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Wei-Chang Lee'* Purpose: Endoscopic lasers have become a treatment option for benign prostate hyperplasia

g

Yu-Hsian g Lin'* (BPH). The study reported here sought to elucidate the benefits and drawbacks of different laser

Chen-Pang Hou I systems in the treatment of patients with BPH.

Phei-Lang Chan gI Methods: The study enrolled 741 patients diagnosed with lower urinary tract symptoms
fan. I secondary to uring the period January to December . The techniques used 1n the
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study were photoselective vaporization of the prostate, thulium laser prostatectomy, and diode

Horng-Heng Juang?

Ke-Hung Tsui | laser prostatectomy. Patients were assigned to one of three groups according to the type of laser

treatment they received. Outcomes were evaluated using the International Prostate Symptom
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Gung University, College of Medicine, and prostate-specific antigen (PSA) level.
Taiwan, 2Department of Anatomy, Results: The baseline characteristics of patients who received diode laser prostatectomy show
College of Medicine, Chang Gung

University, Kweishan-Shan, Taoyuan, ) ) ) i 7
Taiwan, Republic of China Operative time and catheter removal time differed significantly between the three groups

Score (IPSS), quality of life, maximal urinary flow rate, post-voiding residual urine volume,

a significant elevated risk and high American Society of Anesthesiology score (P=0.001).

#These authors contributed equally to (P=0.001). No cases were converted to transurethral resection of the prostate intraoperatively
this work due to bleeding (P=0.142). Among the three groups, there were no significant differences in
maximal flow rate, lower post-void residual urine, and postoperative PSA level during the entire
follow-up period (P<<0.05). Further, no significant differences in postoperative IPSS, quality of
life, or bladder neck contracture (P=0.23) were observed. However, a significant difference was
observed with regard to prolonged use of Foley catheters and prolonged hospital stay among
patients in the diode laser group (P=0.001).

Conclusion: Laser prostatectomies are effective in dealing with lower urinary tract symptoms.
Early subjective functional results (maximal flow rate, IPSS, and post-void residual urine)
appeared the same as those obtained following laser prostatectomy. Thus, it appears that lasers
are safe and effective as long as the patients are carefully selected for treatment.

Keywords: prostate gland, laser prostatectomy, diode laser, thulium laser, photoselective
vaporization of the prostate

Introduction
Transurethral resection of the prostate (TURP) is generally considered the gold
standard for the surgical treatment of benign prostate hyperplasia (BPH).! However,

Correspondence: Ke-Hung Tsui laser technology has also been used to treat lower urinary tract symptoms (LUTS) sec-
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Taoyuan 333, Taiwan, Republic of China different initial laser techniques have been introduced to make prostatectomy pro-
:i:giigizlsl gﬁg ext 2137 cedures safer and more effective. Such techniques include use of high-powered

Email khtsui@yahoo.com 120 W (GreenLight™ HPS®; American Medical Systems, Minnetonka, MN, USA),

for the surgical management of BPH of any size, as an alternative to TURP.># Several
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thulium (Tm), diode, holmium, and vela lasers. Techniques
consist of coagulation (photoselective vaporization of the
prostate [PVP]), vaporization (PVP and diode), resection,
and enucleation (Tm), depending on the wavelength, power,
and type of laser emission. These methods have proven safe
among patients with a high risk of bleeding (anticoagulant
users, those with a tendency for bleeding, or those with an
American Society of Anesthesiology [ASA] score >3).5¢

Laser prostatectomy is also superior to TURP with regard
to reducing blood transfusions and the length of hospital stay;
however, it results in a higher reoperation rate.>’ Advanced
laser techniques have been proposed as an alternative to
TURP; however, current lasers and laser techniques differ
considerably in terms of handling and their interaction with
tissue. The study reported here aimed to elucidate the differ-
ences between laser systems and help urologists critically
evaluate the effectiveness of each system in the treatment of
LUTS due to BPH. Our results provide a valuable guide to
assist urologists in selecting the most suitable laser option
for each patient.

Materials and methods

The study enrolled 741 patients between January 2005 and
December 2011 at Chang Gung Memorial Hospital-LinKo.
Inclusion criterion was LUTS secondary to BPH. Patients
with postoperative prostate pathology showing malignan-
cies were excluded (24 patients, 3.2%). Surgical treatment
was initiated according to BPH guidelines provided by the
European Association of Urology.® Laser surgery in each
group was performed or supervised by a single surgeon who
possessed expertise in laser therapy.

