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Abstract
Objectives Prostate artery embolisation (PAE) is a newminimally invasive treatment for lower urinary tract symptoms (LUTS) in
men with benign prostatic hyperplasia (BPH). The purpose of this study was to review the efficacy and safety of PAE in the
treatment of BPH with LUTS.
Methods A systematic review performed according to the PRISMA guidelines with a pre-specified search strategy for PubMed,
Web of Science, Cochrane Library and Embase databases protocol (PROSPERO ID: CRD42017059196). Trials studying the
efficacy of prostate artery embolisation to treat LUTS with more than ten participants and follow-up longer than 6 months were
included by two independent authors. Outcomes investigated were International Prostate Symptom Score (IPSS), quality of life
(QoL), International Index of Erectile Function (IIEF-5), prostate volume (PV), prostate-specific antigen (PSA), peak void flow
(Qmax), post-void residual (PVR) and complications. To summarise mean change from baseline, a meta-analysis was done using
the random-effects model.
Results The search returned 210 references, of which 13 studies met the inclusion criteria, representing 1,254 patients. Patients in
the included studies with data available for meta-analysis had moderate to severe LUTS and a mean IPSS of 23.5. Statistically
significant (p value < 0.05) improvements of all investigated outcomes were seen at 12-month follow-up. Major complications
were reported in 0.3% of the cases.
Conclusions Our findings suggest that PAE can reduce moderate to severe LUTS in men with BPH with a low risk of
complications.
Key Points
• Prostate artery embolisation (PAE) improved International Prostate Symptom Score (IPSS) by 67%.
• Major complications after PAE are very rare.
• Use of cone-beam CT may reduce risk of non-target embolisation.
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Introduction

The estimated prevalence of benign prostatic hyperplasia
(BPH) is up to 80% of men older than 70 years [1]. Of these,
about 25% experience moderate to severe lower urinary tract
symptoms (LUTS) impairing their quality of life (QoL) [2, 3].

Randomised controlled trials have demonstrated that both
medical and surgical treatment can improve urinary function
and reduce LUTS compared to observation/placebo in men with
LUTS [4, 5]. Surgery is recommended for management of recur-
rent episodes of urinary tract infections (UTIs) or acute urinary
retention (AUR), bladder calculi, gross haematuria and renal
insufficiency caused by bladder outlet obstruction [6].

Transurethral resection of the prostate (TURP) remains the
Bgold standard^ surgical management of BPHwith LUTS and
can reduce the International Prostate Symptom Score (IPSS)
by 70% [4]. Recent multicentre studies showed that TURP is
associated with a short-term morbidity of 11%, including the
need for blood transfusion, surgical revision, UTI and urinary
retention [7]. Bladder neck contracture and urethral stricture
are late complications reported in up to 9.8% and 9.2%, re-
spectively [7, 8]. Some men hesitate to accept TURP because
of the risk of retrograde ejaculation and erectile dysfunction
associated with the procedure [8]. The higher rate of compli-
cations in patients with pre-existing comorbidity, increasing
age and large prostate volume may limit eligibility for TURP
[9, 10]. A number of surgical alternatives to TURP have been
proposed in the past decades to address these issues [11].

Prostate artery embolisation (PAE) is a new endovascular
technique that can serve as an alternative to more invasive
procedures in the management of LUTS. In 2000, the first
case report described the potential of PAE to reduce voiding
symptoms and prostate volume [12]. In this systematic review
and meta-analysis, we focused on efficacy and safety of PAE
in the treatment of LUTS.

Methods

Search strategy

This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) guidelines [13]. A published protocol
(PROSPERO ID: CRD42017059196) with pre-specified out-
comes, inclusion criteria and search strategy can be accessed
online [14]. The search sources were PubMed, Web of
Science, Cochrane Library and Embase. The following search
terms were applied: prostatic OR prostate, artery OR arterial,
embolisation OR embolisation AND benign, hyperplasia OR
hypertrophy OR obstruction. The MESH terms were: embo-
lisation, therapeutic and benign prostatic hyperplasia. The

search terms were combined and conducted in appropriate
combinations on 22 March 2017.

Two authors (M.A.R. and B.M.) reviewed abstracts. Trials
studying the efficacy of PAE to treat BPH were included.
Trials with less than ten participants, short follow-up (<6
months) or indications for PAE other than BPH were exclud-
ed. Conference papers, case reports and abstracts were exclud-
ed. We applied no restrictions on language or publication date.
Full-text of all included articles was obtained and read by the
same two authors. Agreement was reached through consensus
using Covidence Systematic Review software [15].

