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Purpose: To assess the effects of transurethral microwave thermotherapy (TUMT) for the treatment of lower urinary tract symp-
toms in men with benign prostatic hyperplasia (BPH).

Materials and Methods: We performed a comprehensive search using multiple databases up to May 2021, with no language
or publication status restrictions. We included parallel-group randomized controlled trials of participants with BPH who un-
derwent TUMT. We used standard Cochrane methods, including a GRADE assessment of the certainty of the evidence (CoE).
Results: In this update of a previous Cochrane review, we included 16 trials with 1,919 participants. TUMT probably results
in little to no difference in urologic symptom scores at short-term follow-up compared to transurethral resection of the pros-
tate (TURP). There is likely to be little to no difference in the quality of life. TUMT likely results in fewer major adverse events.
TUMT, however, probably results in a large increase in the need for retreatment. There may be little to no difference in erec-
tile function between these interventions. However, TUMT may result in fewer cases of ejaculatory dysfunction compared to
TURP. The overall CoE was moderate to low.

Conclusions: TUMT provides a similar reduction in urinary symptoms compared to TURP, with fewer major adverse events
and fewer cases of ejaculatory dysfunction at short-term follow-up. However, TUMT probably results in a large increase in
retreatment rates. Study limitations and imprecision reduced the confidence we can place in these results.
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INTRODUCTION significance when associated with bothersome lower
urinary tract symptoms (LUTS) [1]. BPH can progress

Benign prostatic hyperplasia (BPH) may cause pros- and cause serious consequences such as acute urinary
tatic enlargement and subsequently compression of retention, urinary tract infection, and upper urinary
the urethra and obstruction. BPH acquires clinical tract deterioration. Initial evaluation of LUTS sugges-
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tive of BPH includes patient history, physical examina-
tion including a digital rectal examination, urinalysis,
prostate-specific antigen (PSA) blood test, voiding di-
ary, and International Prostate Symptom Score (IPSS)
[2,3]. Measurements of maximum flow rate (Qmax) and
postvoid residual are also often used in diagnosis and
treatment decisions [2].

Treatment decisions are based on symptoms and the
degree of bother noted by the patient. Initial treat-
ment options for BPH include conservative manage-
ment (watchful waiting and lifestyle modification)
and medication (alpha-blockers and 5-alpha reductase
inhibitors) [2]. If patients have been refractory to con-
servative and medical treatment and BPH causes sub-
sequent complications, such as acute urinary retention,
recurrent urinary tract infection, bladder stones or
diverticula, hematuria, or renal insufficiency, surgical
options are considered [2]. Clinical guidelines recom-
mend monopolar or bipolar transurethral resection of
the prostate (TURP) as a standard treatment modality
for subjective symptom relief and objective improve-
ments in urinary flow, but this procedure is also as-
sociated with significant morbidity and long-term
complications, including hematuria requiring blood
transfusion, urethral stricture, recurrent urinary tract
infection, and urinary incontinence [2]. Moreover, men
may experience ejaculatory (65%) and erectile dysfunc-
tion (10%) related to TURP [4]. Furthermore, BPH is a
disease common in older men who have an increased
risk of complications for general anaesthesia and the
surgery itself [5]. Some alternatives to TURP include
laser enucleation, vaporisation, and Aquablation, but
they all require spinal anaesthesia [2]. In recent years,
the number of men undergoing TURP has steadily
declined due to increasing pharmacologic treatments
(alpha-blockers and 5-alpha-reductase inhibitors) and
minimally-invasive treatments that are usually per-
formed under local anaesthesia [6], such as convective
radiofrequency water vapour therapy [7], prostatic ure-
thral lift [8], prostatic arterial embolisation [9] which
are covered in current evidence-based guidelines [10].

Transurethral microwave thermotherapy (TUMT)
uses microwave-induced heat to ablate prostatic tis-
sue and is designed to have fewer major complications
than TURP [11]. The patient is treated in an outpatient
setting under local anaesthesia. The treatment catheter
is then placed within the urethra, confirmed by the re-
turn of sterile water and transabdominal or transrectal
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ultrasound, and the balloon is inflated. The catheter
is composed of a curved tip, a temperature sensor and
a microwave unit. The distal port contains the blad-
der balloon, allowing for urine drainage and cooling.
A rectal probe may be inserted to monitor the rectal
temperature [12]. TUMT has evolved over the past
decades, incorporating urethral cooling, thus allowing
higher energy delivery and reducing the procedure
time to around 30 minutes and improved outcomes, but
the higher energy leads to more significant discomfort
during the procedure, in which patients often require
sedation and analgesia, with a continued risk of uri-
nary retention [11].