Recorded parameters included age, history of antiplatelet
or anticoagulant drugs, International Prostatic Symptom
Score (IPSS), digital rectal exam, prostate-specific antigen
(PSA) level, prostate volume, and transitional-zone volume
determined by transrectal ultrasound. In addition, uroflow
studies were conducted at 3, 6, 12, and 24 months before
and after the operation. Postoperative evaluation focused
on peak-flow rate (Qmax) and post-voiding residual urine,
the occurrence of acute urine retention, and whether a Foley
catheter was inserted prior to the operation.

Table | Main characteristics of the different laser techniques

We also recorded ASA score, duration of operation,
length of catheterization, length of hospital stay, as well as
intraoperative, early, and late complications. Intraoperative
complications included blood loss requiring transfusion and
TURP syndrome. Early operative complications (occurring
within 30 days of surgery) included acute urine retention
requiring re-catheterization, hematuria requiring surgical
intervention, and urosepsis. Late complications included
bladder neck contracture or a urethral stricture that required
secondary surgical intervention. Follow-up evaluations were
conducted in the outpatient department of the clinic.

Characteristics of the lasers used

PVP is performed using a high-powered 120 W (GreenLight
HPS) laser system and a side-firing AddStat™ Fiber (Ameri-
can Medical Systems) with a core diameter of 600 mm. Power
settings were increased from 100 to 120 W after tissue was
found to become resistant to vaporization.*

Conversely, the Tm laser operates at a wavelength of
2,000 nm and is delivered as a continuous wave. Tm lasers
enable the complete absorption of laser energy in water,
and due to their slightly shorter wavelength, the depth of
penetration is only 0.25 mm. This leads to rapid vaporization
and resection of tissue. Nonetheless, Tm lasers are suitable
for transurethral vaporization, resection, or enucleation of
the prostate.

Diode lasers use a special diode to generate energy. The
operating wavelength of 980 nm is near the infrared electro-
magnetic spectrum, and is therefore easily absorbed by water
and hemoglobin. This results in good hemostatic properties
and tissue vaporization performance.

Table 1 summarizes the main characteristics of the lasers
discussed here.

Statistical analysis

The mean =+ standard deviation of all continuous measures
and scores was recorded at baseline and during all follow-up
visits. Statistical analysis was performed using analysis
of variance or Student’s #-test to produce continuous data
approximating normal distribution. Continuous variables
were compared between treatment groups using a second

Laser technique WL, nm Chromophore(s) Depth, mm Application

PVP 532 Hemoglobin 0.80 Tissue vaporization

Tm laser prostatectomy 2,000 Water 0.25 Tissue vaporization, resection, enucleation
Diode laser prostatectomy 980 Water, hemoglobin >0.50 Tissue vaporization

Abbreviations: PVP, photoselective vaporization of prostate; Tm, thulium; WL, wavelength.
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Student’s #-test, with P-values<<0.05 considered significant.
Multivariate logistic regression analysis was performed
to assess the impact of selected factors on postoperative
outcome parameters, with P-values<<0.05 considered sta-
tistically significant. All analyses were performed using
commercially available software.

Results
Baseline patient characteristics are listed in Table 2. The
diode laser vaporization group included a greater number
of anticoagulant users and patients with an ASA score >3,
higher PSA level, prostate volume, and catheterization prior
to the operation (P=0.01). Most patients taking warfarin and
heparin who had a prostate weighing <60 g underwent PVP
treatment and most patients taking these same anticoagulants
with a prostate weighing >60 g underwent treatment with
a diode laser. The remaining patients were assigned to Tm
enucleation laser therapy. Additionally, the vast majority of
patients who were given antiplatelet therapy (aspirin and/or
clopidogrel) underwent diode laser therapy (P=0.001).
Urinary retention rates were as follows: GreenLight HPS
group, 31.1%; Tm group, 38%; and diode group, 48.6%. The
average length of hospital stay was 2.5 + 1.4 days for the HPS
group, 2.5 + 1.0 days for the Tm group, and 3.1 + 1.2 days
for the diode group (P<<0.001).

