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Abstract: GreenLight laser™ photovaporization of the prostate (GLL-PVP) has become a valid
alternative to traditional transurethral resection of the prostate (TURP) in men requiring surgery
for benign prostatic hyperplasia. We aimed to review systematically the safety and efficacy of
studies comparing GLL PVP and TURP in the medium-term. A comprehensive literature search
was performed. Twelve studies were identified for meta-analysis. Meta-analyses showed a longer
postoperative catheterization time (risk ratio (RR): 1.12, 95% CI:1.09-1.14, p<0.00001) and
length of stay (RR: 1.16, 95% CI:1.12-1.19, p<0.00001) in the TURP group; higher risk of
transfusion in the TURP group (RR: 6.51, 95% CI: 2,90-14,64 p<0.00001); no difference in the
risk of urinary tract infections (RR: 0.83, 95% CI: 0.58-1.18, p=0.30) and transient re-
catheterization (RR: 1.11, 95% CI: 0.76—1.60, p=0.60). Regarding reoperation rate, no difference
was found in term of postoperative urethral stricture (RR: 1.13, 95% CI: 0.73-1.75, p=0.59) and
bladder neck contracture (RR: 0.66, 95% CI: 0.31-1.40, p=0.28). A significantly higher inci-
dence in reoperation for persistent/regrowth adenoma was present in the GLLL-PVP (RR: 0.64,
95% CI: 0.41-0.99, p=0.05). Data at 2-year follow-up showed significant better post-voiding
residual (PVR) (MD: -1.42, 95% CI: -2.01, -0.82, p<0.00001) and International Prostate
Symptom Score (IPSS) (MD: -0.35, 95% CI: -0.50, -0.20, p<0.00001) after TURP. No difference
was found in the mean PVR at 2 years after TURP, in the mean maximum flow rate (Qmax) (MD:
0.30, 95% CI: -0.02-0.61, p=0.06) and quality of life QoL score (MD: 0.05, 95% CI: -0.02-0.42,
p=0.13). At 5-year follow-up, data showed better IPSS (MD: -1.70, 95% CI: -2.45,-0.95,
p<0.00001), QoL scores (MD: -0.35, 95% CI: -0.69, -0.02, p=0.04) and Qmax (MD: 3.29,
95% CI: 0.19-6.38, p=0.04) after TURP. Data of PVR showed no significant difference (MD:
-11.54,95% CI: -29.55-6.46, p=0.21). In conclusion, our analysis shows that GLL-PVP is a safer
and more efficacious procedure than standard TURP in the early and medium-term. However, in
the long term period GLL-PVP showed a higher incidence of reoperation rate due to incomplete
vaporization/regrowth of prostatic adenoma.
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Introduction
Lower urinary tract symptoms (LUTS) due to benign prostatic hyperplasia (BPH)
are among the most common complaints reported by adult males to their general
practitioners. It is estimated that up to 50% of men over the age of 50 and 80% of
men over the age of 80 experience LUTS from BPH.'

Despite medical therapy represents the first line of treatment, many men progress
and need surgical therapy. For its well-documented favorable long-term outcomes,
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transurethral resection of the prostate (TURP) is still consid-
ered the reference treatment for clinical BPH.> However,
TURP has its issues of postoperative morbidity, especially
in patients on antiplatelet/anticoagulant medications and with
a large prostate volume, wherein an increased rate of bleed-
ing requiring transfusions, TUR-syndrome, and long cathe-
terization time have been reported.**

