the combination of (frequently) two resections, or largely a result
of the laser treatment. Our patients frequently showed a marked hyperechoic
area on the surface of the prostatic urethra. This was particularly the case in
those who had a marked degree of necrotic slough on the luminal surface at
the 3-month endoscopy: it was also noted to a lesser degree in some patients
after TURP.

Ultrasonic Assessment of Treatment

One of the problems encountered during the study was how best to follow up
the patients with a view to recognising recurrence. The volume of the gland
after laser treatment is so small as to render it almost impalpable, and blind
biopsy usually fails to show any evidence of prostatic tissue, the biopsy needle
tending to pass into the seminal vesicles. We have now become familiar with
the characteristic transrectal ultrasound appearances of the gland after treat-
ment. The gland is very small and rounded. with a very echodense capsule and
periurethral area; there is loss of the normal architecture and an extremely
foreshortened prostatic urethra. The sagittal viewing ultrasound probe has
been very useful in performing post-treatment ultrasounds. We have found the
axial scanner can only take one or at most two slices through the gland due to
the extremely shortened prostatic length. With recognition of the patterns
described and accurate biopsy, it is possible to be fairly certain that residual
tumour is not being missed.

At the time of endoscopic assessment blind prostatic biopsies of each lobe
are taken by a transrectal biopsy. Biopsies are also taken under ultrasound
control. This can mean that patients have up to six biopsies in an attempt to get
an accurate histopathological assessment of their prostatic glands and the
presence of tumour. These extensive attempts to determine the presence or
absence of tumour have not resulted in any clinically noticeable morbidity. In
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contrast to other studies (Beisland and Laerum 1986) positive biopsies are
taken as a sign of failure of the treatment rather than, by analogy with the argu-
ment used in some radiotherapeutic studies (Cox and Stoffel 1977), a sign that
the process of tumour necrosis as a result of the therapeutic insult may be a
lengthy one, especially in a relatively slow-growing tumour.

This series has allowed us to watch the volume changes during the stages of
the treatment and during follow-up. The average volume of the gland at diag-
nosis was 24.4 ml (range 17-38 ml) and after the second-look or extended
TURP, 14 ml (range 9.4-22.3 ml); at 3 months after laser treatment the mean
volume of the glands was 7.5 ml (range 2.3-19.5 ml). Overall, therefore, there is
a 71% reduction in volume of the prostate gland.

Prostate Specific Antigen

The recent introduction of the prostate specific antigen (PSA) assay is a possible
major advance in the determination of the extent of prostatic cancer, and in
the monitoring of the response of prostatic cancer to treatment.

We have performed PSA studies following laser treatment in a total of 23
patients. In 14. values measured at least 6 months after treatment have dropped
into the same range as that following successful total prostatectomy for
localised disease (<0.5 pg/l). In two patients the level is 0.5 ug/l. in three
between (.5 and 2 pg/l, and in one between 2 and 4 pg/l. Levels in a further
three patients are above 4 ug/l, including the two patients previously mentioned
who had extensive local disease at the time of endoscopic laser treatment.

Second-look TURP and the Dissemination of Disease

The possibility that TURP and in particular a second-look, radical or extended
TURP such as described above could have an adverse influence on the prog-
nosis of prostatic cancer, has to be considered. It is conceivable that particu-
larly as the outer limits of the prostate are reached. and the effects of treatment
tend to impinge on the relatively large-bore, low-pressure venous sinuses, then
viable tumour cell material could be liberated and might find its way into these
vessels and thence disseminate. Dissemination of viable prostatic tumour cells
after TURP has been reported by Cole et al. (1961), who found cancer cells in
the inferior vena cava following TURP; similarly Miedena and Redman (1981)
found pulmonary emboli of prostatic cancer. believed to be a direct result of
TURP.

In 1980 McGowan noted an increased recurrence rate in patients treated
with radiation therapy for early stages B and C (American staging system)
prostatic cancers when diagnosis had been by transurethral resection rather
than needle biopsy. Hanks et al. (1983) were able to review 690 patients with
cancer of the prostate. staged according to the American Joint Committee sys-
tem. who had undergone radiation therapy in 1973 with curative intent. Of
these. 247 cases were excluded from the analysis either because of incomplete
data or because they were T, or had evidence of existing disease prior to treat-
ment. The remaining 443 were evaluated to assess whether TURP had an
adverse effect on the progress of those cases where the diagnosis was made by
TURP rather than needle biopsy.
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A statistical analysis was performed in which the expected frequency of local
recurrence, recurrence anywhere and death, were calculated for each stage of
prostatic cancer and then compared with the observed frequencies. The figures
revealed an adverse effect of TURP in patients with T; and T, cancers (the two
stages being combined together in the actuarial analysis). The local recurrence
rate was unaffected, but the rate of recurrence anywhere and the death rate
were increased. These effects were seen for moderately and poorly differenti-
ated tumours, but were not observed in any well-differentiated cancers of any
stage. In addition, there was a clear increase in the number of poorly differenti-
ated cancers in the TURP group compared with the needle biopsy group. and a
corresponding increase in well-differentiated cancers in the needle biopsy
group compared with the TURP group.

Against this finding can be put the probability that tumours continuously
embolise cells via lymphatics and blood regardless of whether external manip-
ulation is present. It remains to be shown whether the presence of circulating
tumour cells per se is a poor prognostic feature. Metastasis is the end point of a
complex sequence of events that involves host and tumour factors. Studies
have failed to show that normal shedding of cells into the blood stream during
manipulation results in metastatic disease. However, it may well be that like is
not being compared with like. It is quite possible that, since fairly advanced
tumours in the studies by Hanks et al. seem to show this deleterious effect of
TURP. these patients have a larger volume of tumour in their prostates. This
means tumour is more likely to be present in a transurethral resection speci-
men, and of course is also more likely to be present already in lymph nodes
and more distant sites.

Schwemmer et al. (1986). in a study of 122 patients with prostatic carcinoma
treated by radiation therapy, performed a similar actuarial analysis on sur-
vival. comparing those treated by transurethral resection prior to radiation
with those diagnosed by needle biopsy. Survival rates were not significantly
different between the groups., and TURP was not found to have any effect on
the disease-free interval, whether distant or local recurrence occurred. From a
multivariate analysis model that allowed adjustments for the effects of tumour
grade and stage, TURP was found to be without effect on either survival rates
or the interval to distant or local recurrence.

Levine et al. (1986) reviewed 415 patients with prostatic carcinoma treated
between 1965 and 1971, of whom 184 were evaluable. They were assessed for
the impact of TURP at each stage. There was no significant difference between
a TURP diagnosed group and a group diagnosed by needle biopsy in stage A,
C or D, though in stage B the S5-year survival difference between the TURP
group (38.7%) and the needle biopsy group (68%) was significant. These
authors do comment that clinical staging may be inaccurate, and that the stage
of the lymph nodes was unknown. They referred to the study by Fowler et al.
(1982) in which 58 patients subsequently receiving iodine-125 implantations
had undergone TURP within the previous 10 months.

Fowler et al.’s most striking finding was that the incidence of positive lymph
node metastasis was greater in the patients who had undergone TURP than in
those who had not (47% compared with 25%). Survival without distant
metastases for stage B tumours appeared to be greater amongst those patients
without prior TURP, suggesting that the procedure may have been harmful.
However, patients with stage C tumours who had undergone TURP appeared
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to have a higher probability of survival without metastasis. The data suggested
that patients with localised carcinoma of the prostate (B) were more likely to
have lymph node metastases already.

It is quite possible that the patients who were diagnosed by TURP had larger
tumours perhaps causing the obstructive symptoms. which tended to suggest to
the surgeon the need for TURP as a means of diagnosis as well as therapy
rather than just needle biopsy. From this review it is to be concluded that there
is little identifiable risk from the procedure as described by our group and by
Sander and Beisland.

[t is too early to make any suggestion as to the overall efficacy of this tech-
nique. In addition. the method has been altered in the light of our increasing
experience. Fig. 4.5 shows the steady increase in total energy given as confi-
dence in the technique increased. and as we became aware that the earliest
patients had been relatively undertreated. These energy totals are much higher
than those described by Beisland et al. (personal communication 1988), but we
consider them essential to the reliable achievement of a sufficiently deep effect
over the whole surface area of the prostatic cavity. The extent of resection
increased in a similar fashion. both with increasing familiarity with the
ultrasound guidance and in the light of subsequent evidence that, again, the
earliest patients had been inadequately resected. 17 patients underwent a com-
plete course of treatment in the pilot study (1985-87).

The combination of inadequate resection and inadequate laser treatment
resulted in the two early treatment failures. (These have since been successfully
re-treated. with negative serial biopsies.) However, the method in its present
state of development has resulted in 88% (15 of 17) of the treated patients hav-
ing no evidence of disease despite careful and repeated biopsy and EUA. The
two remaining treatment failures (11.8%) had residual tumour in the apical
region of the gland. Apical tissue remains a challenge to this method of treat-
ment. It is known to be often the site of tumour (Byar and Mostofi 1972) and
this part of the prostate may be difficult to resect completely by the
transurethral route without compromising the external sphincter. Our atten-
tion is currently being directed to more radical methods of performing the final
resection of apical tissue, both from below and from the suprapubic track. All
resection is guided by the ultrasound image. on which the sphincter and
resectoscope can both be clearly identified.

Although any treatment for carcinoma of the prostate must be judged over a
prolonged period of follow-up. the treatment described can be repeated, has
not affected continence and results, in our experience. in a low incidence of
impotence.

Carcinoma of the Penis

Penile cancer remains a relatively unusual disease in the Western world.
Standard treatment remains penile amputation or radiotherapy. The extent of
the amputation is dependent on the local extent of the tumour. Obviously this
procedure is mutilating and will have effects on the patient’s psyche and also
on his voiding. Radiotherapy is suitable for localised lesions and as a palliative
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option. It may be quite painful and may result in urethral stenosis. For super-
ficial tumours of the penis laser methods may be as effective as the standard
treatments and less mutilating.

The YAG laser would appear to be the most appropriate laser for treating
certain penile carcinomas because of its greater depth of penetration.
Hofstetter and Frank (1983) have reported their experience of its use to treat 17
patients with penile cancer who had refused standard surgical therapy. Re-
epithelialisation took place in 6-8 weeks and the authors described excellent
cosmetic results. Eleven of the patients were followed for at least 10 months
and only one suffered local recurrence. Malloy et al. (1988) treated 16 males
with squamous cell cancer of the penis who had refused amputation. They
irradiated the tumours with a YAG laser at 25-40 W, giving an average of 5000 J.
At follow-up 24 months later those with carcinoma in situ did very well, with
no evidence of recurrent tumour. The details of the T, patients are somewhat
unclear though most were disease free (6 of 9); however both T, patients had
residual disease despite the deeper penetration of the YAG laser.

However. Bandeiramonte et al. (1987. 1988) have more recently described a
method of microscopic surgery with the CO, laser for the excision of super-
ficial penile cancers. They used magnification to allow accurate assessment of
the extent and depth of the tumour in 15 patients and then treated the patho-
logical area by firing a CO, laser (at 20 W) through the microscope to vaporise
layers of the abnormal tissue until healthy tissue was reached.

It would appear that either the CO, or YAG laser is suitable for treating
superficial malignant lesions of the penis and indeed for usually superficial
but preneoplastic conditions such as erythroplasia of Queyrat and Bowen’s
disease (Rosemberg and Fuller 1980). The choice may therefore be guided by
the instruments available. Laser treatment of more invasive disease must be
regarded as an experimental procedure at present.

Our patients have been treated similarly to those described by Hofstetter and
Frank (1983). Their patients were first circumcised and a tourniquet placed
around the base of the penis to decrease bleeding during treatment. After ex-
cision of exophytic tumour. the tumour bed and a 0.5-cm margin around it
were treated with 2-second laser pulses at 40 W. We take care to coagulate
whilst cooling the penile surface with a stream of cold saline. This increases
the depth of effect by preventing charring on the surface (which would increase
the surface absorption of energy and reduce the deeper penetration and subse-
quent scattering of laser light). The tourniquet is then released to allow full
haemostasis.

It has proved essential to excise the protuberant tumour tissue. Presumably
this allows an adequate depth of tumour necrosis. At the same time the opera-
tive site has to be kept free of blood, which would also reduce the depth of
effective necrosis. Biopsy or excision of exophytic tissue has therefore to. be
performed after the application of the tourniquet. Diathermy or suture
haemostasis may be necessary in addition.

It is important to delineate the extent of tumour as accurately and com-
pletely as possible so as to ensure that all malignant tissue is coagulated. This
may not be easy, especially when the penis has received previous radiation
treatment. This problem did lead to treatment “failure” in one of our patients.
His obvious tumour recurrence on the glans penis was adequately coagulated
using the YAG laser (Fig. 4.7) with a good cosmetic result at 3 months, but soon
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Fig. 4.7. Appearances after YAG laser coagulation of recurrent penile cancer following radiotherapy.

after he developed further recurrent tumour on the foreskin at the peno-
glanular junction in an area that had not received laser treatment (Fig. 4.8).

Laser treatment may avoid the need for partial penectomy in those patients
with recurrence after radiotherapy. In our experience patients report that the
treatment is generally more comfortable than external beam radiotherapy. The
main problem we have found is that it takes some weeks for the necrotic laser
eschar to separate and care is necessary to avoid infection and to ensure a dry
eschar.

Fig. 4.8. Recurrent tumour on foreskin outside laser-treated area. Treated glans has healed well.
(By courtesy of Mr. C.A. Charlton.)
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Chapter 5

Laser Treatment of Benign Conditions of the
Urinary Tract

T A. McNicholas

Urethral Strictures

Introduction and Historical Background

The treatment of urethral strictures remains a challenge to the urologist. Whilst
great advances in the instrumentation now allow endoscopic treatment for
most simple strictures, there is still room for improvement and new methods of
dealing with the strictured urethra will always be eagerly explored.

Urethral strictures have affected man since time immemorial. It is certainly
an ancient problem and early man responded to this challenge by developing
measures to relieve the obstructing stenosis by means of the passage of dilators
of one sort or another. The recorded history of stricture treatment dates back to
the sixth century BC, when the use of wooden or metal dilators was described
in the Ayurveda. Graduated catheters of wood and metal to dilate strictures is
still the most commonly used method worldwide.

Subsequently, over the last two millennia a range of methods of cutting stric-
tures have been developed. In the sixteenth century Ambroise Paré developed
along, sharp lancet to “reduce excrescences” in the urethra. His generation felt
that the stricture resulted from the ingrowth of inflammatory tissue impinging
into the urethral lumen rather than a contraction of the lumen per se. In 1795
the appropriately named Dr Physick of Philadelphia described his lancellated
catheter; this was followed in 1817 by Jean Civiale’s sound with a bulb contain-
ing a blade. However, as a result of the size of the bulb only large-calibre stric-
tures could be passed by the sound and then cut by removal of the sound with
the blade now exposed. Instruments devised to perform blind urethrotomies
were designed by Maisonneuve in 1854 (a filiform with urethrotome which
could therefore deal with smaller-calibre strictures) and by Fessenden N. Otis
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in 1872. Otis developed calibrating catheters and sounds and went on to design
the two-bladed dilating urethrotome with a cutting blade much as we know it
today; he had high hopes that he had devised a method of curing strictures.

The direct-vision optical urethrotome was developed in the 1950s in stages.
initially utilising electric diathermy (Ravasini 1957) and eventually in the form
of the cold knife optical urethrotome. Sachse introduced the optical
endoscopic urethrotome as it is currently known in 1974, and it is. of course.
widely used as a primary treatment in most Western urological units. In the
years since Sachse’s publication many reports have shown the relative ease
and comparative safety of this technique (Matouschek 1978: Smith et al. 1983.
1984; Djulepa and Potempa 1983: Andronaco et al. 1984).

Le Dran is reputed to have carried out the first excision of a stricture in 1744,
but it is also claimed that his description could equally be that of an external
urethrotomy. Ducas in 1835 can perhaps be given the credit for the first recorded
excision of a urethral stricture. He relied on healing of the tissues over the
underlying catheter to lead to re-formation of the urethra. Agusner carried out
the first excision of the stricture with restoration of the urethral continuity by
suture in 1883. closely followed by many others. Guyon in 1891 described
excising part of the stricture leaving a strip of the dorsal urethral wall in conti-
nuity. and Albarran in 1892 described a similar technique. Rachet in 1895
recommended diversion of the urine during operations for stricture. Pasteau
and Iselin in 1906 excised a stricture leaving the two ends of the urethra open-
ing on to the skin. They subsequently incorporated adjacent skin into the wall
of the urethra and created a skin tube.

Hamilton Russell in 1911 aimed at creating an “artificial hypospadias™,
excising the urethra for the whole length of the stricture. but was prevented
from carrying out the “second stage” by the patient’s lack of symptoms and his
understandable desire to avoid further operation. In 1915 Russell excised a
stricture and spatulated the ends of the remaining urethra, joining them at the
ventral surface of the urethra. He explained that he relied on natural processes
to reconvert the “roof” strip of mucous membrane into a tube. This is clearly
the forerunner of the Denis Browne procedure for hypospadias.

In 1950 Bengt Johanson adapted the Denis Browne hypospadias operation
to the treatment of adult urethral strictures, incising the strictured urethra until
well into normal urethra on each side and suturing the cut edges of the urethra
to the adjacent skin edges to create, in effect, an artificial hypospadias. As a
second stage a strip of original urethra and adjacent penile skin was left in situ
to form a new urethra. the rest of the skin being closed over. Variations on this
theme have been multiple, including the use of pedicled scrotal skin (Blandy
1986) and pedicled penile skin patches (Turner-Warwick 1987: Mundy and
Stephenson 1988). Most recently high-energy laser technology has been
applied to this persisting and resistant problem.

Current Treatment Methods

Urethral dilatation is the oldest form of treatment and realistically will remain
the foremost treatment for most sufferers throughout the world. It should not
be lightly disregarded. In the appropriate case, whether for reasons of economy,
age or the nature or position of the stricture, it will remain part of the
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urological armamentarium even in the richest societies where more expensive
technology is available. However, a patient is rarely cured by one dilatation
and is more commonly sentenced to multiple attendances and procedures.
which often become more difficult and traumatic with time and carry an
increasing attendant morbidity and indeed mortality.

The procedure of open urethroplasty exists as a final option and remains the
“gold standard™ against which other treatments, for complex strictures particu-
larly, should be measured. However, urethroplasty is a major procedure requiring
skilled technical performance, and even in the best hands there is the possibility
of recurrence, especially at the junction of neourethra and urethra. In addition
the patient suffers a cutaneous incision and all the complications, morbidity
and discomfort of open surgery. Finally. although patients with pelvic fracture
injury “strictures” are frequently impotent an additional risk of post-operative
impotence in those who were previously potent has been described for
transpubic urethroplasty (Zincke and Furlow 1985).

