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Introduction
Benign prostatic hyperplasia (BPH) is a common 
urological condition characterized by progressive 
increase in the size of the prostate gland. It is a 
disease of ageing, affecting 40% of men in their 
50s and 90% of men over 90 years.1 In a large 
proportion of BPH patients, prostate enlargement 
causes bladder outflow obstruction (BOO), which 
results in lower urinary tract symptoms (LUTS). 
LUTS have a significant impact on quality of life 
(QoL) with symptom progression often correlat-
ing with progressive prostatic enlargement.2–5 
Furthermore, there is a considerable socioeco-
nomic burden as it represents the most commonly 
presenting urological complaint.2

The current management algorithm for LUTS 
caused by BOO secondary to BPH includes con-
servative approaches (watchful waiting and life-
style modifications), pharmacotherapy and 
surgical intervention. However, pharmacotherapy 
can produce unsatisfactory symptom relief. 
Furthermore, it can be associated with adverse 
effects such as postural hypotension, asthenia and 
reduced sexual function.5 Surgical intervention 
remains the mainstay treatment for this clinical 
problem. While there are a number of options 
now available including Holmium laser enuclea-
tion of the prostate, UroLift and prostate artery 
embolization,3 transurethral resection of the pros-
tate (TURP) is still considered the gold standard 

intervention. However, TURP is not without its 
own limitations. This includes a high complica-
tion rate and retreatment rate of 1–2% per year.4 
Complications include retrograde ejaculation 
(65%), erectile dysfunction (10%), urethral stric-
ture (7%), urinary tract infection (UTI) (4%), 
bleeding requiring transfusion (2%) and urinary 
incontinence (2%).3–4 Furthermore, it requires 
the use of general or spinal anaesthesia and car-
ries a mean hospital stay of 2 days.3,4 In order to 
improve this, several minimally invasive proce-
dures have been developed with the aim of pro-
viding alternative surgical strategies to TURP.5,6 
Among these is the Rezum system (NxThera, 
Maple Grove, MN, USA), a novel ablative proce-
dure, which has gained increasing attention  
since receiving United States Food and Drug 
Administration (US FDA) approval in 2015. 
This article outlines the evidence for Rezum with 
the objective of assessing its usefulness through 
measures of efficacy, safety and durability.

The procedure
In contrast with other minimally invasive proce-
dures that utilise conductive heat transfer, such 
as transurethral needle ablation or transurethral 
microwave therapy (TUMT), the mechanism of 
action for the Rezum system uses the principles 
of convective heat transfer that exploits the ther-
modynamic properties of water.5 The system 
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comprises a radiofrequency (RF) generator and a 
single-use transurethral delivery device, which 
incorporates a standard 4 mm 30-degree cystos-
copy lens. With the patient in a lithotomy posi-
tion, an RF current is applied to an inductive coil 
heater, producing thermal energy in the form of 
water vapour. Water vapour is delivered through 
a retractable vapour needle via emitter holes in 
the transurethral device.7 This is done in 9-sec-
ond bursts to the transition zone of the prostate, 
where, via convection, it diffuses evenly through-
out the target tissue. The depth of the needle 
penetrating is approximately 10 mm. Upon con-
tact with body-temperature tissue, the water 
vapour then condenses. This phase shift to a liq-
uid state dispenses concentrated energy onto the 
cell membranes of the target tissue, triggering 
instant cell necrosis. Overlapping injection sites 
can be established with repeated applications in 
order to fully target areas of hypertrophy. Saline 
flush irrigation is used to both cool the urethra 
and to promote visualization.8 The efficacy of the 
Rezum system has been assessed with gadolin-
ium-enhanced magnetic resonance imaging and 
histological testing post procedure. Both tests 
have demonstrated the Rezum system to be suc-
cessful at producing necrosis in targeted cell tis-
sue while preserving non-treated tissue around 
the area, as the thermal energy is contained 
within the zonal boundaries of the prostate.7,9 
Mean reduction of total prostate volume at 
6 months post procedure was 28.9%.7 
Anaesthesia and sedation use is varied and used 
at the discretion of the clinician. Majority of 
patients received oral sedation only, approxi-
mately 1/5 of patients required prostate block 
and 10–20% required intravenous sedation.8,10

