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Experimental study of transurethral robotic laser
resection of the prostate using the LaserTrode lightguide
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Abstract. A longer operating time and steeper learning curve in mas-
tering the techniques for transurethral laser resection of the prostate
are the main problems faced by surgeons in addition to the existing
ones in standard transurethral resection of the prostate (TURP). How-
ever, these disadvantages can be alleviated with the introduction of a
treatment procedure designed and developed based on an integrated
system of computer, robotics and laser technology. In vitro experi-
ments were carried out to determine variables affecting the vaporiza-
tion and coagulation lesions, in order to study the effectiveness and
feasibility of robotics for this procedure. Human cadaveric prostates
and fresh tauted chicken breast tissues were irradiated with different
parameters using the LaserTrode lightguide in contact with the tissue.
The effects of irrigant flow rate, fiber/tissue angle of inclination, num-
ber of passes, direction, speed and power of lase on the volume of
tissue vaporized and coagulated, were assessed. The final phase of the
experiments includes executing the robotic motion plan for the laser
resection procedure on the human cadaveric prostate tissue embed-
ded in an anatomically alike prostate phantom. It was concluded from
our study that power and speed of lase are the most significant param-
eters influencing the volume of the vaporized and coagulated lesion.
Comparison of removal rate using the new treatment procedure of
robotic laser resection of the prostate with TURP and HoLRP evinced
equivalent results. © 2001 Society of Photo-Optical Instrumentation Engineers.
[DOI: 10.1117/1.1353797]
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1 Introduction
Benign prostatic hyperplasia~BPH! is a common problem
among older men with voiding difficulties that impact quality
of life and the perception of well being.1 Evidences for mini-
mally invasive surgical~MIS! treatment of BPH are patients
with urinary retention~complete inability to urinate requiring
catheterization!, renal insufficiency, urinary tract infections,
recurrent gross haematuria, bladder stones and large bladd
diverticula.2–4 The gold standard for MIS treatment is the
transurethral resection of the prostate~TURP!.5 Because of
the disadvantages associated with the TURP procedure th
resulted in morbidity in 18%, blood loss with the requirement
of transfusion occurring in 2.9%–19.6% and transurethral re
section ~TUR! syndrome occurring in 0.2%–2.0% of the
cases,2,6–9 an aggressive search for alternative medical and
less morbid surgical therapies for BPH are still continuing.

Laser prostatectomy10 has been shown in numerous studies
to provide an excellent, safe and effective alternative to TURP
for the treatment of moderate to severe dysfunction and uri
nary retention due to BPH.11–13The morbidity associated with
laser prostatectomy has been shown to be drastically less th
that associated with TURP, including negligible incidences of
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bleeding and need for transfusion, intraoperative fluid abso
tion, and postoperative incontinence.14,15 Of all the different
types of laser prostatectomy techniques, the holmium la
resection of the prostate~HoLRP! technique mimics closest to
conventional TURP with the immediacy of intraoperative t
sue removal and early postoperative voiding improvem
classically associated with TURP, yet combining the adv
tages of minimal perioperative morbidity.16–19

At present, HoLRP is as efficient as TURP in removi
BPH tissue for prostate glands smaller than 80 ml~estimated
by transurethral ultrasound! and is subjected to the level o
experience of the surgeon. In large prostates(.80– 100 ml)
this advanced technique, however, proves to be less effic
This is primarily due to the time needed to incise the prost
lobes that have been partially enucleated, into smaller m
ageable fragments. These fragments must be of a size tha
be safely retrieved via the urethra and preferably irriga
from the bladder through the resectoscope sheath. It is d
cult to gauge the size of the fragments resected during
operation.20–24 In addition, surgeons could become uncom
fortable when forced to work in confined spaces over a lo
period of time; they may have small hand tremors and
tired, resulting in proneness to errors. The other disadvan
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Fig. 1 LaserTrode lightguide (Dornier Medtech).
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of the HoLRP technique is the longer learning curve associ
ated with this technique, due primarily to its more technically
demanding nature which requires significant endoscopic ski
to manipulate the laser fiber.18,25 Other inherent problems en-
countered while using the holmium laser include continuous
shortening of the fiber end during laser resection which re
quires frequent stripping of the fiber cladding to expose new
fiber and vigorous vibrations of the fiber tip, resulting in dif-
ficulty at controlling the incisions.26,27

The laser system is a part of an integrated system of robo
ics and computer technology which possesses complementa
capabilities like consistency in the speed and tissue vaporiza
tion of the robotic laser resection procedure, controllability in
predetermining the size of prostatic fragments to be resecte
and repeatability of the procedure that would provide a
shorter operating time. These capabilities can remedy th
problems faced by the surgeon in conventional laser resectio
The primary aim of this experimental study served to investi-
gate the effectiveness and feasibility of robotic laser resectio
of the prostate by determining the variables affecting the va
porization and coagulation lesions after irradiating with the
Nd:yttrium–aluminum–garnet~YAG! laser.

