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ABSTRACT

The aim of this study was to review the available literature on the efficacy and safety of the Rezum system

for the treatment of symptomatic benign prostatic hyperplasia (BPH). A revision of literature up to January

2021 was carried out. Medline, Scopus, Web of Science, and PubMed archives were screened to identify

all the relevant studies investigating the role of Rezum in the treatment of BPH. Randomized controlled

trial (RCT), retrospective, prospective, observational, and comparative studies were included. Finally, 17

studies were included, five of which reporting data of a double blind Rezum RCT. Overall, 1,451 patients

underwent Rezum procedure. All the studies performed a minimum of 3 months follow-up. Preoperatively,

the mean International Prostate Symptom Score (IPSS) score was 19.8, mean Qmax was 9.2 mL s�1, and

mean PVR was 142 cc. At 3 months after surgery, the mean IPSS score was 1.5, mean Qmax was 13.7 mL

s�1, and mean PVR was 74 cc. Six studies investigated sexual function, most of them using the Interna-

tional Index of Erectile Function (IIEF)-5 questionnaire and a few also the Male Sexual Health Question-

naire (MSHQ). Preoperative mean IIEF-5 score was 18.5, and the mean MSHQ score was 7.4. At the 3

months follow-up, the mean IIEF-5 score was 16.4, and the mean MSHQ score was 9.62. None of the stud-

ies reported intraoperative complications. Rezum system is a novel minimally invasive treatment for symp-

tomatic BPH using transurethral water vapor thermal energy. It represents a cost-effective and safe

procedure with durable relief of lower urinary tract symptom, preservation of sexual function, low compli-

cations rate, and short recovery time.

Keywords: Lower urinary tract symptoms; prostatic hyperplasia; Rezum; therapeutics.

Introduction

Symptomatic benign prostatic hyperplasia

(BPH) presents clinically when the benign

prostatic enlargement (BPE) compresses the

prostatic urethra with bladder outlet obstruc-

tion leading to lower urinary tract symptoms

(LUTSs), ranging from urinary storage to

voiding issues. Urinary obstruction can cause

acute urinary retention (AUR), urinary tract

infection (UTI), bladder stones, and renal fail-

ure with impairment of health-related quality

of life and significant socioeconomic problems

to public health systems worldwide.1

BPH represents one of the most important

clinical challenges that urologists will need to

face in upcoming times.2 Due to high preva-

lence of this disease in aging males, accumu-

lation of postponed elective surgeries caused

by the COVID-19-related pandemic era, and

potential worsening of the underlying clinical

condition, more BPH surgeries will need to be

performed given the increasing waiting lists.3

According to the European Association of

Urology guidelines and other international

societies, the management of BPH includes

conservative approach, pharmacotherapy (i.e.,
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alpha blockers and 5-alpha reductase inhibitors), and surgical

treatment focusing on patient relief from LUTS secondary to

BPE.

In this regard, pharmacological treatments could provide unsat-

isfactory LUTS relief, with potential side effects such as ortho-

static hypotension, asthenia, and sexual dysfunction.

Nowadays, minimally invasive surgical therapies (MISTs) are

increasingly offered as a mainstay treatment for BPH, and sev-

eral options are available. The gold standard for small/moder-

ate prostate sizes is still considered as the transurethral

resection of the prostate (TURP).4 However, this can have rela-

tively high rates of intraoperative and postoperative complica-

tion, including moderate risk of bleeding, readmissions,

retrograde ejaculation, and longer operative and anesthetic

time.5

Consequently, over the last decades, new promising MISTs for

the management of symptomatic BPH have increased to reduce

the risk of adverse events, particularly with regard to sexual

function preservation.6 The introduction of these techniques

could be relevant especially in the COVID-19 period, when the

need to further reduce operating time, hospital stay, and risks

of general anesthesia is more important than ever for the

patients.6

In this context, the recently developed Rezum System

(Rezum
VR

, Boston Scientific Company Inc., Marlborough, MA,

USA) represents the unique transurethral MIST that uses con-

vective water vapor energy by radiofrequency. The procedure

provides water vapor thermal energy to rapidly ablate the

obstructive prostatic tissue, including the median lobe, while

preserving sexual function (anterograde ejaculation).

