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Abstract
Purpose of Review Rezum® is a novel convection-based thermal therapy for benign prostatic hyperplasia (BPH) induced lower
urinary tract symptoms (LUTS). This review provides an overview of its safety, efficacy, cost, and potential role in the paradigm
of BPH/LUTS therapies.
Recent Findings Data regarding Rezum® stems primarily from one large randomized controlled trial of 197 patients with 4 years
of follow-up. The efficacy and safety of Rezum® is further supported by 4 additional studies including 1 prospective pilot study,
1 crossover study, and 2 retrospective studies. Durable improvements in IPSS (47–60%), QoL (38–52%), Qmax (45–72%), and
PVR (11–38%) were seen without causing deterioration of sexual function.
Summary Rezum® offers a cost-effective and safe approach to treating BPH/LUTS and should be considered as a possible first-
line therapy for patients with moderate to severe symptoms.
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Introduction

Benign prostatic hyperplasia (BPH) refers to the formation of
discrete nodules composed of stromal and epithelial cells within
the transition zone of the prostate. When these nodules become
sufficiently large, they can cause a mechanical bladder outlet
obstruction (BOO) leading to lower urinary tract symptoms
(LUTS). It is estimated that LUTS secondary to BPH impacts
nearly 15 million individuals in the USA, with nearly 80% of
men over the age of 70 affected [1]. Thus, BPH/LUTS continues
to remain a significant cost burden on our healthcare system.

Traditionally, medical management has dominated first-
line treatment for BPH. Alpha adrenergic antagonists and 5-
alpha reductase inhibitors have documented efficacy in
treating the functional and obstructive components leading
to LUTS [2]. However, medication compliance can be an

issue, often secondary to cost (especially over an extended
course), adverse effects, and failure to meet therapeutic expec-
tations [3]. Thus, many seek out definitive surgical therapy.
Transurethral resection of the prostate (TURP) has remained
the gold standard for the surgical management of BPH.
However, the invasive nature of the procedure often necessi-
tates the use of general anesthesia and can cause complica-
tions such as bleeding requiring transfusion, urethral stricture,
urinary incontinence, erectile dysfunction, and retrograde
ejaculation leading to a poorer quality of life (QoL) [4].

Consequently, numerous minimally invasive surgical ther-
apies (MISTs) have blossomed for the treatment of BPH/
LUTS. These options are especially attractive because they
generally have minimal anesthesia requirements and can be
performed in an office-based setting. MISTs can be broadly
divided into two categories based on their mechanism of ac-
tion: mechanical expansion and thermal ablation. Prostatic
urethral stents and prostatic urethral lift (UroLift®) are exam-
ples of MISTs that function by mechanical expansion,
retracting tissue to expand the bladder outlet. MISTs that func-
tion via thermal ablation can be further subdivided into those
that employ heat transfer via conduction, such as transurethral
microwave therapy (TUMT) or transurethral needle ablation
(TUNA), and those that utilize convective heat transfer, most
notably Rezum®.

This article is part of the Topical Collection on Benign Prostatic
Hyperplasia

* Sai K. Doppalapudi
sd839@rwjms.rutgers.edu

1 Division of Urology, Robert Wood Johnson Medical School, 1
Robert Wood Johnson Place, New Brunswick, NJ 08901, USA

https://doi.org/10.1007/s11934-020-01018-6

/ Published online: 6 January 2021

Current Urology Reports (2021) 22: 4

http://crossmark.crossref.org/dialog/?doi=10.1007/s11934-020-01018-6&domain=pdf
mailto:sd839@rwjms.rutgers.edu


With conduction-based therapies (TUNA and TUMT),
higher energy requirements are needed to generate large tem-
perature gradients for adequate tissue ablation, resulting in
longer treatment times [5]. With Rezum®, a significant
amount of stored thermal energy is released as water vapor
condenses back to a liquid following tissue contact. This
causes immediate cell membrane denaturation and eventual
coagulative necrosis which can be later resorbed, as opposed
to thermal fixation often caused by conduction-based thera-
pies which leads to a foreign-body-like reaction [6•, 7]. Also,
because convection is achieved by both the random diffusion
of particles (Brownian motion) and the bulk flow of said par-
ticles (advection), heat transfer can be achieved with no sig-
nificant temperature gradient [8]. In addition, the collagenous
pseudocapsule of the adenoma serves as a natural barrier to the
flow of the convective current, resulting in focused treatment
on the obstructive nodules. Rezum® thus offers a novel ap-
proach in the paradigm of BPH/LUTS treatment.