While TUMT was once the most widely-used proce-
dure for minimally-invasive surgical therapies among
the USA’s Medicare population [13], its use has declined
since its peak in 2006 [14]. A recent study in Austra-
lia highlighted that TUMT currently constitutes only
0.26% of all procedures performed for BPH [15].

This is an abridged version of an updated Cochrane
review focusing on comparing TUMT versus TURP.
This review aimed to assess the effects of TUMT to
treat LUTS in men with BPH. The full review details
the methods and additional results and analyses [16].

MATERIALS AND METHODS

1. Inclusion criteria

We updated the methods of this review based on
the protocol of a suite of reviews on minimally inva-
sive treatments for LUTS [7-9]. We included parallel-
group RCTs regardless of their publication status or
language. We included men over the age of 40 with
a prostate volume of 20 mL or greater with LUTS as
determined by IPSS of eight or over, and a Qmax <15
mlL/s, as measured by non-invasive uroflowmetry, inva-
sive pressure flow studies, or both. We excluded studies
of men with active urinary tract infection, bacterial
prostatitis, chronic renal failure, untreated bladder cal-
culi or large diverticula, prostate cancer, and urethral
stricture disease, as well as those who had undergone
prior prostate, bladder neck, or urethral surgery. We
also exclude studies of people with other conditions
that affect urinary symptoms, such as neurogenic
bladder due to spinal cord injury, multiple sclerosis, or
central nervous system disease.

Our comparison included TUMT versus TURP, other
minimally invasive treatments, or sham. We did not
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use the measurement of the outcomes assessed in this
review as an eligibility criterion. Our primary out-
comes included urologic symptom scores, quality of life,
and major adverse events. Our secondary outcomes
were retreatment, erectile function, ejaculatory func-
tion, minor adverse events, acute urinary retention,
and indwelling urinary catheter. We considered the
clinically important differences for the review outcome
measures to rate the overall certainty of evidence [17].
We considered outcomes measured up to and including
12 months after randomisation as short-term and later
than 12 months as long-term for urologic symptom
scores, quality of life, major adverse events, retreat-
ment, erectile function, ejaculatory function, minor ad-
verse events, and acute urinary retention. We assessed
retreatment, indwelling urinary catheter and hospital
stay as short-term only.

Juan Victor Ariel Franco, et al: Transurethral Microwave Thermotherapy I

2. Search methods

We performed a comprehensive search with no re-
strictions by date, by the language of publication or
publication status. We searched the following sources
on May 31st 2021: CENTRAL (Cochrane Central Reg-
ister of Controlled Trials); MEDLINE (Ovid); Embase
(Elsevier); LILACS (Bireme); CINAHL; Scopus; Web of
Science (Clarivate analytics); ClinicalTrials.gov; World
Health Organization International Clinical Trials
Registry Platform. We also performed searches in ad-
ditional resources.

3. Data collection and analysis

We used Covidence software (Veritas Health Inno-
vation, Melbourne, Australia) to identify and remove
potential duplicate records. Two review authors (JVAF,
LG) independently screened articles for eligibility
and independently extracted data [18]. We presented
a PRISMA 2020 flow diagram showing the process of

Studies included in previous

=
2 version of the review (n=2) Records identified from:
3 Databases (n=3,227) ’ Records removed before screening:
% Report of studies included in Reqisters (n=4,45) Duplicate records (n=1,640)
[} previous version of the review 9
e
= (n=2)
v
Records screened R Records excluded
(n=2,032) i (n=1,931)
\ 4
o :
E Reports sought for retrieval _I'\G’e;Tortstfpc:; retrlleve_c:_
(o) (n=1,968) > (n=6 classi ied as 'awaiting
g ’ classification')
(%)
A
iqibili é Report luded A
Reports assessed for eligibility eports exclude
(n=58) (n=22 studies, 23 records)
Observational studies or non-
randomised comparisons (n=9)
Review articles (n=2)
Economic evaluations (n=3)
Wrong comparison (n=3)
v Wrong intervention (n=2)
Included studies in the review Cross-over studies with insufficient
8 (n=16) ] data (n=2)
s > Reports of includes studies \ Terminated study (n=1) )
2 in review
- (n=37)

Fig. 1. PRISMA flow diagram.
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Table 1. Continued

Prostate
s volume (mL)

Age (y)

Intervention and comparator

Duration of
follow-up (mo)

Description of participants

Trial period Setting/country

Study name

19.2 40.4

TUMT (Microwave Engineering 70.5

6

Men with a Madsen symptom score >8 and

PVR <250 mL

UK

N/A

Venn et al,

Designs)

Sham

1995 [35]

40.6
48.9+£15.8
52.7£17.3

20.1
21.0+54

20.4+5.9

68
67+8

TUMT (ProstaLund Feedback)
TURP

5 years

Scandinavia/USA Men IPSS =13, PFR <13 mL/s, and prostate vol-

1998-1999

Wagrell et al,

+8

ume 30-100 mL

2002 [36]

Values are presented as meanztstandard deviation or mean only.