2 Materials and Methods

2.1 Laser and Application System
The laser system used was a Nd:YAG continuous wave lase
system~Dornier Medilas Fibertom 5100, Dornier Medtech,
Germany! with a wavelength of 1064 nm operating between
60 W and the maximum operating power of 100 W. Laser-
Trode lightguide~Dornier Medtech, Germany! of 600 mm
core diameter and 2.3 mm maximum diameter of the fiber tip
was used to deliver a continuous laser beam~Figure 1!.

2.2 Tissue Sources
For the in vitro experimental studies, 76 samples of freshly
harvested chicken breast tissues and five samples of hum
cadaveric prostates were irradiated with the Nd:YAG laser
The chicken breast tissues measuring40 mm320 mm
320 mm were tauted under running irrigant of 0.9% saline
solution and 228 lesions were made by varying the irrigan
flow rate~0.23 L/min, 1.10 L/min!, fiber/tissue angle of incli-
nation (0°,10°), number of passes~one pass, two passes!,
direction ~forward, backward, clockwise, counterclockwise!,
speed ~1–3 mm/s! and power of lase~60–100 W!.10,28,29

Tauted chicken breast was used for these experiments becau
of their little glandular content, visible coagulation/
-
y
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.
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denaturation zone~denoted by tissue blanching! and the large
number of lesions needed for comparing different paramet
Additionally, prior studies on tissue effects have been p
lished using chicken breast and comparisons would be m
relevant.10,30 It was found that the tissue hardness of taut
chicken breast bears the closest resemblance to the ti
hardness of a human cadaveric prostate and contains less
ability in the tissue hardness,31 thus having a more predictabl
behavior that would aid in the accurate conclusion of the
perimental results. Eighteen lesions on the human cadav
prostate were made by varying the speed~1–3 mm/s! and
power of lase~60–100 W!.

2.3 Experimental Setup
To determine the variables affecting the vaporization and
agulation lesions, each tissue was fixed on a holder and
diated by the Dornier LaserTrode fiber using a linear a
angular motion device that provides an adjustable contro
speed of lase~Figure 2!. The arc angle of theR1 axis in
Figure 2 was used to maintain constant angle of inclinat
between the fiber and the tissue surface in both the longit
nal ~forward, backward direction! and transverse~clockwise,
counterclockwise direction! motion. Tissue was vaporized i
either one or two irradiation passes of the laser fiber in
direction of L1 axis to a fixed depth of 2 mm using a 26
~Karl Storz! resectoscope equipped with a 7F laser bridge a
a continuous flow system. For all conditions, the laser w
used in standard contact vaporization mode.

To study the effectiveness and feasibility of robotic las
resection of the prostate, a prostate phantom~Limbs &
Things, U.K.! was used to provide an anatomically alike~with
verumontanum, urethra, bladder and lobes! replica of the hu-
man prostate with the human cadaveric prostate attached~by
pins! as the median lobe. The linear and angular motion
vice executing the robotic motion plan for the laser resect
procedure would subsequently be used to resect the me
lobe of the prostate phantom~Figure 3!. The resected time
weight of the resected tissues together with the weight of
cadaveric prostate before and after undergoing the rob
motion plan were recorded.

2.4 Measurement of Tissue Damage (Coagulation)
and Removal (Vaporization) Lesions
To determine variables affecting the vaporization and coa
lation lesions, tissue samples were irradiated and the va

Fig. 2 Schematic diagram of the motion device showing both the lin-
ear and angular axes of motion.
Journal of Biomedical Optics d April 2001 d Vol. 6 No. 2 245
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Fig. 3 Experimental setup for robotic laser resection of the median
lobe (plan view).
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ized depth(D) and width (W) were microscopically mea-
sured using a noncontact optical measuring machine~WEGU
Messtechnik GmbH, Germany!. Five repetitions of each run
at 25 mm in length(L) were made, with mean values repre-
senting three readings for each run measured with an accura
and resolution of60.25and 0.1mm, respectively. Regions of
thermal damage were identified under normal light by the
visible blanching and reduction of pigmentation. Blanched re
gions of coagulated depth(Cd) and width (Cw) were mea-
sured using the imaging system previously described. Th
volumes of tissue vaporized and coagulated~Figure 4! were
calculated based on a semiellipsoidal28,30 cross section

Volume of tissue vaporized5
WDLp

4
, ~1!