Procedure Overview

The goal of the Rezum® system is to achieve focused ablation
of prostatic adenomatous tissue without violation of the ure-
thra and the prostate’s natural zonal anatomy. The important
components of the system are as follows: radiofrequency (RF)
generator, single-use transurethral applicator with integrated
30° cystoscopic lens, polyether ether ketone (PEEK) 18-guage
needle, and saline flush [6•, 9•]. The role of the RF generator is
to vaporize the sterile water and control the amount of energy
delivered to the target tissue. It was determined that 208 cal
using 0.4 ml of vapor per injection is optimal for sufficient
ablation. The transurethral applicator allows the surgeon to
deploy the PEEK needle under direct visualization into the
prostatic urethra. The PEEK needle contains 12 holes
circumferentially spaced at 120° intervals to allow for ade-
quate distribution of vapor throughout the adenoma. With
the PEEK needle, water vapor is injected at a fixed depth of
approximately 10 mm and is deployed over 9 s on average at a
pressure just above that of the prostatic interstitium. The saline
flush is employed for both visualization and cooling of the
prostatic urethra between injections [9•].

Injections are deployed along the prostatic urethra distal to
the bladder neck proximally and just proximal to the
verumontanum distally. This is done so in intervals of approxi-
mately 0.5–1.0 cm in the caudal direction. Depending on the
amount of adenomatous tissue, the length of the prostatic ure-
thra, and the presence of a median lobe, the number of injections
will vary. On average, 4.5–4.6 injections are utilized during each
treatment, with the median lobe alone requiring approximately
1.3–1.6 injections [6•, 9•, 10]. This procedure is generally per-
formed under oral sedation (~ 70%), with prostate blocks and
intravenous conscious sedation utilized less frequently [10].

At 1-week post-procedure time, MRI data shows evidence
of large ablative regions, visualized as gadolinium defects,
within the transition zone of the prostate without penetration
of the natural collagenous boundaries demarcating zonal anat-
omy. When multiple injections were utilized in sequence, a
coalescence of these defects was seen. By 6 months, near
complete resorption of the gadolinium defects was noted, with
a consequent decrease in prostatic volume and transitional
zone volume by 28.9% and 38.0% respectively [6•].

Not all patients are suitable for Rezum® therapy, however.
Patients with the following features have been excluded from
Rezum®’s only multicenter randomized controlled trial:
PVR > 250 ml, PSA > 2.5 with free PSA < 20% (unless pros-
tate cancer ruled out by biopsy), and recent UTI within 7 days
or recurrent UTI over the past 6 months [10]. In addition,
patients who have had prior surgery for BPH/LUTS were
not candidates for Rezum® therapy. Of note, the presence of
the median lobe is not an exclusion criterion for Rezum®,
which contrasts with another increasingly popular MIST,
UroLift® [11].

Efficacy

Durable outcomes for the Rezum® system have been gener-
atedmost notably by a randomized controlled trial (RCT) with
4-year follow-up data. Outcomes from supportive studies are
tabulated in Table 1.

Dixon et al. published the pilot study for Rezum®. In this
prospective, nonrandomized trial, 65 patients were followed for
2 years and data was accrued at 1, 3, 6, 12, and 24 months.
Inclusion criteria included patients aged 45 and older with pros-
tates ranging from 20 to 120 cc, an IPSS ≥ 13, a Qmax ≤ 15ml/s
with voided volume ≥ 150 ml, and a PVR< 300 ml; patients
with malignancy, active urinary infection, and prior surgery
were excluded. Significant improvements in IPSS, QoL, and
Qmax were noted by the first month, maximized at 3 months,
and sustained at 24 months. At 24 months, the average change
in IPSS and QoL were − 12.1 pts. (56%) and − 2.6 pts. (59%)
respectively; Qmax improved by 3.7 ml/s (45%) [12].