IPSS: International Prostate Symptom Score, N/A: not available, PFR: peak flow rate, PVR: postvoid residual, TUMT: transurethral microwave thermotherapy, AUA: American Urological Association,
TURP: transurethral resection of the prostate, WHO: World Health Organization, LEO: laser electro optics, TUIP: transurethral incision of the prostate, AUA-SI: American Urological Association

Symptom Index.
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study selection [19]. Two review authors (JVAF, LG)
authors independently extracted data and assessed
the risk of bias of the included studies using the Co-
chrane risk-of-bias tool for randomized trials [20]. We
summarized data using a random-effects model. We
planned to assess heterogeneity statistically with the I”
statistic >50% were considered to indicate substantial
heterogeneity. We planned to test for publication bias
by assessing funnel plot asymmetry, but the number of
trials per comparison was insufficient. We used Review
Manager 5 software (Cochrane Collaboration, Copen-
hagen, Denmark) to perform the statistical analyses.
When possible, we explored the effect of bias in the
effect estimates and performed pre-defined subgroup
analysis. We intended to explore the effect of bias in
the results, but all studies were at a high or unclear
risk of bias. We included a ‘Summary of findings’ table
reporting the primary outcomes using the GRADE ap-
proach.

RESULTS

We identified 3,227 records from electronic databases,
including 445 records from trial registers. After remov-
ing duplicates, we screened the titles and abstracts
and then full texts, finally including 16 randomized
controlled trials (37 reports) in this review (see Fig. 1
for PRISMA flow chart and Table 1 for a summary of
the study’s characteristics) [21-36]. The list of excluded
studies is available in the full version of the review [16].
All studies were at an overall high or unclear risk of
bias (see Fig. 2). In this abridged version of the review,
we summarize the findings of the six studies with
632 randomized participants in the main comparison
of TUMT versus TURP [22,27,28,30,33,36]. Most stud-
les did not report their funding sources; three studies
were funded by their manufacturers [31,34,36], two by
public institutions [32,33], and one by a combination of
manufacturers and public funders [21]. See Table 2 for
a summary of the main results.

1. Urologic symptom scores

Based on four studies with 306 participants, TUMT
probably results in little to no difference in urologic
symptom scores measured by IPSS scores when com-
pared to TURP at 6 to 12 months follow-up (mean dif-
ference [MD)], 1.00; 95% confidence interval [CI], -0.03 to
2.03) [22,28,33,36]. In two studies with 108 participants

www.wjmh.org 131



| hitps://doi.org/10.5534/wjmh.210115

Abbou et al, 1995 [21]
Ahmed et al, 1997 [22]
Albala et al, 2002 [23]
Bdesha et al, 1994 [24]
Blute et al, 1996 [25]
Brehmer et al, 1999 [26]
D'Ancona et al, 1998 [28]
Dahlstrand et al, 1995 [27]
De Wildt et al, 1996 [29]
Floratos et al, 2001 [30]
Larson et al, 1998 [31]
Nawrocki et al, 1997 [32]
Nerby et al, 2002 [33]
Roehrborn et al, 1998 [34]
Venn et al, 1995 [35]
Wagrell et al, 2002 [36]

QOGO G000 O e ® ® @ ®| Blinding of outcome assessment (detection bias): subjective outcomes

PP PG OGO ® 0O @ ® ® O @ Incomplete outcome data (attrition bias): all outcomes

QRIRIRIPININIFIRIN|A|@|®|®|®|®| Selective reporting (reporting bias)

@O0 6 6 e|0|® ®|®|®|Blinding of outcome assessment (detection bias): objective outcomes
OO OO ® ® @ Otherbias

QRO OGO 0® 00 O ® ® 1 ® @ Blinding of participants and personnel (performance bias): all outcomes

QOO G|I0RI0|I0|IR|I0|®|0|0|®|®| Random sequence generation (selection bias)
ROI®|00|IR|0|I0|0|R|0|®|O|®|®|®| Allocation concealment (selection bias)

Fig. 2. Risk of bias of the included studies.

that assessed this outcome with the Madsen-Iversen
score (range 0 to 28), a small difference was found fa-
vouring TURP (MD, 1.59; 95% CI, 0.69-2.48; 2 studies,
108 participants; I’=0%) [27,28]. The certainty of the ev-
idence is moderate due to an overall high risk of bias.
As for long-term data, three studies with 187 partici-
pants reported long-term data, and we are uncertain of
the effect of TUMT on urologic symptom scores when
compared to TURP at 2- to 5-year follow-up (standard-
ized MD, 0.32; 95% CI, 0.03-0.62; I"=0%) [27,28,36]. An-
other study with 155 participants was not incorporated
in meta-analysis due to missing data and reported that
the TUMT group had a reduction in IPSS scores from
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20 to 12 at three years, whereas the TURP group had
a reduction from 20 to 3 in the same period (p<0.001)
[30]. The certainty of the evidence is very low due to an
overall high risk of bias (severe attrition at long-term
follow-up) and imprecision.