Endoscopic methods, if effective, are to be preferred. and optical urethro-
tomy is accepted as a good initial treatment for most simple strictures. Since
the introduction of the cold knife urethrotome most simple strictures are readily
treated in the first instance in this way. However, the urethrotome fails as a
definitive treatment for many strictures, especially if long or complicated by
sepsis. abscess and fistulae. When the underlying problem is an abundance of
scar tissue the urethrotome does nothing to reduce this and may even cause an
increase in periurethral fibrosis due to extravasation of (infected) urine (Singh
and Blandy 1976: J. P. Blandy personal communication 1988), so its lack of
success in some cases is not surprising.

Urethral strictures may be short (arbitrarily defined here, on the basis of the
papers quoted below and to allow some degree of comparison, as less than
2 cm), single and situated in the penile urethra. Conversely they may be long
(over 2 ¢m). multiple. situated in the bulbo-membranous urethra and associated
with urinary tract infection and local para-urethral infection with abscesses
and fistulae. It is therefore not surprising that the results of therapy will vary. It
is generally agreed that the short, penile stricture with little periurethral fibrosis

Table 5.1. Review of published results of endoscopic urethrotomy

Andronaco Smith Abdel- Chilton Matouschek Holm-
etal. etal. Hakim et al. etal. etal. Neilsen et al.
(1984) (1983.1984) (1983) (1983) (1978) (1984)
No. of patients 100 137 103 4122 547 225
Follow-up (yr)® >1 3(1-7) >1 1-5 1-6 3-7
Overall cure (%) 62 80¢ 95 50 79 77
Cure after one
cut — 50 49.5 — — 54
Simple 58/88 (66%) — — — — -
Complex 4/12(33%) — — — — -
Av. no. of
treatments — 2.27 1.5 1.8 1.2 1.6

4261 patients undergoing urethroplasty and 151 patients undergoing urethrotomy.
®Mean or range.
“Smith states that “79.6% required no further treatment” but that 44.6% “were cured”.
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will be treated adequately by any of the available manoeuvres: in particular.
good results have been reported for urethrotomy (see Table 5.1).

When studies including a long follow-up period are assessed successful
results are in the range 75% at S years (Fourcade 1981) to 79% at 5 years in the
largest series reported of 547 patients (Matouschek 1978). However. as the data
on Table 5.1 show, approximately half of the patients required more than one
urethrotomy to relieve their symptoms. i.e. the incidence of recurrence is signif-
icant. This is especially true in the “complicated” strictures. Andronaco et al.
(1984) reported 100 patients followed up over | year. Of these. 88 had short
strictures of which 58 (66%) were successfully treated by one endoscopic
urethrotomy. However. of the 12 (12%) with long strictures 8 (66%) required fur-
ther treatment.

Turner-Warwick (1988) has described the complications that may follow the
application of what he recognises as “the most valuable procedure available to
the general urologist for the resolution of spongio-urethral strictures™ includ-
ing extension of the “spongiofibrosis™. sphincter damage, the development of
false passages. periurethral pockets and abscess cavities. caverno-fibrotic
chordee and meatal distortion (Turner-Warwick 1988). He goes on to question
certain practices, particularly the use of the urethrotome simply to cut the
fibrotic obstruction resulting from pelvic fracture distraction injuries, which he
cautions is not a true stricture and cannot be approached in the same way as
the more commonly encountered spongio-urethral stricture since removal of
the fibrotic tissue 1s required rather than simply cutting it.

The results of urethrotomy or dilatation are therefore likely to be related to
the length of the stricture and to the degree of periurethral scarring. Whatever
treatment is used the recurrence rates in complicated strictures remain dis-
appointing. If the treatment failures and incidence of restricturing are related
to the degree of fibrosis then dilatation and urethrotomy cannot be expected to
reduce this.

Thus there appears a gap in present treatment: when existing blind or
endoscopic methods fail or are not satisfactory and when urethroplasty
appears the only alternative. It is in this situation that laser therapy may be
advantageous. particularly if it can effect removal of stricture tissue. Laser
treatments have heretofore been sporadically reported with surprisingly varied
results and with often short follow-up periods.

Laser Treatment of Urethral Strictures

Bulow et al. (1979a, b) described the use of the neodymium yttrium aluminium
garnet (YAG) laser on canine and human urethral strictures. The laser was
directed down a fibre system using gas cooling and a stream of gas to keep the
distal lenses (of both cystoscope and the original, relatively primitive beam
delivery channels) free from debris. A series of pulses were fired at the stricture
and a l-cm long stricture is described as requiring 20 minutes to treat. The
authors suggested that less of a fibrous response ought to be expected after
YAG laser coagulation. resulting in less re-stricturing, and proposed the use of
a CO, laser as ideal in this respect. Camey and Le Duc (1980) similarly used a
YAG laser producing 40-55 W on canine strictures (and prostatic adenomas)
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and concluded that “tissues were volatilised without bleeding and only moderate
heating™.

Rothauge (1980) reported the use in 40 patients of an argon laser, which he
preferred to the YAG laser owing to the lower depth of penetration of the laser
energy. He also stressed that for there to be any advantage over optical
urethrotomy the whole of the strictured area should be vaporised rather than
using the laser as a urethrotome in one position or even for multiple incisions.
The immediate results were good (in terms of flow rates and lack of complica-
tions) though in the first year 6 patients required re-treatment. These were
described as “early cases before the need for complete removal of the stricture
ring” was appreciated. Further follow-up has been reported (Noske et al. 1987)
in which brief details of 208 stricture patients were presented. Rothauge’s group
concluded that the stricture recurrence rate was approximately 30% (or 70%
success after one treatment) in previously untreated patients and “almost the
rule” for previously treated patients.

Since then most interest has focused on the use of the YAG laser. In 1984
Shanberg et al. reported 6 cases of complicated strictures which had all
undergone multiple previous dilatations and optical urethrotomy. The patients
underwent laser treatment of their strictures as outpatients, with catheter drain-
age for 48 hours: in a short (6-month) follow-up period they had no recurrence
of their strictures. However. Smith and Dixon (1984) reported that although 17
patients with complicated strictures, all of whom had undergone repeated dila-
tation and 13 of whom had had previous internal urethrotomy. showed good
immediate results after YAG laser treatment, there was a 64% recurrence rate
within 6 months. The authors concluded that “with the method described,
YAG laser phototherapy appears to offer no treatment advantages over con-
ventional therapy”. In their discussion they point out the theoretical advantage
of an argon laser in producing more immediate tissue vaporisation than the
more deeply penetrating YAG laser, and that based on physical principles a
CO, laser would be the most promising laser if the problems of lack of a wave-
guide fibre and the strong absorption of CO, laser energy by water (in the irri-
gation fluid and within the urinary tract) could be overcome.

The technical problems associated with the use of the CO, laser should not
be underestimated. Because of the intense absorption of CO, laser light by
water it is necessary for the endoscopy to be performed in a gaseous environ-
ment rather than using liquid irrigation, i.e. with insufflation of a gas such as
CO,. As much urine as possible should be removed from the urinary passages
being examined. Rendering the urinary tract “dry” enough to use the CO, laser
effectively is a major challenge. Measures must be taken to prevent the vascular
entrapment of large volumes of CO, so as to prevent gas embolism. This is par-
ticularly likely to happen in the highly vascular urethra, especially if difficult
manoeuvres are required as may be the case with complex strictures. However,
the major problems involved have not prevented a series of authors from
attempting to solve them.

Wilscher et al. (1978) described the development of a CO, laser cystoscope.
the CO, laser energy being transmitted down a rigid but jointed arm which was
attached to a large bore (26Fr) endoscope. The laser beam entered the instru-
ment at right angles to the axis of the endoscope and was then directed down
its length by reflection off a nickel-plated copper mirror within the endoscope
which was also adapted to allow CO, gas insufflation. Energy losses were
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Fig. 5.1. Early prototype clinical laser urethrotome. based on the Storz nephroscope. ready for use.

excessive and use of this prototype difficult. Further developments such as the
incorporation of zinc selenide lenses along the laser channel within the instru-
ment made the model smaller and more efficient, with a power of 2-10 W
available at the end of the cystoscope, but use remained difficult (Wilscher
1985). Though its effects on dog bladder mucosa are described. the authors
were unable to apply this method to urethral strictures.

Bulow and Levene (1979) developed a CO, laser endoscope without a mobile
arm system and later presented details of a hand-held CO, laser connected
directly to a cystoscope (Bulow 1984) which appears an attractive proposition -
especially with further developments reducing the size of CO, lasers.

Sacknoff (1985) described a prototype CO, laser cystoscope based on a
laparoscope with channels for the fibre-optics, the laser beam, and two for the
inflow and outflow of gas. McNicholas and colleagues (1986, 1987) have
described the development of a series of relatively slender (18-20Ch) CO, laser
endoscopes, modified by the Storz company and based on the nephroscope
pattern with an offset eyepiece allowing the insertion of disposable rigid or
semi-rigid 0.8-3.0-mm diameter waveguides with careful pressure monitoring
of the insufflation CO, gas and of the intraurethral pressure. Laser pulse dura-
tions were 4-6 ms and the peak power at the tip of the endoscope was 5 kW/
cm? The CO, laser energy is transmitted from the laser to the tip of the
endoscope by a series of hollow ceramic waveguides, which have the advan-
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Fig. 5.2. The prototype clinical laser urethrotome, based on the Storz nephroscope, with the wave-

guide that can be passed down the operating channel of the endoscope. (Courtesy Institute of
Urology.)

tages of being both highly conductive for laser light and cheap. The laser can
be focused and defocused to alter the tissue effect by moving the waveguide.
Figs. 5.1 and 5.2 show the prototype clinical instrument based on the Storz
nephroscope, with the waveguide which can be passed down the operating
channel of the endoscope.

The conclusions from the animal experimental work were that CO, laser
vaporisation of urethral strictures was indeed possible and good healing was
found, especially with high powers and with a pulsed-mode laser. This
increased peak pulse power by decreasing pulse duration and so appeared to
reduce the thermal effect, as was manifest by less charring of tissues (see Fig.
5.3, and Fig. 5.4 opposite p. 90).

The clinical experience in 6 cases (Table 5.2) indicated that the procedure
was quick, relatively easy and safe for simple strictures. With follow-up of
between 3 and 14 months (mean 6 months) results were at least as good as
would be expected from traditional endoscopic urethrotomy but not obviously
better - though clearly these are small numbers from which to draw any con-
clusions.

In our experience it is very easy to lose the true lumen when cutting through
complex strictures with the CO, laser and gas entrapment is more likely. In
addition urethral manipulation can be difficult in these cases and it is almost
impossible to keep urine, debris or blood from depositing on the end of the
waveguide and the objective lens of the endoscope. thereby reducing laser
power and visibility.

The difficulties of CO, laser endoscopy of the urinary tract are not to be
underestimated. The techniques developed are being taken up by the laser
endoscope manufacturers and may be more easily applied to endoscopy of
other body cavities where larger-bore endoscopes can be used.

Shanberg et al. (1988) have subsequently described the use of the potassium
titanyl phosphate (KTP) laser in 20 patients with 22 urethral strictures. All were
failures of previous treatment methods (usually urethrotomy and dilatation).
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Table 5.2. CO, laser treatment of urethral stric-
tures: clinical results

FR1 FR2 FR3

Four primary strictures

3simple 6 52 42
17 4 —
13 44 30

1 complex 3 22 -

Two recurrent strictures

| simple 8 49 32

I complex 8 50 19

FRI. flow rate prior to CO, laser urethrotomy.
FR2. flow rate 6 weeks after CO, laser
urethrotomy.
FR3, flow rate 6 months after CO, laser
urethrotomy.

The KTP laser gives “CO, like™ cutting but can be transmitted down a fibre
and both passes through and is effective under irrigation fluids. Over the still
relatively short follow-up (6-14 months) the authors claim overall success in
68.2% of their patients (success being defined as a twofold increase in the original
flow rate or an “open’ urethrogram). They also felt the laser would be useful in
a range of other open and endoscopic procedures and this laser does appear to
be relatively efficient in energy terms.

Techniques of Laser Urethrotomy

Essentially the argon, YAG and KTP lasers are conducted to the site of the
stricture via flexible quartz glass fibres passed down any appropriate

Fig. 5.3. Canine stricture after partial CO, laser vaporisation using a continuous wave laser at
10 W, showing excessive charring with reasonable tissue removal.



Fig. 5.4. Human stricture after pulsed CO, laser urethrotomy using a clinical prototype producing
12-18W average power at a pulse repetition rate of 100 Hz. Increasing peak pulse power by decreas-
ing pulse duration appeared to reduce the thermal effect as was manifest by less charring of tissues.
The appearances are of a clean cut through the stricture into the spongiosal tissue.

Fig. 5.5. The CO, laser waveguide is placed close to the face of the stricture at the 6 o‘clock to 7
o‘clock position (@) and then fired in short bursts (b).
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endoscope. We have found the Storz urethrotome most suitable; alternatively
the newer, smooth-ended, small-bore cystoscopes designed for outpatient
cystoscopy can be used. Eye protection is necessary, a suitable protective glass
filter eyepiece that clips on over the endoscope eyepiece being ideal.

Endoscopy proceeds as normal until the stricture is seen. The laser fibre is
inserted, the laser enabled and the stricture tissue irradiated. The stricture is
cut with the “cold knife” urethrotome first, after which the ragged edges of the
stricture are coagulated until they shrink and show signs of thermal injury as
described by Perez-Castro and Martinez-Pinero (1982). Shanberg et al. (1984)
and Smith and Dixon (1984) simply photocoagulated their strictures, following
this with dilatation. For the YAG laser a power of 40-50 W for 2-3-second
pulses is appropriate, although it is our impression that at the present state of
development simple YAG laser treatment of urethral strictures is in fact in-
appropriate! The early results with the KTP laser are encouraging and the
reader is referred to Shanberg et al. (1988) for practical details. In the labora-
tory it was clear to us that the most obvious difference between the KTP and
YAG lasers was that the KTP laser could be drawn over the tissue surface, in
direct tissue contact, without unduly damaging the fibre tip. The effect was of a
superficial cutting action with a minor degree of coagulation. The KTP can
therefore be seen as similar in effect to the CO, laser but with the advantage
that it is easily transmissible through a standard flexible glass fibre and
through urological irrigation fluids.

CO, laser urethrotomy is also inappropriate for the general laser user. at
least at present. Those experimenting with this method will have found a com-
bination of laser and suitable endoscope that allows reliable endoscopy with
gas (invariably CO,, due to its ready absorption) and will have worked out a
method of preventing high pressures being developed in the urethra. The
essential details of our method of experimental CO, laser urethrotomy are out-
lined below.

The patient is treated under general anaesthetic in the standard fashion and
undergoes routine urethrocystoscopy using liquid irrigation fluids. The
patient’s end tidal pCO, is monitored using a capnograph. It has been sug-
gested that an increase in this value. as a result of vascular entrapment of CO,,
precedes significant clinical signs (Shulman and Aronson 1984). Readings are
taken from the screen at 30-second intervals. As part of our experimental
studies patients with more complex strictures are monitored even more closely,
using a mass spectrometer to analyse biochemical changes in detail.

We use a CO, insufflator that can be set so that pressures sensed by a pressure
transducer in the equipment will not exceed certain pre-programmed limits.
We insufflate at approximately 20 mmHg pressure which allows adequate
unfolding and distension of the urethra. A 12-14 gauge plastic cannula is
placed in the bladder by suprapubic puncture and left on low-pressure con-
stant suction in an attempt to remove not only all urine from the bas-fond of
the bladder but CO, gas and smoke in due course.

Once the stricture is seen the laser insert is placed down the instrument
channel of the endoscope, brought very close to the surface of the stricture (Fig.
5.5, opposite p.90) and then fired in short bursts a second or so in duration.
Aiming specifically at the 6 o’clock to 7 o’clock position of the stricture avoids
compromising any reconstructive “roof-strip” procedure that may become nec-
essary. A trench should be cut completely through the stricture and into normal
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urethra beyond. Once set up the process of CO, laser urethrotomy is very quick
and frequent positional checks are necessary to avoid cutting too deeply (usually
signified by increased bleeding) or cutting away from the correct path of the
urethra. The appearance should be of a clean cut through stricture tissue and
down to relatively normal spongiosal tissue (for the bulbar and penile urethra)
(see Fig. 5.4, opposite p.90). A 14Ch silastic catheter is passed and left for 3 days.

Condylomatous Disease

Introduction

In the UK the treatment of condylomatous disease of the genitalia is usually
the preserve of venereologists. Their clinics are at present full of patients pre-
senting with manifestations of infection by the human papilloma virus (HPV).
One result of the vast increase in patients with this socially unacceptable and
contagious infection is that a proportion of them will develop conditions
requiring specialist urological advice and treatment.

In our practice. we see such patients from two major venereology clinics in
London. These patients fall into three categories. First, there are those who
have disease of the genitalia resistant to the full range of therapeutic options
available to the venereologist. Secondly, there are those who have developed
complications from traditional treatments, which in most cases means meatal
stenosis as a result of the application of podophyllin. Thirdly, there are those
whose disease is atypical and involves other parts of the urogenital tract apart
from the genital skin. This last group comprises mainly those with disease in
the urethral meatus. which is characteristically difficult to eradicate and which
acts as a potent reservoir for reinfection both of the patient and of his sexual
partners. Finally there is a small sub-group of males whose disease involves
not just the meatus but indeed the whole length of the urethra, and these
patients certainly need expert urological advice.

The disease is irritating, offensive and unsightly, but its real significance is in
the relationship of HPV infection to the subsequent development of squamous
cancers. The link between some types of HPV infection (16, 18, 31, 33, 35) and
subsequent cervical neoplasia is becoming stronger (Crum et al. 1983) and it is
now clear that the female consorts of males with penile condylomata
acuminata are at increased risk of cervical neoplasia (Campion et al. 1985). A
recent British study of females under 20 years of age referred for colposcopy
found that of 38 with external genital warts 26 (68%) had histologically proven
cervical intra-epithelial neoplasia (Haddad et al. 1988).

The role of laser treatment in the disease is in the management of those with
extensive resistant disease, those with urethral meatal warts and those with
urethral viral tumours. It is essential for the urologist to have a close working
relationship with expert venereological colleagues.

The proponents of laser treatment of viral wart diseases of the genitalia fall
into two groups: those who champion the use of the CO, laser (Baggish 1985:
Rosemberg 1985) and those who describe the benefits of using the YAG laser.
We have used both and in general terms either can be very effective; to a cer-
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tain extent the choice of laser will be dictated by what is available. Gynaecolo-
gists will be more familiar with the CO, laser and will almost certainly have
such a laser fitted to a colposcope. Urologists, with less need of the particular
characteristics of the CO, laser and greater familiarity with the YAG laser tend
to choose it in preference to the CO, laser. However, whilst admitting our
choice may be largely due to convenience, we do prefer the YAG laser, which
we have found to be well tolerated by most of our patients.

