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Summary .  Transurethral laser coagulation of the prostate 
has become an accepted treatment for benign prostatic hy- 
perplasia (BPH). The most common method is the use of  
a sideward-firing fiber that, once inserted in the prostatic 
area, irradiates the abundant prostatic tissue with Nd: 
YAG laser light. In this study, eight different side-firing 
fibers that are commercially available were evaluated. 
The devices can be characterized by the way laser light is 
deflected sideward and by their thermal behavior. Most of  
the eight devices differ with regard to the angle at which 
the laser beam is deflected, the spot size on the irradiated 
tissue surface, and the heating of the device itself. Imple- 
mentation of the optical and thermal characteristics of 
each device in the treatment protocol will contribute to the 
optimal use of laser energy for prostatectomy. 

For the last 10 years there has been an extensive search 
for a treatment of benign prostatic hyperplasia (BPH) to 
replace the standard therapy, transurethral resection of the 
prostate (TUR-P). These therapies vary from medicative 
treatment to minimally invasive therapies. About 3 years 
ago the Nd:YAG laser was introduced in combination 
with a side-firing fiber [1, 2]. Laser light was transported 
by a silica fiber through a cystoscope into the prostatic 
urethra and deflected sideward to irradiate the abundant 
prostatic tissue. Many different devices have recently 
been developed to deflect the laser light laterally out of 
the fiber tip. Although the clinical results are promising, 
there are some concerns. The most serious ones are the ir- 
ritative complaints of  the patients in the first few weeks 
after the procedure. Furthermore, although the device char- 
acteristics are different, the protocols applied are rather 
similar. 

When (prostatic) tissue is irradiated with Nd:YAG 
laser light, several processes take place. The light is scat- 
tered within a certain volume of tissue and partly reflected, 
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depending on the spot size of the irradiating beam and the 
optical characteristics of the tissue. The light energy is ab- 
sorbed and converted into heat, which is then conducted 
to a larger volume and affects the tissue. The tissue is co- 
agulated as proteins denaturate (400-80 ° C). At tempera- 
tures of up to 100 ° C, tissue becomes dehydrated. At tem- 
peratures above 100 ° C, tissue water inside the cell mem- 
branes has to overcome the external pressure of the tissue 
structure to turn to vapor. In most cases it takes some time 
to build up enough pressure to break the tissue forces. 

The sudden explosive expansion of the vapor is ac- 
companied by a typical "pop"; this phenomenon is there- 
fore called the "popcorn" effect. As the tissue structure is 
totally dehydrated, it carbonizes and vaporizes, while the 
temperature rises rapidly from 100 ° to over 200°C. The 
irradiation power, the spot size (which together represent 
the power density, expressed in watts per square meter), 
and the irradiation time determine the time frame at which 
these processes occur. The light is instantaneously distrib- 
uted in the tissue volume. The heating takes more time. If  
the power density is low, the thermal energy is conducted 
over the largest possible volume during a relatively long 
period, resulting in deep coagulation necrosis (up to 10 
mm for prostate tissue). If, on the other hand, the power 
density is high, the tissue vaporization will occur rapidly 
before the thermal energy is conducted to deeper tissue 
layers. Consequently, a defect is created in the tissue vol- 
ume with only a minimal zone of coagulation necrosis. 

The goal of prostatectomy is to remove as much ob- 
structive tissue as possible. This is not immediately achiev- 
ed by creating a deep coagulation zone since it takes some 
time for the coagulated tissue to slough out, which causes 
irritative complaints. Direct removal is obtained by vapor- 
ization of the tissue volume but is rather time-consuming, 
and the delayed effects are minimal. A combined approach 
may be a good alternative. As power density is the key pa- 
rameter in the whole process, it is important to know the 
physical characteristics of the various side-firing devices. 
In this report the characteristics of eight side-firing de- 
vices are evaluated and the consequences for the thera- 
peutic effects are discussed. 
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Fig. 1. Different techniques that are used to deflect laterally laser 
light coming out of the tip of a fiber 

Description of side-firing laser devices 

Devices evaluated 

The devices evaluated in this study are the A D D  (Laser- 
scope), the Laseguide (Lasevperipherals), the ProLase II 
(Cytocare), the RotaLase (Xintec), the SideFiber (Ceram 
Optec), the SideFire (Myriadlase), the UltraLine (Heraeus 
Lasersonics),  and the UroLase  (Bard). A brief  description 
of  each device is given in combinat ion with that of  their 
mechanism of  action. These details are especially impor- 
tant for the dosimetry protocol during clinical application. 