2. Quality of life

Based on one study with 136 participants, TUMT
likely results in little to no difference in the quality
of life compared to TURP at 12-month follow-up (MD,
-0.10; 95% CI -0.67 to 0.47) [36]. Another study with 66
participants reported similar scores in quality of life in
the TUMT group (median, 2; interquartile range [IQR]
1-3) and in the TURP group (median, 1; IQR, 1-2) at
six-month follow-up (p=0.64 from a three-arm compari-
son with interstitial laser coagulation) [33]. The certain-
ty of the evidence is moderate due to an overall high
risk of bias. As for long-term data, TUMT may result
in little to no difference in the quality of life compared
to TURP at 60-month follow-up (MD, 0.00; 95% CI, -0.46
to 0.46) [36]. Another study with 155 participants re-
ported that quality-of-life scores decreased from 4 to 2
at three years in the TUMT group and from 4 to 1 in
the TURP group (p<0.001) [30].

3. Major adverse events

Based on six studies with 525 participants, TUMT
probably results in significantly fewer major adverse
events when compared to TURP at 6- to 12-month
follow-up (risk ratio [RR], 0.20; 95% CI, 0.09—0.43; I’=0%)
[22,27,28,30,33,36]. Based on 168 cases per 1,000 men in
the TURP group, this corresponds to 135 fewer (153
to 96 fewer) per 1,000 men in the TUMT group. These
events primarily included: hospitalization due to bleed-
ing, clot retention, serious infection, TURP syndrome,
urethral stricture (requiring another surgical interven-
tion). The certainty of the evidence is moderate due to
an overall high risk of bias.

4, Retreatment

Based on five studies with 463 participants, TUMT
probably results in a large increase in the need for re-
treatment at 6- to 36-month follow-up (RR, 7.07; 95% CI,
1.94-25.82; I’=0%) [27,28,30,33,36]. Retreatment was usu-
ally TURP, TUMT, or TUMT and then TURP. Based
on no cases per 1,000 men in the TURP group, this
corresponds to 90 more (40 to 150 more) per 1,000 men
in the TUMT group. The certainty of the evidence is
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moderate due to an overall high risk of bias.

5. Erectile function

Based on five studies with 337 participants, TUMT
may result in little or no difference in erectile function
when compared to TURP at 6- to 12-month follow-up
RR, 0.63; 95% CI, 0.24-1.63; I"=35%) [22,27,30,33,36]. The
certainty of the evidence is low due to an overall high
risk of bias and imprecision (the incidence is mostly
reported in a subset of sexually active participants). As
for long-term data, one study reported five-year data
on erectile dysfunction with an incidence of 7.5% in the
TUMT group and 15.4% in the TURP group (data were
available for 119/154 randomized participants) [36]. The
certainty of the evidence is very low due to an over-
all high risk of bias and imprecision (the incidence is
mostly reported in a subset of sexually active partici-
pants with high attrition).

6. Ejaculatory function

Based on four studies with 241 participants, TUMT
may result in fewer cases of retrograde ejaculation
when compared to TURP at 6- to 12-month follow-up
(RR, 0.36; 95% CI, 0.24—0.53; I’=0%) [22,27,30,33]. The
certainty of the evidence is low due to an overall high
risk of bias and imprecision (the incidence mostly re-
ported in a subset of sexually active participants).

7. Minor adverse events

Based on five studies with 397 participants, TUMT
may result in little to no difference in the incidence of
minor adverse events when compared to TURP at 6- to
12-month follow-up (RR, 1.27; 95% CI, 0.75—2.15; I’=0%)
[22,27,28,33,36]. These events primarily included uri-
nary tract infections. The certainty of the evidence is
low due to an overall high risk of bias and imprecision.

8. Acute urinary retention

Based on four studies with 343 participants, TUMT
may result in an increased incidence of acute uri-
nary retention when compared to TURP at 6- to
12-month follow-up (RR, 261; 95% CL, 1.05—647; I’=40%)
[22,28,33,36]. The certainty of the evidence is low due
to an overall high risk of bias and imprecision (the in-
cidence mostly reported in a subset of sexually active
participants). In many cases, we highlight that partici-
pants undergoing TURP were routinely catheterised
after surgery and for shorter periods than TUMT (see
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9. Indwelling urinary catheter
The evidence is very uncertain about the effect of

TUMT on the duration of catheterisation compared
to TURP. This outcome was not adequately reported
across the included studies.