Laser Treatment of Genital Wart Disease

We take a full sexual history and enquire into the general health of the patient.
Sexual orientation of the patient should be determined and human
immunodeficiency virus (HIV) testing done if necessary and according to local
practices.

We explain the method of treatment to the patient, how it will be performed.
the possible complications and whatever discomfort may be experienced sub-
sequently. This is also a good time to explain how and where further treatment
will be performed, should it be needed. In our unit we explain to the patients
that there is no guarantee the treatment they are about to receive will destroy
all disease, since there may be areas of subclinical viral infection not revealed
during the examination which will obviously not be treated and may therefore
act as the source of further infection. The patient is also instructed to use a
condom to protect his partner during the ensuing 3 months and is advised that
his partner, if female, should seek examination to ensure she has no cervical
abnormalities.

Throughout the following discussion the term “he” is used in referring to
patients since most of our practice relates to the treatment of males. We have a
small number of female patients who have had extensive condylomatous dis-
ease of the vulva treated, but this has generally been complicated by a marked
degree of discomfort after treatment. Until we have developed further methods
of overcoming these symptoms in conjunction with our gynaecological and
venereological colleagues, we are restricting our treatment to males. In view of
the potentially serious risk of developing squamous cancers of the cervix and
vulva, we feel female cases should be under the overall care of a gynaecologist.

For those males with very extensive disease a general anaesthetic is often
used, though a local ringblock at the base of the penis with lignocaine
(lidocaine) will often allow treatment of fairly extensive lesions on the penis.
The development of “eutectic” mixtures of the local anaesthetic agents
lignocaine and prilocaine (EMLA, Astra Pharmaceuticals) has opened up the
prospect of effective surface anaesthesia of the skin without the need for inject-
ing anaesthetic agents. In the UK the manufacturing company do not have a
product licence as yet for this application of EMLA, but there has been
increasing experience of its use in Scandinavia and our early experience on a
trial basis has been encouraging.

The EMLA cream is applied liberally over the penile skin approximately
1 hour before treatment, and a condom put on to keep the cream from being
wiped off. Even if complete anaesthesia is not achieved, it allows the easy injec-
tion of lignocaine to supplement anaesthesia if necessary. For those patients
with a few relatively small lesions, direct injection of local anaesthetic under
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the lesion through a 21 gauge needle is the simplest and quickest method.

If the YAG laser is being used the fibre should be cooled. so the traditional
type of fibre as used by gastroenterologists or pulmonary specialists is needed.
This consists of the same 400-um or 600-um quartz glass fibre but with a heavy
plastic “cannula” lying loosely around it. The cannula is manufactured in such
a way that when the laser is fired. a jet of cooling gas (usually air) is directed
down it to cool the fibre tip.

With the patient in an appropriate position. the genitalia are inspected using
a good light. The use of a hand-held lens or a colposcope if available is helpful
and the penis is then liberally doused in a 3%-5% solution of acetic acid. This so-
called aceto-white test tends to show up abnormal areas of epithelium as white
patches, particularly those areas of hyperplastic or dysplastic epithelium where
viral activity is present. Obviously macroscopic lesions should turn white, but
in addition to these, other areas may also reveal themselves as areas of abnormal
epithelium. In an awake patient the acetic acid can be quite irritating. particu-
larly if left for a long time and certainly if it spills onto the skin of the scrotum.
The patient’s confidence is usually markedly diminished at this point, and cer-
tainly his cooperation! It is therefore worth avoiding spilling acetic acid on the
scrotum and being prepared to wash off the acid with liberal quantities of
saline once the abnormal areas have been identified.

We use the laser at a power of between 15 and 20 W and set the pulse dura-
tion at 2 seconds. This is a safeguard, and with increasing experience the pulse
duration can be set much longer, the actual length of the laser pulses being
determined by use of the foot pedal whilst being guided by the visible changes
of the irradiated skin. It is of course essential that everyone in the operating
room. including the patient. wears appropriate YAG light protecting goggles or
glasses.

Treatment consists simply of bringing the fibre close to the areas of abnormal
skin and firing the laser. We have found no advantage in the focusing
handpieces available. preferring to increase or decrease the power density and
the tissue effects by moving the fibre closer or further away. However, if the
skin has become dry there is often a very brisk skin response as the target skin
is rapidly heated and it may disrupt in the target zone (“popcorning™ S. G.
Lundquist. personal communication 1986) due to steam formation. In our
experience this tends to cause delayed healing and more discomfort subse-
quently. so skin being treated is kept moist by irrigation with cold saline. which
can be dropped onto the target area from a sponge or syringe. This method
should also prevent the burning of skin and the release of any plume of smoke,
thereby avoiding any possible risk of the transmission of viable viral material
(T. Malloy. personal communication 1989).

Adequate laser treatment is manifest by changes similar to those seen in
endoscopic laser practice, i.e. the target tissue shrinks and tends to rise up and
become white. Further coagulation is not necessary and once all visible lesions
and all areas of abnormal epithelium have been treated the treatment is com-
plete. The patient is warned that these areas will tend to slough off over the
next week to 10 days and is encouraged to take daily salt baths. The remaining
raw areas may take several weeks to heal completely. It has impressed us how
painless the post-operative course after YAG laser coagulation has been. Obvi-
ously, it is important to leave an adequate amount of skin between areas of
laser coagulation to allow healing and to avoid any cicatricial contraction.
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Laser Treatment of Meatal Disease

The aceto-white test may well show up abnormalities of the urethral meatus.
However, since this area may act as a reservoir for recurrent infections it is vital
that any HPV infection here is not overlooked and careful inspection is essen-
tial. In practice it is often difficult to inspect the whole meatal area and all the
recesses of the fossa navicularis. Indeed this area may be the last remaining
blind spot in the urinary tract! Pulling the edges of the meatus apart may reveal
something of the interior and the use of a speculum such as a nasal speculum
or urethroplasty speculum may well help. However, we have found an otoscope
(Keeler Ltd.) with a modified nozzle and the addition of air insufflation to be
an excellent means of inspecting the distal 2 or 3 cm of the male urethra with
good illumination and distension of the lumen (Figs. 5.6-5.8). The use of this
instrument, which we have christened the meatoscope, has helped ensure that
small lesions in this vital area are not missed, and its use has been enthusiasti-
cally taken up in our associated venereology clinics (R. N. Thin, personal com-
munication 1989).

Patients are reviewed at 1 week and at 6 weeks and finally at 3 and 6 months.
Obviously in less academic practice there is less need for this number of
reviews.

We have treated 26 men referred with resistant condyloma, of whom 4 had a
degree of meatal stenosis from their previous treatment and 3 had total
urethral involvement by masses of wart tissue (Fig. 5.9). There has been one
recurrence on follow-up. which is likely to have been due to undertreatment of
subclinical lesions on the penile shaft.

The 3 patients with urethral tumours underwent initial endoscopic mapping
of their lesions and biopsy. The tumours characteristically stop at the distal
sphincter and once biopsied a “test area” is lasered at 15-20 W in 2-second

Fig. 5.6. The meatoscope.
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Fig. 5.7. Meatal wart prior to treatment.

Fig. 5.8. Coagulated meatal wart.

bursts over a 2-cm length of the whole circumference of the urethra to assess
whether or not the urethra will prove unduly hypersensitive to the effects of the
YAG laser. The patient is re-treated at 6-weekly intervals, with the aim of coag-
ulating all visible lesions in much the same manner as urethral transitional
cell cancer is treated (Fig. 5.10). Two patients have been clear of disease for
over 18 months and one is about to receive his third treatment.
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Fig. 5.9. Multiple urethral condylomata.

Fig. 5.10. YAG laser coagulation of urethral condylomata.

Use of the CO, Laser

The largest experience reported to date in laser treatment of condylomata
acuminata is with the CO, laser. One advantage of the CO, laser is that it may
well be available in an environment where the treatment of cervical
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abnormalities with the aid of a colposcope is established. The combination of
CO, laser and colposcope allows examination of the target organ under good
illumination and magnification and accurate direction of the laser beam (usually
by means of a “joystick™ micromanipulator on the colposcope) to burn off the
areas of abnormal epithelium as indicated by the white changes of the aceto-
white test. However. treatment is usually straightforward in most instances
even if such equipment is not available, particularly as very portable and
hand-held small CO, lasers are becoming available. Power levels from 2 to 10 W
are sufficient and the beam can be focused and defocused to alter the relative
cutting or haemostatic effects of the laser.

Local infiltration with 1% lidocaine (lignocaine) or EMLA cream provides
sufficient analgesia for the treatment of small penile condylomata but exten-
sive penile or perianal lesions may require regional or general anaesthesia
(Lundquist and Lindstedt 1983; Rosemberg 1985). For small lesions a setting of
2-10 W on a continuous wave mode is sufficient because vaporisation proceeds
rapidly. Larger lesions may require a higher output (20-30 W) and the process
is helped by repeatedly wiping the surface clear of charred tissue to expose
deeper layers for treatment. There is. however. more burning and a certain
amount of smoke generation which is not to be encouraged.

Treatment in general terms follows the same pattern as described above
(Meandzija 1985; Rosemberg 1985). The operator’s eyes are protected by the
colposcope. If the colposcope is not being used then all staff present, including
the operator, must wear protective eyewear. Clear plastic glasses or goggles or
one’s own personal spectacles with sideguards are suitable. Under good magni-
fication the superficial layers of the penile skin and/or vulval skin and mucous
membrane can be destroyed and good. rapid healing of the laser-coagulated
areas expected. Lundquist and Lindstedt (1983) described a 95% cure rate in
their patients treated with CO, laser therapy (mainly) with a follow-up of over 6
months.

The more superficial effect from the CO, laser may be expected to lead to
quicker healing and less scarring, but there is little evidence that the deeper
coagulation resulting from YAG laser treatment is any more damaging. The
temptation to destroy larger areas of skin surface with the CO, laser on the
basis that the tissues will heal satisfactorily is to be avoided.

Riva et al. (1989), in a study to determine whether the CO, laser could eradi-
cate widespread subclinical papillomavirus infection, attempted to vaporise
the epithelium of the entire female lower genital tract. Post-operative morbidity
was considerable and biopsies showed persistence of papillomavirus infection
in 88% at follow-up. This would fit with our clinical impression that a wide-
spread viral infection is impossible to eradicate with a focal treatment method.
The dangers of thermally damaging a large surface area of epithelium should
not be underestimated, and healthy “skin bridges” should be preserved
between areas of laser coagulation.
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Urethral Haemangiomas

Introduction

Haemangiomas of the penis and particularly those that form in the urethra are
very rare (Senoh et al. 1981). True haemangiomas are unrelated to trauma and
should be differentiated from arteriovenous (AV) malformations. Unlike AV
malformations haemangiomas are not amenable to embolisation. They can
present at any age and particularly cause problems during puberty and in
adult life after the onset of erections.

Treatment options range from judicious non-interference if they are minor
and asymptomatic through local treatment such as diathermy (which is usually
unsuccessful) to open surgical procedures involving exposing the bleeding
area for oversewing and then repairing the defect. The final option is total
urethral excision as described by Tilak (1967).

Before these patients come to final definitive surgery, though, it is worth a
trial of endoscopic laser coagulation therapy for a urethral haemangioma. The
argon laser is theoretically ideally suited to the coagulation of a blood-filled,
thin-walled vessel. and if one is available it should be tried. Unfortunately an
argon laser is only likely to be available if the unit concerned has an interest in
photodynamic therapy and has been using the argon laser as part of their
photodynamic studies. The limited role of the argon laser in mainstream
urology has meant that the YAG laser has supplanted it in those urological
units equipped with a laser for endoscopic surgery.

In realistic terms the urologist will have to consider the use of a YAG laser
and it should be remembered that the reaction of the haemangiomatous urethra
is likely to be different from that of any other tissue the laser urologist may
have encountered. In addition a quite different effect is required from the laser
itself. In most other circumstances, although the laser user desires coagulation.
this is preferably not to the extent of causing fibrosis and scarring. For example,
whilst treatment of urethral tumours should be effective and complete it
should spare the urethra and avoid stricturing if possible. In the treatment of
urethral haemangiomas, however, YAG lasers are used to cause a vessel coagu-
lating effect followed, ideally, by the development of a relatively dense
subepithelial fibrotic reaction. The end result is in theory a more resistant
urethral lining which will act as a barrier against vessel regrowth into the
urethral lumen.

Vessels elsewhere in the penis may well bleed, particularly when exposed to
trauma, but this generally has a self-limiting effect as the intrapenile pressure
increases, eventually tamponading the bleeding point. However, when there is
free bleeding from a large-volume, thin-walled. low-pressure vessel into the
urethra this tamponading effect is lost and major haemorrhage can result.

Urethral haemangioma is a very unusual condition and there is very little in
the laser literature to guide the operator. Smith and Dixon (1984) described 4
cases of bladder haemangioma, 3 treated by the argon laser and 1 by a com-
bination of YAG and argon lasering. Amagai et al. (1981) reported on 5 cases
of urethral haemangioma treated by laser: 2 with a CO, laser, 2 with an argon
laser and 1 with a YAG laser. Very few operative details were given, and little
indication as to which of the three lasers used was best in the authors’ experience.
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Fig. 5.11. Very extensive penile urethral haemangiomas in a young male.

We cannot see that the CO, laser would have a role to play in such a condition.
For the reasons outlined above. in practice the YAG laser is the instrument of
choice.

Our laser practice includes two young men with very extensive penile
haemangiomas (Fig. 5.11). Both presented with frequent, recurrent urethral
haemorrhage requiring hospital admission and blood transfusions. In both
cases the haemangiomas involve the whole length of the urethra and also
involve the pelvis.

Laser Treatment of Urethral Haemangioma

As with all laser coagulation in the urethra the procedure starts with a careful
endoscopy and mapping of the anatomical features of the urethra. Great gentle-
ness and care is absolutely essential, because heavy bleeding can occur quite
easily. We recommend the use of the 20Ch urethrotome with a 0° viewing tele-
scope. If the urethral lumen is tight on that endoscope then a smaller-bore
instrument should be used. The latest generation of smooth-contoured
endoscopes designed for outpatient endoscopy are less traumatic than the tra-
ditional cystoscope and have the advantage that any instrument passed down
their instrument channel, including the laser fibre, will enter directly into the
operator’s visual field as it leaves the channel (Miller et al. 1987). This greatly
reduces the chances of an instrument inadvertently damaging the urethral lin-
ing as it leaves the instrument channel.

A suitable area of haemangiomatous urethra is then chosen. the laser en-
abled and the fibre passed down the chosen endoscope. A low power setting
(approximately 10 W) should be used initially and very short pulses of less
than half a second. It needs to be judged by watching the effect of the first few
pulses on the lining of the urethra whether the duration of the pulses and
indeed even the power level can be judiciously increased. At urethral
endoscopy a “test strip™ is chosen and coagulated. aiming to treat a full circum-
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ference of the urethra at the chosen point. This should be near a visible land-
mark to enable it to be found at the next treatment 6-8 weeks later.

Care should be taken during this first treatment not to puncture the thin-
walled, friable vascular spaces by too vigorous a treatment. Should bleeding
occur then catheterisation may be required both to avoid retention of urine
and also to help tamponade the bleeding area. A period of pressure over the
point of bleeding, particularly if this occurs in the penile urethra, may serve to
stop the bleeding.

At the subsequent treatment the test area is assessed and further treatment
given if there are no untoward sequelae. An area of rather paler mucosa should
be seen in the test area. Treatment then slowly and steadily progresses both
downstream and upstream from the test area. A course of the treatments is
usually required, but after several visits the operator may be greeted with an
encouragingly paler urethral lining. It is of some help to photograph the
appearances or better still to record the initial procedure on videotape for com-
parison with later appearances.

One of our patients with urethral haemangioma is in the early stages of treat-
ment, but the other, a 15-year-old male, had five treatments from October 1987
to mid 1988. During that period the distal penile urethra became much less
vascular and his urethral bleeding has ceased for over 6 months. He has had
one intercurrent major bleed but this occurred into the para-urethral tissues
rather than bursting through into the urethral lumen itself. He had a sausage-
shaped swelling surrounding the mid part of his penile urethra due to a tense
collection of blood, but this was treated conservatively and has resolved. There
has been no effect on his erectile function and it would appear that the bleed-
ing was limited to his corpus spongiosum, in which case our therapy may well
have achieved its aim of creating a rather more dense urethral lining resistant
to the development of blood vessels and thereby reduced the potential for
major urethral bleeding.

Tissue Anastomosis and Repair
With S. Flemming

Introduction

The accurate apposition and anastomosis of small tubular structures remains
a surgical challenge. The development of microsurgical techniques. particu-
larly the development of the operating microscope and fine suture material,
has allowed the rapid expansion of plastic surgical reconstruction procedures
based on vascularised flaps. The flap may either be on a long vascular pedicle
from its site of origin or have its vessels anastomosed to locally situated feeding
and draining vessels. Although generally used for plastic surgery these tech-
niques have applications in most surgical specialities. The use of magnifica-
tion is required to allow the accurate anastomosis of such small structures.
Despite the steady advances in suturing methods and materials there is a
long history of attempts to develop alternative techniques avoiding the need for
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sutures. The principle of non-suture anastomosis of blood vessels was devel-
oped by Payr in 1900, tested by Hopfner (1903) and applied clinically by Lexer
in 1907. Blakemore et al. (1942, 1943) employed a method using vitallium rings
lined with vein grafts. Despite initial success there were problems with applica-
tion of these techniques and suturing remained the preferred method of ana-
stomosis.

In 1956, Androsov described the use of a staple gun that could be used to join
vessels as small as 1.3 mm in diameter; it was adapted by Inokuchi (1961) to
perform end-to-side anastomoses. In the late 1950s and early 1960s a variety of
non-suture methods were introduced that used cuffs (Carter and Roth 1958) or
interlocking rings (Nakayama et al. 1963), but most were either too bulky and
cumbersome to use or too rigid to allow expansion of the vessel (Cobett 1967).

Despite some early successes suturing small vessels the major problem then
was the quality of suture materials and instruments. Research in microvascular
surgery resulted in the development of fine surgical instruments and fine, rela-
tively non-reactive suture materials which replaced earlier larger, more reactive
sutures. Concurrent progress in operating microscopes now made anastomosis
of vessels as small as 0.2 mm in diameter possible (Huang et al. 1982).

However, all suture material causes some reaction, and this may be a rela-
tively important factor in the patency and healing of these fine anastomoses.
New ways of joining tissues that are suitable for use under magnification are
therefore always being sought. Most work has been done on microvascular
anastomoses and a range of devices incorporating Teflon, tantalum, polythene
rings or pinning devices have been tried experimentally without clinical success.

Interest has now turned to tissue glues. Initially cyanoacrylate glues were
investigated (Hosbein and Blumenstock 1964) but their exothermic reaction
tends to disrupt anastomosis as a result of gas formation, even though they
may be useful for bonding flat layers together (Goetz et al. 1966). More recently
fibrin polymer glues have shown some promising features (Luke et al. 1986),
though further development awaits a method of preparation avoiding any risk
of transmission of blood-borne virus particles. especially the human
immunodeficiency virus (HIV).