New energy sources/modalities, mainly bipolar and laser
energies, have been introduced in the last three decades to
decrease the early morbidity of monopolar TURP. Among
them, one of the most practiced techniques is the photo-
selective vaporization of the prostate (PVP) with the
GreenLight laser™ (GLL) (American Medical Systems,
Minnetonka, USA). The first generation machines (60
W and 80 W) used a potassium-titanyl-phosphate crystal
to double the frequency of a Nd:YAG laser, emitting a 532-
nm wavelength, delivered to tissues by a side-firing fiber
and producing a vaporization effect due to a very high
absorption coefficient at this wavelength by its target chro-
mophore that is hemoglobin molecule.” This high energy
density delivered to the prostatic tissue leads to rapid vapor-
ization of the superficial tissue with a small rim of coagu-
lated tissue.® The new generation machines use a lithium-
triborate crystal that allowed an increase in the maximum
power output of the GLL from 80 W to 180 W. Moreover,
new fibers have been introduced, resulting in even higher
energy application and faster tissue vaporization via a larger
laser beam area.” Therefore, GLL has become the reference
surgical technique to manage patients who cannot stop
anticoagulation/antiplatelet therapy.® Regarding efficacy in
the functional outcomes, GLL PVP showed early compar-
able results compared to standard TURP.”

However, GLL PVP has been criticized for lower
reduction of prostate volume compared with TURP that
could translate into a major reoperation rate for residual/
regrowth adenoma in the long term. High-power potas-
sium-titanyl-phosphate laser PVP was first described by
Hai and Malek in 2003 and long-term results of compara-
tive studies with TURP are still lacking.'® Therefore, we
aimed to review the safety and efficacy of studies compar-
ing GLL PVP and TURP in the medium-term (at least
2-year follow-up).

Materials and Methods

Aim of the Review and Literature Search
The present systematic review aimed to assess the differ-
ences in the incidence of postoperative complications and

functional outcomes in men with LUTS due to BPH after
PVP versus TURP. The primary outcome was to assess
whether outcomes were different in the 2 groups. This sys-
tematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework. A comprehensive literature
search was performed on October 10, 2020, in MEDLINE
via PubMed, Web of Science, Scopus, and Embase. Medical
Subject Heading (MeSH) terms and keywords such as
“Benign prostatic hyperplasia”, “Transurethral Resection of
Prostate”, “Prostate resection”, and “Prostate vaporization”
were used with no date limits imposed.

Selection Criteria

The PICOS (Patient Intervention Comparison Outcome
Study type) model was used to frame and answer the
clinical question. P: patients undergoing BPH surgery;
Intervention: patients undergoing Green-Light PVP;
Comparison: patients undergoing TURP; Outcome: com-
plications and functional outcomes in studies with at least
2-year follow-up; Study type: randomized clinical trials
(RCTs), prospective and retrospective studies. Patients
were allocated in two groups regardless of the surgical
approach. We gathered the following complications:
blood transfusion; postoperative dysuria/urgency rate;
postoperative  lower urinary tract infection; re-
intervention rate for urethral stricture, bladder neck con-
tracture, and residual/regrowth adenoma. We sought the
following outcomes: postoperative catheterization time;
hospital stay after operation; IPSS and QoL score, PVR,

Qmax at 2, 3, and 5 years after surgery.

Study Screening and Selection

Two independent authors screened all retrieved studies.
A third author solved discrepancies. Studies were included
based on PICOS eligibility criteria. Prospective, retrospec-
tive, and RCTs were accepted. Meeting abstracts were
excluded. Case reports, non-English, animal, and pediatric
studies were also excluded. The full text of the screened
papers was selected if found relevant to the topic of this
review. The research was further implemented by the manual
search based on the references of the full-text relevant papers.

Data Synthesis and Statistical Analysis

We aimed to perform a meta-analysis comparing the med-
ium-term outcomes after Green-Light PVP for clinical
BPH compared to TURP. Meta-analyses were performed
when studies were reporting the same outcomes. The
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incidences of complications were pooled using the
Cochran-Mantel-Haenszel Method with the random effect
Risk Ratios (RR), 95%
Confidence Intervals, and p-values. Risk ratios of more

model and expressed as
than one (1) indicate an increased risk of complications
after TURP. Functional outcomes were pooled using the
inverse variance of the mean difference with a fixed effect,
95% Confidence Intervals, and p-values. Analyses were
two-tailed, with a significance set at p <0.05 and a 95%
confidence interval. Study heterogeneity was assessed uti-
lizing the 12 value. Substantial heterogeneity was defined
as an 12 value >50% or a Chi2 p-value <0.10. Meta-
analysis and risk of bias assessment were performed
using Review Manager (RevMan) 5.4 software by
Cochrane Collaboration. The quality assessment of the
included studies was performed using the Cochrane Risk
of Bias tool."" RoB 2 was applied for randomized studies
and ROBINS-I for retrospective and prospective non-
randomized ones.

