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Abstract

Objective: We evaluated the safety and efficacy of photoselective 
vaporization of the prostate (PVP) using GreenLight 120-W lithium 
triborate (LBO) laser to treat symptomatic small-to-medium sized 
benign prostatic hyperplasia (BPH).
Methods: This prospective non-controlled observational study 
included symptomatic BPH men ≥50 years with international pros-
tate symptom score (IPSS) ≥14, prostate volume (PV) ≤80 cc and 
maximum flow rate (Q-max) ≤15 mL/s. PVP was performed using 
the GreenLight 120-W LBO laser machine. Patients were assessed 
at baseline and postoperatively at discharge, 2 weeks, and 3, 6 
and 12 months. We measured changes in IPSS, PV, PSA, Q-max, 
post-void residual (PVR), hemoglobin (Hb), serum sodium (Na+) 
and reported complications. Statistical significance was p < 0.05.
Results: The study included 103 men with mean age of 67 (±stan-
dard deviation)±9.7 years. Thirty patients were on indwelling ure-
thral catheters for refractory urinary retention and 12 on ongoing 
anticoagulants. The mean baseline IPSS, PV, PSA, Q-max and PVR 
parameters significantly improved at follow-up (p < 0.001; each). 
Mean measurements at baseline versus at six months were: IPSS 
25.6 ± 4.2 vs. 7.4±2.3; PV 44.6 ± 9.2 vs. 21.6 ± 6.3 cc (51.6% 
reduction); Q-max 5.8 ± 3.4 vs. 20.4 ± 4.8 mL/s; PVR 110 ± 40 
vs. 35 ± 9 cc. Mean baseline Hb and serum Na+ declined non-
significantly (p > 0.05) at discharge and at 2 weeks. No patient 
needed a blood transfusion. Secondary procedures were needed in 
2 patients for urethral and bladder neck strictures. The re-treatment 
rate for residual adenoma was 0.97%.
Conclusion: PVP using the GreenLight 120-W LBO laser to treat 
small-to-medium sized symptomatic BPH demonstrated significant 
improvements in efficacy parameters and high safety profile within 
12 months of follow-up. The procedure entails good hemostasis 
with minimal blood loss even in patients receiving ongoing anti-
coagulants.

Introduction 

Benign prostatic hyperplasia (BPH) affects many aging men. 
Transurethral resection of the prostate (TURP) has been the 
gold standard for symptomatic BPH with outstanding long-
term efficacy, yet with a range of minor-to-major complica-
tions.1 Over the last decade, photoselective vaporization of 
the prostate (PVP) using GreenLight laser (American Medical 
Systems, Minnetonka, MN), with documented safety and effi-
cacy, has been accepted as an alternative to TURP.2-16 The 
GreenLight laser is generated by passing neodymium:yttrium 
aluminum garnet (Nd:YAG) laser through a frequency-
doubling crystal, reducing its wavelength from 1064 nm 
to 532 nm. The 80-W laser system uses potassium-titanyl-
phosphate (KTP) crystal, while the newer high performance 
system (HPS) device uses lithium triborate (LBO) crystal for 
frequency-doubling to generate higher 120-W laser, result-
ing in a speedy and more efficient vaporization.16,17

While several studies have reported on PVP using 
GreenLight 80-W KTP laser,2-11 reports on PVP with higher 
power GreenLight HPS 120-W LBO laser are scarce12-16 or 
involve multicentre studies.16 The objective of the current 
single-centre study was to prospectively evaluate the safety 
and clinical efficacy of GreenLight HPS 120-W LBO laser 
PVP to treat symptomatic small-to-medium sized BPH. 

Methods

This prospective non-controlled observational study was 
conducted at King Abdulaziz University Hospital, Jeddah, 
Saudi Arabia, between March 2008 and March 2010. The 
study was approved by the ethics committee and written 
informed consent was obtained from each patient.

Symptomatic BPH men ≥50 years with international pros-
tate symptom score (IPSS) ≥14, transrectal ultrasound (TRUS) 
measured prostate volume (PV) ≤80 cc and maximum flow 
rate (Q-max) ≤15 mL/s were included. Patients with neuro-
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logical disorders, urethral stricture, bladder calculi, blad-
der or prostate cancer, previous prostate or urethral surgery 
were excluded. Men having indwelling urinary catheters for 
refractory urinary retention or receiving ongoing anticoagu-
lant medications were not excluded.