DISCUSSION

Based on data from six studies with 414 participants,
when compared to TURP, TUMT probably results in
little to no difference in urologic symptom scores in the
short term, but due to the lack of any eligible study
with follow-up longer than 12 months, we are uncer-
tain about the long-term effects. There may be little to
no difference in minor adverse events, quality of life or
erectile function between these interventions. TUMT
likely results in significantly fewer major adverse
events and less ejaculatory dysfunction compared to
TURP. TUMT, however, likely results in a large in-
crease in the need for retreatment (usually by repeated
TUMT or TURP) and acute urinary retention. The du-
ration of indwelling catheterization was not adequately
reported across studies.

The studies did not consistently define or report on
adverse events, particularly dysuria, hematuria, and
sexual dysfunction, and our estimates for these com-
plications may be unreliable. In addition, few studies
evaluated the quality of life. Although studies usually
reported the occurrence of urinary retention, they did
not consistently or uniformly indicate its duration or
the use of catheterization. One important complication
that was not reported in the clinical trial literature
was thermal injury. On 11 October 2000, the U. S. Food
and Drug Administration (FDA) published a Public
Health Notification because they had received 16 re-
ports of severe thermal injury associated with TUMT,
including ten resulting in fistula formation and six
resulting in tissue damage to the penis or urethra [37].
The FDA noted that the injuries could take hours
or days to develop. Although the FDA recommended
several corrective measures for physicians, they con-
sidered TUMT to be safe and effective based on the
performance of over 25,000 procedures.

The current American Urological Association guide-
lines for the management of LUTS considered TUMT
to be an appropriate alternative for treating men with
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LUTS with small- to average-size prostate [10], with the
warning that patients should be advised that surgi-
cal retreatment rates are higher compared to TURP,
which corresponds with the findings of our review. The
Canadian guidelines considered TUMT an optional
treatment for men with moderate symptoms, with
similar considerations about retreatment [38]. The Eu-
ropean Association of Urology does not list TUMT as
one of their alternatives for managing LUTS [2].

The certainty of the evidence was primarily affected
by: (1) high risk of bias across studies: most studies did
not report the randomization process adequately, and
for the TUMT versus TURP comparison, none of the
included studies was blinded; (2) imprecision: details on
ejaculatory and erectile function were only reported as
binary outcomes in a subset of sexually-active partici-
pants; (3) our interpretation of the retreatment data
was cautious since this was not consistently reported
across studies; in some cases, it was described in the
initial flow of participants across the studies, in some
studies as a comment about follow-up, and in other
cases within adverse events.

Considering that review methods have improved
over time, including the details of the search strategy,
we decided to run our searches from inception using
the original inclusion criteria of the previous version
of the review but excluding the comparison to alpha-
blockers. We identified the citations of some additional
reports of the included studies, including long-term
data on one of the studies, but we were unable to re-
trieve some of the full text through different means.
Finally, reporting on some of the outcomes was scat-
tered and not thoroughly detailed. For some outcomes,
including adverse events, retreatment, acute urinary
retention, ejaculatory and erectile function, we had to
interpret the data available in the flow of participants
and the section describing “complications”. It is unclear
whether the studies reported all events or only those
they considered relevant, especially with a lack of a
prespecified protocol.

The previous version of this Cochrane Review
yielded similar results for the global effects of TUMT
in relation to sham and TURP [39]. The main differ-
ence from the previous version of the review is that we
pooled the data for more outcomes in each comparison,
with additional critical outcomes in the summary of
findings tables. This provided us with a greater under-
standing of the differences between TURP and TUMT.

Juan Victor Ariel Franco, et al: Transurethral Microwave Thermotherapy I

In this version, we favour an interpretation of similar
urinary symptoms scores at short-term follow-up, con-
sidering that long-term data from selected studies pro-
vided very low-certainty evidence to highlight substan-
tial differences between these interventions. We also
found important differences in the incidence of major
adverse events and the incidence of retrograde ejacula-
tion between these interventions, favouring TUMT.

We found a few additional systematic reviews on
this topic. A health technology assessment from Swe-
den assessed the average IPSS score and concluded
that TUMT was inferior to TURP in improving symp-
toms, which does not consider the confidence interval
and minimally important differences [40]. Furthermore,
the authors stated that they could not determine the
differences in major adverse events, as we found in our
review, which could be explained by the lack of group-
ing of serious events. Nevertheless, the findings re-
lated to retreatment were similar. Another systematic
review reported similar results for urinary symptoms
and retreatment but highlighted the lower incidence
of serious adverse events with TURP than TUMT [41].
They state that the retreatment rate for TUMT may
vary from 20% to 80% (focusing on observational data)
but simultaneously highlight that the rate of retreat-
ment is lower in long-term randomised trials such as
the one included in our review [36]. Finally, two sys-
tematic reviews focusing on sexual outcomes reported
a lower incidence of sexual adverse events (especially
retrograde ejaculation) for men undergoing TUMT
compared to TURP, which agrees with our findings
[42,43]. None of these studies followed Cochrane meth-
ods for high-quality reviews.