Studies with overlapping recruitment period or data were
excluded in favour of the publication with the longest follow-
up or highest number of patients when the former did not vary.

To evaluate the risk of bias of randomised controlled trials
(RCTs), the revised Cochrane Risk of Bias tool with three
categories—high, low or some concern—was applied [16].
Two authors (M.T. and B.M.) evaluated the risk of bias.

First author, publication year, study design, number of pa-
tients, embolic agent, clinical and technical success rates,
complications, and outcome measures for all included articles
were collected.

Outcomes measures

The primary outcome measure was mean change in IPSS, a
commonly used and validated questionnaire for evaluation of
LUTS [17]. Secondary outcome measures were QoL, prostate
volume (PV), prostate-specific antigen (PSA), post-void re-
sidual (PVR), peak urinary flow (Qmax), International Index
of Erectile function (IIEF-5), complications, and technical and
clinical success rates. Mean values and standard deviations
were extracted for each outcome at baseline and all reported
follow-up times. Complications were grouped into major or
minor according to the Society of Interventional Radiology
(SIR) classification [18].

Statistical considerations

Meta-analysis was performed to summarise mean values at
baseline and changes from the baseline value at every fol-
low-up. Only studies with samples at the relevant time of
follow-up were included in the meta-analysis of changes from
baseline. If standard errors of mean changes over time were
not provided these were expressed as:

SE changeð Þ2 ¼ SE baselineð Þ2 þ SE follow−upð Þ2−2r
� SE baselineð Þ2 � SE follow−upð Þ2

Where r is the correlation between the baseline and follow-
up measurement. Since the correlation a priori is positive, the
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standard errors for mean changes can be estimated conserva-
tively by

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SE baselineð Þ2 þ SE follow−upð Þ2
q

The random-effects model used due to the clinical hetero-
geneity of the different study cohorts has previously been
described in detail [19]. Heterogeneity should a priori be an-
ticipated due to differences in study design and study popula-
tions. Therefore, test of heterogeneity was not performed since
these may have low power [19]. The analysis was performed
using R statistical software version 3.4.1 and the rmeta pack-
age version 2.16 [20, 21]. A p value of <0.05 was considered
statistically significant.

Corresponding authors of publications not reporting stan-
dard deviations were contacted by e-mail. If data could not be
retrieved, they were excluded from the meta-analysis.

Results

Study selection and overview

The search returned 210 references after removing duplicates.
A total of 152 articles were excluded after reading the abstract.
Of the remaining 58 studies assessed for full-text eligibility,

we included 13 studies with 1,254 patients for data extraction
[22–34].

Three studies did not report standard deviations of mean
values [22, 29, 31]. One study did not report changes in pros-
tate volume [24]. All four corresponding authors were e-
mailed to retrieve missing data but had not responded by the
time of submission.

The number of participants in each study ranged from 22 to
630. Assis et al [31] excluded one patient from analysis be-
cause of unsuccessful embolisation on both sites. After ex-
cluding studies with missing data, a total of 1,046 patients
with a mean age of 68.6 years and up to 6.5 years of follow-
up were available for meta-analysis.

A PRISMA flow diagram depicts the process of evidence
synthesis (Fig. 1). Prior to submission and according to the
pre-specified protocol, we searched for newly published stud-
ies eligible for inclusion. No further studies were included as
of 3 November 2017.

Two of the included studies were RCTs [22, 34]. Study
characteristics and assessment of risk of bias are summarised
in Tables 1 and 2, respectively.

Outcome measures

All investigated outcomes were reported by nine studies,
while the remaining did not. Bagla et al [24] did not study
changes in Qmax, PSA, PVor PVR. Gonçalves et al [25] did

Fig. 1 PRISMA flow diagram
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not report on changes in IEFF and PVR. Baseline values of
PSA, IEFF, Qmax, and PVR were not reported by Rampoldi
et al [28] Finally, IEFF was not assessed by Shaker et al [33].

The severity of LUTS at baseline ranged from moderate to
severe with a mean IPSS of 23.5 and a QoL score of 4.7. Pre-
embolisation mean prostate volume was 77.3 cm3.

Since only one study had longer than 1 year of follow-up,
we report values at the 12-month follow-up where all investi-
gated outcomes had significantly improved. Relief of symp-
toms after PAE was demonstrated by a 16.2-point (95% CI, -
18.3, -14.0) IPSS mean reduction and improved QoL of 3.0
points (95% CI, -3.7, -2.3). Mean PV was significantly re-
duced by 20.3 cm3 (95% CI, -25.8, -14.8) one year after
PAE. IPSS, QoL, PV, PVR and IIEF remained statistically
significantly improved after 3 years. Baseline values and
changes from baseline are summarised in Fig. 2 and Table 3.
Changes from baseline in each individual study at 12-month
follow-up are shown in Fig. 3.