We adopted the technique originally developed by Malek 
and colleagues18,19 and modified by Muir and colleagues20 
to perform PVP using GreenLight HPS 120-W laser system. 
While the patients were under either general or regional 
anesthesia, PVP was performed through a 23-Fr continuous-
flow laser endoscope. The solution of 0.9% sodium chloride 
served as irrigation medium.

Patients were assessed at baseline and postoperatively at 
discharge, two weeks, and three, six and 12 months. The 
measured efficacy outcomes were changes in IPSS, TRUS 
determined PV, prostate-specific antigen (PSA), Q-max and 
ultrasound determined post-void residual urine (PVR). The 
safety profile was assessed by changes in hemoglobin (Hb) 
and serum sodium (Na+), as well as any reported adverse 
effects or complications. 

Statistical analysis was performed using SPSS 16.0 soft-
ware (SPSS, Inc., Chicago, IL). Results were presented as 
mean ± standard deviation (SD), number of cases or percent-
age (%). Nonparametric analysis of variance test was used 
for testing continuous data. A two-sided p value <0.05 was 
considered statistically significant. 

Results

The study included 103 men with a mean (±SD) age of 
67.9 ± 9.7 years (range: 52-97) and mean baseline PV of 
44.6 ± 9.2 cc (range: 24-67) (Table 1). A total of 30 patients 
had history of refractory urinary retention and were on 
indwelling urethral catheters, while 12 patients were on 
ongoing anticoagulant medications. The mean operative 
time was 39 ± 25 minutes, while the mean catheterization 
time and mean hospital stay were 28.5 ± 13.5 hours and 
38.5 ± 14.5 hours, respectively.

All patients completed the three-month follow-up. 

A total of 101 patients completed the six-month follow-
up, including 72 patients without preoperative indwell-
ing catheters. A total of 92 patients completed 12 months 
of  follow-up, including 67 patients without preoperative 
indwelling catheters. In comparison to the baseline (Table 
2), significant improvements of efficacy outcome parameters 
of IPSS, PV, PSA, Q-max and PVR were evident in early 
and/or subsequent follow-up assessments (p < 0.001, each). 
The mean IPSS significantly decreased from 25.6 ± 4.2 to 
7.4 ± 2.3, while the mean Q-max significantly increased 
from 5.8 ± 3.4 mL/s to 20.4 ± 4.8 mL/s at baseline and six 
months post-treatment, respectively. The mean baseline PV 
level decreased by 51.6% at six months (44.6 ± 9.2 cc vs. 
21.6 ± 6.3 cc, respectively), while the mean baseline PSA 
demonstrated a 48.6% reduction at three months. Significant 
improvements in all efficacy parameters were maintained in 
the 12-month follow-up assessment (Table 2).

Considering the safety outcomes parameters, the declines 
in Hb and serum Na+ were non-significant (p > 0.05, each) 
at discharge and at 2 weeks compared to baseline. None of 
the patients sustained significant bleeding requiring blood 
transfusion and none demonstrated transurethral resection 
(TUR) syndrome. Transient urge incontinence was docu-
mented in 4 patients (3.9%), while 29 patients (28.2%) suf-
fered transient burning sensation upon micturition (dysuria). 
Re-catheterization (3-7 days) for transient retention was 
required in three patients (2.9%). Secondary surgical proce-
dures were needed in 3 patients (2.9%); re-treatment for resid-
ual adenoma (1 patient, 0.97%), endoscopic holmium laser 
treatment of bladder neck contracture (1 patient, 0.97%) and 
endoscopic treatment of urethral stricture (1 patient, 0.97%).

Discussion 

GreenLight 80-W KTP laser PVP has gained increasing accep-
tance as demonstrating low morbidity, satisfactory efficacy 
outcomes and a relatively short learning curve. Ruszat and 
colleagues reported on 500 PVP procedures using 80-W KTP 
laser in symptomatic BPH patients with mean PV of 56.1 cc 
(range: 10-180) and mean follow-up of 30 months (maximum 
60 months).5 The mean operative time (66.4 minutes), mean 
catheterization time (1.8 days) and mean post-procedure hos-
pitalization time (3.7 days) were documented. Despite the 
fact that 45% of patients were taking anticoagulant medica-
tions, no severe intra-operative complications were observed. 
Transient dysuria, that was mostly resolved within 4 to 6 
weeks, was reported in 14.8% of patients. Three years fol-
lowing the procedure, the mean values for IPSS, quality of 
life score, Q-max and PVR were 8.0, 1.3, 18.4 mL/s and 28 
mL, respectively. Urethral and bladder neck strictures were 
reported in 4.4% and 3.6% of patients, respectively. The 
re-treatment rate was 6.8% and attributed to insufficient first 
vaporization or re-growth of prostatic tissue.