Thermodynamically, this approach contrasts with the conduc-

tive characteristics of other MISTs, such as transurethral

microwave and radiofrequency modalities. Convection is the

movement of heated gas or liquid within a defined space,7

without a discernible thermal gradient with quick disruption of

membrane cells.

Whereas conduction is the transfer of heat through a nonmov-

ing material from the area of higher to lower temperature that

requires long treatment times and considerable energy deposi-

tion, to imply tissue destruction with an obligatory temperature

gradient.7–9

The Rezum system, which involves an endoscopic approach,

consists of injecting water vapor (generated via inductive coil

heater) into the transition zone of the prostate, at approximately

103�C.

Rezum thermal therapy can also be performed under local

anesthesia in most cases, or with oral sedation as well as pros-

tate block, and intravenous sedation followed by post-

treatment analgesic, limiting the risks related to general or

spinal anesthesia in anticoagulated patients and with other

comorbidities.10

Thus, the aim of this study was to perform a literature review

in order to assess the efficacy and safety of the Rezum system

for the treatment of BPH.

Methods

Evidence Acquisition

We performed a review of English-language literature avail-

able up until January 2021. Medline, Scopus, Web of Science,

and Embase archives were screened using a single query to

identify all the relevant studies investigating the role of Rezum

in the treatment of BPH. The following terms were included:

(benign prostate hyperplasia) OR (bph) OR (LUTS) AND

(Rezum) OR (Water vapor) OR (Steam). Randomized clinical

trials, retrospective, prospective, observational, and compara-

tive studies on human adults were included in the review. Case

reports, commentaries, letters to the editor, reviews, and non-

English articles were excluded a priori. Two different authors

did independently the data extraction, and subsequently, they

crosschecked it. Conflicts were resolved by discussion or with

an independent arbiter.

Titles and abstracts were examined, and manuscripts were clas-

sified. Then, full-text articles were examined. References from

the selected studies were also hand investigated to identify

additional reports. An excel file was created respecting the fol-

lowing criteria: participants, interventions, comparators, out-

comes, and study design. The median patient age was

Main Points

• New promising minimally invasive surgical therapies (MISTs)

for the management of symptomatic BPH have increased to

reduce the risk of adverse events, particularly with regard to

sexual function preservation.

• Rezum system is a novel minimally invasive treatment for

symptomatic BPH using transurethral water vapor thermal

energy.

• It represents a safe and effective procedure with durable relief

of LUTS, preservation of sexual function, low complications

rate, and short recovery time.

Cocci et al. Rezum therapy in the treatment of symptomatic BPH 453



collected. The baseline characteristics of population were

recorded, including Charlson Comorbidity Index, body mass

index, and previous or current drugs. Preoperatively, the

LUTSs were explored using the uroflowmetry with postvoid

residual volume, the International Prostate Symptom Score

(IPSS) questionnaire, the Male Sexual Health Questionnaire

(MSHQ), the Overactive Bladder symptoms score, and the

International Continence Society “male” questionnaires.

Sexual activity was scored by the International Index of Erec-

tile Function (IIEF-5). The biometric assessment of the prostate

(volume) was ultrasonographical determined. Data on the

Rezum technique were included, such as operative time,

median number of lobe injections, and occurrence of intraoper-

ative complications. Outcomes were then evaluated postopera-

tively. The median follow-up period was included, focusing on

short- and long-term complications.

For descriptive data, medians with range (minimum and maxi-

mum values) were used. All collected data were evaluated

using Statistical Package for Statistical Sciences, version 25.0

(IBM SPSS Corp.; Armonk, NY, USA).