Results
The results are provided in Table 1. Since US 
FDA approval in 2015 numerous studies on 
Rezum have been published, including one rand-
omized controlled trial (RCT) with a 36-month 
follow up, one crossover trial and one pilot trial, 
with an additional recently published retrospec-
tive study post-approval.8–11 In 2016 a pilot trial 
by Dixon and colleagues, following up at 
24 months demonstrated a mean change of inter-
national prostate symptom score (IPSS) from 
21.7 to 9.6, a mean improvement of Qmax from 
8.3 ml/s to 12 ml/s and a mean change of post-
void residual (PVR) from 78.5 to 62.8 ml.8 The 
results from the 5-year RCT, currently with a 
3-year follow up, has shown a mean improvement 

of IPSS of 11 points, a mean Qmax improvement 
from 9.7 ml/s to 13.2 ml/s and a mean PVR 
improvement from 81.5 ml to 55.1 ml (p < 
0.001).10 The crossover trial has demonstrated a 
mean improvement of IPSS at 12 months from 
19.4 to mean 8.6, a mean Qmax improvement 
from 10.3 ml/s to 16.2 ml/s and a mean PVR 
decrease from 101 ml to 83.8 ml (p < 0.001).12 
Crossover trials are particularly useful in high-
lighting outcomes as participants serve as self-con-
trols, so possible placebo effects can therefore be 
negated. These results point towards a significant 
improvement in clinical outcomes in all studies 
including IPSS, Qmax and PVR with p < 0.001 as 
outcome measures, with the greatest improve-
ment seen in IPSS, which every study reported as 
having a mean improvement of over 10 points. 
Clinical improvements were seen from as early as 
1 month post procedure. Furthermore, no de novo 
cases of ejaculatory dysfunction were reported in 
any of the selected studies. Retreatment rates var-
ied between 3% and 5%.

In most surgical treatments for BPH, a high inci-
dence of negative impact on ejaculatory function 
is common. The RCT conducted also measured 
sexual function, using the International Index of 
Erectile Function (IIEF-15) and the Male Sexual 
Health Questionnaire for Ejaculatory Function 
(MSHQ-EjD) as indicators. Patients who were 
not sexually active were censored. A study by 
McVary and colleagues13 published data specifi-
cally on these outcomes using regression analysis 
to analyse the results from baseline to 1 year. 
There was no device-related or treatment-related 
cases of de novo erection dysfunction. Notably, 
the ejaculatory bother score improved by 31% 
compared with baseline, and 27% achieved mini-
mal clinically important differences in erection 
function at 1 year.13 A key strength of convective 
water vapour thermal therapy, therefore, seems to 
lie in its ability to preserve sexual function.

Potential further scope for the practical applica-
tion of the Rezum procedure in nontrial settings 
has been established by a recent, retrospective 
study.11 The study analyses Rezum in 131 patients 
in the postmarket environment in multiple medi-
cal centres. The selection criteria were at the dis-
cretion of the urologist. This included patients 
with varying prostate sizes (13–183 cm), patients 
who had previously had invasive prostate treat-
ment (including TURP and other minimally 
invasive treatments) and patients in retention 
(PVRs ranged from 0 ml to 2000 ml, mean 
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216.6 ml). The findings of this retrospective 
study are in line with the outcomes from both 
RCT, crossover and pilot studies. At 12 months, 
the mean IPSS from a baseline of 19.5 was 
reduced by an average of 9.4 points. This sug-
gests significant symptomatic relief of LUTS 
symptoms. The use and subsequent success of 
the Rezum procedure in such a varied cohort that 
is not limited by prostate size, urinary retention or 
previous procedures highlights further potential 
uses of Rezum that might fill a niche in the cur-
rent arsenal of BPH treatment methods. However, 
more data collected over a longer period would be 
required to demonstrate reproducible results.

