
INTRODUCTION

Benign prostatic hyperplasia (BPH) may cause pros-
tatic enlargement and subsequently compression of 
the urethra and obstruction. BPH acquires clinical 

significance when associated with bothersome lower 
urinary tract symptoms (LUTS) [1]. BPH can progress 
and cause serious consequences such as acute urinary 
retention, urinary tract infection, and upper urinary 
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 

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 
mL/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.

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 
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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 I2 
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-
ies 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 Ta
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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; I2=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; I2=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 

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; I2=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; I2=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; I2=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; I2=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; I2=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, 2.61; 95% CI, 1.05–6.47; I2=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 

below).

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. 

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.
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