CONCLUSIONS

TUMT provides a similar reduction in urinary symp-
toms compared to the standard treatment (TURP),
with fewer major adverse events and fewer cases of
ejaculatory dysfunction at short-term follow-up. How-
ever, TUMT probably results in a large increase in re-
treatment rates. Most of the evidence is short-term and
from studies with a high risk of bias. Patients' values
and preferences, their comorbidities and the effects of
other available minimally-invasive procedures, among
other factors, can guide clinicians when choosing the
optimal treatment for this condition.

www.wjmh.org 135



| hitps://doi.org/10.5534/wjmh.210115

ACKNOWLEDGEMENTS

Juan Victor Ariel Franco is a PhD candidate in the
Programme of Methodology of Biomedical Research
and Public Health, Universitat Autonoma de Barce-
lona (Spain). The authors acknowledge the previous
authors and contributors to the first versions of the
review: Richard M. Homan, Manoj Monga, Sean P.
Elliott, Roderick MacDonald, Jens Langsjoen, James
Tacklind, and Timothy J. Wilt. The authors also ac-
knowledge the support of the Cochrane Review Group
throughout the editorial process. This article is based
on a Cochrane Review published in the Cochrane
Database of Systematic Reviews (CDSR) 2021, Issue
6, DOI: 10.1002/14651858.CD004135.pub4 (see www.co-
chranelibrary.com for information). Cochrane Reviews
are regularly updated as new evidence emerges and
in response to feedback, and the CDSR should be con-
sulted for the most recent version of the review.

Conflict of Interest

JVAF: none declared. LG: none declared. CMEL: none de-
clared. MB: Boston Scientific (consultant for endourology and
stone management), Auris Health (consultant for robotic sur-

gery and endourology). PD: none declared.

Author Contribution

JVAF: conceived, designed, and wrote the protocol and full re-
view, and performed all aspects of the data abstraction, analysis,
risk of bias assessment and certainty of evidence ratings. LG:
performed all aspects of the data abstraction, analysis, risk of
bias assessment and certainty of evidence ratings, and drafted
the review. CMEL: designed and ran the electronic searches,
drafting the full review. MB: reviewed critical content, and
gave final approval for the draft of the review. PD: conceived,
designed and wrote the protocol for the update, reviewed the
methods and the critical content, and gave final approval for
the draft of the review.

REFERENCES

1. McVary KT, Roehrborn CG, Avins AL, Barry MJ, Bruske-
witz RC, Donnell RF, et al. Update on AUA guideline on
the management of benign prostatic hyperplasia. J Urol
2011;185:1793-803.x

2. Gravas S, Cornu JN, Gacci M, Gratzke C, Herrmann TRW,

136 www.wjmh.org

10.

11.

12.

13.

The World Journal of

MEN's HEALTH

Mamoulakis C, et al. Management of non-neurogenic male
LUTS [Internet]. Arnhem: European Association of Urology;
€2020 [cited 2021 Apr 30]. Available from: https://uroweb.

org/guideline/treatment-of-non-neurogenic-male-luts/.

. Barry M]J, Fowler FJ Jr, O'Leary MP, Bruskewitz RC, Holt-

grewe HL, Mebust WK, et al. The American Urological As-
sociation symptom index for benign prostatic hyperplasia.
The Measurement Committee of the American Urological
Association. ] Urol 1992;148:1549-57; discussion 1564.

AUA Practice Guidelines Committee. AUA guideline on man-
agement of benign prostatic hyperplasia (2003). Chapter 1:
diagnosis and treatment recommendations. J Urol 2003;170(2
Pt 1):530-47.

Dunphy C, Laor L, Te A, Kaplan S, Chughtai B. Relationship
between depression and lower urinary tract symptoms sec-
ondary to benign prostatic hyperplasia. Rev Urol 2015;17:51-
7.

Dahm P, MacDonald R, McKenzie L, Jung JH, Greer N, Wilt T.
Newer minimally invasive treatment modalities to treat lower
urinary tract symptoms attributed to benign prostatic hyper-
plasia. Eur Urol Open Sci 2021;26:72-82.

Kang TW, Jung JH, Hwang EC, Borofsky M, Kim MH,
Dahm P. Convective radiofrequency water vapour thermal
therapy for lower urinary tract symptoms in men with be-
nign prostatic hyperplasia. Cochrane Database Syst Rev
2020;3:CD013251.