Modern small-calibre anastomotic techniques require the use of magnifica-
tion. This may be by means of binocular loupes worn on the surgeon’s head
like spectacles or by the use of an operating microscope. Loupes are relatively
cheap and give magnifications between 2 times (X2) and X 10, although X6 is
generally found to be the maximal comfortable magnification. The disadvan-
tages are the small field of view and small depth of focus, so that minor move-
ments of the surgeon’s head will cause the subject to become blurred. Thus the
surgeon’s head must remain fairly still and this tends to increase fatigue.

The operating microscope gives magnifications between X6 and X40 on
most commonly used instruments. Field illumination is excellent and the more
advanced microscopes allow “zooming” between different magnifications. The
surgeon can move about more although, generally, looking away from the site
of operation and changing one’s point of focus is inefficient and a source of
strain. One enormous advantage is that modern microscopes have facilities to
allow the assistant and scrub nurse to see exactly what the surgeon is doing,
which enables them to help him. Indeed by using the video camera link the
rest of the theatre staff can be involved in what may otherwise be a prolonged
and rather boring process for them.
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Vasectomy and Vasal Re-anastomosis

The presence of an obstructed vas with an apparently normal testicle was
described by William Hunter in the eighteenth century. Interest in performing
vasectomy developed from Guyon’s (1883) postulate that the procedure would
lead to prostatic atrophy and would therefore provide a treatment for prostatic
obstruction. As a tribute to man’s ability to see both sides of a question is it
notable that while Sharp in 1909 advocated vasectomy as a means of decreas-
ing sexual aggressiveness, initially in the treatment of a young man guilty of
“excessive masturbation” and then for assorted criminals, Steinack in 1918
(Kuss and Gregoire 1988) was later performing the same procedure in an
attempt to increase potency!

Proust in 1904 (Murphy 1972) recommended vasectomy for the prevention of
epididymo-orchitis following prostatic surgery and the procedure was com-
monly practised until the advent of appropriate antibacterial therapy. How-
ever. its most common indication is the need to reduce male fertility as part of
contraceptive efforts. The World Health Organisation estimated in 1981 that
some 40 million procedures had been performed. Vasectomy is the fourth
commonest surgical procedure in the USA, with approximately 500 000 opera-
tions yearly. With modern trends of divorce and remarriage and with the possi-
bility of disaster striking the completed, planned family so that restoration of
fertility is desired. it is not surprising that there is a vigorous and rising demand
for reversal of vasectomy. Finally there remains a small group of males with
primary obstructive azoospermia or oligozoospermia as a result of vasal
abnormalities who require reconstruction of the vasa.

Vasectomy reversal was not a frequent operation until recently, however. In
1948 O'Conor sent a questionnaire to American urologists. Of 750 responses
only 135 surgeons had performed the operation once or more, giving a total of
450 cases in all with a claimed patency of 42%. Derrick et al. (1973) updated this
study by a similar questionnaire to members of the American Urological Associ-
ation, finding that 542 members had between them performed only 1630
vasovasostomies (VV) with a 38% patency rate and fertility proven by preg-
nancy of 19.5%. Since then the demand has risen remorselessly, increasing at a
steady 0.5%-3% of the rising rate of vasectomies. Rosemberg et al. (1985) have
postulated a potential case load for reversal of 30%-50% of all vasectomies if
divorce and remarriage rates within the general population are extrapolated to
the vasectomised population.

The methods used for VV fall into three main groups:

1. A macroscopic method. A fairly simple technique using a small number of
relatively large sutures (generally 6.0 nylon, Prolene or Dexon) is most com-
monly employed in the UK. A stent may or may not be used over which the
anastomosis is fashioned and which is removed several days later.

2. Moderate non-microscopic magnification. A method using magnification is
less common but increasing in popularity. Mostly this will involve the use of
X4 to X8 magnification binocular loupes and a one- or two-layer anastomosis
using 6.0 or possibly even finer (10.0) sutures.

3. Re-anastomosis by a fully microscopic technique (MSVV). A fully fledged
microscopic technique is used by a few surgeons in the UK but much more fre-
quently in the USA and Western Europe. Characteristically magnification
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varies between X6 and X20 for various stages of the anastomosis. Fine 10.0
sutures are commonly employed especially if vasoepididymostomy is per-
formed (Silber 1984). The anastomosis itself may be performed in one layer of
“all layers™ sutures, as a two-layer anastomosis of mucosal and sero-muscular
layers (M. Royle. personai communication 1986). or as a combination of
mucosal sutures and full-thickness sutures.

Careful. accurate mucosal apposition would seem a prerequisite for a good
result as in any other tubular structure (viz. gut and vessels). Success rates are a
hotly debated topic. Success can be measured in terms of patency rates implied
by the presence of sperm in the ejaculate at a later stage. Contrast patency
studies after operation are generally only performed to pinpoint reasons for
failure and to confirm the site of problems once failure of sperm to appear in
the ejaculate has been established. Thus just how good an anastomosis has
been achieved is difficult to assess - only whether sperms are getting across the
join. This is. it could be argued. a fairly academic point but it may take some
time for a pregnancy to be achieved and a poor join may only allow sperm pas-
sage temporarily before stenosing and/or obstructing again or may cause the
sperm to be effete and ineffective even when they do manage to cross an
unsatisfactory join. Overall, however. the pregnancy rate over 2 years from
operation remains the gold standard for assessment of results.

Cos et al. (1983), reviewing published reports 0of 493 VVs done by 19 surgeons
with six different techniques between 1978 and 1983, described an overall
patency rate of 81.5% with an overall pregnancy rate of 53.5%. The best patency
rates (approximately 90%) were reported by those using a two-layer unstented
MSVV method but there was little difference in pregnancy rates (56%-62%)
between MSVV and an anastomosis performed using loupe magnification with
or without stenting. However, pregnancy rates in those VVs performed
“macroscopically” were lower, at 41%-44%.

Certain principal requirements have become clear:

1. A leakproof anastomosis: Hagan and Coffey (1977) showed the damaging
effects of any sperm leak at the anastomosis.

2. The preservation of the perivasal adventitia: this requires careful dissection
and preservation of tissue vascularity.

3. The avoidance of tension at the anastomotic site.

The proponents. such as Silber (1984). of a purely microsurgical technique,
particularly a two-layer method. claim these requirements are ensured and
result in pregnancy rates as high as 82%. Similar figures are claimed by expo-
nents of methods using the microscope but performing a modified (and less
time-consuming) two-layer anastomosis (Sharlip 1981) and by those advocat-
ing loupe magnification, and also simple suture in one layer. Better results
might on the whole be expected if the surgeon is experienced and can use an
operating microscope and is prepared to spend 2-3 hours meticulously rejoin-
ing the vas in two careful layers. This method has become popular in North
American urological practice and microsurgery has become a part of the
urologist’s training. However. not everyone has the time and/or the inclination
to spend so long on this procedure. If a method could be found that was faster,
might improve efficacy and could reduce the amount of foreign material
implanted then that method should be assessed carefully.
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One of the major characteristics of laser light is that it can be sharply
focused. It can also cause a relatively precise thermal action of a degree and
depth that can be altered according to the choice of laser and the wavelength,
the duration of the exposure and the power density (W/cm?). It is therefore not
surprising that this finely tunable tool has been considered as a tissue welder.

Laser Tissue Welding

The principle of tissue welding is that the approximated tissue surfaces can be
heated to the point where they will stick together. This principle was applied by
Sigel and co-workers (Que and Sigel 1965) who used electrocautery to
anastomose vessels successfully in experimental animals, but the bond was not
reliable in arteries. The major problems were delivering the correct amount of
energy to form a weld, and preventing the diathermy forceps from sticking to
the tissues so that the bond was not damaged when they were removed.

The advantages that lasers have over this method are that defined amounts
of energy can be delivered and that because the energy (or heat) source is
remote it does not come into direct contact with the tissues to be joined.

Laser welding has the attraction that the low-power systems required are
moderately cheap and can be relatively easily attached to operating micro-
scopes. from where the beam can be conducted on to the operating field of
view. The beam can be positioned precisely in the operative field, usually by
means of a finger-controlled “joystick™ on the microscope, so lends itself to use
for fine microscopic procedures as spot size can be made as small or as large as
necessary by optical manipulation (within the microscope).

A laser welding method might:

1. Allow precise coagulation and welding of small-calibre tubes with less dam-
aging manipulation of delicate tissues.

2. Reduce or avoid the need for suture material and thus reduce the inflamma-
tory stimulus and foreign body reaction that sutures cause.

3. Thereby reduce the most common cause of technical errors: the inaccurate
placement of sutures (Lidman and Daniel 1981).

4. Create a more “leakproof™ join since a complete “welding™ ring would be
created and there would be fewer holes caused by the traumatic passage of
needles and sutures.

As described earlier the absorption and transmission of light in tissues will
depend on the wavelength of the incident light. and the absorption and scattering
characteristics of the tissues at that wavelength. All three common continuous
wave lasers have been used for laser tissue welding, but from what has been
said in earlier chapters it is likely that the CO, laser will produce a very super-
ficial weld, with the least damage to the surrounding tissues, while the argon
and YAG lasers will probably produce deeper welds. Urological research has
tended strongly towards the CO, laser, but it is fair to say that the most appro-
priate laser has not been defined and realistically no one laser or set of laser
parameters is likely to weld all structures equally well.

Both YAG and argon laser light are far more dependent upon the optical
properties of the tissue upon which they are incident than CO, laser light
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because of the latter’s strong absorption in water. The modified 1326-nm wave-
length YAG laser has been claimed by some to be much more suitable for
thicker welds than the more commonly used 1064-nm wavelength YAG light
{Dew 1986). Confusion arises since transmission studies indicate that 1326-nm
radiation is absorbed better by water and it would therefore be expected to pene-
trate less than 1064-nm light!

The first use of lasers in vascular surgery was reported by Yahr and Strully
(1967): they used a CO, laser. Klink et al. (1978) used a low-power CO, laser to
seal fallopian tubes and Jain and Gorish (1979) used a continuous wave YAG
laser to seal tears made in small blood vessels. Jain (1983) developed the tech-
nique further to perform end-to-end and end-to-side anastomoses. His results
encouraged a great deal of further work in many plastic surgical centres. Others
have reported the use of the argon (Kreuger and Almquist 1985) and more
commonly the CO, laser (Neblett et al. 1986) to achieve “welding”. usually
reporting work on blood vessels.

All of the possible advantages outlined above apply to the re-anastomosis of
the vas, where the development of sperm granulomas as a result of sperm leak
through the vasal suture line (or indeed through the puncture holes made by
relatively large-calibre needles and suture material) may give rise to an
obstructing mass which reduces patency (Hagan and Coffey 1977). Sperm leak.
by allowing exposure of a large quantity of sperms to the circulatory system.
also has immunological consequences (antibody formation) that may reduce
fertility even if a reasonable number of sperms appear in the ejaculate. It has
been suggested that tissue welding using a laser might produce a watertight or,
more accurately, a sperm-tight seal more quickly and more easily than MSVV.

In the first reported work on laser welding of the vas Morris modified the
technique used for vessel anastomosis using a 500-um spot size, a power of
200 mW and exposure times of 0.05 seconds (Lynne et al. 1983). Dew and asso-
ciates (Dew et al. 1983; Dew 1983, 1986) used CO,, argon and YAG lasers of two
different wavelengths to weld the vas deferens as well as blood vessels. skin and
nerves. Dew (1984) described his experience of CO, welding of a range of soft
tissues including the vas: he found superior wound healing. possibly due to
less surgical manipulation. less foreign material and a less technically
demanding procedure. Rosemberg et al. (1985) reported a welded anastomosis
of the vas in three acutely divided dog vasa using a large spot size (2 mm), a
power of 1.8 W and an exposure of 0.2 seconds (i.e. a power density of approxi-
mately 45 W/cm?).

Jarow et al. (1986), with a method similar to the one used in our studies (and
described below), anastomosed human vasa in vitro and rat vasa in vivo using
a welding technique with a milliwatt CO, laser. They found that the incidence
of sperm granuloma was unacceptably high, although patency was almost as
good as for sutured anastomoses. Sperm granulomas were more common in
the welded anastomoses. These authors found that bursting pressures were
much higher for laser-anastomosed vessels than for sutured vessels, while longi-
tudinal strength was greater for the sutured anastomoses. McNicholas et al.
(1986. 1987) reported their experience of welding the previously obstructed and
unobstructed rabbit vas. In these studies the bursting pressures were not higher
in the laser-assisted group immediately after anastomosis - indeed the oppo-
site was true. At later stages the lasered and sutured groups had similar burst-
ing pressures. Sperm granulomas were not found as commonly. Stein and
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Cooley (1988), using a similar milliwatt CO, laser to weld rat vasa in two layers,
also found the incidence of sperm granulomas to be low and equal to that
occurring in the microsurgical group.

Rosemberg et al. (1988) performed laser-assisted vasovasostomies with a
microsurgical CO, laser at a range of powers varying from 50 mW through 80 mW
and to 100 mW (and thereby giving power densities of 20, 32 and 40 W/cm?2).
There were many leaks at 50 mW and 80 mW but a good welded join at 100 mW,
i.e. this study suggests the need for a power density of 40 W/cm? or above to
achieve a strong bond. Rosemberg in 1987 described clinical laser-assisted
vasovasostomy: he was closely followed by Shanberg’s group (A. Shanberg,
personal communication 1989).

The characteristic features of the studies of laser welding of the vas men-
tioned above are firstly that the anastomoses were in fact “laser assisted”, and
secondly that they were performed on vasa that had only just been divided,
thus avoiding one of the common surgical problems of this procedure: how to
re-appose accurately tubular structures the calibre of one end of which is
greatly enlarged due to obstructive changes to the other end which, being
empty, has tended to shrink.

Belker (1985) suggested that proper comparison of the laser and traditional
techniques can only be made if the experimental subjects have been
vasectomised some time prior to re-anastomosis so that there is disparity in
size between the ends to be re-anastomosed. as is found in the clinical case.
Our studies were designed to incorporate these factors. Good welding in such
circumstances is more difficult but is more realistic. Experimental welding
studies should preferably be performed on one vas of an animal while
microsurgical techniques are used on the other: this allows direct comparison
of the techniques in the same animal, thereby reducing the problems of biologi-
cal variation.

In addition Rosemberg et al. (1985) compared his welding technique to a
MSVV using only two full-thickness sutures, which may not be a fair comparison.
A more realistic comparison would be between a welded technique and a
MSVYV using multiple sutures in either a two-layer (mucosal and sero-muscular)
or “modified two-layer” (all-layer sutures plus sero-muscular layer sutures)
anastomosis.

Method of Laser Tissue Welding

In this section we describe our experimental laser welding studies as an example
of the technical details of the method. We have assessed the possibility of laser-
assisted vasovasostomy (LAVV) bearing in mind the points raised above, and
in particular attempted to answer the following questions:

1. Can laser welding of the vas be achieved reliably?
2. If so, is it also possible where there is disparity in size between the ends?

3. Are there advantages compared with a microsurgical technique in terms of:
a) speed of procedure,
b) reduction of sperm leakage and sperm granuloma formation,
c) less foreign body reaction and possibly better healing,
d) patency rates,
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e) strength of the anastomosis?
4. What is the nature of the weld and how does it heal?
5. What direction should further welding research take?

Our tissue welding studies were performed using a 3-W radiofrequency
excited (5-kHz) waveguide CO, laser, modified by the use of gallium arsenide
partially reflecting mirrors to reduce the power output to between 50 and 500 mW.
The laser was attached to a Leitz operating microscope (Wild M650.
Heerbrugg. Switzerland). The laser was specially designed for tissue welding
studies by Dr. J. Colles in the Medical Laser Unit at Herriot-Watt University.
Edinburgh.

The spot size of the laser beam could be varied between 150 and 500 ym and
was co-focused to the focal plane of the operating microscope. A helium-neon
laser was used as an aiming beam. being aligned along the same path as the
CO, beam so that the two beams. one invisible and one visible. could be
manipulated through the operative field by the use of a joystick-controlled
micromanipulator. The laser was activated by a footswitch. thus leaving both
hands free for the microsurgical procedure.

Cadaver Studies

Fundamental expertise in the techniques was obtained by welding specimens
of human vas obtained at post-mortem. Vasal ends were approximated in the
operating field by three full-thickness sutures of 10.0 Neurilon. Using a range
of spot sizes and powers the joins were assessed in terms of patency and imme-
diate strength. Patency was tested by injecting saline and methylene blue down
the lumen. Strength of the anastomosis was estimated by occluding the distal
end of the vas and distending it with a mixture of water and methylene blue
from a motor-driven syringe pump. A transducer was placed in line to detect
pressure changes up to and after the point where the anastomosis leaked. The
transducer signal drove a pen chart recorder giving a graphical representation
of the intravasal pressure changes.

Animal Experimental Studies

Thirty New Zealand white rabbits underwent vasectomy under general anaes-
thetic. Ketamine and xylazine were administered to cause deep anaesthesia
which lasted 20-30 minutes. The doses were repeated as necessary.

Twenty of the rabbits were immediately re-anastomosed (the “immediate”
group) and the remaining ten underwent “delayed” reversal 8-20 weeks later
when there was marked disparity in size between the two ligated ends - as is
found in clinical practice. The few previous reports of experimental welding
have not incorporated this important factor into the design of the study. In
each animal one vas was re-anastomosed by LAVV. First three full-thickness
10.0 (0.2 metric) polyamide sutures on a 75-uym diameter round-bodied needle
were used to appose the tissue edges. These sutures are convenient “guy ropes”
by which to manipulate the vas without traumatising it with handling. The
milliwatt CO, laser adapted for use with the operating microscope was set to
deliver 400-mW pulses of duration 0.05 seconds and spot size 0.5 mm. These
parameters produced a power density (irradiance) of 204 W/cm?, an energy
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Fig. 5.12. Vasa undergoing laser welding.

density (fluence) of 10 J/cm? and a total energy of 20 mJ per pulse. and were
chosen on the basis of the cadaver studies, the available literature (i.e. to
achieve a power density above 40 W/cm? as shown by Rosemberg et al. (1985,
1988) for vasovasostomy and by Klink et al. (1978) for welding fallopian tubes)
and the vascular welding studies undertaken in our unit (Flemming et al. 1988).

With two of the three sutures held in forceps slightly taut so as to bring the
cut edges of vas together, the laser beam was focused on the apposed edges of
the vas at X40 magnification until fusion was apparent (LAVV) (Fig. 5.12). The
operator sees the tissues shrink and at the same time become “sticky” so that
they join across the cut edge. Laser welding continues all round the circumfer-
ence of the vas, about 120-150 pulses usually being sufficient.

Contralaterally a two-layer anastomosis of 10.0 polyamide suture material
(MSVV) was performed using four “all-layers™ sutures placed to appose the
mucosal surfaces closely, followed by five to seven sero-muscular sutures to
complete the anastomosis. Times taken for the anastomosis and the number of
sutures or laser pulses were recorded.