Advantages
The Rezum procedure has a number of advan-
tages (Table 2). Firstly, it has been demonstrated 
to have substantial, prolonged symptomatic relief. 
The most extensive data were collected for a 
period of 36 months, and patients in these studies 
were shown to have sustained positive outcomes 
in IPSS, Qmax, PVR and QoL.14 Moreover, these 
improvements in LUTS and urinary flow come 
without impacting their erectile and ejaculatory 
function typically associated with TURP.15 There 
have been no de novo cases of ejaculatory dys-
function reported in the data so far reported.8,10 
Gupta and colleagues16 have shown that com-
pared with standard medical therapies, Rezum 
had significantly better outcomes for QoL, IPSS 
and prostate volume. Compared with finasteride 
monotherapy, Rezum had significantly improved 
Qmax, however this was not replicated in com-
parison with doxazosin monotherapy or dual 
therapy. Longer-term follow up is needed to 
ensure the durability and replicability of the 
results seen in trial studies so far.

Another significant benefit is that it can be per-
formed as a day case procedure in an outpatient 
setting. It has predominantly been performed 
under sedation,8 negating the need for a general 
anaesthetic. However, as the Rezum procedure is 
planned on rigid cystoscopy, which in the United 
Kingdom (UK) is predominately carried out 
under general anaesthesia, the success of day case 
Rezum procedures in clinical settings in the UK is 
yet to be established.

Furthermore, there is a short resection time (aver-
age of 8 min) of Rezum, potentially limiting the 
window in which adverse events can occur,7 while 
maximising the number of procedures that can be 
undertaken. In contrast with many other novel 
BPH therapies, Rezum is able to target and treat 
the prostatic median lobe. This expands the 
potential patient cohort eligible for this proce-
dure.14 In theory, there are no anatomical restric-
tions for Rezum and in the future it is anticipated 
there will be evidence to support its application 
for larger prostate burdens. The current recom-
mended cut-off of 120 cc is a reflection of sur-
geon and study experience to date.

Disadvantages
It is evident that the Rezum system has many 
strengths that endorse its use. Despite this, it is 
not without its disadvantages. A significant bene-
fit of TURP is its use in incidental identification 
of prostate cancer, with positive detection on 4.1–
16.7% of TURP specimens.17 In contrast, Rezum 
does not collect tissue specimens; therefore, it 
lacks the ability to ascertain incidental cases of 
prostate cancer. Furthermore, the nature of the 
exclusion criteria limits the number of patients 
who qualify for the procedure. Patients with 

Table 2.  Advantages and disadvantages of Rezum.

Advantages Disadvantages

•	 Can be performed under sedation only
•	 Day case procedure
•	 Strong short-term safety profile
•	 No reports of de novo sexual dysfunction
•	 Suitable for patients with an obstructing 

median lobe
•	 Short procedure time
•	 Good improvement in subjective and objective 

outcome measures: IPSS, QoL, Qmax and PVR
•	 Cost effective

•	 Limited long-term data available
•	 Patients with urinary retention excluded
•	 Not suitable for patients with history of recurrent 

urinary tract infections
•	 Not suitable for large prostate size (>120 cc)
•	 Not suitable for patients if prior invasive 

procedure for treatment of prostate or prior 
radiation on prostate

•	 >50% patients require catheter post procedure

IPSS, international prostate symptom score; PVR, post-residual volume; Qmax, urine flow rate; QoL, quality of life.
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urinary retention and large prostate burdens 
potentially would not be eligible, excluding a sig-
nificant section of patient population.

Catheterization post procedure is at the discre-
tion of the clinician. In a pilot trial by Dixon and 
colleagues,8 55% of patients were catheterized 
prior to discharge plus an additional 17% requir-
ing catheterization post discharge, with an aver-
age duration of catheter use of 4.1 days. Of note, 
many of the sites involved in this trial adopted 
default position of catheter placement.

There is a lack of long-term follow up; currently, 
there is only one RCT providing data for a 
period up to 36 months as part of a 5-year 
trial.10 It can be argued that further evidence 
and longer-term data are required to demon-
strate that the benefits provided by Rezum can 
be sustained. Furthermore, all evidence col-
lected to date has been sponsored by NxThera 
(Maple Grove, MN, USA), which is a potential 
be a conflict of interest.