Jung JH, Reddy B, McCutcheon KA, Borofsky M, Narayan
V, Kim MH, et al. Prostatic urethral lift for the treatment of
lower urinary tract symptoms in men with benign prostatic
hyperplasia. Cochrane Database Syst Rev 2019;5:CD012832.
Jung JH, McCutcheon KA, Borofsky M, Young S, Golzar-
ian J, Reddy B, et al. Prostatic arterial embolization for the
treatment of lower urinary tract symptoms in men with
benign prostatic hyperplasia. Cochrane Database Syst Rev
2020;12:CD012867.

Parsons JK, Dahm P, Kohler TS, Lerner LB, Wilt TJ. Surgi-
cal management of lower urinary tract symptoms attributed
to benign prostatic hyperplasia: AUA guideline amendment
2020. J Urol 2020;204:799-804.

Walmsley K, Kaplan SA. Transurethral microwave thermo-
therapy for benign prostate hyperplasia: separating truth from
marketing hype. ] Urol 2004;172(4 Pt 1):1249-55.

Rubeinstein JN, McVary KT. Transurethral microwave ther-
motherapy for benign prostatic hyperplasia. Int Braz J Urol
2003;29:251-63.

Yu X, Elliott SP, Wilt T], McBean AM. Practice patterns
in benign prostatic hyperplasia surgical therapy: the dra-

matic increase in minimally invasive technologies. J Urol



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

he World Journal of

MEN's HEALTH

2008;180:241-5; discussion 245.

Malaeb BS, Yu X, McBean AM, Elliott SP. National trends
in surgical therapy for benign prostatic hyperplasia in the
United States (2000-2008). Urology 2012;79:1111-6.

Morton A, Williams M, Perera M, Teloken PE, Donato P, Ra-
nasinghe S, et al. Management of benign prostatic hyperplasia
in the 21st century: temporal trends in Australian population-
based data. BJU Int 2020;126 Suppl 1:18-26.

Franco JV, Garegnani L, Escobar Liquitay CM, Borofsky
M, Dahm P. Transurethral microwave thermotherapy for
the treatment of lower urinary tract symptoms in men with
benign prostatic hyperplasia. Cochrane Database Syst Rev
2021;6:CD004135.

Johnston BC, Patrick DL, Busse JW, Schiilnemann HJ, Agar-
wal A, Guyatt GH. Patient-reported outcomes in meta-anal-
yses--part 1: assessing risk of bias and combining outcomes.
Health Qual Life Outcomes 2013;11:109.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page
MJ, et al. Cochrane handbook for systematic reviews of in-
terventions version 6.2 [Internet]. London: Cochrane; c2021
[cited 2021 Apr 30]. Available from: www.training.cochrane.
org/handbook.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ
2021;372:n71.

Higgins JPT, Altman DG, Sterne JAC. Chapter 8: assessing
risk of bias in included studies. In: Higgins JPT, Green S, edi-
tors. Cochrane handbook for systematic reviews of interven-
tions version 5.1.0. London: The Cochrane Collaboration;
2011.

Abbou CC, Payan C, Viens-Bitker C, Richard F, Boccon-
Gibod L, Jardin A, et al. Transrectal and transurethral hyper-
thermia versus sham treatment in benign prostatic hyperpla-
sia: a double-blind randomized multicentre clinical trial. The
French BPH hyperthermia. Br J Urol 1995;76:619-24.

Ahmed M, Bell T, Lawrence WT, Ward JP, Watson GM.
Transurethral microwave thermotherapy (Prostatron version
2.5) compared with transurethral resection of the prostate for
the treatment of benign prostatic hyperplasia: a randomized,
controlled, parallel study. Br J Urol 1997;79:181-5.

Albala DM, Fulmer BR, Turk TM, Koleski F, Andriole G,
Davis BE, et al. Office-based transurethral microwave ther-
motherapy using the TherMatrx TMx-2000. ] Endourol
2002;16:57-61.

Bdesha AS, Bunce CJ, Snell ME, Witherow RO. A sham con-
trolled trial of transurethral microwave therapy with subse-
quent treatment of the control group. J Urol 1994;152(2 Pt

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Juan Victor Ariel Franco, et al: Transurethral Microwave Thermotherapy I

1):453-8.

Blute ML, Patterson DE, Segura JW, Tomera KM, Heller-
stein DK. Transurethral microwave thermotherapy v sham
treatment: double-blind randomized study. ] Endourol
1996;10:565-73.

Brehmer M, Wiksell H, Kinn A. Sham treatment compared
with 30 or 60 min of thermotherapy for benign prostatic hy-
perplasia: a randomized study. BJU Int 1999;84:292-6.
Dahlstrand C, Waldén M, Geirsson G, Pettersson S. Trans-
urethral microwave thermotherapy versus transurethral
resection for symptomatic benign prostatic obstruction: a
prospective randomized study with a 2-year follow-up. Br J
Urol 1995;76:614-8.