Results

The literature search retrieved 1088 papers. 79 duplicates
were removed. 1009 papers were screened against title and
abstract. The full texts of the remaining 175 studies were
assessed for eligibility and 163 papers were excluded
because the content was irrelevant to this review. The
remaining 12 papers were further assessed to include
papers from the same study reporting data of early com-
plications. Finally, 14 papers were identified for meta-

12-25

analysis. Supplementary Figure 1 shows the

PRISMA flow diagram of the study.

Study Characteristics

There were 2181 patients involved in 12 studies: 1136 and
1045 patients underwent Green Light PVP and TURP,
respectively. Supplementary Table 1 shows the character-

istics of the 12 studies included in this meta-analysis,
including 1 retrospective study, 3 prospective studies,
and 8 RCTs. Twelve studies reached 2 years, 4 studies 3
years, and 2 studies 5 years follow-up.

Quality Assessment
Supplementary Figure 2 demonstrates the details of quality

assessment for RCTs. One RCT showed a serious attrition
bias. The most common risk factors for quality assessment
were performance and detection bias. Supplementary
Figure 3 shows the quality assessment for retrospective
and prospective non-randomized studies. Overall, one

study showed serious and two moderate risks of bias due
to missing data.

Postoperative Course and Complications
Within 30 Postoperative Days

Figure 1 shows perioperative outcomes. Data from 8 avail-
able studies showed a longer postoperative catheterization
time and length of stay in the TURP group (Risk Ratio
(RR): 1.12, 95% CI:1.09-1.14, p<0.00001 and RR: 1.16,
95% CI: 1.12-1.19, p<0.00001, respectively). Data from
ten studies of 1689 patients (884 in the Green Light PVP
group) compared the need for blood transfusion and
showed a higher risk of transfusion in the TURP group
(RR: 6.51, 95% CI: 2.90-14.64 p<0.00001). Data from ten
studies including 1628 patients (896 in the Green Light
PVP group) showed no difference in the risk of urinary
tract infections between the two groups (RR: 0.83, 95%
CI: 0.58-1.18, p=0.30). Data from eight studies including
1923 patients (1014 in the Green Light PVP group)
showed a non-significant higher risk of transient re-
catheterization in the TURP group (RR: 1.11, 95% CI:
0.76-1.60, p=0.60). Data from eight study including
1705 patients (915 in the Green Light PVP group) showed
a significant risk of higher dysuria/urgency in the Green
Light PVP group (RR: 0.41 95% CI 0.18-0.94, p=0.04)

Reoperation Rate After 30 Postoperative
Days

The reoperation rate is reflected in Figure 2. Data from
eleven studies of 1753 patients (882 in the Green Light
PVP group) reporting postoperative urethral stricture
showed no significant difference between the two groups
(RR: 1.13, 95% CI: 0.73-1.75, p=0.59). Data from eight
studies of 1322 patients (675 in the Green Light PVP
group) describing bladder neck contracture demonstrated
no significant difference between the two groups (RR:
0.66, 95% CI: 0.31-1.40, p=0.28). Data from nine studies
of 1349 patients (691 in the Green Light PVP group)
demonstrated a significantly higher incidence in reopera-
tion for persistent/regrowth adenoma in the Green Light
PVP group (RR: 0.64, 95% CI: 0.41-0.99, p=0.05).

Functional Outcomes

Figure 3 shows functional outcomes 2 years after surgery.
Data from nine available studies of 1394 patients (696 in
the Green Light PVP group) describing postoperative
LUTS score at 2 years showed better IPSS in the TURP
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Figure 3 Functional outcomes at 2 years (A) International Prostate Symptoms Score; (B) quality of life score; (C) Maximum flow rate; (D) Post voiding residual.

in the TURP group (MD: —1.42, 95% CI: —2.01,-0.82,
p<0.00001).