Technical Details

The Rezum system consists of injecting water vapor into the

transition zone of the prostate, at approximately 103�C. When

heated to steam, water expands approximately 1,700 times its

liquid volume and carries up to 540 calories of energy per

gram.7 This stored thermal energy is released when the steam

phase shifts or condenses from vapor to liquid upon contact

with tissue.7

This water vapor (0.5 mL) is convectively delivered in a 9-

second site injection reaching temperatures between 70�C and

80�C, which disperses circumferentially in the tissue interstices

creating a 1.5-2.0 cm confined thermal lesion.7,9

The needle is retracted after each treatment and repositioned in

1 cm increments distal from the previous site to the end of the

prostatic tissue just proximal to the verumontanum.9 The

objective of the treatment is to create contiguous, overlapping

lesions running parallel to the natural slope of the urethra9 that

will result in tissue necrosis and shrinkage in the transition

zone of the prostate over a few months.

Results

Seventeen studies were finally selected for the review

(Figure 1). Among these, five studies reported data of a double

blind randomized controlled trial (RCT) study with a 4-year

follow-up,11–15 six were retrospective studies,16–21 four were

prospective studies,5,22–24 and two were preliminary reports of

which one compared the Rezum System with the Urolift

system.6,25 Overall, 1,481 patients underwent the surgical pro-

cedure. The mean age was 67.9 years (range: 66-76 years).

Postoperatively, the mean follow-up period was 13 months

(range: 2-48 months).

All of the studies included in the review compared preoperative

clinical data to the postoperative outcomes in terms of urinary

function and complications, while six studies also explored

sexual function.

Overall, 1,451 patients underwent Rezum procedure, and 91

patients underwent other techniques included in two case/con-

trol studies. The mean prostate volume was 52 g (range: 30-

140 g); large glands (>80 g) were included in a study that

investigated the outcomes in Rezum system considering small

versus large glands.

Urinary Function

Most of the studies investigated the urinary function using

IPSS, post void residual (PVR), and flow rate (Qmax) at the uro-

flowmetry, recorded preoperatively and during the follow-up.

All of the studies performed a minimum of 2 months follow-

up, others reached 6 and 12 months, and one study performed a

follow-up of 48 months. Preoperatively, the mean IPSS score

was 19.8, the mean Qmax was 9.2 mL s�1, and the mean PVR

was 142 cc. At 3 months after surgery, the mean IPSS score

was 1.5, mean Qmax was 13.7 mL s�1, and mean PVR was

74 cc.

The average improvement of IPSS, Qmax, and PVR outcomes

at 3 and 12 months follow-up was summarized in Table 1.

Sexual Function

Six studies investigated sexual function in patients who under-

went Rezum treatment. Most of them used the IIEF-5 question-

naire and a few also used the MSHQ. The presence of

ejaculatory disorders in the postoperative period was also

assessed in four different studies.

The preoperative mean IIEF-5 score was 18.5, and the mean

MSHQ score was 7.4. At 3 months follow-up, this improved to

a mean IIEF-5 score of 16.4 and a mean MSHQ score of 9.62.

As regard to the ejaculatory disorders in the postoperative

period, one study reported an ejaculatory volume reduction in

2% of patients at 3/6 months after surgery, one study reported

ex novo anejaculation at 1 year follow-up in 10.8% of patients

and reduction of ejaculatory volume in 10.8%, with one study

which described ex novo both anejaculation and erectile dis-

function in 3.1% of patients.
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The average improvement of IIEF scores at 3 and 12 months

follow-up was summarized in Table 2.

Complications

All the procedures were successfully performed with no intrao-

perative complications. Early postoperative complications

included clot retention (2-4%), AUR (11-32%), and blood trans-

fusion in two patients, who were involved in a specific case/con-

trol study with large prostate glands (>80 g). Late complications

comprised AUR (5%), UTI, and LUTS such as dysuria, urinary

urgency, hematuria, and nocturia (10-20% of all patients). The

mean time of postoperative catheterization was 8.8 days. There

are no readmissions rates reported in the studies.