The animals were killed at 1, 4, 10 and 40 days, when patency. sperm
granuloma formation and hydrostatic bursting pressures were assessed. Samples
of patent anastomoses were examined by light and scanning electron micro-

scopy.

Results

LAVYV took 12 minutes compared with 19 for MSVV (P = 0.001) (Table 5.3).
Patency rates were equally high (82.4%) for both techniques in the “immediate”
group (Table 5.4) and fell to much the same extent in the technically more
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Table 5.3. Treatment details for MSVV and LAVV

Technique Anastomosis Sutures No. of laser Total laser

time (min) pulses energy (J)
LAVV 12 3 194 3.6
(10-20) (120-210)  (2.4-42)
MSvVV 19 9 NA NA
(12-32) (8-11)

P = 0.001 (Wilcoxon signed rank test)

Values are median and (range).
NA. not applicable.

Table 5.4. Comparative patency rates and incidence of mac-
roscopic sperm granulomas: “immediate” reversals

Technique Patency rate No. of sperm granulomas
(n=20)* causing luminal narrowing

LAVV 14 (82.35%) 2

MSVV 14 (82.35%) 1

“Seventeen rabbits evaluable.

challenging “delayed™ group (Table 5.5). Only three macroscopic sperm
granulomas causing luminal narrowing were seen: two in the immediate
LAVYV group and one in the immediate MSVV group. Surprisingly. perhaps.
none was noted in the delayed groups. Finally, bursting pressures were not sig-
nificantly different whichever method of anastomosis was used (Table 5.6).

Sperm granulomas were more common in the welded anastomoses in both
the study by Jarow et al. (1986) and our own, though in our experiments only
marginally so and not to a statistically significant degree (2/10 in the laser
group and 1/10 in the conventional). This was partly because we only counted
granulomas obvious to the naked eye that were causing a stenosis at the anas-
tomosis (McNicholas et al. 1986).

Our histological examinations showed that there was considerable damage
to the tissues caused by the heat of welding. but this did not extend down to the
mucosa. In our anastomoses the mucosa was often separated at the anasto-
motic site, but this may also be the case though less marked with a microscopic
sutured technique (see Figs. 5.13 and 5.14). Others have found a similar
appearance (Neblett et al. 1986: S. Thomsen. personal communication 1986). Tt

Table 5.5. Comparative patency rates and incidence of macro-
scopic sperm granulomas: “delayed” reversals

Technique Patency rate No. of sperm granulomas
(n=12)" causing luminal narrowing

LAVV 5(50%) 0

MSVV 6 (60%) 0

“Ten rabbits evaluable.
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Table 5.6. Comparative bursting pressures (mmHg): MSVV

vs LAVV

Technique Immediate? OverallP
(n=10) (n=15)

LAVV 72(32-228) 78 (32-356)

MSVV 99.2(56-254)  99.4(56-386)
NS¢ NS

“Immediate group only; assessed within 24 hours of anasto-
mosis.

PImmediate and delayed group: assessed between | and 40
days after anastomosis.

“NS. not significant.

is not clear whether this is a phenomenon related to laser mucosal damage. As
it has been reported in both welded and sutured anastomoses it may be an
indication of incomplete mucosal apposition or mucosal injury at the cut edge
independent of the technique used. In welded anastomoses it may be due to
lack of penetration of the CO, laser in biological tissue so that the sutures
alone will not approximate the mucosa sufficiently. One concern was that by
increasing the depth of the weld we might cause delayed stricture due to more
extensive scar contraction.

Discussion

A means of speeding up MSVV whilst making it easier. reducing the amount of
suture material and preventing sperm leakage by creating a circumferential
seal is attractive.

The variability in the techniques described and in the results of laser weld-
ing when the available literature is reviewed are not really surprising given the

Fig. 5.13. Section through sutured anastomosis (MSVV) at 3 weeks (H&E stain).
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Fig. 5.14. Section through laser-welded anastomosis (LAVYV) at 3 weeks (H&E stain).

large number of variables that have yet to be fully investigated. For example:

1. The reliability of the visual end point for welding. i.e. when is a weld a good
weld?

. The properties of the vessel. i.e. water content, thickness, elastic tissue content.
. The amount of water present around the anastomotic site.
. The position of the vessel edges relative to one another.

The laser parameters: fluence, irradiation time, total energy input and spot
size (and. indeed, type of laser).

6. The time span between energy pulses.
7. The coaptive pressure applied to the vessel edges.

[ SO N ]

Further work needs to be done to try to define the optimal parameters for laser-
assisted anastomotic techniques for any given amount of any given tissue. It is
dubious whether doing so will greatly increase the tensile strength of the
anastomoses, but by defining the power. spot size. exposure times, repetition
rates and intervals it may be possible to minimise adjacent tissue damage and
make the technique less subjective.

Since laser tissue welding is dependent on heating the tissues to the point
where apposed edges stick together, the volume of tissue that requires heating
is important. CO, laser light is strongly absorbed in water and excess water in
the tissues or around them will necessitate greater energy input to raise a given
volume of tissue to a given temperature. This creates problems in microsurgery
as tissues are usually kept very moist. There is therefore a great deal of poten-
tially laser-energy-absorbing water both on and adjacent to the target tissue
which will complicate any attempt to calculate a precise tissue energy dose.

Debate continues about the nature of the “weld”. It has been suggested that
thermal denaturation of the proteins in the vessel walls causes a polymeris-
ation of molecules resulting in a bridging bond (Schober et al. 1986). Others
have suggested that the bonding is caused purely by the coagulation of blood
proteins or serum proteins on the tissue surfaces forming a temporary bond
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and allowing repair beneath it to cause definitive joining. Indeed Almquist et
al. (1984) deliberately placed a drop of blood on the outside of nerves to absorb
argon laser light thereby heating tissues superficially and gluing the ends
together with coagulated blood. They went on to use this method to
anastomose small blood vessels in the rat (Kreuger and Almquist 1985).

The present laser technique still requires basic microsurgical skills and
equipment. The laser should only be used instead of conventional techniques
if there are obvious advantages in doing so. One of the major problems in
vasovasostomy is the role of sperm granulomas in occlusion of the anastomosis.
Since these probably occur as a result of inadequate mucosal closure it may be
worth considering the use of the laser to seal the mucosal layers, reinforcing
the seal with sero-muscular sutures. This would give the advantage of a
watertight seal where it is most needed, with the strength of sutures to resist
longitudinal forces. Alternatively the surgeon can of course accurately appose
the mucosal layer with sutures. It is our finding that there is a small but signifi-
cant difference in time between the two techniques which may be of value, par-
ticularly where this procedure is performed frequently.

The CO, laser as used in our studies is, while capable of joining two vas
ends. not yet the ideal tissue welder, although further developments are likely
to improve performance. The intense tissue absorption of CO, laser energy
tended to result in superficial welding. The energy will be absorbed by any
blood or water on the tissue rather than by the tissues.

A good sero-muscular weld will still not prevent sperms leaking through
mucosal defects. However a wavelength with greater penetration or CO,
lasering for longer durations at lower powers may be a better choice for creat-
ing a mucosal weld. A laser mucosal weld, if it can be achieved, may be as or
more waterproof than a microsurgical mucosal anastomosis. A predominantly
sero-muscular weld, as produced in this study. certainly is as waterproof as one
produced with sutures.

Conclusions

1. A laser-welded anastomosis of the vas can be created using a milliwatt
CO, laser in combination with a microsurgical technique. The weld is quicker
than a sutured anastomosis, is subjectively easier and patency rates are similar.
Less foreign material is left in the tissues.

2. Microsurgical skills and equipment are still necessary. The advantages in
time are not overwhelming but if combined with a technically better anasto-
mosis would be helpful to those performing this type of surgery frequently.

3. The CO, laser weld is predominantly located in the seromuscular layer of
the vas. Thus sperms. could escape through the deficient mucosal layer and
cause intramural sperm granulomas.

4. Laser light of other wavelengths or the CO, laser used at longer pulse
durations to produce a less pronounced superficial absorption and a deeper
effect may prove even more useful for tissue welding of the vas.

5. Longer-term studies are needed to show details of the healing process in
case circumferential scar stenosis develops.
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It should not be thought that urologists are concerned solely with reversing the
effects of vasectomy (or improving the fertility of rabbits and rats!) Several
groups are exploring other applications of welding in urology such as CO,
welding of the urethra (R. David. personal communication 1989). some using
an egg protein as a “solder” (Poppas et al. 1988) and ureteric welding is being
explored in several centres.
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Chapter 6

Photodynamic Therapy
R. O. Plail, J. I. Harty and H. B. Lottmann

Introduction

Photodynamic therapy (PDT) is an experimental form of cancer treatment
which has been used to treat a variety of human cancers including transitional
cell carcinoma of the bladder (Dougherty 1986). A simplified scheme of the
principles of PDT is shown in Fig. 6.1.

A patient with tumour is injected intravenously with a photosensitising drug
which circulates throughout the body, including tumour tissue. After an appro-
priate interval. the tumour is illuminated with laser light at a wavelength which
coincides with the excitation wavelength of the sensitiser (the wavelength at
which the photosensitiser is activated). The light energy is taken up by the
sensitiser and, by a photochemical reaction in the presence of oxygen, cell
destruction occurs. There may be damage to surrounding normal tissue which
is also sensitised and skin sensitivity may remain for some time.

Tumour damage in PDT has variously been attributed to selective uptake
(Gomer and Dougherty 1979) or selective retention of sensitiser (Jocham et al.
1984), or to relatively similar damage to both neoplastic and normal tissue but
with recovery of the normal tissue. There is evidence that both direct cellular
effects (Dougherty 1984) and vascular damage (Selman et al. 1985) occur. Both
singlet oxygen (Weishaupt et al. 1976). a toxic oxygen radical, and free radicals
(Foote 1984). formed by electron transfer reactions between excited states of the
photosensitiser and cellular substrates. may be responsible for the photo-
dynamic effect. However, at present the exact mechanism of tumour destruc-
tion is not well defined.
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(i (ii)

(iv) (v)
Fig. 6.1. Simplified scheme of the principles for PDT in superficial bladder cancer.

Historical Background

The ability of photosensitisers to cause a photochemical reaction has been
recognised since the beginning of the twentieth century. In 1900, Raab used
acridine orange and eosin to destroy Paramecium on exposure to light. In 1903,
Tappeiner and Jesionek treated skin tumours following topical application of
eosin and exposure to white light. Policard (1924) noted that certain tumours
contained intrinsic porphyrins which, when exposed to ultraviolet light, pro-
duced a red fluorescence. In 1942, Auler and Banzer reported selective fluores-
cence in implanted rat tumours following systemically administered haemato-
porphyrin (Hp) and ultraviolet illumination. However, the evidence for their
claims of increased tumour necrosis and reduced tumour mass compared with
controls was inconclusive.
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Haematoporphyrin was shown to be a crude mixture of porphyrins and the
localising elements were the “impurities” in the mixture rather than the Hp
(Lipson et al. 1961). Lipson and colleagues therefore used haematoporphyrin
derivative (HpD) in order to eliminate the effects of using the crude mixture.
HpD, made by treating Hp with sulphuric acid and acetic acid, was shown to
have an enhanced affinity for malignant cells and to localise in several different
human tumours. Later, Lipson et al. (1967) reported successfully treating a
human breast cancer using a xenon lamp after systemic administration of
HpD.

Dougherty et al. (1975) caused damage in mouse mammary tumours using
HpD and red light from a xenon arc lamp. Kelly and Snell (1976) were the first
to show the therapeutic potential of PDT in bladder cancer. They treated a
patient with superficial bladder cancer with HpD and red light from a mercury
lamp, by transmitting the light into the bladder through a glass light-guide
within a cystoscope sheath. Destruction of tumours was seen at cystoscopy sev-
eral days later.

In the UK, approximately 10 000 new patients per year present with transi-
tional cell carcinoma of the bladder (OPCS 1988), of whom 50%-60% develop
recurrent superficial disease (Heney et al. 1982). Repeated resection and
fulguration in conjunction with intravesical chemotherapy is initially effective
in controlling tumours in approximately 66% of patients in the first year, but
this percentage later diminishes (Glashan 1987).

It is appropriate, therefore, to investigate the possible role of other methods
of treatment such as PDT. With existing photosensitisers and light delivery
systems, a photodynamic effect can be produced in the bladder and it thus has
therapeutic potential.

Photosensitisers

HpD has been most widely used both clinically and experimentally, but it is a
complex, unstable mixture of different porphyrins (Bonnett et al. 1981). These
are based on a tetrapyrrole ring to which are added various side chains (Fig.
6.2). The nature of the active component of HpD is disputed (Berenbaum et al.
1982; Kessel 1986). Dougherty has championed the claims of a partially
purified material, thought to contain a higher percentage of the active ingre-
dients of HpD, which are supposed to be dihaematoporphyrin ether or ester
(DHE) (Dougherty et al. 1984).

The phthalocyanines comprise a second group of sensitisers which have
been used extensively experimentally but not in clinical practice (Ben-Hur and
Rosenthal 1985; Bown et al. 1986). These agents are porphyrin-like synthetic
dyes. The metallophthalocyanines, especially the aluminium and zinc deriva-
tives, have electron configurations which make them efficient sensitisers. With
maximal absorption at longer light wavelengths (e.g. 675 nm), deeper tissue
penetration may be achieved. Their major importance may lie in the appar-
ently low risk of cutaneous photosensitivity associated with their use and the
possibility that they exert a “collagen sparing” effect, at least in the rodent gut
(Barr et al. 1987a, b).
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Fig. 6.2. The porphyrin tetrapyrrole ring to which are added subgroups (R' and R?) to form the
componcnts of HpD.

Selectivity of Uptake

The complex nature of HpD and the uncertainty about the nature of the active
fraction make assays difficult. The main methods used to measure HpD
concentrations are fluorescence detection and autoradiographic techniques.
Fluorescence studies are performed by illuminating the sensitised tissues. usually
with ultraviolet light, and detecting the longer wavelength fluorescent light
which is emitted (Lin et al. 1984). Autoradiography involves tagging HpD with
a radioactive label (Gomer and Dougherty 1979). There is some evidence of
increased fluorescence corresponding to areas of malignancy (Gregorie et al.
1968) but some frankly malignant areas in the bladder show no fluorescence
whereas oedematous. traumatised or regenerating tissues often show the
strongest fluorescence (Kelly and Snell 1976; Selman et al. 1985).

In mouse tissues and in a transplanted mammary carcinoma, Gomer and
Dougherty (1979) detected radiolabelled HpD in (in order of decreasing
concentration) liver. spleen. tumour. skin and muscle. Liver and spleen do not
fluoresce with any intensity, largely due to their pigmentation which quenches
the fluorescence. Thus. fluorescence detection may delineate areas of tumour
but it is an unreliable indicator of HpD concentration. In addition. the active
fraction of HpD is not known and there is no certainty that increased
concentrations of HpD equate with photosensitiser activity.

The evidence for selective tumour uptake of HpD is therefore weak. There
may be selective retention of HpD by tumours (Jocham et al. 1984a) but this
evidence is based on spectrofluorimetric data which is unreliable for a mixture
such as HpD due to the same limitations described above. In fact it may be
that the most reliable assay for the active element of HpD is its biological effect
in vivo.
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Selectivity of Effect

Kelly et al. (1975), using human bladder tumour cells and normal transitional
cells implanted subcutaneously in immunosuppressed mice, showed that HpD
and white light from an iodide lamp destroyed the tumours but not normal tissue.

Jocham et al. (1984a) performed intravesical PDT on Brown-Pearce carci-
nomas implanted submucosally in rabbit bladders and found destruction of 19
of 22 tumours with no adverse effects on the normal urothelium. However,
these tumours are known to regress spontaneously and no control animals
were used. The same workers (Jocham et al. 1984b) found no damage to nor-
mal rat bladders illuminated 24-60 hours after sensitisation with HpD,
whereas they reported complete destruction of 13 out of 14 BBN-induced rat
bladder tumours treated at the same interval. The experimental details are,
however. unclear. Contrary to the above findings. Plail et al. (1988), using an
MNU-induced rat bladder tumour model (Severs et al. 1982), showed that there
was little tumour selectivity. Tumours were treated with HpD 20 mg/kg 24-72
hours before illumination with light at 511 and 578 nm at power densities of
200 mW/cm? and light doses of 10-80 J/cm2. The tumours were damaged, with
up to 2 mm depth of necrosis (Figs. 6.3 and 6.4), but the normal bladder was
also damaged. However, despite sustaining full-thickness necrosis, the normal
rat bladder wall recovered after several weeks with complete restitution and no
scarring.

There are, to date, no other comparable animal studies. These results and the
clinical results discussed below, suggest that there is little selective tumoricidal
effect in the bladder. However, papillary tumours can be at least partially dam-
aged. The damage caused to the rest of the bladder may be beneficial in treat-
ing areas of carcinoma in situ or areas of unstable urothelium.

Depth of necrosis

(mm)
2.0 +4+ +4+
1.0 + vt +
++
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++
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(J cm ?)
Fig. 6.3. The effect of light dose on tumour necrosis. (MNU-induced rat bladder tumours, HpD

sensitised 24-72 hours before illumination at 511/578 nm, 200 mW/cm?2. Animals were killed 24
hours after illumination.)
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Fig. 6.4. Necrosis of rat bladder tumour after PDT compared with adjacent non-illuminated con-
trol tumour (C). (HpD 20 mg/kg 24 hours before illumination at 511/578 nm, 200 mW/cm?2 40 J/
cm? H&E. X5.)

Mechanism of Action of PDT

Tissue Oxygen

Several groups of workers have shown that tissue oxygen is necessary for
photodynamic damage to occur, as temporary ischaemia of the treated organ
or tumour during PDT eliminates cell damage (Bown et al. 1986; Gomer and
Razum 1984). Singlet oxygen, a toxic radical, appears to be involved in the
photodynamic process although the evidence is largely circumstantial as itis a
very short-lived entity and is present in minute amounts for short periods only
(Weishaupt et al. 1976). Free radicals (Foote 1984), formed by electron transfer
reactions between excited states of the photosensitiser and cellular substrates,
may also be partly responsible for the photodynamic effect. What does seem
clear is that peroxidation of polyunsaturated fatty acids occurs with conse-
quent disruption of cell membranes (Spikes 1984).

Direct Non-vascular Effect

Several authors have demonstrated that cells are killed in vitro by treating
them with HpD and light of appropriate wavelength. which suggests a direct
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cytotoxic effect of PDT (Diamond et al. 1972; Gomer and Smith 1980). There
are reports of damage to cell membranes (Malik and Djaldetti 1980; Bellnier
and Dougherty 1982). Other cell components have been shown to be damaged
including mitochondria, endoplasmic reticulum and the nuclear membrane
(Moan 1986). Berenbaum et al. (1986b) described the effect of PDT on the
endothelial cells of small vessels as causing cell separation and increased
vesiculation of the endothelium. This endothelial damage is thought to con-
tribute to vascular damage in sensitised tissues.