Patient selection and procedure planning
As for all surgical procedures, patient selection is 
paramount. Not every patient with BPH are can-
didates for Rezum therapy (Table 3). However, 
in contrast with some other procedures, patients 
with median lobe obstruction are eligible to 
receive Rezum therapy. Critical factors that pre-
clude patients from receiving Rezum therapy 
include previous surgical/radiation treatment 
involving the prostate, a history of urinary reten-
tion and patients with a large prostate burden 
(>120 cc). Prior to surgery, in order to deter-
mine areas of prostate enlargement, patients 
undergo flexible cystoscopy. It potentially also 
provides an opportunity to assess the patient’s 
tolerance to rigid cystoscopy while awake. 
Obtaining an ultrasound scan to assess prostate 
volume is also useful.14

Complications
The majority of reported complications have been 
minor in nature (Clavien I–II). The most com-
mon adverse events are dysuria, haematuria, 
hematospermia, symptoms of urgency and 
UTIs.18 These typically resolve within a few 
weeks. There have been no reported complica-
tions at medium-term follow up and no reports of 
de novo erectile dysfunction.8,10,18

However, the analysed data highlighted the pres-
ence of more serious adverse events (AEs). In 
their pilot trial, Dixon and colleagues reported a 
patient with three grade 3b AEs wherein a patient 
had persistent LUTS symptoms with poor stream, 
frequency and urinary retention recorded as sepa-
rate events; in this case, the patient opted for 
TURP procedure at 42 days.8 A crossover trial 
found that two patients suffered three serious 
procedure related AEs collectively, including one 
patient who developed urosepsis post cystoscopy 
and on patient who suffered with bladder calculi 
and bladder neck contracture.12 Finally, a pub-
lished RCT by McVary and colleagues in 2016 
recorded two treatment subjects having serious 
AEs: one patient had de novo extended urinary 
retention, a second patient was admitted to hos-
pital overnight for observation due to nausea and 
vomiting after taking alprazolam.19

Cost
Currently, there are no available European stud-
ies providing cost-analysis data assessing cost 
effectiveness. Given its ambulatory status, poten-
tial cost-saving benefits may be expected due to 
decreased length of hospital stay. A cost-effective-
ness analysis report comparing therapies for 
LUTS symptoms has been conducted in the US, 
comparing direct upfront cost and factoring in 
cost of retreatment and treatment for AEs in rela-
tion to relative success rates (using IPSS data col-
lected over 2 years) of each therapy.20 Although 

Table 3.  Selection criteria used in studies.

Inclusion criteria Exclusion criteria

•	 >45 years with symptomatic BPH
•	 IPSS 13 or greater
•	 Qmax between 5 ml and15 ml per second
•	 Prostate volume <120 cc

•	 Prior invasive prostate intervention/surgery
•	 PVR > 300 ml
•	 PSA > 2.5 ng/ml
•	 Recurrent/active urinary tract infection

BPH, benign prostatic hyperplasia; IPSS, international prostate symptom score; PVR, post-residual volume; PSA,  
prostate-specific antigen.
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estimated costs in the US are not directly compa-
rable with those in Europe, this study suggests 
Rezum to be both a cost-effective and clinically 
effective treatment for BPH.20 Although it does 
not provide as greater relief of symptoms as 
TURP, it has the benefits of incurring fewer 
upfront costs and AEs proving less costly overall, 
while maintaining good clinically efficacy.20 
Interestingly, it was shown to be less costly and 
with fewer side effects than other minimally inva-
sive therapies such as UroLift.20 Further prospec-
tive studies should include assessment of cost 
effectiveness of Rezum in comparison with other 
minimally invasive treatments, including cost of 
procedure, treatment of AEs, potential retreat-
ment costs and patient lost work days.21,22

Further considerations and research
The Rezum system is an exciting and novel mini-
mally invasive therapy for treating BPH, which 
thus far has demonstrated strong evidence of clin-
ical effectiveness with a potential wide scope of 
use with limited drawbacks. However, it is impor-
tant to consider limitations in the current litera-
ture when assessing this novel treatment.