D'Ancona FC, Francisca EA, Witjes WP, Welling L, Debruyne
FM, De La Rosette JJ. Transurethral resection of the prostate
vs high-energy thermotherapy of the prostate in patients with
benign prostatic hyperplasia: long-term results. Br ] Urol
1998;81:259-64.

De Wildt MJ, Hubregtse M, Ogden C, Carter SS, Debruyne
FM, De la Rosette JJ. A 12-month study of the placebo ef-
fect in transurethral microwave thermotherapy. Br J Urol
1996;77:221-7.

Floratos DL, Kiemeney LA, Rossi C, Kortmann BB, Debruyne
FM, de La Rosette JJ. Long-term followup of randomized
transurethral microwave thermotherapy versus transurethral
prostatic resection study. ] Urol 2001;165:1533-8.

Larson TR, Blute ML, Bruskewitz RC, Mayer RD, Ugarte RR,
Utz WJ. A high-efficiency microwave thermoablation system
for the treatment of benign prostatic hyperplasia: results of
a randomized, sham-controlled, prospective, double-blind,
multicenter clinical trial. Urology 1998;51:731-42.

Nawrocki JD, Bell T], Lawrence WT, Ward JP. A randomized
controlled trial of transurethral microwave thermotherapy. Br
J Urol 1997;79:389-93.

Norby B, Nielsen HV, Frimodt-Meller PC. Transurethral in-
terstitial laser coagulation of the prostate and transurethral
microwave thermotherapy vs transurethral resection or inci-
sion of the prostate: results of a randomized, controlled study
in patients with symptomatic benign prostatic hyperplasia.
BJU Int 2002;90:853-62.

Roehrborn CG, Preminger G, Newhall P, Denstedt ], Razvi H,
Chin LJ, et al. Microwave thermotherapy for benign prostatic
hyperplasia with the Dornier Urowave: results of a random-
ized, double-blind, multicenter, sham-controlled trial. Urol-
ogy 1998;51:19-28.

Venn SN, Montgomery BS, Sheppard SA, Hughes SW, Beard
RC, Bultitiude MI, et al. Microwave hyperthermia in benign
prostatic hypertrophy: a controlled clinical trial. Br J Urol

www.wjmh.org 137



| hitps://doi.org/10.5534/wjmh.210115

36.

37.

38.

39.

40.

1995;76:73-6.

Wagrell L, Schelin S, Nordling J, Richthoff J, Magnusson B,
Schain M, et al. Feedback microwave thermotherapy versus
TURP for clinical BPH--a randomized controlled multicenter
study. Urology 2002;60:292-9.

Henney JE. Microwave therapy warning. JAMA 2000;284:
2711.

Nickel JC, Aaron L, Barkin J, Elterman D, Nachabé M, Zorn
KC. Canadian Urological Association guideline on male
lower urinary tract symptoms/benign prostatic hyperplasia
(MLUTS/BPH): 2018 update. Can Urol Assoc J 2018;12:303-
12.

Hoffman RM, Monga M, Elliott SP, Macdonald R, Lang-
sjoen J, Tacklind J, et al. Microwave thermotherapy for
benign prostatic hyperplasia. Cochrane Database Syst Rev
2012;9:CD004135.

Statens beredning for medicinsk utvdrdering. Godartad
prostataforstoring med avflodeshinder. En systematisk litter-

aturoversikt. Stockholm: Statens beredning f6r medicinsk ut-

138 www.wjmh.org

41.

42,

43.

The World Journal of

MEN's HEALTH

vardering (SBU); 2011 Sep. Report No.: SBU-rapport nr 209.
685p.

Barry Delongchamps N, Robert G, Descazeaud A, Cornu JN,
Azzouzi AR, Haillot O, et al.; Comité des troubles mictionnels
de ’'homme de I'Association frangaise d’'urologie. [Surgical
management of benign prostatic hyperplasia by thermother-
apy and other emerging techniques: a review of the literature
by the LUTS committee of the French Urological Associa-
tion]. Prog Urol 2012;22:87-92. French.

Frieben RW, Lin HC, Hinh PP, Berardinelli F, Canfield SE,
Wang R. The impact of minimally invasive surgeries for the
treatment of symptomatic benign prostatic hyperplasia on
male sexual function: a systematic review. Asian J Androl
2010;12:500-8.

Marra G, Sturch P, Oderda M, Tabatabaei S, Muir G, Gontero
P. Systematic review of lower urinary tract symptoms/benign
prostatic hyperplasia surgical treatments on men's ejaculatory
function: time for a bespoke approach? Int J Urol 2016;23:22-
35.