McVary et al. designed the only double-blind RCT for
Rezum®. Four-year follow-up data has already been pub-
lished and 5-year data will likely be published later this year.
Inclusion criteria for this study were similar to those of the
Dixon et al. pilot study, but had stricter requirements regard-
ing prostate size (30–80 cc) and washout periods for medical
therapy; exclusion criteria were also similar but the PVR cut-
off was lowered to 250 ml [10]. Patients in this RCT were
randomized to either Rezum® or a sham procedure involving
insertion of a rigid cystoscope (19 to 21 Fr) with accompany-
ing recreation of the sensations and sounds experienced dur-
ing the actual procedure. One hundred ninety-seven patients
were originally stratified by IPSS severity and randomized
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2:1, yielding 136 patients in the treatment group and 61 pa-
tients in the control group. At 3 months, significant improve-
ments in IPSS (22 to 10.6), QoL (4.4 to 2.3), and Qmax (9.9 to
15.4 ml/s) were noted in the Rezum® group compared to
sham. In fact, improvements in IPSS were most profound in
individuals with severe baseline LUTS (IPSS 19 or greater). In
addition, those treated with obstructive median lobes shared
similar improvements in IPSS scoring to those without. At
3 months, patients in the control group were unblinded, and
those who met the Qmax and IPSS inclusion criteria (53 of the
61 patients) underwent Rezum® therapy; significant improve-
ments in IPSS (19.9 to 9.8), QoL (3.9 to 1.9), and Qmax (10.1
to 16.4) in this group replicated those of the original treatment
cohort [13]. Improvements essentially were sustained at
4 years, suggesting durability of the treatment [14, 15••].
Retreatment rate was reported to be 4.4%, but failure to treat
potentially obstructive median lobes earlier on in the trial like-
ly inflated this value, which is probably closer to 2.2%. This
compares favorably to the surgical retreatment rate and of
other notable MISTs and TURP. In addition, the rate of phar-
macotherapy initiation with alpha blockers, which is roughly
5.2% at 4 years for Rezum®, is also lower than that of other
MISTs [15••].

Data from the above double-blind RCT was utilized by
Gupta et al. to compare the effectiveness of water vapor con-
vective therapy to medical management with doxazosin and/
or finasteride. The latter data was obtained from the MTOPS
trial. Only subjects who fit the inclusion criteria of the
Rezum® double-blind RCT were studied, which yielded
1140 (or 37.4%) patients from the original MTOPS cohort.
Patients who had undergone Rezum® were noted to have
similar IPSS improvements, improved Qmax, and lower clin-
ical progression rates (IPSS increase of 4 or greater) than those
being treated with combination medical management [16•].

Two retrospective studies were also published to demon-
strate the efficacy of Rezum®. Given that these studies used
less strict inclusion criteria, they may more accurately repre-
sent the effectiveness of convective thermal therapy on real-
world clinical populations. Darson et al.’s study was a multi-
center retrospective analysis of 131 patients who had a wide
range of clinical presentations including prostate volumes
ranging from 13 to 183 cc and those with previous surgical
or MIST therapies (12%). IPSS (19.4 to 10.1), QoL (4.4 to
2.5), and PVR (236.6 to 77.3 ml) improvements were noted at
1 year, although follow-up was generally poor [17].
Mollengarden et al.’s study was a single surgeon retrospective
analysis of 129 patients who underwent the Rezum® proce-
dure. It included some patients from the Rezum® RCT (data
from the same center), but notably studied many patients who
did not undergo medical therapy washout. At 90–180 days,
significant improvements in IPSS (18.5 to 6.9), Qmax (10.8 to
16.8 ml/s), and PVR (108 to 73.1 ml) were seen in this patient
population; in addition, the prostate size was decreased by

17%, on average, when measured by transrectal ultrasound
(TRUS) and compared to pre-operative imaging [18]. As
was previously mentioned, MRI data suggests an even greater
reduction in prostate volume (~ 29%) following Rezum®
therapy. The reference of comparison in this study, however,
was a 1-week post-operativeMRI, and the degree of reduction
at 6 months could have been amplified by a transient increase
in size caused by post-operative edema at this 1-week
timepoint [6•]. Regardless, both retrospective studies show
that Rezum® has durable positive outcomes even in less
strictly defined patient populations, suggesting efficacy in
standard clinical practice.