Volume of tissue coagulated5
Lp

4
@2Cw~D1Cd!1WCd#.

~2!

2.5 Statistical Analysis
A second order analysis of variance was used in the statistic
analysis of the experiments. The two-level factorial desig
~Design Expert® Software, Stat-Ease® Inc.! was used to ana-

Fig. 4 Location of thermal effects (vaporization and coagulation) in-
side the chicken breast tissue.
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lyze the effects each parameter has on the volume of tis
vaporized and coagulated. In the two-level factorial desi
the effects were studied when each parameter changes
one level to another level. The central composite design in
response surface method was used to study the relation
between power and speed of lase with the volume of tis
vaporized and coagulated in the longitudinal and transve
motion.

3 Results
3.1 Gross Appearance of Lesions
The lesions produced on the chicken breast tissue w
semiellipsoidal craters with a significant tissue defect due
vaporization, carbonization of the floor and a surrounding r
of blanched, coagulated tissue. The volume of vaporized
coagulated tissue varied with the irrigant flow rate, fiber/tiss
angle of inclination, number of passes, speed, power and
rection of lase. In the longitudinal motion, the chicken bre
tissue was irradiated in the forward and backward direct
for a distance of 25 mm, using the front end of the LaserTro
lightguide fiber tip. In the transverse motion, the tissue w
irradiated for a similar distance in the clockwise and count
clockwise direction, using the lateral sides of the fiber tip. T
depth and width of the vaporized and coagulated lesions w
then measured and tabulated.

3.2 Effects of Different Parameters on Tissue
Damage and Removal
Results from the two-level factorial design experiments
vealed that the direction of laseD (P,0.0001), has the high-
est effect on the volume of vaporization as the fiber was ir
diating the tissue in the longitudinal motion. Volume
vaporization~noted by the negative effect value in Figure!
decreases sharply when the direction of lase changes
forward direction ~high level! to backward direction~low
level!. Speed of laseE (P,0.0001), at 1 mm/s~low level!
and 3 mm/s~high level!, and power of laseA (P,0.0001), at
60 W ~low level! and 100 W~high level! also contributes

Fig. 5 Effects of different parameters affecting tissue removal in the
longitudinal motion (chicken breast tissue).
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Fig. 6 Effects of different parameters affecting tissue removal in the
transverse motion (chicken breast tissue).
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significantly to the volume of vaporization. Increasing the
fiber/tissue angle of inclinationF, from 0° to 10°, causes a
slight increase in the volume of vaporization while irradiating
the tissue in the backward direction produces no increase a
all in the forward direction. Both the increases in the number
of passes and irrigant flow rate have no significant effect on
the volume of vaporization of the tissue.

Similar to the longitudinal motion, the speedE (P
,0.0001) and powerA (P.0.0004) of lase contribute sig-
nificantly to the volume of vaporization as irradiation of the
tissue was carried out in the transverse motion. However, di-
rection of laseD, irrigant flow rateC, and fiber/tissue angle
of inclinationF, have no appreciable effect~Figure 6!. It was
found that the effects of the different parameters on tissue
damage~coagulation! correspond to that of tissue removal
~vaporization!.

3.3 Relationship Between Speed and Power of Lase
in Tissue Removal
Parameters with significant effects were analyzed using the
response surface method~Design Expert® Software,
Stat-Ease® Inc.!. A study was conducted to determine the re-
lationship between speed and power of lase on the volume o
vaporization when irradiating the chicken breast tissue in the
forward direction~Figure 7!. The power settings were 60, 80,

Fig. 7 Tissue removal in forward irradiation (chicken breast tissue).
t

f

and 100 W. With the increase from 60 to 80 W(P
,0.0001), there was no appreciable increase in the volume o
tissue removed, but when the power setting was changed fro
80 to 100 WP(,0.0001), a minimum of 30% increase in
tissue removal was observed. Conversely, when the speed
lase was increased from 1 to 2 mm/s(P.0.1144), the vol-
ume of tissue removed decreased by approximately 90 mm3

An additional increase in the speed from 2 to 3 mm/s(P
,0.0001) resulted in only a slight reduction of approximately
10 mm3. An error in the fixing of the tissue to the holder
during forward irradiation at 100 W and 3 mm/s may be the
reason for a higher than normal value.