Direct Vascular Effect

Henderson et al. (1984) demonstrated a possible direct vascular effect by exam-
ining the survival of tumour cells at increasing intervals following treatment
with HpD and light in vivo. There was no reduction in survival of cells cul-
tured from the tumour immediately after treatment. However. the survival of
cells taken from tumours several hours after treatment fell substantially, sug-
gesting an ischaemic effect of PDT. This was paralleled by killing animals and
taking tumour cells at intervals post-mortem. Selman et al. (1984) studied the
effects of HpD and light on blood flow in transplantable FANFT-induced
urothelial tumours in the rat bladder. They found that treatment caused a sig-
nificant decrease in tumour blood flow and in a later study (Selman et al. 1985)
showed a positive correlation between reduction in tumour blood flow and
tumour regression. Bugelski et al. (1981) found that red blood cells escaped
through damaged vessel walls in experimental animal tumours within 15 min-
utes of PDT. Using “sandwich™ observation chambers, Star et al. (1984) studied
the effects of PDT on the microcirculation in RMA-rat mammary carcinomas
and demonstrated destruction of normal and tumour vessels that they con-
cluded contributed to tumour kill. Thus, small vessel damage and subsequent
reduction in blood supply appear to be important factors in the cytotoxic effect
of PDT.

Thermal or Photodynamic Effect?

The histological effects of PDT are similar to those caused by hyperthermia
but PDT damage occurs at lower light doses and power densities. Svaasand
(1985) found both thermal and photodynamic damage in experimental models,
the relative contributions being dependent on the depth of tissue treated and
partly on the light dosimetry. Hyperthermic damage was more evident at
higher power densities. In our own laboratories. we found thermal damage in
normal unsensitised rat bladders treated with light at 511/578 nm at power
densities of approximately 400 mW/cm? and a light dose of 80 J/cm2, whereas
after sensitisation a photodynamic effect was observed at 200 mW/cm? and 10
J/cm? (Plail et al. 1988).
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Treatment Parameters

Light Wavelength

The wavelength of the light source in PDT is chosen to coincide with the ex-
citation wavelengths of the sensitiser. Many workers have preferred red light
(625-630 nm) as it activates HpD. albeit at a weak excitation peak. and it pene-
trates tissue to a depth of several millimetres. In 1985, van Gemert et al.
described the relative depths of necrosis in transplanted mouse tumours
treated with HpD and light at three wavelengths: 405 nm (the Soret band).
514.5 nm (green) and 630 nm (red). They confirmed the greater penetration of
red light but found that at depths of 2-3 mm or less, green light was more effi-
cient in destroying tumours. The less penetrating green light would appear to
be ideally suited to the treatment of superficial bladder tumours.

Optimal Timing of Treatment

Gomer and Dougherty (1979) showed that maximum porphyrin levels in all
tissues analysed were obtained within 3-4 hours, followed by stable
concentrations for the next 44-45 hours. Lottmann et al. (1988) found maxi-
mum concentrations of aluminium sulphonated phthalocyanine (AISPC) in
rat bladder muscle and mucosa at 3-48 hours after injection of AISPC 5 mg/kg.
and they also found significant concentrations up to 15 days later. It appears
from this and other data that the interval from sensitisation to treatment may
not be critical. Most clinical studies have been performed 24-72 hours after
sensitisation.

Light Dosage

Nseyo et al. (1985) studied the effects of PDT on the normal canine bladder.
They found that power densities of approximately 400 mW/cm? and a light
dose of 18-30 J/cm? caused a photodynamic effect in the submucosa and
mucosa with only minimal damage to the muscle. Plail et al. (1988), as dis-
cussed above, showed that a power density of 200 mW/cm? and a light dose of
20-40 J/cm? caused tumour necrosis up to a depth of 2 mm in rat bladder
tumours. 24 hours after sensitisation with HpD (Fig. 6.3). Lottmann et al. (1988)
found a marked reduction in rat bladder capacity after administration of
AISPC 2.5 mg/kg followed by whole bladder illumination at 671 nm, light
doses of 25-100 J/cm? and power densities of 80 mW/cm?, delivered 3-72 hours
after sensitisation. This contraction resulted in vesicoureteral reflux, hydro-
ureteronephrosis, renal abscesses (Fig. 6.5) and death of the rats within 7 days.
Histology of the bladder showed full-thickness necrosis except for the collagen
in the submucosa which was relatively spared. Cystometrographic studies
showed a loss of bladder compliance with raised intravesical pressure leading
to vesicoureteral reflux (Fig. 6.6).
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Fig. 6.5. Hydroureteronephrosis and renal abscesses in a rat given PDT. (AISPC 2.5 mg/kg 24
hours before illumination at 671 nm, 80 mW/cm?2, 25 J/cm2)

Light Distribution

We have attempted to determine the optimum treatment parameters in animal
models. and have each found that the normal animal bladder is susceptible to
damage. This makes for difficult light dosimetry control in treating patients,
and a major part of our work has been the investigation of light distribution in
bladder models. Hollow organs, such as the urinary bladder, pose special
problems in delivering an optimum light isodose distribution to all areas of the
mucosa. The dose is critical to ensure that tumours are destroyed but that the
normal bladder urothelium is spared. and as the bladder is rarely spherical.
the dose is difficult to control. Several solutions to the problem have been
investigated.

Hisazumi et al. (1984) designed an elaborate system comprising an optical
fibre which delivered light onto a conical mirror mounted at the end of a
cystoscope. The light was delivered onto the bladder mucosa in sections and by
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Fig. 6.6. Rat bladder capacity and intravesical pressure before and after PDT.

withdrawing the device at a calculated rate, the whole bladder urothelium was
illuminated. However, some regions of the fundus and bladder base might be
left untreated and the bladder geometry might result in considerable errors in
dosage.

Jocham et al. (1984a) and Baghdassarian et al. (1985) achieved uniform illu-
mination in a spherical glass flask by scattering light using a dilute suspension
of Intralipid (Kabivitrum) in water and a flat-tipped optical fibre positioned
with the tip in the centre of the flask.

Lottmann (1987) compared the light diffusion characteristics and scattering
efficiency of a square-ended optical fibre in Intralipid alone and a bulb-tipped
fibre which comprised a 5.5-mm diameter glass bulb containing 10%
Intralipid. He used either a white-clad or a black-clad flask and measured the
space irradiance at the surface through small windows cut in the cladding.
Measurements were made for each tip in each of the two flasks and the results
recorded on polar plots using an arbitrary power density unit.

As reported by others, Lottmann concluded that the position of the light
source was critical in achieving an isotropic light distribution and that of the
two tips, the bulb tip was more efficient in respect of total light dose delivered
at the surface of the flask. The optimum position for the bare fibre tip in
Intralipid was found to be one-quarter of the distance from the centre to the
neck of the flask: the optimum position of the second system was at the centre
of the flask (Fig. 6.7). A 1-cm alteration of tip position resulted in complete loss
of uniform light distribution at the flask surface.

Lottmann found that the light distribution within the white flask was slightly
more isotropic than in the black flask, suggesting that internal reflection at the
bladder surface improved the homogeneity of irradiation. Isodose illumination
at the flask neck was difficult to achieve. suggesting the need for a separate
light source application at the bladder neck.
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Fig. 6.7. Polar plots of a bar¢ fibre (a) and a bulb-tip fibre (b) in a spherical flask showing the opti-
mum tip position and the effect of a 1-cm change in position.

By measuring the total energy transmission at the surface of the black-clad
flask, the bulb-tip fibre was found to be 4 times more efficient than the bare
fibre, indicating a greater light transmission efficiency for the bulb-tip design.
In the white-clad flask, the total light transmission of both systems was
markedly increased, presumably due to internal reflection from the white sur-
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face. The ratio of the efficiencies of the bulb-tip fibre and the bare fibre was
201

Composite diffusing “bulb-tips™ have been used by several groups to achieve
uniform scatter. but the maximum power which can be transmitted is limited
by the nature of the materials and the bonding agent.

With intracavitary bladder illumination and optimum scattering. it is cus-
tomary to determine the light dose at the bladder wall by a simple calculation
of the primary light beam output divided by the surface area of the bladder.
Star et al. (1987) have suggested that due to light scatter by the bladder tissue,
the true light dose may be more than a factor of 5 greater than the calculated
dose from the primary beam. Based on further measurements, they have also
suggested that the use of Intralipid may not enhance the uniformity of light
scatter within an irregular bladder. The optimum method of illumination in an
irregular bladder remains unresolved. but further clinical results will help to
determine the most effective system.

Clinical Studies

Previous clinical studies have utilised two laser systems: the argon-ion laser
emitting light at 534 nm and the metal vapour lasers (MVL) of which the copper
vapour laser emits at 511 and 578 nm and the gold vapour laser at 628 nm. Both
the argon-ion laser and the copper vapour laser can be used to pump a dye
laser and, with suitable dyes. produce light at 625-635 nm.

Several series of bladder cancer patients treated with PDT have been
reported since Kelly and Snell’s initial work (Table 6.1). However. the numbers
are small. the pathological stages heterogeneous and the treatment conditions
very variable. Hisazumi et al. (1983) reported the results of focal tumour illumin-
ation. Using red light and HpD. they found that tumours greater than 2 cm in
diameter were not effectively treated at dosages of 100-250 J/cm? and power
densities up to 300 mW/cm2.

Other workers (Benson 1986; Jocham et al. 1986: Shumaker and Hetzel 1987;
Williams and Stamp 1988) gave diffuse illuminations using “bulb-tip” optical
fibres or intravesical Intralipid. There is no consensus of opinion regarding
power density. but a light dose of between 10-70 J/cm? produced at least a par-
tial response (reduction of number of tumours by 50%) in up to 83% of patients
at 3 months follow-up. Benson (1986) reported that 7 out of 15 patients with
pTis had a complete response (eradication of disease and negative cytology) at
6-32 months follow-up; Prout et al. (1987) and Williams and Stamp (1988) also
reported promising results in patients with widespread pTjs.

Side Effects

Skin photosensitisation may be a problem and can last for several weeks.
Patients must avoid bright sunlight for several weeks following treatment and
take appropriate precautions. including wearing a wide-brimmed hat, gloves
and sunglasses when outside.
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Fig. 6.8. Cystogram of a patient 1 year after PDT. (DHE 2 mg/kg 72 hours before whole bladder
illumination at 630 nm. 25 J/cm?Z)

The commonest reported side effects were dysuria, haematuria, urinary fre-
quency and transient reduction in bladder capacity. In most patients urinary
capacity apparently returns to near normal, but a large percentage of the urine
volume may reside in dilated refluxing ureters. Three of Harty's 7 patients
(Harty et al. 1989) were treated with red light at a dose of 25 J/cm? for “whole
bladder™ illumination and 100 J/cm? for “focal” treatment, and 1 patient
received 25 J/cm? “whole bladder” illumination alone. All these patients devel-
oped a severe reduction in bladder capacity. with vesicoureteral reflux and
hydronephrosis persistent at 1 year (Figs. 6.8 and 6.9). Cystoscopy showed
marked trabeculation of the bladder with fixed dilated ureteric orifices. Blad-
der biopsies showed severe fibrosis of all layers including muscle (Fig. 6.10). It
is not clear whether this is a vascular response to PDT or a direct cytotoxic
effect on the smooth muscle cells of the bladder. Nseyo et al. (1987) and
Jocham et al. (1986) reported such severe reduction in bladder capacity in some
patients that cystectomy was necessary for intractable frequency. Williams has
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found scarred ureteric orifices despite using the less penetrating green light
(Williams and Stamp 1988).

Discussion

The treatment parameters in the human studies have been somewhat
empirical as there is scant supportive animal data. Nevertheless, despite their
small numbers and heterogeneous population. the above reports show that
PDT can be successful in treating small superficial tumours and carcinoma in
situ. Based on these studies and our experimental work. we suggest that all
exophytic tumour should be resected prior to PDT and that invasive tumours
should not be treated. We feel that PDT is best suited to treating widespread
superficial tumours, carcinoma in situ and areas of “field change” in the
urothelium in an attempt to control extensive disease and to destroy micro-
scopic foci rather than focal lesions.

Fig. 6.9. Intravenous urogram of a patient before PDT (a) and 9 months atter PDT (b). (DHE
2 mg/kg 72 hours before whole bladder illumination at 630 nm. 25 J/cm2)
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Fig. 6.9b

The severity of the dysuria, frequency and bladder contraction is probably a
function of the light dose and wavelength. Red light penetrates tissues more
deeply than green light but there are insufficient clinical data at present to
compare their relative efficacy and the incidence of side effects.

The St Mary’s Hospital PDT Trials

At St. Mary’s Hospital in London, we are currently entering patients into phase
11 clinical trials to determine the efficacy of PDT in patients with pT,/pT, and
pT;s superficial bladder cancer. These patients will, over a period of at least
1 year, have either failed to maintain a clinical response to conventional therapy
or been unable to tolerate the treatment.

The patient undergoes a preliminary cystoscopy and resection of all
exophytic tumour; this allows clinical and histological staging of the disease.
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Fig. 6.10. Photomicrograph of biopsy of bladder wall of a patient 1 year after PDT, showing muscle
fibrosis. (DHE 2 mg/kg 72 hours before whole bladder illumination at 630 nm, 20 J/cm2. Masson
trichrome.)

The bladder shape is assessed by per-abdominal ultrasound under deep anaes-
thesia at maximal distension by 1 m water pressure. The patient is eligible for
PDT provided the entry criteria are satisfied, the disease is superficial and the
ratio of maximum to minimum internal bladder dimensions is 1.25 : 1.0, i.e.
the bladder is virtually spherical.

Informed consent is obtained and the patient given an intravenous injection
of HpD (2.5 mg/kg) (Scotia Pharmaceuticals) and nursed in a room with semi-
reflective filters on the windows. Twenty-four hours later, with the patient
under deep anaesthesia, the bladder is illuminated with green/yellow light
from a 25-W copper vapour laser (Oxford Lasers), delivered via a 600-um optical
fibre introduced through a modified cystoscope. The bladder is maximally
inflated as above using dilute Intralipid suspension (1 : 500 of 20%). From
knowledge of the laser output, the bladder dimensions by ultrasound and the
surface area, the whole bladder is treated with 20 J/cm2.

Following treatment, the bladder is drained by urethral catheterisation for
24-48 hours. The patient is discharged with a written list of precautions to
avoid skin photosensitivity. Repeat cystoscopies are performed at 6 weeks and
at regular intervals thereafter, with biopsies of recurrent lesions and four quad-
rant bladder biopsies. Assessment of treatment is based on clinical and
histological changes and on a quality of life questionnaire.
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The Future and Conclusions

The search continues for more selective sensitisers (van Lier 1988). These
include the meso- and orthoporphyrins (Berenbaum et al. 1986a) and the
chlorins (Kessel and Dutton 1984).

The concept of photobleaching may be of relevance (Potter et al. 1987: Mang
et al. 1987). This involves sensitising the animal or patient with the lowest
concentration of sensitiser that will have a cytotoxic effect. The sensitiser in the
normal tissues is rapidly bleached and made inactive by the applied light caus-
ing a minimal effect. but where there is sufficient sensitiscr (in tumour tissue)
the effect is more prolonged resulting in significant damage. Photobleaching
has been observed with phthalocyanines (H. Barr and A. McRobert. personal
communication).

Control of the light dose within the bladder remains problematic. We are
examining new optical fibre tips and exploring methods of moulding them to
deliver an isodose to the mucosa of irregular bladders.

In this overview of PDT in superficial bladder cancer we have endeavoured
to convey the current concepts of its mechanism, the experimental and clinical
data and the areas that warrant further investigation. We believe that PDT can
be of value in treating persistent and widespread carcinoma in situ and super-
ficial papillary bladder cancer. However, despite the long history of interest in
photosensitisation the development of this therapy is still in its early stages and
much remains to be determined.
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Chapter 7

Interstitial Hyperthermia of the Prostate
A. C. Steger and T. A. McNicholas

Historical Background

Hyperthermia involves the use of heat to treat malignancy. There are refer-
ences to the therapeutic use of heat in ancient Egypt (Edwin Smith surgical
papyrus. ¢. 1700 BC) and Hippocrates stated that “diseases not cured by drugs
are cured by surgery. conditions not cured by surgery are cured by
cauterisation and conditions not cured by cauterisation should be considered
incurable”. It was not, however, until the end of the nineteenth century that the
scientific study of the effect of heat on malignancies was begun. The first obser-
vations were in Germany in the 1860s. but Coley (Coley 1894) in America
treated patients with sarcomas by injecting a mixture of bacterial toxins and
raising the body temperature to 41-42 °C for 4-6 hours. The results of this
work were a demonstrable response in over half of those treated and an
increase in expected survival in 20%. After this, interest in hyperthermia fell
with the introduction and use of radiotherapy for treating cancers. Since the
1950s there has been an increased interest in the possible use of hyperthermia
to treat cancer. and a vast amount of experimental work to investigate the
mechanisms by which heat has its effect and the outcome of clinical appli-
cations (Hahn 1982).

In the temperature range 41-45 °C there is some degree of selectivity in the
effect of heat on normal and malignant tissues. with the latter being somewhat
more sensitive. Above 50 °C (and probably above 45 °C) this selectivity is lost,
and there is an equal thermal effect on normal and malignant tissue. For these
reasons research on hyperthermia and its clinical application has focused on
the temperature range 41-45 °C.

There is some evidence to suggest that there is a difference in the cellular
response of a normal and a malignant cell to thermal energy. The relationship
between temperature and the time for which the tissue is exposed to the heat is
crucial. The Arrhenius relationship says that for each degree (Celsius) of tem-
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perature rise there is a halving of the time required to achieve cell death
(Overgaard and Suit 1979): this relationship broadly applies to all tissues and
methods of heat delivery.

There are two types of mechanism by which thermal energy has an effect on
a tumour: the specifically cellular and those affecting the tumour as a whole.
The effect on the cell is probably by damage to intracellular proteins and
lipoprotein structures. The activation energy required to cause hyperthermic
cell damage is very similar to that required for protein damage. being 150 kcal/
mol (Henriques 1947). The effect of heat on tumour is due to a number of fac-
tors including vascular shut-down in tumour circulation. the opening up of
vessels in normal tissue around the tumour with a vascular “steal” effect,
acidosis and an increase in interstitial fluid. These all result in reduced blood
flow and low tumour pH and glucose level, with subsequent cell death within
the tumour.

A large number of mechanisms for delivering heat to tumours have been
tried, from steam baths and hot air convectors in the 1930s and 1940s to the
current preference for microwave and radiofrequency wavelengths. Other
methods include the isolated heating of an organ or limb. and whole-body
hyperthermia. Whilst probably few patients have been cured of a malignancy
with hyperthermic treatment there is good evidence that reduction in tumour
growth rate and size and an increase in survival can be achieved when
hyperthermia is used in conjunction with radiotherapy and chemotherapy
(Falk et al. 1986).