Table 1. Baseline demographics and characteristics of the 
study population

Baseline: Mean ± SD (range)
Age (year) 67.9 ± 9.7 (52–97)

IPSS (point) 25.6 ± 4.2 (17–33)

PV (cc) 44.6 ± 9.2 (24–67)

PSA (ng/mL) 3.5 ± 0.9 (0.8–4.9)

Q-max (mL/s)* 5.8 ± 3.4 (2–13)

PVR* 110 ± 40 (20–165)

Hb (g/dL) 13.2 ± 2.0 (7.5–16.2)

Na+ (meq/L) 137 ± 5.3 (129–149)
IPSS: International Prostate Symptom Score; PV: prostate volume; PSA: prostate-specific 
antigen; Q-max: maximum flow rate; PVR: post-void residual urine; Hb: hemoglobin;  
Na+: serum sodium. *Analysis in 73 patients without preoperative indwelling catheters.
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An important drawback of GreenLight 80-W KTP laser was 
sluggish vaporization and ineffective tissue ablation.16,17,20,21 
To enhance the vaporization capacity of GreenLight laser and 
to facilitate the rate of tissue ablation, the newer GreenLight 
HPS 120-W16,17,20 and the latest GreenLight XPS 180-W laser 
systems21 were developed, using LBO crystal rather than 
KTP crystal. The LBO crystal generates the same KTP 532-
nm laser wavelength, but within a higher power setting of 
120-W (HPS) or 180-W (XPS); this results in more effec-
tive and speedy ablation of the prostate and enables PVP 
in larger prostates. Although XPS 180-W PVP has a sig-
nificantly higher vaporization rate and speed with a deeper 
hemostatic coagulation zone than the HPS 120-W PVP in 
dogs,21 the XPS generator is novel and its clinical outcomes 
are not readily available. On the other hand, a report on 
305 patients treated with GreenLight 120-W LBO laser was 
published by the International GreenLight User Group.16 
The study was conducted at 8 international centres and the 
patients were observed for a maximum of 11 months, with 
a mean follow-up of 4.2 months. It included 3 subgroup 
analyses involving men with urinary retention, ongoing anti-
coagulants, and PV >80 mL. Changes from baseline Q-max, 
PVR, IPSS and PV during follow-up were significant in all 
patients (p < 0.001) and the reported complication rates 
were low. Based on these findings, the authors concluded 
that PVP using GreenLight 120-W laser was safe and effec-
tive in all subgroups.16

In our prospective single-centre study on PVP, we 
used GreenLight 120-W LBO laser to treat moderately-to- 
severely symptomatic patients with small-to-medium sized 
BPH. Significant improvements (p < 0.001) of efficacy 
domains were evident in initial follow-up assessments and 
were sustained in subsequent assessments up to 12 months 
compared to baseline. Improvements were observed in 

patients with or without indwelling urethral catheters for 
refractor urinary retention. The IPSS demonstrated significant 
reduction (p < 0.001) of the baseline level during follow-
up assessments. Similarly, Q-max and PVR significantly 
improved (p < 0.001 for each) in follow-up instances com-
pared to baseline. Additionally, the 51.6% prostate volume 
reduction at six months compared to baseline and the 48.6% 
decrease of mean baseline PSA at three months clearly 
demonstrated the efficacious ablative effect of GreenLight 
120-W LBO laser, which is comparable to that attained with 
standard TURP.1 The immediate effective vaporization and 
debulking of prostatic tissue is attributable to the high 120W 
power generated by this device.16 Although in our study 
we limited the inclusion criteria to small-medium sized 
prostates ≤80 cc, successful outcomes in larger prostates 
have been reported. Woo and colleagues studied PVP using 
120-W GreenLight laser in 2 groups of patients with PV 
≥80 or <80 mL.16 They reported significant improvements 
over baseline for all parameters measured (p < 0.001) in 
both groups. Yet, change in PV was significantly different 
between groups favouring prostates ≥80 mL.16 The low re-
treatment rate (0.97%) for residual adenoma tissue in our 
series, as compared to the 6.8% rate reported with 80-W 
KTP laser,5 further elucidates the effective ablative capacity 
of this laser system.