It was shown that tissue removal in forward irradiation ha
a maximum volume of17269 mm3 of tissue vaporized com-
pared to that of clockwise/counterclockwise irradiation~Fig-
ure 8!, which has a maximum volume of7864 mm3. In
clockwise/counterclockwise irradiation, when the speed o
lase was increased from 1 to 2 mm/s(P.0.3999), the vol-
ume of tissue removed decreased by approximately22 mm3.
An additional increase in the speed from 2 to 3 mm/s(P
.0.5037) resulted in a further reduction of approximately
3 mm3.

3.4 Relationship Between Speed and Power of Lase
in Tissue Damage
The volume of coagulation~needed for haemostasis! in the
chicken breast tissue concurs with the volume of vaporizatio
such that the volume of coagulated tissue increased with i
creasing power of the laser output between 60 and 100 W
Tissue damage in forward irradiation~Figure 9!, with a maxi-
mum volume of298611 mm3 at 100 W and 1 mm/s(P
,0.0001) is significantly higher compared to clockwise/
counterclockwise irradiation~Figure 10!, which has a maxi-
mum volume of104611 mm3 (P.0.0061). The surrounding

Fig. 8 Tissue removal in clockwise/counterclockwise irradiation
(chicken breast tissue).

Fig. 9 Tissue damage in forward irradiation (chicken breast tissue).
Journal of Biomedical Optics d April 2001 d Vol. 6 No. 2 247
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Fig. 10 Tissue damage in clockwise/counterclockwise irradiation
(chicken breast tissue).
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coagulation zone was found to be within a depth of 2 mm
from the tissue surface of the incision. The width of the co-
agulated lesion was found to be approximately the same as th
depth of the lesion.

3.5 Tissue Removal in Human Cadaveric Prostate
The vaporization characteristics were well matched betwee
the chicken breast tissue and human cadaveric prostate.
forward irradiation of the cadaveric prostate tissue~Figure
11!, the second increase in power setting from 80 to 100 W
produces an average of 37% more vaporized volume than th
first increase in power setting from 60 to 80 W. On the other
hand, the second increase in the speed of lase from 2 to
mm/s yields, on the average, 46% less vaporized volume tha
the first increase from 1 to 2 mm/s. Operating under similar
power and speed, forward irradiation of the prostate tissu
was found to be capable of generating approximately 12%
more of the vaporized tissue than clockwise/counterclockwis
irradiation~Figure 12!. Correlating chicken breast tissue with
the human cadaveric prostate tissue, the mean difference
the volume of tissue vaporized is 5.8% and 33.9% in the
forward and clockwise/counterclockwise direction, respec-
tively.

3.6 Effectiveness and Feasibility of Robotic Laser
Resection of the Prostate
The robotic lasing sequence in the motion plan begins by
irradiating the enlarged lobe at the 6 o’clock position in the
forward direction from the verumontanum to the bladder neck
for a number of passes until the required depth is attaine
~Figure 13!. The increment of the depth of lase after each pas
is carried out by the increase in the arc angle of theR1 axis
after irradiating the tissue in the forward direction. Following

Fig. 11 Tissue removal in forward irradiation (human cadaveric pros-
tate).
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the completed number of passes in the forward direction,
LaserTrode lightguide fiber tip is positioned at the base of
enlarged lobe and irradiation performed in the clockwise a
counterclockwise direction between 5 o’clock and 7 o’clo
position using theR2 axis ~Figure 14!. The fiber tip is moved
forward incrementally by 2 mm using theL2 linear axis be-
fore proceeding to the next sequence of irradiation in
clockwise and counterclockwise direction. The result from
robotic procedure will be an ellipsoidal or barrel-shaped c
ity. The weight of the resected tissue fragments was found
be 2 g. The weight of the median lobe cadaveric prost
stands at 9 g before and 4 g after undergoing the roboti
motion plan. Total resected weight, assuming negligible d
iccation, is therefore 5 g with 3 g of thetissue being vaporized
by the application of the laser thermal energy. This is in
cordance to the latest finding by Mackey22 stating that ap-
proximately 50%–60% of the resected tissues were vap
ized. The total resected time is 12.5 min, yielding an effect
time of 150 s to resect 1 g of theprostate. This is comparabl
to the Gilling18 recorded effective resection time of 149 s p
gram. Eichenauer26 in his latest finding reported a lower ef
fective resection time of 111 s per gram using his specia
designed laser resectoscope. In both the Gilling a
Eichenauer studies, a steep learning curve has first to be o
come. Relating HoLRP with the ‘‘gold’’ standard of TURP
Wong32 from Singapore General Hospital reported an effe
tive resection time of 111 s to electrosurgically resect 1 g of
the prostate~Table 1!. It needs to be emphasized that sin

Fig. 12 Tissue removal in clockwise/counterclockwise irradiation (hu-
man cadaveric prostate).