Table 2 Baseline characteristics of patients in the three groups

Characteristics PVP Thulium  Diode P
(mean t standard (n=402) (n=245) (n=70)

deviation)

Age 71.3+£9.6 700+8.1 72.7+94 0.049
Diabetes mellitus 64 (15.9) 38 (15.5) 12 (17.1)  0.947
Hypertension 202 (50.2) 104 (424) 37 (52.9) 0.106
History of TURP 18 (4.5) 6 (2.4) 1 (1.4) 0.242
Aspirin 82 (20.4) 30(12.2) 13 (18.6) 0.029
Warfarin 8 (2.0) 4(1.6) 12.(17.1)  <o0.001
Thrombocytopenia 37 (9.2) 13 (5.3) 6 (8.6) 0.195
ASA score=3or4 157 (39) 91 (37.1) 47 (67.1)  <o.001
IPSS 26.0+3.8 255+4.1 260+36 0.197
PSA 6.1 £6.0 8.0+6.1 85+69 <0.001
Free PSA, % 253+112 237+83 252+9.7 0554
Volume of prostate  51.7+20.9 6841263 7371378 <0.00l
T-volume 257+t 149 336+183 376245 <0.001
Catheterization 125 (31.1) 93 (38.0) 34 (486) 0.010
before op

Op with stone 21 (6.8) 29 (23.6) 1 (3.7) 0.010
Op time, minutes 1069+399 978+390 986+314 0.009

Note: Values in bold text, P<<0.05 is significant difference.

Abbreviations: ASA, American Society of Anesthesiology; IPSS, International
Prostatic Symptom Score; PSA, prostate-specific antigen; PVP, photoselective
vaporization of prostate; Op, operation; TURP, transurethral resection of prostate;
T-volume, transitional zone of prostate volume.

Table 3 presents the intraoperative, early, and late
postoperative complications and outcomes for patients in
the three groups. With the exception of re-catheterization,
no significant difference in the rate of complications was
observed between the three groups. Despite the high re-
catheterization rate in the diode laser group (P=0.001), all
of these patients showed improvements after Foley training
and medications. A total of 51 patients (7.1%) presented with
urinary retention and were administered urethral catheters for
amean of 7.6 days. Patients in the diode laser group were at
higher risk for bleeding; however, the blood transfusion rate
and check bleeding rate were not significantly higher than
those observed in the other groups (P>0.05). All groups
(Figure 1) showed significant improvements in terms of post-
void residual urine volume, Qmax, and PSA level. The PSA
levels are dramatically decreased after surgery, also indicated
improvements for at least 1 year postoperatively.

Meta-analysis provided valuable information on the
predictors of overall complications. Logistic regression
results revealed that most cases of induced comorbidity
presented significant differences in prostate volume (hazard
ratio [HR] =1.03; 95% confidence interval [CI]: 1.01-1.05;
P=0.003) and catheterization before the operation (HR =2.92,
95% CI: 1.16-7.36; P=0.023). Other factors, including age,
incidence of diabetes mellitus, hypertension, and thrombo-
cytopenia, as well as medical record post-TURP, IPSS score,
PSA level, and operative time, were not associated with
complications in any of the three laser groups. In the Tm
group, catheterization before the operation presented a higher
overall complication rate than that among patients who did

Table 3 Intraoperative, early, and late postoperative complications
and outcomes in patients in the three groups

Mean + SD (median) PVP Thulium  Diode P
or n (%) variable (n=402) (n=245) (n=70)
Follow-up (months) 387(39) 252(23) 244 (20)
Intraoperative complications
Blood transfusion 1 (0.2) 0 (0.0 0 (0.0 1.000
TURP syndrome 0(0) 0(0) 0(0) 1.000
Early (<30 days) postoperative complications
Check bleeding 3(0.7) 5(2.0) 2(29) 0.142
Re-catheterization 30 (7.5) 9(3.7) 12 (17.1)  0.001
Urosepsis 8 (2.0) 4(1.6) I (1.4) 1.000
Late (>30 days) postoperative complications
Reop: TURP 20 (5.0) 6 (24) 4(5.7) 0.237
or TUR-BN
Duration of 35+14 35+10 41+12 <0.00l

hospitalization (days)

Abbreviations: Reop, reoperation; PVP, photoselective vaporization of prostate;
SD, standard deviation; TUR-BN, transurethral resection of bladder neck; TURP,
transurethral resection of prostate.
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Figure | Logistic regression analysis for three types of laser prostatectomy: predicted (A) post-void residual urine volume, (B) peak-flow rate (PFR), and (C) prostate-

specific antigen (PSA) level curves.

Note: A significant improvement was observed in terms of post-voiding residual urine volume, peak-flow rate, and PSA level, compared with preoperative levels (P<<0.05).
Abbreviations: M, months; OP, operation; PVP, photoselective vaporization of prostate; RU, residual urine; SE, standard error.

not undergo catheterization (P=0.023). Additionally, in the
Tm group, a | g increase in prostate volume did not present
a significant increase in complication rates, but a prostate
volume exceeding 100 g was associated with a significantly
higher surgical morbidity rate (Table 4).