Safety Profile

Overall, Rezum® appears to be a well-tolerated procedure
with most complications being mild to moderate in nature
and occurring within the first 30 days (Table 2).

In the pilot study, Dixon et al. reported adverse events
(AEs) in 45 of the 65 patients (69%), although most of these
AEs (75%) were Clavien-Dindo I–II complications (primarily
LUTS) and self-resolved within 30 days. One patient had a
Clavien-Dindo IIIb complication and presented with acute
urinary retention 33 days post-operatively requiring a TURP
[7]. In the RCT published by McVary et al. and Roehrborn
et al., the following AEs were most common: dysuria
(16.9%), hematuria (11.8%), frequency or urgency (5.9%),
acute urinary retention (3.7%), and suspected UTI (3.7%).
These AEs were all expected secondary to rigid cystoscopy
and once again self-resolved within 30 days. Two patients in
this study (n = 197) had more severe AEs with one patient
having bladder neck contracture and bladder calculi noted at
6 months and the other developing urosepsis after a follow-up
cystoscopy (unrelated to the original procedure) [10, 13, 14,
15••]. Darson et al. reported a higher rate of acute urinary
retention than the Rezum® RCT at 10.7% (14 of 131 pa-
tients), although all cases resolved with short-term catheteri-
zation [16•]. Mollengarden et al. reported a UTI rate of 17.1%
(22 of 129 patients), although this rate may be inflated because
patients in this study were discharged with a catheter or a
temporary prostatic stent (Spanner); thus, it is possible that
LUTS post-operatively with bacteriuria from catheterization
or stent placement could have mistakenly been categorized as
a UTI (no febrile cases were noted). In addition, 4 patients in
this study had Clavien-Dindo IIIb complications and were
treated as follows: cystoscopic clot evacuation, balloon dila-
tion of urethral stricture, resection of bladder neck contracture,
and cystolithalopaxy [18].

Importantly, Rezum® has been shown to preserve sexual
function, with de novo erectile dysfunction and anejaculation
being very rare AEs. The Rezum® RCT reported
anejaculation in 4 patients (2.9%) within the first 3 months
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of therapy; erectile function was universally maintained, how-
ever, with IIEF-EF scores improving from baseline at 4-year
follow-up (23.2 to 20.8) [9•, 14]. Mollengarden et al. was the
only study to report de novo erectile dysfunction with 4 pa-
tients affected (3.1%); this study also reported a similar
anejaculation rate as the Rezum® RCT at 3.1%. In addition,
medical therapy, which generally is the first line of therapy in
the armamentarium for BPH/LUTS, has been shown to cause
significant sexual dysfunction when compared to Rezum®.
After 3 years of use, doxazosin was associated with worsened
sexual desire and erectile function while finasteride and com-
bination medical therapy caused a significant decrease in sex-
ual desire, erectile function, and ejaculatory function. This
was not seen with Rezum® therapy [19].

Future Role of Rezum

Rezum® appears to be a safe, efficacious, and cost-effective
treatment for BPH/LUTS. The procedure itself is quick in
nature with most treatments ranging between 2 and 4 min of
actual procedure time [18]. It can generally be performed with
oral sedation in an outpatient setting, eliminating the morbid-
ity and cost associated with general anesthesia. In addition,
post-operative catheterization time in the Rezum® RCT was
3.4 ± 3.2 days, with most individuals able to resume their nor-
mal activities at a median of 4 days, coinciding with catheter
removal [10].