Fig. 13 Forward irradiation of prostate phantom (with human cadav-
eric prostate as the median lobe).
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Fig. 14 Clockwise/counterclockwise irradiation of prostate phantom
(with human cadaveric prostate as the median lobe).
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only the median lobe and not the whole prostate was resecte
for the experimental study, the total resected weight of 5 g
was expected to be grossly below that recorded by the othe
authors. Although in the referred publications by the other
authors, no information was given pertaining to the inclusion
of nonresection activities in the mean resection time, but in
most clinical setting, the total time of the procedure includes
the time taken for haemostasis and for the removal of tissue

4 Discussion
Careful analysis of the efficacy, risks and associated compli
cations of surgical treatment for BPH has encouraged th
trend towards minimally invasive therapies. The need for sim
pler, less morbid and more cost-effective forms of treatmen
compared to TURP has, over the last decade, led to the eme
gence of various new minimally invasive modalities. These
modalities include transurethral microwave therapy,33

transurethral needle ablation of the prostate,34 interstitial laser
therapy,35 side-firing Nd:YAG laser prostatectomy,36 hol-
mium laser resection of the prostate37 and electrosurgery us-
ing new electrical generators or resection loops
~VaporTrode,38 VaporCut,39 Wedge!. Presently in the devel-
opment phase, transurethral robotic laser resection of th
prostate is aiming to provide an effective and efficient assis
tance to surgeons during surgery. The concept is promisin
and is a logical extension of existing laser resection principle
like the HoLRP. However, there is a lack of data on param-
eters influencing the desired tissue effects. For the concept
d

r

.

r-

o

materialize, the parameters that affect this procedure were
jectively examined and a method to quantify tissue dam
and removal by contact laser coagulation and vaporiza
was described.

4.1 Forward Irradiation
The total volume of vaporized tissue in the forward directi
was found to be 50 times(P,0.0001) greater than in the
backward direction. With direct irradiation in the forward d
rection, the volume of vaporized chicken breast tissue w
38% greater than irradiation in the clockwis
counterclockwise direction. The volume of coagulated tiss
was 58% higher in the former than in the latter. In norm
surgical practice using end-firing laser resection techniqu
fiber/tissue angle of inclination between30° and 80° was
commonly used during backward irradiation that might inju
the urethra or sphincter.10 Forward irradiation is consequentl
favored but, owing to ambiguous visual perception and la
of hand-eye coordination, it was observed experimentally t
manual manipulation of the resectoscope to move the fi
forward was extremely tedious causing the fiber tip to be f
quently ‘‘buried’’ within the tissue. A controlled motion de
vice, which has the ability to vaporize the tissue in a forwa
direction to a precise depth, is therefore needed. Inclining
resectoscope from0° to 10° would cause the end of the fibe
tip to move vertically by 12 mm, which is sufficient for for
ward irradiation and, subsequently, resection of the med
and lateral lobes.

4.2 Characteristics of the LaserTrode Lightguide
From the experiments, it was found that carbonizing the
serTrode lightguide fiber tip produces an average increas
250% in the volume of tissue vaporized. Carbonization of
fiber tip as recommended by the manufacturer is a nee
procedure prior to surgery to induce strong absorption of
Nd-YAG laser. It is carried out by first activating the las
with 90 W of energy, and then contacting the fiber tip with t
tissue until the tip illuminates. When the fiber tip illuminate
the quartz glass crystallizes and the surface becomes ro
enabling small carbonized particles to be trapped that hind
a percentage of the laser energy from transmitting through
fiber tip and irradiating the tissue~Figure 15!. This subse-
quently causes a buildup of thermal energy, leading to
vaporization of the tissue when the thermal energy is gre
than the bonding energy of the tissue molecules. It was p
tulated that the mechanism of vaporization occurs differen
for both the forward and clockwise/counterclockwise irrad
Table 1 Summarized table of comparison of different laser prostatectomy techniques with TURP on
human prostates. It is noted that the robotic LRP experiments were conducted on human cadaveric
prostate.