Previous trials have been supported or sponsored 
by NxThera (the producers of Rezum) which 
may represent a potential conflict of interest. So 
far outcomes up to 3 years have been recorded, 
this is as part of a 5-year RCT currently ongoing. 
Long-term outcomes are currently awaited so it is 
difficult to comment on the long-term efficacy of 
Rezum as a treatment for BPH and whether there 
will be continued success in relief of LUTS symp-
toms. A reduction in prostate volume was noted, 
although no logical explanation on lack of sub-
stantial reduction in PVR was noted, which needs 
to be explored in the future studies.

Further evidence in a nontrial setting is needed in 
order to confirm the effectiveness of Rezum in 
real-world applications and also to provide addi-
tional support of findings published in a retro-
spective trial indicating the potential use of 
Rezum in patients with a large prostate burden 
and in urinary retention.11

Conclusion
The Rezum procedure is a novel minimally inva-
sive therapy for treating BPH. So far, data from 
available studies point towards good clinical out-
comes with a short-term risk of self-limiting minor 

complications. Its application has demonstrated 
clinical effectiveness and possesses specific benefits 
that distinguish it among other treatments. It is 
applicable to outpatient setting, is effective in pre-
serving sexual function and is versatile in its ability 
to treat a variety of prostate gland morphologies.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

ORCID iD
Bhaskar K Somani  https://orcid.org/0000-00 
02-6248-6478

Bibliographies
	 1.	 Zhang SJ, Qian HN, Zhao Y, et al. Relationship 

between age and prostate size. Asian J Androl 
2013; 15: 116–120.

	 2.	 Vuichoud C and Loughlin KR. Benign prostatic 
hyperplasia: epidemiology, economics and 
evaluation. Can J Urol 2015; 22(Suppl. 1): 1–6.

	 3.	 McVary KT, Roehrborn CG, Avins AL, et al. 
American Urological Association Guideline: 
Management of benign prostatic hyperplasia 
(BPH). Linthicum, MD: American Urological 
Association Education and Research, Inc., http://
www.auanet.org/guidelines (2010, accessed April 
2018).

	 4.	 Gravas S, Bach T, Bachmann A, et al. EAU 
Guidelines on the management of non-neurogenic 
male lower urinary tract symptoms (LUTS), 
incl. benign prostatic obstruction (BPO), http://
uroweb.org/wp-content/uploads/EAU-Guidelines-
Management-of-non-neurogenic-male-
LUTS-2016.pdf (2015, accessed April 2018).

	 5.	 Magistro G, Chapple C, Elhilali M, et al. 
Emerging minimally invasive treatment options 
for male lower urinary tract symptoms. Eur Urol 
2017; 72: 986–997.

	 6.	 Jones P, Rajkumar G, Rai B, et al. Medium-
term outcomes of UroLift (minimum 12 months 
follow-up): evidence from a systematic review. 
Urology 2016; 97: 20–24.

	 7.	 Mynderse L, Hanson D, Robb R, et al. Rezum 
system water vapor treatment for lower urinary 
tract symptoms/benign prostatic hyperplasia: 

https://journals.sagepub.com/home/tau
https://orcid.org/0000-0002-6248-6478
https://orcid.org/0000-0002-6248-6478
http://www.auanet.org/guidelines
http://www.auanet.org/guidelines
http://uroweb.org/wp-content/uploads/EAU-Guidelines-Management-of-non-neurogenic-male-LUTS-2016.pdf
http://uroweb.org/wp-content/uploads/EAU-Guidelines-Management-of-non-neurogenic-male-LUTS-2016.pdf
http://uroweb.org/wp-content/uploads/EAU-Guidelines-Management-of-non-neurogenic-male-LUTS-2016.pdf
http://uroweb.org/wp-content/uploads/EAU-Guidelines-Management-of-non-neurogenic-male-LUTS-2016.pdf


J Westwood, R Geraghty et al.

journals.sagepub.com/home/tau	 333

validation of convective thermal energy transfer 
and characterization with magnetic resonance 
imaging and 3-dimensional renderings. Urology 
2015; 86: 122–127.

	 8.	 Dixon C, Cedano ER, Pacik D, et al. Two-year 
results after convective radiofrequency water 
vapour thermal therapy of symptomatic benign 
prostatic hyperplasia. Res Rep Urol 2016; 8: 
207–216.