The disadvantage of all the current methods of delivering thermal energy is
that it is difficult to maintain the required temperature for an adequate time to
the whole of the relevant tissue volume, so as to ensure complete thermal damage
of the target, while at the same time avoiding excessive damage to surrounding
normal tissues. This is why most clinical work has dealt with skin tumours,
which are readily accessible, and also why hyperthermic treatment requires a
number of repeat sessions to try to achieve adequate thermal damage of the
target tumour.

Interstitial therapy. that is the insertion of the chosen energy delivery source
into the tissue to be treated, offers the possibility of more controlled tumour
heating. The problems of the application of existing hyperthermic methods
still remain. For these reasons the use of interstitial laser energy delivered by a
small-calibre fibre placed into tumour tissue is most attractive.

Early Studies on Interstitial Therapy

Urological interest has concentrated on the bladder and particularly the pros-
tate, and there has been a renewed burst of activity on the microwave front
recently. Yerushalmi (1988) described a 2.45-GHz microwave system for treat-
ing prostate cancer that uses a transrectal applicator with a cooling system to
avoid thermal damage to the rectal wall. A system of temperature measurement
from within the prostatic urethra and a computerised sensing system with a
feedback loop is designed to prevent excessive heating that would damage the
rectum and distal sphincter mechanism. This method is intended to achieve
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the traditional hyperthermic temperature range of 43-44°C and therefore to
utilise any increased sensitivity of malignant tissue to raised temperatures.

A number of patients were treated by this system but also received radio-
therapy. Some patients survived for 20-40 months. but there was no correlation
between local recurrence and initial or complete or partial response and
metastatic spread. It is therefore difficult to be certain of the effect of the
hyperthermic treatment on the disease reported here. Patients did not have any
side effects that could be attributed to the hyperthermia itself. However, in an
experimental study on the rabbit prostate by the same group. the same micro-
wave system and similar temperatures produced no histological evidence of
hyperthermic damage at all (Yerushalmi et al. 1983).

One major problem with microwave techniques such as this would appear to
be that the heat deposition is not well controlled or well localised to the most
abnormal areas. There has been little work on ultrasound or radiofrequency
hyperthermia in the urological environment, though the relatively simpler con-
cept of raising bladder wall temperature by irrigation with warm solutions has
been explored by several groups (Hall et al. 1974; Jacob et al. 1982).

Obviously a laser could be used as the energy source, the light being con-
ducted through a flexible fibre which could pass through a fine needle into the
area of abnormal tissue. The exact positioning of the needle can be relatively
easily achieved using ultrasound techniques. The use of the YAG laser and a
fibre-optic transmission system for this purpose was suggested by Bown in
1983. Since that time Bown and co-workers have explored this possibility and
interest has spread widely. Hashimoto et al. (1985) described what appears to
be the first clinical application of Bown's suggested technique. Under ultra-
sonic imaging a tumour of the liver was identified. its volume calculated and a
quartz glass fibre inserted into its centre. Using a continuous wave YAG laser
at a power of 15 W, energy was then administered according to a protocol of
100 J/cm? of tumour.

Matthewson et al. (1987) placed single fibres in rat liver and described areas of
coagulation of approximately 15 mm diameter surrounding the YAG laser
fibre. Subsequent studies in larger animals. particularly the dog. have con-
firmed that single fibres can cause homogeneous areas of necrosis in the
canine pancreas and liver varying from 12 to 15 mm in maximum diameter
(Steger et al. 1988). Rather larger lesions could be created using multiple fibres
(Steger et al. 1988). Workers from the same unit (Matthewson et al. 1989) have
implanted fibres in rats bearing a transplantable fibrosarcoma and have
treated cohorts of rats with varying combinations of power and exposure times:
there have been a range of effects on the target tumours. Most recently early
clinical experience has been reported (Steger et al. 1989).

The lesions described above were produced using “energy doses™ of between
675 and 1000 J. This suggests there is a threshold “dose™ of laser energy which
can cause a fairly predictable amount of thermal necrosis in a variety of
organs. It is not entirely clear why such relatively homogeneous results should
be found in such different organs and indeed in different animals. The pros-
tate, pancreas and liver differ with regard to optical density (colour) and there-
fore light penetration. They also have different thermal diffusion and blood
flow characteristics, all of which should cause an alteration of the energy
absorbed per unit volume of tissue.

Godlewski et al. (1988) described a YAG laser interstitial method using a 5-
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mm diameter probe to carry a fibre to the target tissue but employing a much
higher power (80 W) for a shorter period (10 seconds) - similar parameters to
those used in traditional endoscopic practice. They produced 12-18-mm diameter
lesions in pig liver with marked central cavitation and charring. Despite the
much higher powers used the temperatures measured at | cm from laser source
were very similar to those found in the low-power studies of Bown's groups.

Experimental Studies in Prostatic Interstitial Hyperthermia

As discussed in Chapter 4, prostate cancer remains a challenge to the urologist.
The increasingly sophisticated imaging methods available, particularly
ultrasound. allow the detection of suspicious areas which can then be biopsied
much more precisely than hitherto (Fig. 7.1). And it is this very success of
ultrasound imaging and ultrasound-guided biopsy techniques for the small
prostatic tumours that has served to reawaken interest in their surgical treat-
ment. McNeal et al. (1986) have, by virtue of precise pathological studies of
large numbers of males, elegantly described the relationship between tumour
volume and progression of disease and metastasis. Their studies suggest that
lesions of small volume (below | ml) correlate with a very low risk of
extraprostatic spread. It is of interest that the same characteristics are also
being found for breast cancer (Forrest 1989).

Bearing in mind the ability to image and place a biopsy needle within such
lesions, the exciting possibility therefore arises of using these relatively common-
place needling techniques to place an energy source within the abnormal area

Fig. 7.1. Axial transrectal ultrasound (TRUS) of prostate showing small echopenic area at left base
of prostate characteristic of adenocarcinoma and subsequently biopsy proven on TRUS-guided
biopsy. (Courtesy of S. St.C. Carter and C. Charig. Institute of Urology.)
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so as to cause local tissue destruction. However, any such effect would have to
be applied within carefully controlled and. ideally. reasonably predictable limits.

We have been assessing the practicalities of applying the low-power YAG
laser interstitial technique to the prostate since 1986 (McNicholas et al. 1988).
The beagle prostate is an available model for testing whether these fibres can
be implanted within the prostate and for determining the response of the gland
to energy deposition. The gland was exposed through a suprapubic midline
incision and mobilised. Either single (400 um) or multiple (100 um) fibres were
implanted through the anterolateral surface of the gland on each side. Low-
power laser energy at 1 or 1.5 W was applied over a time period to supply a
range of energy doses from 500 J to 1500J to a series of prostates and the results
assessed between 1 and 120 days later.

For this method to be successful it is necessary to have a laser capable of reli-
ably producing such low powers in a stable manner. New clinical models may
be able to provide these low powers, but the output range of a laser should be
checked before purchase.

Thermocouple measurements made from points adjacent to the fibre tip
recorded temperatures approaching 90°C. A distinct temperature gradient was
measured by successively more peripherally placed thermocouples until at a
point approximately 10 mm from the fibre tip the temperature was between
36°C and 38°C. This correlated with the margins of the necrotic area seen at
post-mortem. These temperatures near the fibre tip are obviously higher than
those encountered in traditional hyperthermia. We accept that the method
does not seek to benefit to any great degree from the relative heat sensitivity of
tumour tissue. Rather it exerts an effect by precisely but gradually supplying a
large volume of energy as heat, causing the tissue temperature to rise well
above hyperthermic levels and into the range where there is no doubt that cell
death will occur, whether those cells be normal or malignant.

A problem encountered in most other hyperthermic methods is that of
ensuring the accurate delivery of adequate amounts of energy without damag-
ing adjacent tissue through which either the energy itself or the energy delivery
mechanism has to pass. This experimental technique allows the use of
extremely fine fibres which will pass easily through the calibre of needles
routinely used for biopsy or. indeed. through smaller-bore needles if necessary
(i.e. if it were necessary to use multiple fibres to treat a larger area or to allow a
particular lesion to be “surrounded™).

Though high. the temperatures generated are very localised. If the operator
can see (ultrasonically) the end of the fibre he can assess where the region of
high temperature will be. Experimental and clinical work in other organs sug-
gests that the actual heating process can be observed ultrasonically. an area of
mixed hyperechoic signal being seen (Steger et al. 1989). This does not detract
from the need to develop sensitive thermometry methods to accompany the
safe use of interstitial laser hyperthermia. Clinical trial of interstitial laser
hyperthermia for superficial (breast tumour secondaries) and deeply situated
targets (pancreatic and hepatic tumours) (Steger et al. 1989) has not revealed
discomfort when these temperatures have been achieved.

Our results showed that lesions could reliably be produced and their size
varied according to the total energy dose. There appeared to be a threshold of
approximately 650-700 J below which tissue necrosis was negligible. Above
that threshold and up to 1500 J a lesion of approximately 15 mm maximum
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Fig. 7.2. Specimen 2 weeks after interstitial YAG laser
coagulation showing well-defined necrotic area.

diameter resulted. This was characteristically well-demarcated (Fig. 7.2) with
an abrupt change from abnormal to normal tissue on histological examination
as shown on Fig. 7.3. At 2 months after treatment healing was by fibrosis and
cystic degeneration.

The animals suffered no ill effects from the implantation with the exception
of one. in which the fibres were placed inadvertently close to the urethra. This
caused a urinary fistula between the needle track, the cavity where the maximal
thermal injury had resulted in a large area of necrosis and the perforated urethra.

Fig. 7.3. Same specimen 2 weeks after interstitial YAG coagulation showing well-defined area of
coagulative necrosis on pathological whole mount. (Courtesy of Mr. D. Butcher and Dr. M. C.
Parkinson. Institute of Urology.)
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Fig. 7.4. Canine prostate with larger volume lesion shown on ultrasound.

Ultrasound in our hands was not particularly successful in guiding the fibres
into the prostate when we attempted a percutaneous perineal approach, but
did show clearly echopenic areas corresponding to the cystic lesions found
when the prostates were scanned in vitro post-mortem at six weeks. Other
ultrasonically detectable changes corresponded to the area of necrosis seen on
specimens when sectioned (Figs. 7.4, 7.5) at earlier stages.

Overall these experimental studies suggested that lesions of approximately
the size of small localised early prostatic cancers found in clinical practice
could be destroyed in situ by an interstitial implantation technique.

Similar animal experiments using multiple fibres showed that larger volume
areas could be destroyed in the same manner. Larger lesions were created but
with an increased risk of the margin of necrosis transgressing the urethra. This

Fig. 7.5. Same canine prostate with large volume lesion (at 2 weeks after treatment).
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led to a much more marked inflammatory reaction and more marked
cavitation of the necrotic area. presumably related to superimposed infection
from the urinary tract. Further clinical studies are under way.

Littrup et al. (1988) have recently described the ablation of canine prostate in
a similar manner to that described above, but using powers between 15 and 60 W
for 5 seconds. giving total energy doses between 75 and 300 J. They compared
the effects of percutaneous injection of absolute ethanol or YAG laser
hyperthermia, both via a fibre inserted under transrectal ultrasound guidance.
Their results are very similar to ours. the tissue effects being much better con-
trolled when produced by the laser than with ethanol.

Whilst Littrup et al.s 5-second treatment times seem at first sight attractive
compared with the 600-1500-second exposures of our lower-power method, it is
our impression that a slower treatment will give greater opportunity to adjust
the fibre(s) position(s), particularly if the laser effect is seen to extend into an
undesirable area. Multiple fibre systems available either now or in the
foreseeable future cannot cope with the high powers used by Littrup et al. and.
indeed. YAG lasers are not available that will produce enough laser power to
give 60 W down each of four fibres as we use experimentally.

Conclusion

The real significance of laser interstitial hyperthermia cannot be assessed yet,
but it does provide the possibility of treating the lesions that can already be
seen and accurately biopsied in clinical practice. The exciting possibility arises
of using these same methods with the addition of the coagulating thermal
effect of the YAG laser to create localised necrosis in those abnormal areas.

The technique may prove an alternative treatment for small focal prostatic
cancers that avoids complete surgical removal of the gland or radical radio-
therapy. It may have the advantage of being repeatable. and this may be partic-
ularly important where the extent of the tumour has been underestimated or if
tumours recur subsequently. Either of these possibilities may become apparent.
particularly with increased sensitivity of future ultrasound scanning tech-
niques. Finally, the destruction of focal tumour mass may render low volume.
diffuse disease elsewhere within the gland treatable by radiotherapy or by the
application of PDT techniques using the same interstitial (multiple) fibre tech-
nique after the administration of a photosensitiser.
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Chapter 8

Laser Lithotripsy
G. M. Watson

The pulsed dye laser was the first laser to be used for stone fragmentation in
clinical practice. and to date it has been employed in the treatment of over 2000
patients world-wide. Other laser systems have also been developed, using Q-
switched neodymium yttrium aluminium garnet (YAG) technology. In this
chapter the development of the pulsed dye laser for stone fragmentation is
described and compared with YAG technology. The techniques of laser stone
fragmentation are then explained and compared with methods of electro-
hydraulic and ultrasonic stone fragmentation.

Historical Background

In 1968 Mulvaney and Beck used a ruby laser in an attempt to fragment
calculi. The ruby laser was the first to become available and interestingly was
closer to the optimum than any other system to be tried until 1984, It delivers
light at 690 nm and at pulse durations ranging from 10 microseconds at low
energy to 800 microseconds at maximum energy output. Mulvaney and Beck
used this laser through solid glass rods. Smaller-calibre fibres would have been
much more effective. but as it was they were able to fragment certain calculi by
using very high energies. Subsequently the conventional medical lasers were
assessed. Tanahashi et al. (1981) and Pensel et al. (1981) described using the
continuous wave CO, and YAG lasers on calculi. Continuous wave lasers have
a thermal action alone on calculi. The CO, laser is not as yet suitable for
urological endoscopic applications for reasons discussed in Chap. 5. The con-
tinuous wave YAG laser merely heats up calculi and should never be used
clinically for stone fragmentation.

Fair, in 1978. described how it was possible to confine a very thin layer of
metal which under the action of the Q-switched pulsed laser generated a
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shockwave. He constructed a capsule in which he placed this confined metallic
layer and the stone. When he delivered a laser pulse to a window in the capsule
he was able to fragment the enclosed stone. This was an important experiment
because it showed that pulsed lasers could be used to generate shockwaves suf-
ficient to fragment calculi. However. his indirect method of generating a
shockwave using a thin layer of confined metal could never be evolved into a
system for clinical use.

Pensel et al. (1981) tried using single giant Q-switched lasers directly on
calculi without any intervening fibre and were able to fragment certain fragile
stones. Watson et al. (1983) showed that trains of smaller-energy Q-switched
pulses slowly eroded the surface of the stone even when there was no apparent
effect with the single giant Q-switched pulse. Watson then went on to evaluate
the 100-microsecond pulsed YAG laser delivered through a fibre. This system
could fragment certain dark and fragile calculi when the fibre was placed
against the stone surface under water. Although the parameters used were far
from ideal, this was the first successful attempt using a laser system which
could be tested endoscopically. Watson did not consider it satisfactory. how-
ever, because there was a distinct risk of tissue injury due to the high energies
produced. Interestingly. though. the fibre withstood prolonged contact with the
stone - in contrast to the continuous wave YAG laser, where the tip of the fibre
rapidly became overheated and ceased to transmit the laser energy.

Spectroscopy

The basic principle of laser action is that it only has an effect where it is
absorbed (although thermal diffusion from absorbing areas can cause secon-
dary effects). In the case of pulsed lasers at very short pulse durations the
power density is so great that there can be ionisation of the medium, the free
electrons which are liberated in the presence of this high power density of pho-
tons causing the release of further electrons. This electron avalanche, or
“plasma’”. absorbs any further laser energy very intensely. Q-switched laser
pulses with pulse durations in the region of 10 nanoseconds can form these
ionisation plasmas with absent or minimal absorption. Longer pulse dura-
tions, including microsecond pulses, require much more absorption for
plasma formation.

Spectroscopy on discs of stones was performed using a Beckman spectro-
photometer and integrating sphere to correct for the intense scattering. A
schematic representation for a typical calculus is shown in Fig. 8.1, where the
percentage absorption is plotted against wavelength from 250 to 2500 nm. It
can be seen that absorption is extremely dependent on the wavelength of the
laser. Therefore. the action of any laser with a pulse duration of 1 microsecond
or longer will be governed by this absorption curve. The action of these lasers
on tissue will also be governed by these same principles. In Fig. 8.1. the absorp-
tion characteristics for normal ureter and for hyperaemic ureter are also
shown.
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Fig. 8.1. Absorption of laser energy by calculus and water across the range of wavelengths 250-
2500 nm. (By courtesy of the Institute of Urology.)

Laser Systems for Stone Fragmentation

Pulsed Dye Lasers

Pulsed dye lasers were tested at the Wellman Laboratories of the Massachusetts
General Hospital (Watson et al. 1987a) It was possible to vary the wavelength
of the lasers from 450 to 590 nm and the pulse duration from 1 to 360
microseconds. The output from the pulsed dye lasers could be transmitted
through fibres varying from 200 um to 1 mm in diameter. It was therefore possible
to perform a full parametric study during which two parameters were kept con-
stant and the remaining parameter varied in order to study its influence.

The energy threshold for fragmentation was found to vary with different
laser wavelengths. the threshold being lowest at 540 nm, intermediate at 504
nm and highest at 577 nm. The threshold therefore became higher as absorp-
tion dropped off. The threshold also became higher with increasing pulse
duration. When fibre diameter was varied there was a very dramatic reduction
in the threshold as the diameter was reduced. When the threshold was plotted
against the surface area of the fibre, the relationship was approximately linear.
Thus with pulsed lasers where the pulse duration was a microsecond or longer.
fragmentation was seen to be dependent on absorption and the power density
of the laser irradiation at the stone surface.

Although the most efficient parameters for stone fragmentation were found
to be a wavelength of 450 nm or less. a pulse duration of 1 microsecond or
shorter and a fibre diameter of 200 um or less. various compromises have been
made in order to achieve the most clinically useful system. For example, it can
be seen from Fig. 8.1. that the wavelength at which there is the maximum dif-
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ferential absorption of laser energy is 504 nm both for the normal ureter and
the hyperaemic ureter.

The prototype clinical pulsed dye laser was therefore set at the following
parameters: a wavelength of 304 nm. a pulse duration of 1 microsecond. a fibre
diameter of 200 um and a repetition rate of up to 20 Hz. The laser energy was
initially set at 30 mJ and a repetition rate of 10 Hz. If the stone was resistant.
then the laser energy was increased in 10-mJ increments up to a maximum of
60 mJ. When the fibre was touching the surface of a typical ureteric calculus
under water. then the calculus would break up in a very controlled manner.
The surrounding ureter. provided it is not hyperaemic. absorbs the laser
irradiation extremely poorly and a burst of pulses can be delivered with the
laser fibre against the ureteric wall with no effect whatsoever. Eventually. how-
ever. purpura would result and then the effect would be as for hyperaemic
ureter. where there is some absorption and therefore some effect. It is possible
to cause pinhole perforations of the ureter with a laser - in complete contrast to
the large fenestrations produced by discharges of an electro-hydraulic probe.