HoLRP
(Gilling)

HoLRP
(Eichenauer) Robotic LRP

TURP
(Wong)

Resection weight (g) 21 31.3 5 24.2

Resection time (min) 52 58 12.5 44.8

Effective resection time (s/g) 148.57 111.18 150.36 111.07
Journal of Biomedical Optics d April 2001 d Vol. 6 No. 2 249
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Fig. 15 Beam propagation of a carbonized fiber tip.
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tion. During clockwise/ counterclockwise irradiation, tissue
vaporization occurs on the sides of the LaserTrode tip su
tained solely by the carbonized layer. However, during for
ward irradiation, the laser beam propagates out from the en
of the fiber tip and comes in direct contact with the experi
mental tissue. This direct laser irradiation enhanced by th
carbonized layer creates a larger volume of vaporization com
pared to the clockwise/counterclockwise irradiation. The dif
ference in the mechanism of vaporization could also ad
equately explain the difference in the vaporization behavior o
the forward and clockwise/counterclockwise irradiation with
increasing irradiation speed and power for both the chicke
breast tissue and human cadaveric prostate~Figures 7, 8, 11,
and 12!.

The symmetrically shaped LaserTrode lightguide fiber tip
produces similar vaporization and coagulation volume while
irradiating the tissue in the clockwise and counterclockwis
direction (P,0.0001). Due to the unique characteristics of
the fiber tip, carbonization on the floor of the lesion produce
no significant reduction in the efficiency of further vaporiza-
tion of deeper tissues. No excessive accumulation of tissu
was observed on the fiber tip, enabling a more constant dep
of vaporization throughout the entire length of incision. In a
single pass of a set depth of 2 mm, the vaporized and coag
lated depth achieved by the LaserTrode lightguide was1.6
60.5 and 0.960.5 mm, respectively. This uniformity in tis-
sue vaporization is important, as controllability in the amoun
of tissue removed is desired in the procedure for transurethr
robotic laser resection of the prostate. In comparison
Eichenauer10 in his experiment recorded the depth of cut
achieved in a single pass with a holmium laser at 5–8 mm
using a setting of 4 J and 10 Hz. With this laser system,
precise and uniform incisions with low thermomechanica
damage were achievedin vitro and the best healing response
could be expected.40

Fig. 16 Vaporized lesion on the dissected surface of the prostate (ap-
prox. 40 mm340 mm320 mm).
250 Journal of Biomedical Optics d April 2001 d Vol. 6 No. 2
h

-

l

4.3 Vaporization Effects with the Human Cadaveric
Prostate
Studies showed that laser vaporization in human cadav
prostate, measuring approximately40 mm340 mm320 mm
~Figure 16!, and chicken breast have similar qualities. Spe
and power of lase were the main parameters influencing
desired tissue defects, quantified by the volume of tissue
porized and coagulated. In forward irradiation, a decrease
mm/s of the speed of lase produces an average increas
75% in the volume of tissue vaporized compared
clockwise/counterclockwise irradiation. Conversely, an
crease in 20 W of the forward lasing power produces an
erage increase of 57% in the volume of tissue vaporized.
speed of lase is therefore a significant parameter in optimiz
the amount of tissue removed when conducting forward ir
diation.

5 Conclusion
Still in the process of development, the transurethral robo
laser resection of the prostate was designed to be a treat
modality for providing an effective and efficient treatment f
symptomatic bladder outflow obstruction from BPH. Th
present study has established several parameters u
chicken breast tissue and human cadaveric prostate for e
tive transurethral robotic laser resection of the prostate.
sults from 246 experimental runs showed that settings for
speed and power of lase are the most significant paramete
affecting the amount of tissue damaged and removed. U
the LaserTrode lightguide to irradiate the tissue in the forw
and clockwise/counterclockwise directions provides efficie
precise and uniform tissue removal. Optimum irradiati
power of 100 W and speed of 1–3 mm/s were used, resp
tively, in the procedure of transurethral robotic laser resect
of the prostate.

The final phase of the experimental study includes exec
ing the motion plan of the robotic system in resecting hum
cadaveric prostate tissue fixed in an anatomically alike pr
tate phantom. It follows that this procedure, which uses
integrated system of laser, computer and robotics technolo
can permit an equivalent degree of tissue removal rate to
of TURP and HoLRP.
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