	 9.	 Dixon C, Cedano E, Mynderse L, et al. 
Transurethral convective water vapor as a 
treatment for lower urinary tract symptomatology 
due to benign prostatic hyperplasia using the 
Rezum system: evaluation of acute ablative 
capabilities in the human prostate. Res Rep Urol 
2015; 7: 13–18.

	10.	 McVary KT and Roehrborn CG. Three-year 
outcomes of the prospective, randomized 
controlled Rezum system study: convective 
radiofrequency thermal therapy for treatment 
of lower urinary tract symptoms due to benign 
prostatic hyperplasia. Urology 2018; 111: 1–9.

	11.	 Darson M, Alexander E, Schiffman Z, et al. 
Procedural techniques and multicenter 
postmarket experience using minimally invasive 
convective radiofrequency thermal therapy with 
Rezum system for treatment of lower urinary tract 
symptoms due to benign prostatic hyperplasia. 
Res Rep Urol 2017; 9: 159–168.

	12.	 Roehrborn C, Gange S, Gittelman M, et al. 
Convective radiofrequency thermal therapy: 
durable two-year outcomes of a randomised 
controlled and prospective crossover study to 
relieve lower urinary tract symptoms due to 
benign prostatic hyperplasia. J Urol 2017; 197: 
e450–e451.

	13.	 McVary K, Gange S, Gittelman M, et al. 
Erectile and ejaculatory function preserved with 
convective water vapor energy treatment of lower 
urinary tract symptoms secondary to benign 
prostatic hyperplasia: randomized controlled 
study. J Sex Med 2016; 13: 924–933.

	14.	 Woo H and Gonzalez R. Perspective on the 
Rezum® system: a minimally invasive treatment 

strategy for benign prostatic hyperplasia using 
convective radiofrequency water vapor thermal 
therapy. Med Devices (Auckl) 2017; 10: 71–80.

	15.	 Rassweiler J, Teber D, Kuntz R, et al. (2006) 
Complications of transurethral resection of the 
prostate (TURP): incidence, management, and 
prevention. Eur Urol 50: 969–979.

	16.	 Gupta N, Rogers T, Holland B, et al. 3-year 
treatment outcomes of water vapor thermal 
therapy (Rezum System) compared to doxazosin, 
finasteride and combination drug therapy for men 
with benign prostatic hyperplasia: cohort data 
from the Medical Therapy of Prostatic Symptoms 
(MTOPS) trial. J Urol 2018; 200(2): 405–413.

	17.	 Merrill R and Wiggins C. Incidental detection of 
population-based prostate cancer incidence rates 
through transurethral resection of the prostate. 
Urol Oncol 2002; 7: 213–219.

	18.	 Dixon C, Cedano E, Pacik D, et al. Efficacy and 
safety of Rezum system water vapor treatment 
for lower urinary tract symptoms secondary to 
benign prostatic hyperplasia. Urology 2015; 86: 
1042–1047.

	19.	 McVary K, Gange S, Gittelman M, et al. 
Minimally invasive prostate convective water 
vapor energy ablation: a multicenter, randomized, 
controlled study for the treatment of lower 
urinary tract symptoms secondary to benign 
prostatic hyperplasia. J Urol 2016; 195: 1529–
1538.

	20.	 Ulchaker J and Martinson M. Cost-effectiveness 
analysis of six therapies for the treatment of lower 
urinary tract symptoms due to benign prostatic 
hyperplasia. Clinicoecon Outcomes Res 2017; 10: 
29–43.

	21.	 Jones P, Rai BP, Nair R, et al. Current status of 
prostate artery embolization for lower urinary 
tract symptoms: review of world literature. 
Urology 2015; 86: 676–681.

	22.	 Taktak S, Jones P, Haq A, et al. Aquablation: a 
novel and minimally invasive surgery for benign 
prostate enlargement. Ther Adv Urol 2018; 10: 
183–188.

Visit SAGE journals online 
journals.sagepub.com/
home/tau

SAGE journals

https://journals.sagepub.com/home/tau
https://journals.sagepub.com/home/tau
https://journals.sagepub.com/home/tau