Discussion

Laser prostatectomy for the treatment of LUTS provides
outcomes and lower complication rates at least equal to
those obtained with TURP.” However, the idea that TURP
should be replaced by laser therapy as the gold standard is
still not widely accepted due to the lack of studies on a large
number of cases.

We found that laser prostatectomy resulted in relatively
low rates of intraoperative and perioperative complications.
We also observed that patients taking aspirin or warfarin had
a higher rate of perioperative bleeding compared with those
who did not take these drugs; however, withholding these
medications resulted in increased rates of cardiovascular

Table 4 Logistic regression analysis to predict overall morbidities

of laser prostatectomy

Op method PVP Thulium Diode
Characteristic (n=402) (n=245) (n=70)

P OR P OR P OR
Age 0713 099 0654 1.0l 0.659  0.99
Diabetes mellitus 0401 138 0.186 0.25 0214 240
Hypertension 0.734 090 0.968 1.02 0.405 0.60
History of TURP 0.207 2.10 1.000 1.295*  1.000  4.00°
Thrombocytopenia 0407 0.60 0.605  0.562° 0402 2.17
IPSS 0.545 1.02 0.982 1.00 0.855  1.02
Prostate-specific 0.740 099 0.083 1.06 0.297  1.05
antigen
Free prostate- 0940 1.00 0511 1.03 0.554 1.04
specific antigen
Volume 0.131 1.0 0.003* 1.03® 0.089 1.02
T-volume 0.798 1.00 0504 1.0l 0230 .02
Catheterization 0.078 1.73 0.023* 292* 0.064c 3.33
before op
Surgical time 0.257 1.00 0.738 1.00 0.480 1.0l

Notes: *Kruskal-Wallis test; *Analysis of variance test; “chi-square test.
Abbreviations: IPSS, International Prostatic Symptom Score; PVP, photoselective
vaporization of prostate; op, operation; OR, odds ratio; TURP, transurethral
resection of prostate; T-volume, transitional zone of prostate volume.
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and cerebrovascular complications.®® Nonetheless, laser
prostatectomy was found to be a useful alternative to TURP
in treating patients taking antiplatelet and anticoagulation
drugs.” !

Patients undergoing diode laser therapy did not require
postoperative blood transfusions. The re-catheterization rate
was between 4.3% and 20.0%.'>"* Patients in the diode laser
group had a re-catheterization rate of approximately 17%.
Diode lasers are recommended for patients at high risk of
bleeding. Rieken et al reported that among patients who
underwent diode laser treatment, 9.6% of those with bladder
neck obstruction required reoperation, compared with 3.6%
among those who underwent TURP." In addition, a urethral
stricture developed in 5.5% of those undergoing diode laser
treatment versus 0.0% undergoing TURP.!

The current study revealed higher complication rates in
the diode laser group but no significant differences among
the three groups (P=0.237). Additionally, there were no
reports of TURP syndrome among patients in any group.
The blood-loss-requiring-blood-transfusion rate has been
reported as 0.0%-2.2%.'* In our study, blood transfusion
was required in one patient undergoing PVP treatment. In
previous reviews of early complications, 1.1% of patients
required re-catheterization.!>!¢ Reported reoperation rates
have been lower than 2.2%.''8 In the current study, no
statistically significant differences were observed between
these three groups.

As far as we are aware, this is the first study to outline
the differences between laser prostatectomy techniques in
terms of handling and operative outcome. This paper has
provided necessary information to help urologists differenti-
ate between laser systems and critically evaluate the role of
these techniques in the treatment of LUTS due to BPH.

Conclusion

Laser prostatectomy is increasingly being considered as a valid
clinical alternative to TURP. This study compared the efficacy
of three laser techniques used to treat LUTS due to BPH. PVP, a
coagulation-based technique, has durable efficacy for prostates
weighing <60 g. Tm laser (an enucleation laser technique) has
previously been criticized for having a steep learning curve due
to the fact that this laser requires a certain volume of enucleated
tissue. Nonetheless, our evidence supports the contention that
Tm offers favorable and durable outcomes for prostates of any
size and low morbidity rates, both early and late. GreenLight
HPS laser prostatectomy has been more widely accepted and
offers favorable outcomes for prostates weighing <60 g. Diode
laser prostatectomy (a coagulation-based technique) is preferred

for prostates weighing >60 g and among patients with throm-
bocytopenia or who have a tendency for bleeding.

In our study, these techniques were found to be equally
safe and effective in the treatment of BPH without any severe
drawbacks as long as patients were selected according to risk
factors. However, future research should use higher quality
data to further evaluate and compare types of laser treatment
to confirm our results.

Disclosure
The authors declare no conflicts of interest in this work.
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