A good demonstration of the selective effects of the laser is provided when
the laser is used on an egg shell. The crystalline shell absorbs the laser energy
and there is a characteristic noise and shockwave production. The thin protein
membrane underneath the shell. however, does not absorb the laser energy
and there is no noise and no shockwave when the laser energy is delivered to
this surface. The laser therefore removes the shell leaving the thin protein layer
underneath intact, giving a very convincing demonstration of selective
photofragmentation.

The pulsed dye laser system lends itself extremely well to ureteroscopic stone
fragmentation. The laser is simply placed on the stone surface and the stone
can be fragmented with minimal effect to the surrounding ureter. The majority
of stones are fragmented extremely efficiently and any relatively large particles
can be broken down to fine grit because of the precise application of the laser
energy. Calcium oxalate dihydrate. struvite and urate stones are broken down
particularly well. Calcium oxalate monohydrate and brushite calculi, however.
are very much harder to break down (as they are for any fragmentation mech-
anism) and the laser merely cleaves them into larger particles which may
require basket removal.

The mechanism by which the laser fragments calculi has been shown very
elegantly by Teng et al. (1987) to be due to plasma formation at the stone sur-
face. In order for the plasma to effect fragmentation, it requires confinement by
all the surrounding fluid. In contrast to the plasma production by a Q-switched
pulsed YAG laser. plasma is only produced by pulsed dye lasers with
microsecond pulse durations when there is sufficient absorption to initiate it. It
is thought to be a thermionic plasma. initiated by very intense heating of a tiny

Table 8.1. The peak power density of the pulsed dye laser

A 60 mJ pulse = 0.06 J = 0.014 cal

This is sufficient thermal energy to heat 1 ml of water by 0.014 °C

But 60 mJ in a microsecond pulse represents a peak power of 0.06/0.000 001 = 60 000 W

The spot size of the laser on the stone is equal to the surface arca of the fibre (200 um radius) = 227
X 0.01 X 0.01 = 0.000 314 ¢cm?

The peak power density at the stone surface is 60 000/0.000 314 = 190 900 000 W/cm?
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portion of the stone surface and made possible by the very high peak power
density advisable at the stone surface (Table 8.1).

Animal Experimentation

The pulsed dye laser has been tested in the pig ureter (Watson et al. 1987b).
Human urinary calculi were impacted in the proximal ureters. fragmentation
with the laser being compared with fragmentation by electro-hydraulic probes.
The effect on the ureter of ureteroscopy was compared using a 12Fr and a 10Fr
ureteroscope. In all cases where the laser was used there was minimal or no
reaction in the surrounding ureter. The use of the electro-hydraulic probe.
however, was associated with much more inflammation locally. Thirty pulses
at 30 mJ delivered with the laser fibre pushed firmly against the ureteric wall
caused a small zone of purpura and penetration of the fibre part of the way
through the wall. By contrast, one single discharge of the electro-hydraulic
probe too close to the ureteric lumen caused a large perforation in the ureter.
Ureteroscopic injury to the ureter was very significant. It was found particu-
larly in the distal third of the ureter and was much more severe after passage of
a 12Fr ureteroscope than after the 10Fr ureteroscope. The ureteroscopic injury
occurred even though there was no apparent injury at the time of passing the
ureteroscope. and its mechanism was not clear. The implications of the study
were that the laser is indeed a much more controllable modality for stone frag-
mentation than is the electro-hydraulic probe. However. perhaps more signifi-
cant was the impact that the laser might potentially have in miniaturising
ureteroscopy. both rigid and flexible.

Q-Switched YAG Lasers

The YAG laser has been developed more than any other laser system for medical
applications. It emits at a wavelength of 1064 nm, which is a wavelength at
which calculi absorb poorly (Fig. 8.1.). The Q-switched YAG laser with a pulse
duration in the region of 10 nanoseconds when focused on a stone surface
causes very gradual fragmentation of the stone into very small particles. A
plasma is formed with every pulse almost irrespective of absorption, because at
these peak power densities a plasma can be formed even in air. The effect on
the tissue is to produce minimal ablation.

The initial difficulty is to transmit a pulse of such ultrashort duration via a
fibre, because the peak power density within the fibre is close to the damage
threshold of quartz. A second problem is that the beam emerging from the dis-
tal end of the fibre is divergent. Therefore any separation of the stone from the
fibre tip results in a fall-off of the peak power density. However. if the tip is in
contact with the stone then it disrupts and ceases to transmit the laser energy.
There have been two solutions to this problem (Fig. 8.2.). One solution. devel-
oped by Schmidt-Kloiber's team from the University of Graz (Hofmann et al.
1987). is used in the Storz Calculas system. In this the distal end of the fibre is
shaped into a lens which limits the usual beam divergence and therefore tends
to maintain the power density at the stone surface. The second solution is to
place a metal cap between the fibre and the stone, with a small gap between the
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Fig. 8.2. The bare fibre of the pulsed dye system shown alongside the fibres of the two Q-switched

YAG systems. (By courtesy of the Institute of Urology.)

fibre and the cap. A shockwave is formed by the action of the laser pulse on the

metal and this is transmitted on to the stone.

The Q-switched laser pulses can be delivered via 600-um core fibres. These
fibres are relatively inflexible. Also, both the lens system and the metal cap sys-
tem are considerably larger in diameter than the simple bare fibre used with
the pulsed dye system and cannot, for example, be used via many of the small-
calibre flexible ureteroscopes. Both Q-switched laser systems tend to resultin a
gradual erosion of the stone into small particles, but unfortunately they do not

Table 8.2. A comparison of the pulsed dye and Q-switched YAG laser systems

Parameter Pulsed dye Q-switched YAG
Wavelength (nm) 504 1064

Pulse duration (s) 0.000 001 0.000 000 01
Fibre diameter (um) 200 600

Pulse energy (mJ) 60 30

Peak power density (W/cm?) 190 X 10 1200 X 10¢
Energy density (J/cm?) 185 12
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have any significant action on hard calculi such as those made of brushite or
calcium oxalate monohydrate. The metal cap system has been used under X-
ray control without endoscopy but with disappointing results, possibly because
it is difficult to make direct contact with a stone impacted in the ureter except
under vision. The differences between the pulsed dye laser and the Q-switched
YAG laser are summarised in Table 8.2.

Using the Pulsed Dye Laser

The pulsed dye laser can be used via miniaturised ureteroscopes. When it was
first used clinically the fibre was too small to be used via conventional
ureteroscopes and it had to be reinforced by passing it through a catheter. We
have therefore campaigned for and contributed to the design of a miniaturised
ureteroscope. We suggested incorporating two channels so that irrigation via
an independent channel was unaffected by passing the laser fibre. The then
novel notion of using fibre-optics in a semi-rigid sheath came from the Candela
Corporation. The first prototype was 6Fr and too flexible for insertion above
the lower third of the ureter. A subsequent design is 7.2Fr at the tip with re-
inforcement to the sheath proximally. This is known as the MiniScope.

Patients and Methods

We have treated 250 patients with one or more ureteric calculi using the pulsed
dye laser (Candela Corporation) in combination with miniaturised endo-
scopes. The patients ranged in age from 9 to 87 years. 85% being male and 15%
female. The calculi had a mean maximum diameter of 11 mm. Fifty-six per
cent of the calculi were in the upper third of the ureter and 21% in the middle
third. In 18 patients the calculi were multiple.

Ureteroscopy was performed under general anaesthesia. Preoperative anti-
biotics were given. The patient’s legs were supported in a position rather lower
than for conventional cystoscopy. In some patients with lower-third stones.
particularly when there was a limitation in abduction of the lower limb, the
“scissor position” was adopted in which the ipsilateral hip is flexed and the
contralateral hip extended. This allows the operator to stand lateral to the
extended thigh and to view from over the leg with a more angled approach into
the ureter. The MiniScope was the first instrument to be used in all cases. In all
but 15 patients the ureteric orifice was clearly seen and the MiniScope intro-
duced with or without first inserting a guidewire a few centimetres up the
ureter. In those patients in whom the ureteric orifice could not be identified it
was possible to see it using a cystoscope and to then leave a guidewire up that
ureter to aid recognition with the MiniScope. No patient required ureteric dila-
tation for insertion of the MiniScope into the meatus.

Once the MiniScope was in the ureter the irrigation pressure was reduced to
approximately 50 cm of water in order to lessen the risk of flushing the stone
proximally. The second instrument channel also allows a degree of free
backflow of irrigant which again reduces the intraluminal pressure in the
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ureter. Whenever there was no clear view of the lumen ahead it was useful to
try compression - by means of a hand over the abdomen if the ureter was
angling anteriorly or alternatively by lifting the loin anteriorly if the ureter was
passing in a posterior direction. A guidewire was frequently useful for pushing
the ureteric sidewall away. Another useful technique was to rotate the
ureteroscope so that any slight bend in the instrument could be taken advan-
tage of. At no time was there any need for force to advance the ureteroscope. In
10 patients the curves of the ureter were too marked for the passage of the semi-
rigid MiniScope and in these the ACMI 8.5Fr actively deflectable ureteroscope
was used. The preferred technique was to backload the instrument over a 0.025-
inch stiffened guidewire making sure that there were no kinks in the guidewire.
When this proved difficult the instrument was introduced through the channel
of a 23.5Fr cystoscope.

Laser fragmentation was performed by advancing the fibre until it was
touching the stone. A series of bursts of laser energy were then delivered until
the stone was fragmented. The process was repeated until all the daughter frag-
ments were reduced to a diameter of | mm or less. The laser was disabled (i.e.
prevented from delivering laser energy) before removing either the laser fibre
or ureteroscope from the patient.

Fig. 8.3. a A ureteric calculus 2.5 cm long and 9 mm wide in the upper ureter. b The same patient
24 hours after treatment by laser using the MiniScope. The fragments alongside the double J stent
passed and the fragments in the lower pole were treated by ESWL. (By courtesy of the Institute of
Urology.)
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Fig. 8.3b

Results

Using the combination of MiniScope and ACMI flexiscope the ureteric calculi
were seen in all but 4 cases. The access failures were due to prostatomegaly in 2
patients and ureteric stricture in 2 patients. In 2 of these failures the stones were
nevertheless flushed out of the ureter. The average time taken to reach the
stone was 6 minutes using the MiniScope and 38 minutes with the flexiscope.
Of the 246 cases where access was achieved all the calculi were successfully
fragmented (Fig. 8.3). There were no cases of ureteric perforation and no cases
where a needle nephrostomy was required. No patients treated in this way have
been known to develop a ureteric stricture. We performed intravenous
urograms as a routine 3 months after ureteroscopy for the first 100 patients but
the pick-up rate was nil and we have therefore discontinued this unless there
are symptoms. There have, however, been other complications. Two patients
had a severe pyrexia following therapy with positive blood cultures in one.
There were 6 patients who required a repeat procedure to treat a residual frag-
ment which failed to pass spontaneously. In 5 of these a double J stent had
been passed in order to keep the ureter clear. but the fragment had descended
alongside the stent.
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Discussion

In our earlier series (Coptcoat et al. 1987) using the pulsed dye laser with con-
ventional ureteroscopes we reported a 2% stricture rate, a 7% perforation rate
and a post-operative nephrostomy requirement of 12%. This was a series in
which only 20.3% of the stones were in the upper third of the ureter. This con-
trasts with our latest series in which the use of smaller-calibre ureteroscopes
has improved the efficacy of the procedure and reduced the complication rate.
despite the fact that 56% of the stones were in the upper third of the ureter and
therefore more liable to complications.

Conclusions

The future of laser lithotripsy lies, I believe, predominantly in the development
of cheaper technology to achieve the same parameters. The development of
microsecond pulses of green laser light is, however, a challenging undertaking.
No solid state laser currently in existence naturally produces microsecond
pulses. But shorter pulse duration would only be advantageous if it proved pos-
sible to develop fibres to transmit laser energy that had considerably higher
damage thresholds: it is the fact that the peak power density of these shorter
pulses is so close to the fibre’'s damage threshold which limits the delivery sys-
tem to the relatively large-calibre fibres. However, if the technological prob-
lems of producing smaller and cheaper lasers are overcome then there would
be no reason for lasers to be limited to select centres, and ureteric stone man-
agement would become easier and safer for the “jobbing urologist™. He cannot
refer on all cases of ureteric stone and when he does do a ureteroscopy it is
indeed a disadvantage if he has only a large-calibre ureteroscope.
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Chapter 9
The Future of Lasers in Urology
S. G. Bown and T. A. McNicholas

Paradoxically the future of lasers in surgery generally and in urology in partic-
ular may well depend more on improvement in the methods of monitoring the
effects of laser techniques than on development of the techniques themselves.
That is not to say that major new developments and indeed improvements in
what is already available will not be welcome. However, in many respects laser
techniques are more precise than the diagnostic and imaging methods that are
available. We look forward to a more precise matching of tissue damage to the
true extent of the disease than is possible at present, as well as developments in
real-time monitoring of what the laser is actually doing to target tissue.

Temperature measurement is at present fairly primitive and most experi-
ments rely on metallic thermocouples with an in-built error due to thermal dif-
fusion down the thermocouple itself. Even though this is probably negligible in
most clinical situations it does detract from the overall accuracy of the tech-
nique. Recent developments in fibre-optic sensing will allow the accurate
measurement of temperatures without this effect. Fine fibre-optic probes will
also allow target tissue to be “multiply probed” when appropriate, i.e. when the
target is a small, well-defined volume of tissue in close proximity to a vital
structure.

Whilst improvements in temperature sensing may well be the most exciting
changes in the process of precisely matching tissue damage to the extent of dis-
ease, developments in Doppler studies of blood flow and measurements of
light intensity within target tissues will contribute to the achievement of the
desired precision.

Ultrasound imaging is readily available and lends itself particularly to many
urological problems. We have been impressed by the rapid strides that have
been made in the quality of the images available and in the resolution of nor-
mal from abnormal tissue. Unfortunately this does not mean that the ultimate
imaging of the prostate, for instance, has been reached, and it is still discon-
certing to find apparently normal images when there is histological proof of
abnormality within the gland. There is obviously some way to go before very
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small tumours. particularly in the prostate. can be accurately defined and we
wonder whether this will ever be possible for more diffuse disease. It is of
course particularly these small volume cancers to which laser techniques. and
specifically methods of interstitial implantation and laser hyperthermia. are
most applicable.

The future may allow accurate matching of disease and laser effect to be
achieved. At present it is necessary in practice to overtreat a lesion to be sure of
the complete destruction of the malignant tissue. This carries the risk of trans-
gression of the laser effect into adjacent vital structures. or indeed into adjacent
normal tissue when this is at a premium (as in the poorly functioning kidney).
There will obviously be different limits ot safety in each organ and between dif-
ferent parts of the same organ and these need to be taken into account when
planning treatment.

An accurate indication of the true limits of abnormal tissue, coupled with a
true indication of the extent of laser effect. are the twin aims of our current
laser research. Ultrasound techniques may have most to offer and we are
already beginning to be able to identify the characteristic alterations to tissue
architecture resulting from the laser injury. In the future we hope these features
will be seen. appreciated and reacted to at the time of treatment when treat-
ment parameters can be altered rather than the information becoming available
after treatment when little or nothing can be done about it.

Simply pointing a coagulating laser at a tumour will gradually give way to
more precise uses of the laser. We are confident that techniques of implant-
ation of fibres and the use of laser-generated interstitial hyperthermia will play
a part in the management of prostate cancer and that the rapidly developing
field of photodynamic therapy (PDT) will continue to have a role in the bladder.
That role. what is more. will increase once the problems of dosimetry and the
choice of the most appropriate photosensitisers have been defined.

The presently available methods of PDT in the bladder, explored by our
group and others, suggest at least that with conventional dosimetry there is a
significant degree of muscular damage which leads to loss of compliance of the
bladder wall with a serious effect on bladder capacity and function. The future
may therefore lie in the development of a surface-acting photosensitiser that
could be administered intravesically. This would satisfy the twin demands of
getting the photosensitiser to the mucosal surface where it is most needed (and
where it is least likely to do permanent damage to the bladder wall) and reduc-
ing the problems of generalised photosensitisation which up to now have made
PDT such an ordeal for the patient. Alternatively and in the meantime
generalised photosensitisation is best reduced by using photosensitisers such
as the phthalocyanines, that mainly absorb in the red and not elsewhere in the
visual spectrum.

In the more distant future applications of PDT outside the bladder will
probably grow in importance. particularly where a superficial anti-tumour
effect is required. once the appropriate agent to achieve that is available.
Multifocal superficial disease in the ureter and pelvicaliceal system are appli-
cations that spring immediately to mind. It has always seemed rather a chal-
lenge to the urologist that disease in the upper urinary tract has to be treated by
wholesale excision of organs whereas. if the same tumour were in the more
readily accessible lower urinary tract, it would be treated by local (endoscopic)
resection. However. attempts at local resection in the upper urinary tract.
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whether endoscopic or at open operation, tend to fail with tumour recurrence if
there is a widespread “field change™ remote from the site of the original
tumour. PDT should help in such cases.

The prostate may well become the next focus of attention for PDT, although
initially at least it lends itself to interstitial techniques. There is of course no
reason why hyperthermic and photodynamic treatments could not both be
administered via implanted fibres into the prostate gland; they may indeed
have a summating effect. We anticipate that what is left after a very radical
endoscopic resection of the prostate may well be amenable to PDT, particu-
larly since a photodynamic effect resulting in tumour tissue death should still
leave plenty of relatively resistant connective tissue behind to protect the rectum.

The suggestion that PDT may well have a “collagen sparing effect™. as seen
in experimental colonic tumours, may revitalise the concept of focal PDT. We
have always fought shy of the PDT treatment of deeply invasive tumours on
the basis that the degree of necrosis resulting from a full-blown photodynamic
effect would impair the structural integrity of the viscus and result in leakage.
However, if the collagenous or connective tissue elements of the tumour can be
spared then focal PDT treatment might be more relevant in such cases.

Much of the discussion in this book has concentrated on the problems of
malignant disease. but it would be wrong to ignore totally the use of the laser in
the treatment of benign conditions. The guiding principle must be the same as
outlined above: that the laser surgeon must aim to match precisely the type of
laser treatment given to the characteristics of the tissue to be treated. For this to
be possible. a much more intense study of tissue characteristics and how they
relate to laser effect will be necessary.

The comments in this chapter are necessarily speculative - although we
hope based on developments of which we are already aware. We make no apology
for suggesting some exciting new applications. some of which are bound to fail
but others of which may lead on to successful treatments in urology.
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