Figure 4 shows functional outcomes 3 years after sur-
gery. Data from four available studies of 576 patients (265
in the Green Light PVP group) describing postoperative
LUTS score at 3 years showed better IPSS in the TURP
group (MD: —0.36, 95% CI: —0.54,-0.19, p<0.00001). Data
from three available studies of 472 patients (212 in the
Green Light PVP group) showed no difference in QoL
scores at 3 years between the two groups (MD: —0.05,
95% CI: —0.15-0.06, p=0.41). Data from four studies of
592 patients (272 in the Green Light PVP group) showed
better Qmax at 3 years in the Green Light PVP group
(MD: 1.05, 95% CI: 0.58-1.52, p<0.00001). Data from

A

four available studies of 592 patients (272 in the Green
Light PVP group) showed better PVR at 2 years in the
TURP group (MD: —1.10, 95% CI: —1.76,-0.44, p=0.001).

Figure 5 shows functional outcomes 5 years after sur-
gery. Data from two studies of 166 patients (74 in the
Green Light PVP group) are available at 5 years. Meta-
analysis of LUTS scores showed better IPSS (MD: —1.70,
95% CI: —2.45,-0.95, p<0.00001) and QoL scores (MD:
—0.35, 95% CI: —0.69,-0.02, p=0.04) in the TURP group.
Meta-analysis of Qmax showed better results in the TURP
Group (MD: 3.29, 95% CI: 0.19-6.38, p=0.04). Meta-
analysis of PVR showed no significant difference between
the two groups (MD: —11.54, 95% CI. —29.55-6.46,
p=0.21)
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Figure 4 Functional outcomes at 3 years (A) International Prostate Symptoms Score; (B) quality of life score; (C) Maximum flow rate; (D) Post voiding residual.
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Figure 5 Functional outcomes at 5 years (A) International Prostate Symptoms Score; (B) quality of life score; (C) Maximum flow rate; (D) Post voiding residual.

Discussion

TURP has stood the test of time and is still advocated as
the reference surgical procedure in men with symptomatic
BPH with a prostate volume up to 80 mL.? Despite
advancements in surgical and anesthesiologic techniques,
a recent large real-life study in more than ten thousand
patients showed that TURP still has a mortality rate of
0.1% with a cumulative short-term morbidity rate of
11.1%, including 2.9% of blood transfusion.”® Due to its
property, the energy produced by GLL is mainly absorbed
by hemoglobin in the prostatic tissue with reduced disper-
sion in the irrigating fluid (saline solution). This effect
allows rapid tissue vaporization and refined coagulation,

obviating the need for patients to stop their antiplatelet/
anticoagulant drugs during PVP.® According to our results,
the need for blood transfusion was significantly higher by
sixfold in the TURP group compared to the PVP group
(RR: 6.51, 95% CI: 2.90-14,64 p<0.00001). Indeed, only
3 out of 884 patients required transfusions in the PVP
group compared to 40 out of 805 patients in the TURP.
Unfortunately, subgroup analysis in men taking antiplate-
let/anticoagulant drugs was not possible due to missing
data.

The advantage of GLL PVP over TURP in bleeding
also translated into a shorter postoperative course. Indeed,
our study pointed out that the length of catheterization
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and postoperative stay were again in favor of GLL PVP.
This better postoperative course makes GLL PVP an
appealing technique that can be carried out as a day
procedure in most patients. This is also supported by our
finding of no difference in the risk of transient re-
catheterization (RR: 1.11, 95% CI: 0.76-1.60, p=0.60)
and postoperative urinary tract infections (RR: 0.83,
95% CI: 0.58-1.18, p=0.30) between the two procedures.
Emara et al demonstrated in 131 men treated with the new
generation 180 W High-Performance System that no peri-
operative transfusion was required and all men were dis-
charged home the same day. Interestingly, more than 25%
of patients in their series had a prostate volume larger
than 80 mL.?’