Method of beam deflection 

In general there are two methods to deflect the laser beam 
coming out o f  the tip o f  a fiber: by a metal reflector or by 
total internal reflection. These are schematically illus- 
trated in Fig. 1. 

and UltraLine are based on this principle. All but  the 
A D D  are equipped with a 6 0 0 - g m  fiber. The A D D  has a 
400-gin  fiber and its proximal end is covered with a metal 
shaft. The ProLase II is constructed of  an angled rod of  
highly refractive material (e.g., sapphire) that is placed in 
front of  a flat, polished 1,000-~tm fiber. The index of  re- 
fraction of  this material is sufficiently high to exceed the 
critical angle in a water environment; therefore, a capillary 
becomes redundant (right device in Fig. 1). The ProLase II 
has a metal cap on its proximal end for mechanical  
strength and to shield any scattered light f rom escaping. 

Materials and methods 

Optical characteristics 

The devices are characterized optically by the power density dis- 
tribution of the laterally deflected beam and the efficiency of the 
devices in transmitting laser light. 

Power density distribution. The intensity profile of the different de- 
vices was measured using a setup such as that shown in Fig. 2. The 
side-firing device was coupled to a copper vapor/dye laser, produc- 
ing light at 630 nm. A detector consisting of a 60-gm fiber with a 
small sphere of highly scattering material mounted on top of it was 
translated in two directions through the beam of the side-firing de- 
vice. The light collected by the detector was measured with a photo- 
diode. By tuming of the side-firing device, scans in different planes 
were made, thus providing a three-dimensional light distribution. 

side-firing device 

detector 

fiber-- 
translations 

Beam deflection by a metal reflector. A metal reflector ei- 
ther made of  a gold alloy or covered with a gold coating is 
placed in front of  the flat, polished end of  a fiber to opti- 
mize reflection (left device in Fig. 1). The UroLase,  Side- 
Fire, and RotaLase are based on this principle. The reflec- 
tor can be flat (SideFire and RotaLase) or curved (Uro- 
Lase), which results in different shapes of  the deflected 
beam. All three devices are equipped with a 600 ~tm fiber. 
The SideFire and the RotaLase are equipped with a little 
hole in the metal frame near the reflector that induces a 
flow of  water to cool the reflector, which may  become 
heated during use. 

Beam deflection by total internal reflection. The fiber end 
is polished under such an angle that rays coming through 
the fiber are reflected at the angled surface because their 
angle o f  incidence exceeds the angle of  total reflection 
(called the critical angle) in an air environment.  I f  the sur- 
rounding medium is water, as in the urethra, it is not pos- 
sible to exceed the critical angle. By placing an air-filled 
capillary around the tip, an air environment  is preserved 
(middle device in Fig. 1). The ADD, Laseguide, SideFiber, 

Fig. 2. Experimental setup for measurement of the beam profiles: a 
fiber detector is translated in two directions through the beam 

~ s i d e - f i r i n g  device...__._.__. 
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Fig. 3. Recording of the beam profile in two directions, side view 
and top view. The side-firing devices are submerged in water 
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Fig. 4. Setup for measuring the transmission of laser light for side- 
firing fibers 

For direct perception, the beam profiles of the devices were 
also photographed while the latter were submerged in water that 
was stained with black ink. Photographs were taken from two dif- 
ferent viewing angles, along the fiber axis (top view) and perpen- 
dicular to the fiber axis (side view), as shown in Fig. 3. 

Efficiency in laser light transmission. To estimate the amount of 
energy that reaches the tissue in the clinical setting and thus causes 
the therapeutic effect, a setup was chosen such as that shown in 
Fig. 4. The side-firing device was positioned in a water-filled tank 
in such a way that its beam was emitted, perpendicular to the trans- 
parent wall of the tank, on the detector of a power meter placed 
outside the tank. In this way, only the primary beam of the device 
can be measured. Possible secondary beams and scattered laser 
light are considered a loss as they do not contribute to the tissue ef- 
fect. For the measurements, clinical power settings were used, as 
the transmission at such high power (40-80 W) may be different 
than that at low power (< 10 W). Using this method, the exact 
amount of energy that reached the tissue and therefore caused the 
therapeutic effect during a clinical procedure was measured. 

Thermal  characteristics 

The thermal behavior of the devices was studied during clinical 
use and in a water environment. The effect of self-absorption was 
studied using an optical technique introduced by Verdaasdonk and 
Borst [3]. This technique enables visualization of the heat distrib- 
ution near the side-firing devices in a water environment using 
clinical power settings of around 40 W. The heat distribution 
around the devices was translated into a color-coded thermal im- 
age. The colors represent temperatures and are arranged in a "rain- 
bow order," where dark blue is the lowest and bright red, the high- 
est temperature. The colors are separated by black lines represent- 
ing isothermals to increase contrast. The imaging technique was 
combined with thermoconple measurements. 