Rezum® results in both qualitative and quantitative im-
provements in BPH induced LUTS, resulting in a 46.7%,
42.9%, and 49.5% sustained improvement in IPSS, QoL,
and Qmax at 4-year follow-up in the Rezum® RCT [15••].
In addition, although inclusion criteria were strict in the afore-
mentioned RCT, durable results were noted in retrospective
studies which included cohorts with a wider range of pre-
operative characteristics, suggesting that Rezum® is effective
in the standard clinical environment [17, 18]. In addition, as
opposed to other MISTs such as UroLift®, Rezum® can also
effectively treat obstructive median lobes [11]. Overall, rates
of retreatment are lower than that of TURP andMISTs and the
rate of BPH progression after treatment is lower than that of
sustained medical therapy [15••, 16].

Rezum® appears to be safe with most AEs being classified
as Clavien-Dindo I–II and resolving within 30 days. In addition,
Rezum® preserves sexual function, with de novo erectile and
ejaculatory dysfunction being rare, as opposed to the traditional
armamentarium, such as medical therapy and TURP, which
yields noticeably higher rates of clinical deterioration [19, 20].

Finally, Rezum® appears to be one of themore cost-effective
treatment options available for BPH/LUTS. In an economic
analysis conducted by Ulchaker et al., Rezum® outperformed
other BPH management options, including combination medi-
cal therapy, TURP, Greenlight photovaporization (PVP),
UroLift®, and Prostiva®, due to a combination of low index
price, fewer AE-related costs, and lower retreatment rates.
According to this model, TURP, which provides, on average,

Table 2 This table summarizes the recorded adverse events (AEs) delineated by each Rezum® study. Each AE is categorized by its Clavien-Dindo
classification; the most common complications under each category are listed

Author Year Number of
participants

Number of
participants
with AEs

Clavien-Dindo I–II
complications

Clavien-Dindo III–IV complications

Dixon et al. [9•] 2015 65 45 Urinary retention (N = 22) Persistent LUTS requiring TURP (N = 1)

Dysuria (N = 14)

Urinary urgency (N = 13)

Darson et al. [17] 2017 131 19 Urinary retention (N = 14) N/A

Frequency, urgency, hematuria,
and nocturia (N = 5)

Mollengarden et al. [18] 2018 129 61 Urinary tract infection (N = 22) Persistent LUTS requiring BPH surgery (N = 3)

Urinary retention (N = 18) Urinary retention requiring clot evacuation (N = 1)

Post-void dribbling and urinary
incontinence (N = 6)

Urethral stricture requiring balloon dilation (N = 1)

Bladder neck contracture requiring resection (N = 1)

Bladder stones requiring cystolithalopaxy (N = 1)

Roehrborn et al. [13] 2017 53 19 Dysuria (N = 10) Bladder neck contracture and bladder stones (N = 1)

Gross hematuria (N = 6) Sepsis (N = 1)

Urinary retention (N = 3)

McVary et al. [15••] 2019 197 52 Dysuria (N = 23) Persistent LUTS requiring BPH surgery (N = 6)

Hematuria (N = 6) Bladder neck contracture and bladder stones (N = 1)

Frequency and urgency (N = 8) Nausea/vomiting requiring hospitalization (N = 1)
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4 more points of IPSS relief than Rezum®, does so at a cost of
approximately $250 an IPSS point over a 2-year stretch and at a
baseline cost twice that of Rezum® ($5181 vs. $2582). In addi-
tion, while combination medical therapy is cheaper at 2 years,
their cost surpasses Rezum® in as little as 4 years primarily due
to their lack of efficacy. Rezum® also outperforms Urolift® in a
cost analysis as it has both a lower retreatment rate (4.4% vs
7.5%) and a lower index cost ($2582 vs $6386) [21•]. Thus,
given the combination of cost, efficacy, and safety, Rezum®
should be considered a first-line treatment option for patients
with moderate to severe LUTS, even in those patients with a
prominent median lobe.

Conclusion

Rezum® is a minimally invasive convection-based thermal
therapy that allows for the focused treatment of BPH nodules
within the transition zone of the prostate. It can be done so in
the outpatient setting, with minimal sedation, and in a cost-
effective manner. Both quantitative and qualitative improve-
ments have been durable in patients with varied prostate char-
acteristics. The procedure is safe, preserves sexual function,
and boasts a low retreatment rate.
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