GLL PVP is an expensive technique due to the
machine and single-use fibers costs. However, the safer
profile and shorter postoperative course make PVP more
cost-effective compared to TURP. Thomas et al confirmed
in a recent meta-analysis that GLL PVP becomes cost-
effective compared to TURP if more than 32% of the
patients can be discharged the same day.?®

The result of functional outcomes after surgery is
another important point in evaluating comparative techni-
ques. In this systematic review, the evaluation of func-
tional outcomes was based on four pivotal findings: IPSS
with QoL item, Qmax, and PVR. Most of the data showed
greater improvement in urinary symptoms after TURP,
both early and in the medium-term follow-up. This finding
might also be explained by a higher incidence of early
postoperative dysuria/urgency after GLL PVP. Indeed,
a recent systematic review confirmed that the incidence
of postoperative dysuria/urgency after transurethral BPH
surgery was significantly higher after ablation procedures
as compared to enucleation techniques and TURP.*

QoL results revealed a different trend than urinary
symptoms change. Indeed, early outcomes of QoL (2
and 3-year follow-up) were similar between the two
groups, although early IPSS were lower in patients trea-
ted with GLL PVP. Furthermore, the early results of
Qmax and PVR were not superior after GLL PVP com-
pared to TURP. Indeed, it is controversial that early QoL
improvement was not correlated to higher flow and
greater bladder emptying. QoL changed at 5-year follow-
up, showing a greater improvement after TURP. These
latter outcomes may be related to the better Qmax results
at 5-year follow-up after TURP compared to GLL PVP
(MD: 3.29, 95% CI: 0.19-6.38, p=0.04), although PVR
volumes did not differ significantly. Nevertheless, data

on GLL PVP showed initial results not inferior in terms
of Qmax, and better mean Qmax at 3-year follow-up.
A greater improvement in uroflow results was achieved
by TURP compared to GLL PVP after 5 years. These
data confirmed that GLL PVP was very effective in the
first period, but that its efficiency was not long-lasting.
The lower reduction of prostatic adenoma by GLL PVP
might be an explanation of its decreased efficacy in
micturition over time. As proof of this, GLL PVP
appeared to be associated with a higher incidence of
reoperation due to persistence or regrowth of the pro-
static adenoma (RR: 0.64, 95% CI: 0.41-0.99, p=0.05).
This could be related to both inadequate energy delivery
during the procedure, leading to incomplete tissue
removal, or ineffective tissue ablation due to the sur-
geon’s inexperience, at the beginning of their procedural
learning curve.'®

Regarding PVR, TURP showed a greater benefit in
emptying the bladder at early follow-up, while 5 years
after surgery the two surgical techniques demonstrated
the same results (MD: —11.54, 95% CI: —29.55-6.46,
p=0.21). Therefore, PVR was positively influenced by
TURP only in the first period after surgery. However,
PVR is a controversial parameter, lacking standardized
pathological thresholds, and affected by several factors.”
Therefore, other criteria may better reveal bladder empty-
ing efficiencies, such as bladder voiding efficiency and
post-void residual ratio, and could be probably be used
in future comparative studies.’**' Another limit to the
evaluation of all the functional outcomes may be since
not all studies reported these parameters, and had the
same follow-up. Therefore, we were able to compare par-
tially different samples during the various follow-up
periods.

Concerning the reoperation rate for postoperative ure-
thral stricture and bladder neck contracture, we found no
significant difference between the two groups. This result
showed that energy source was probably not the cause for
stricture/contracture and different reasons, such as prostate
volume, length of surgery, size of instruments, should be
considered. Unfortunately, a subgroup analysis was not
possible due to missing data in most studies.

Conclusion

Our meta-analysis shows that GLL PVP has better perio-
perative (catheterization time, length of hospitalization,
blood transfusions) and early functional outcomes that
have definitely to be balanced cautiously against an overall
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higher rate of reoperation, due to incomplete vaporization

or regrowth of prostatic adenoma.

Our review suggests that GLL PVP is a safer and more

efficacious procedure than standard TURP in the early and

medium-term. However, long-term definitive conclusions

favoring one technique over the other cannot be claimed.

Further, multicentric prospective investigations comparing

the long-term results of these two surgical procedures are

recommended.
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