Results 

Optical characteristics 

The results of the scan provided a three-dimensional  light 
distribution for each device. From the scan, the fol lowing 
parameters were determined to characterize the beam pro- 
file: exit angle, divergence in two different directions, and 
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Fig. 5. Side and top view of a side-firing device, showing the mea- 
sured optical characteristics 

Table 1. Optical characteristics of the different side-firing devices 

Device Exit Divergence (°) Spot size 
angle at 5 mm 
(°) Perpen- Parallel (mm 2) 

dicular 

ADD 80 23 12 8.3 
Laseguide 76 16 9 7.6 
ProLase II 41 20 15 13.3 
RotaLase 90 16 13 8.9 
SideFiber 77 22 13 9.6 
SideFire 100 15 13 10.5 
UltraLine 82 15 l0 6.6 
UroLase 87 37 24 17.5 

spot size at the urethral wall. In Fig. 5 these parameters are 
explained schematically. 

The exit angle is defined as the angle between the prin- 
cipal axis of the device and the axis of the maxima of the 
light distribution. An exit angle larger than 90 ° indicates a 
backward-reflected beam. The divergence angles are mea- 
sured with respect to the axis of the exit angle of the de- 
flected beam. The spot size is calculated from the two di- 
vergence angles as a projection on the urethra wall at a 
distance of 5 m m  from the tip. The spot shape is assumed 
to be elliptical. In Table 1 the measured data for the para- 
meters of the different devices are presented. 

The photographs of the side-firing devices clearly 
show some qualitative differences between the devices; 
especially the difference in divergence in the two direc- 
tions is striking. In Fig. 6 the UroLase (metal reflector), 
ProLase II, and UltraLine (both, internal reflection) are 
presented. The difference in exit angle is striking when 
the side views of the three devices are compared. The 
UroLase is a good example to illustrate the difference in 
divergence in the parallel and the perpendicular  plane. 
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Fig.6. a Photographs of the Uro- 
Lase (metal reflector). A close-up 
of the tip itself (left) and of the 
side view (middle) and top view 
(right), showing the deflected 
beam coming out of the tip. Note 
the difference in divergence in the 
two directions, b Photographs of 
the ProLase II (internal reflec- 
tion). A close-up of the tip itself 
(left) and of the side view (middle) 
and top view (right), showing the 
deflected beam coming out of the 
tip. e Photographs of the Ultra- 
Line (internal reflection). A close- 
up of the tip itself (left) and of the 
side view (middle) and top view 
(right), showing the deflected 
beam coming out of the tip 

The t ransmiss ion  measurements  give informat ion  on 
the eff ic iency of  the beam deflect ion.  Basical ly,  the differ- 
ence be tween  the devices  is caused  not  by  the coupl ing  
with the laser  or the qual i ty  of  the f iber  core (a l though 
smal l  d i f ferences  m a y  occur)  but  by  the tip, which  acts as 
the deflector.  The  results  are presented  re la t ive  to the 
t ransmiss ion  o f  a bare  f iber  that has the same coupl ing  
and the same d iamete r  as the s ide-f i r ing device  (Table 2). 

It is c lear  that the l ight  t ransmiss ion of  the s ide-f i r ing 
devices using total internal reflection as a deflection mech-  

anism is s ignif icant ly  h igher  than that of  devices  based  on 
metal  reflectors.  The RotaLase  seems to be an except ion,  
perhaps  due to the des ign of  the device,  which  incorpo-  
rates an ang led-shaped  tip with a metal  mir ror  (a hybr id  
model) .  

Thermal  characteris t ics  

The devices  are recorded  in the thermal  imaging  setup de- 
scr ibed above  whi le  pos i t ioned  ver t ica l ly  in a water- f i l led  
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Table 2. Results of the transmission measurements, showing the 
efficiency in transmitting laser light relative to a bare fiber 

Device Method of deflection Transmission 
at 40 W (%) 

ADD Internal reflection 64 
Laseguide Internal reflection 71 
ProLase II Internal reflection 70 
RotaLase Metal reflector 79 
SideFiber Internal reflection 72 
SideFire Metal reflector 49 
UltraLine Internal reflection 83 
UroLase Metal reflector 73 

cuvette at ambient temperature and exposed to 40 W of 
input power. As far as thermal behavior is concerned, the 
devices are divided into three groups: metal reflector, in- 
ternal reflector with metal shielding, and internal reflector 
without metal shielding. A representative sample of each 
group is displayed in Fig.7. The UltraLine (internal re- 
flector, right) shows only a slight temperature increase at 
the position at which the laser light exits the fiber tip. In 
contrast, the metal shield of the ProLase II (middle) and 
the full metal tip of the UroLase (right) heat up entirely. 