Reoperation Rates

Overall, the average retreatment rate in the studies during

follow-up with a surgical or minimally invasive procedure was

1.0935%; specifically, patients retreated with Rezum system

were 1.075%, patients retreated with TURP were 0.0185%, and

those receiving other surgical treatments were 0.006%.

Figure 1. Flow chart of the identified studies (Medline, Scopus, Web of Science, and Embase archives).
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Discussion

The first transurethral ablative surgery for BPH was

performed in 1926, becoming over a next few decades the gold

standard treatment in patients not responding to medical

therapy.

Although TURP proved to be effective for reducing LUTS

symptoms, this technique has several reported limitations,

mainly due to the notable side effects in elderly patients with

comorbidities.

In the last decade, novel MISTs-like Rezum System has been

developed to offer an effective and safer procedure for BPH-

related LUTS management.

The main outcome measures have been published by McVary

et al.11 in the only double blind Rezum RCT, reporting a signifi-

cant and long-term mean IPSS score improvement. After

unblinding at 3 months, IPSS was reduced by 50% compared to

20% in the control group (P < .0001); thus, control subjects

were requalified for the crossover study, and mean IPSS

improvement from baseline remained significant from the early

response at 3 months (49.9%) to 1 year (52.2%), 2 year (50.7%),

3 year (49.7%), and 4 year (46.7%), P < .0001. These data were

in accordance with other significant improvements in IPSS qual-

ity of life (QoL) (42.9%, P < .0001) and in Qmax (49.5%, P <

.0001) at a 4-year follow-up.11 These data on urinary outcomes

are confirmed also in the largest European multicenter series

recently reported by Siena et al.24 on 680 patients. They report a

median Qmax of þ8.9 mL s�1 (IQR 5-13), median IPSS of –12

(P< .01), and a median PVR of –65.6 cc (P< .001).

Dixon et al.23 in their multicenter prospective pilot study high-

lighted the long-term efficacy of Rezum, with 2 years follow-

up. At the 12-month follow-up, IPSS score was reduced by

56%, durable at 24 months (55%), P < .001. Also, QoL and

Qmax significantly improved.

The targeted prostate tissue ablation may be applied to all

zones of the gland including an enlarged central zone and

median lobe with similar symptom improvement, as reported

in most of the studies.

To date, only two studies investigated the efficacy of Rezum

specifically in large prostate glands (�80 cc).

Bole et al.21 published the first preliminary report to compare

the use of Rezum in large prostate glands (�80 cc) to small

prostate glands (<80 cc), demonstrating its short-term safety

and efficacy with statistically significant improvement at

3 months, of IPSS, peak flow, and PVR. Moreover, in a sub-

group of catheter-dependent patients, the postoperative catheter

free rate was 83% for men with glands >80 cc, which was

comparable to 88% in the smaller gland group,21 suggesting

another valid application of Rezum.

Garden et al.20 also compared the successful outcomes of

Rezum between men with small (<80) and large prostates

(�80 cc). Similar to previous findings, for selected patients

with sufficient longitudinal follow-up, Rezum effectively

improved Qmax and PVR in large prostates, offering short-term

symptomatic relief. Conversely, Rezum did not significantly

reduce the rates of intermittent catheterization.

In a recent study, McVary et al.18 conducted a retrospective

analysis of 38 catheter-dependent men with complete urinary

retention, showing that Rezum can be an effective and a safe

surgical option, with 70% catheter free patients in a median of

26 days after the procedure.

As regards the safety profile of Rezum, the early complications

reported were transient and mild, typical of endoscopic proce-

dures. The most represented were dysuria, AUR, UTI, hematu-

ria, urgency, and frequency. Furthermore, the mean period of

postoperative catheterization was 8.8 days, and this could also

be related to early adverse events.