Our findings further illustrated the safety of GreenLight 
120-W LBO laser PVP with non-significant changes 
(p > 0.05) of Hb and serum Na+. Since this laser wave-
length is effectively absorbed by Hb, simultaneous tissue 
vaporization and coagulation ensue,6,16 which result in 
good instantaneous hemostasis. Satisfactory hemostasis 
was achieved in our patients throughout the procedure and 
was maintained postoperatively even in patients receiving 
ongoing anticoagulant medications. Consequently, none of 

Table 2. Changes in measured outcomes during follow-up versus baseline

Baseline* At discharge* 2 weeks* 3 months* 6 months* ‡ 12 months* ‡‡

IPSS (point)
25.6±4.2 
(17–33)

NA
13.8±2.0(9–17)

p < 0.001
10.5±1.7(7–14)

p < 0.001
7.4±2.3 (4–12)

p < 0.001
8.5±3.1 (5–13)

p < 0.001

PV (cc)
44.6±9.2 
(24–67)

NA NA
20.4±5.7 (10–35)

p < 0.001
21.6±6.3 (12–27)

p < 0.001
19.5±6.2 (10–28)

p < 0.001

PSA (ng/mL)
3.5±0.9 
(0.8–4.9)

NA NA
1.8± 0.6 (0.6–3.2)

p < 0.001
NA

1.9± 0.5 (0.4–3.3)
p < 0.001

Q-max 
(mL/s)**

5.8±3.4 
(2–13)

13.8±7.2 (4.9–26.3)
p < 0.001

14.5±6.1 (6.7–23.1)
p < 0.001

18.6± 5.1 (12.1–25.3)
p < 0.001

20.4± 4.8 (14.3–28.2)
p < 0.001

19.8± 4.6 (11.9–25.8)
p < 0.001

PVR (cc)**
110±40  
(20–165)

NA NA
31±10 (15–65)

p < 0.001
35±9 (20–60)

p < 0.001
28±8 (15–55)

p < 0.001

Hb (g/dL)
13.2±2.0 
(7.5–16.2)

12.5±2.7 (7.3–15.9)
p = NS

11.9±3.2 (7.2–17.3)
p = NS

NA NA NA

Na+ (meq/L)
137±5.3 

(129–149) 
134.7±6.1 (121–141)

p = NS
136.5±2.1 (122–140)

p = NS
NA NA NA

IPSS: International Prostate Symptom Score; PV: prostate volume; PSA: prostate-specific antigen; Q-max: maximum flow rate; PVR: post-void residual urine; Hb: hemoglobin; Na+: serum 
sodium; NA: not applicable; NS: non-significant. **Analysis of 73 patients without preoperative indwelling catheters. *Mean ± standard deviation (range). ‡101 of 103 patients and 72 of 73 
patients without preoperative indwelling catheters completed 6 months follow-up. ‡‡92 of 103 patients and 67 of 73 patients without preoperative indwelling catheters completed 12 months 
follow-up.
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our patients required blood transfusion. The minimal risk of 
bleeding with laser PVP in our study, as well as in previous 
studies,13-16 is a clear advantage over standard TURP which 
requires blood transfusion in 2% (range: 0-9).1 Working with 
saline as an irrigant for laser PVP is an additional advantage 
over standard TURP, eliminating TUR syndrome. Dilutional 
hyponatremia occurs when the traditional solution of 1.5% 
glycine is absorbed through blood vessels during TURP and 
may result in the unique, although rare (0.8%), complication 
of TUR syndrome.1,22 In our series, urethral stricture (0.97%) 
and bladder neck contracture (0.97%) were less observed 
than the 4.4% and 3.6% of patients, respectively, previously 
reported with the 80-W KTP laser.5 Notably, transient burn-
ing micturition or dysuria was a common complaint follow-
ing PVP; 28.2% of our patients reported this condition. We 
believe that undue coagulation to ensure hemostasis might 
cause dysuria. The high safety profile of this procedure was 
translated into short catheterization time and short hospital 
stay in our patients. With the safety and efficacy profile of 
PVP in our study, PVP using GreenLight 120-W laser should 
be considered an alternative to standard TURP, particularly 
in patients on ongoing anticoagulants. 

Although the current prospective study was powered 
with an adequate number of patients from a single centre, 
the study was limited by its observational, non-controlled 
design. A randomized controlled trial with long-term follow-
up should provide better evidence in this regard.

Conclusion 

GreenLight 120-W laser PVP to treat symptomatic small-
to-medium sized BPH demonstrated significant improve-
ments in efficacy parameters and high safety profile within 
12 months. The procedure entails good hemostasis with 
minimal blood loss, even in patients receiving ongoing anti-
coagulants.
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