The maximal temperatures reached during 40-W ex- 
posure are measured at the position at which the laser 
light exits the device and at the back side of it. For five 
different devices, these results are summarized in Table 3. 
A comparison of the temperatures listed in Table 3 with 
the transmission measurements shown in Table 2 reveals 
a correlation between the transmission and the heating 
of the tip. Devices based on total internal reflection show 
fewer thermal effects, as they have high transmission ca- 
pacities and no absorbing surface is present. However, 
some of these internal reflection devices emit secondary 
beams that are shielded by a metal cap around the probe 
(ADD and ProLase II). These beams are absorbed by the 
metal cap, which heats up as the light is converted into 
heat. 

Discussion 

Although the design of the evaluated devices differs sub- 
stantially, there are nonetheless some physical similari- 
ties. They can be grouped with regard to their method of 
beam deflection as shown above in the description of the 
devices. A more practical way would be to classify them 
by tissue effect in relation to the application of the device. 
As the tissue effect depends on the power density, three 
groups may be considered: high, low, and medium power 
density. The high power density causes merely vaporiza- 
tion of the tissue rather than deep coagulation. The low 
power density causes deep coagulation rather than direct 
vaporization. The medium power density causes both ef- 
fects. Changing the distance from the device to the tissue, 
however, produces an enormous variation in power den- 
sity. Depending on the divergence, the power density may 
either increase or decrease by a factor of 100. With a 
smaller divergence, the distance to the tissue will be less 
critical with regard to the power density. The tissue effect 
can also be influenced by the method by which the laser 
light is applied to the tissue: either at one location by leav- 
ing the device at one position or spread over a larger area 
through movement of the tip over the tissue surface. Thus, 
the same device can be used to create different tissue ef- 
fects just by varying the distance to the tissue or the 
method of irradiation. Basically, the tissue effect is deter- 
mined by the amount of light energy absorbed per unit of 
volume of tissue per unit of time. 

The spot sizes calculated from the measured intensity 
distribution were based on the assumption that they were 
elliptical (due to the difference in divergence of the beams 
in two directions). However, in the case of the UroLase, 
the spot is more banana-shaped as a result of its cone- 
shaped metal reflector. As the calculation of the spot size 
is based on an ellipse, the spot of the UroLase is overesti- 
mated; the real spot size may be 25% smaller. Furthermore, 
the spot size was calculated as a projection of the beam on 
the surface of the urethral wall, assuming the fiber to be 
on the central axis of a 10-mm-diameter cylinder repre- 
senting the urethra. In practice, the prostatic lobes appear 

Fig. 7. Thermal images of three 
different devices at 40-W power 
input. From left to right: UroLase 
(metal reflector), ProLase II (in- 
ternal reflection with metal 
shield), and UltraLine (internal 
reflection without metal shield). 
The devices appear as a shadow, 
with the induced temperatures 
being visualized as colors. The 
colors are in "rainbow order," 
where dark blue represents the 
lowest and bright red, the highest 
temperature, and they are sepa- 
rated by black lines representing 
isothermals 
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Table 3. Results of the temperature measurements of the different 
devices at 40-W input power, showing the maximal temperatures 
at the laser-light exit window and the back side 

Device Type Temperature rise 
at 40 W (° C) 

Exit Back 
window side 

ADD Internal with shield 15 18 
ProLase II Internal with shield 30 5 
SideFire Metal reflector 30 10 
UltraLine Internal without shield 3 0 
UroLase Metal reflector 70 l0 

dome-shaped and the device is not  centered in the urethra. 
The calculated spot size and the related power  density 
may vary immensely  during a procedure due to these phe- 
nomena.  

When  high input powers are used (e.g., > 30 W), vapor 
bubbles may  be created due to absorption of  a small per- 
centage o f  laser light by the metal parts of  the devices or 
by, e.g., slight contamination of  the tip. As a result, the 
light of  the main beam is scattered by the optical distor- 
tion o f  the bubbles and spread over a larger area. The tem- 
perature of  the tip may  increase as the bubbles prevent 
cooling of  the tip by the surrounding water. During clini- 
cal application, a device will be contaminated by blood or 
tissue particles. Therefore, the process of  bubble forma- 

tion and, thus, of  aging is accelerated. The extent o f  dam- 
age (or decrease in the quality of  the device) can be quan- 
tified using the method of  measuring transmission pre- 
sented in this study. 

In conclusion, all o f  the side-firing devices for laser 
prostatectomy are unique in terms of  their optical and 
thermal characteristics. These properties should be incor- 
porated in protocols for clinical application since they in- 
fluence the therapeutic effect considerably. Either coagu- 
lation necrosis, direct vaporization, or a combinat ion of  
the two can be obtained using each device with the appro- 
priate dosimetry protocol. 
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