Johnston et al.6 reported a feedback in the form of free text

comments from patients and noted that the duration of a cathe-

ter postoperatively and irritative symptoms in the initial recov-

ery period was the main drawbacks of Rezum. Even so,

patients’ satisfaction rates were high.

Only two patients needed blood transfusions, and they were

included in a specific case/control study with a large prostate

gland (�80), but postoperative complication rate was not sig-

nificantly different between large and small glands.21

Although Garden et al.20 reported no difference in UTI rates, in

their case series, patients with a large prostate gland were at

higher risk of urosepsis after Rezum.

The rate of Rezum retreatment or additional BPH surgery

seems to be <5% at 4 years.6,10–17,19,20,22,23,25

In the Rezum RCT study, the retreatment rate with a surgical

or minimally invasive procedure was 4.4% (6 of 135 subjects)

over 4 years of follow-up. Six patients underwent a secondary

treatment for LUTS (one open prostatectomy, three plasma-

button transurethral vaporization of the prostate, and two

retreated with the Rezum procedure), four of these secondary
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interventions were related to the presence of a median lobe that

was identified but nontreated.11

The same authors updated their data at 5 years follow-up, and

the retreatment rate remained unchanged (4.4%), while 11.1%

of the treatment-arm subjects initiated BPH medication.26

As far as sexual function is concerned, McVary et al.11

assessed data of RCT for a change in MSHQ function and

IIEF-EF scores. MSHQ did not change significantly from the

baseline at 12-month and 24-month follow-up. However,

MSHQ declined significantly to 13.6% (P ¼ .0046) and 14.2%

(P ¼ .0038) at 36 and 48 months, respectively. Meanwhile, the

MSHQ bother score had a significant decline (12 months P ¼
.0017, 24 months P ¼ .0118, and 36 months P ¼ .0153) until

the 48-months follow-up (P ¼ .6495). There was no significant

declining in the IIEF-EF score from 12 months (P ¼ .7054) to

48 months follow-up (P ¼ .0333). No treatment or device-

related de novo ED was reported during the 12-month period

after treatment.11

Dixon et al.23 did not report a significant increase in the IIEF

and MSHQ scores at the 3 month to 24 month follow-up. Even

then, no sexually related adverse events were reported.

Alegorides et al.16 assessed the rates of sexually active patients,

showing identical results preoperatively (90.7%) and at 1 year

(90.2%). The IIEF-5 score was not different postoperatively

and remained stable throughout the duration of the 12 month

follow-up. At 1 year, the MSHQ score had increased by an

average of two points (P ¼ .056).16 Their study showed the

higher rate of ex novo anejaculation (10.8%)16 against lower

rates (3.1%) reported by Mollengarden et al.19

Cost effectiveness analysis was not considered in all these stud-

ies. Recently, Ulchaker et al.27 provided a pre- and postopera-

tive cost-effectiveness analysis of six treatments for BPH.

Rezum system was cheaper than TURP ($2,489 vs $4,821),

having favorable cost-effectiveness and excellent safety/toler-

ability profile.27 Indeed, it was superior in terms of cost and

efficacy to other MISTs such as Urolift and Prostiva (interstitial

laser ablation).27 Future studies need to do more head to head

comparisons of different form of MISTs, ideally in a random-

ized fashion, taking into account the QoL and cost of these

treatments.

Conclusion

Rezum System is a novel minimally invasive treatment for

benign prostate enlargement using transurethral water vapor

thermal therapy. It seems to be an effective, safe, and cost-

effective procedure. Recent data show its versatility even in

catheter-dependent patients with large prostates or median

lobe, preserving sexual function. This procedure can be per-

formed in an office or ambulatory setting under local anesthe-

sia reducing anesthetic risks and recovery time.
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