Complications

SIR classification [18] of complications was used by six stud-
ies, Clavien-Dindo [35] or a modification in three studies,
National Cancer Institute Common Terminology Criteria for
Adverse Events [36] in two studies, and the remaining two
studies did not specify the classification.

The most frequent minor post-operative complications
were transient dysuria and increased urinary frequency report-
ed in 10% and 16%, respectively. The occurrence of post-
embolisation syndrome (PES) was reported in 3.6%. One
study with 22 participants reported no complications at all
[32].

Major post-operative complications were reported in three
cases (0.3%). One incidence of bladder ischaemia was treated
by surgery. One was treated with intravenous antibiotics for a
persistent UTI. Finally, one patient reported persistent perineal
pain for 3 months. All observed complications have been
summarised according to the SIR classification in Table 4.

Discussion

This systematic review and meta-analysis investigated the ef-
ficacy and safety of PAE in the treatment of LUTS. At 12-
month follow-up, significant improvements of all investigated
outcomes were reported with a low risk of complications.
These results indicate that PAE may have a role in the man-
agement of LUTS associated with BPH, especially in men
with high risk of complications due to pre-existing medical
conditions.

Rates of clinical and technical success were reported be-
tween 76.3 to 100% and 76.7 to 100%, respectively. In the
included studies, both bilateral and unilateral embolisationsT
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Table 2 Risk of bias

Cochrane risk of
bias tool

Randomisation
process

Deviation from intended
intervention

Missing outcome
data

Measurement of the
outcome

Selection of the reported
results

Overall

Randomised controlled trials

Carnevale 2015 - + + ? + ?

Gao 2014 + + + ? + ?

Non-randomised studies

Amouyal 2016 Study design with an inherent risk of bias

Assis 2015 Study design with an inherent risk of bias

Bagla 2015 Study design with an inherent risk of bias

Gabr 2016 Study design with an inherent risk of bias

Goncalves 2016 Study design with an inherent risk of bias

Kurbatov 2014 Study design with an inherent risk of bias

Li 2015 Study design with an inherent risk of bias

Pisco 2016 Study design with an inherent risk of bias

Rampoldi 2017 Study design with an inherent risk of bias

Shaker 2016 Study design with an inherent risk of bias

Wang 2016 Study design with an inherent risk of bias

+ low risk, - high risk, ? some concern

Fig. 2 Mean changes from
baseline with confidence interval
bars. IIEF International Index of
Erectile Function, IPSS
International Prostate Symptom
Score, PSA prostate-specific
antigen, PV prostate volume, PVR
post-void residual, Qmax peak
urinary flow, QoL quality of life
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were considered technical successes, despite evidence sug-
gesting a better clinical result after bilateral embolisation
[37]. However, more than 50% of patients treated with unilat-
eral embolisation can achieve improvement in IPSS, QoL,
Qmax and become independent of prostatic medication [37].
Additionally, the definition of clinical success also varied.
One study specified clinical success as the ability void with
less than 80 mL PVR after removing the indwelling bladder
catheter [28]. Most studies considered improvement in IPSS,
QoL and Qmax clinical success, although threshold values
varied.

Some studies performed a pre-intervention computed to-
mography angiography (CTA) as proposed by several authors
[38, 39]. The CTA can be used to plan the procedure and
exclude patients with advanced atherosclerosis or tortuous
arteries. This selection may increase rates of bilateral emboli-
sation and better clinical outcomes. PV is a valuable outcome
since the primary mechanism of action of conventional thera-
pies such as 5a-reductase inhibitors and TURP is to reduce the
size of the prostate and consequently the urethral pressure to
relieve obstruction. The reduction of PV after PAE peaked at
6-month follow-up at almost 29 cm3. At long-term follow-up
(up to 6.5 years) the reduction of PV from baseline was only
14 cm3 and PSA (as an indirect measure of PV) had a similar
increasing trend over time. Interestingly, IPSS remained im-
proved by 12 points despite this apparent partial regrowth of
the prostate. Regrowth of the prostate is a known phenomenon
after surgery and may explain the rate of re-intervention after
TURP, which can be as high as 15.5% within 8 years [40].

Both IPSS and QoL scores are important patient-reported
outcomes that subjectively grade the severity of LUTS and
patients undergoing PAE experienced significant symptomat-
ic improvements at every follow-up. The meta-analysis
showed a 67% reduction of IPSS 1 year after embolisation.
The findings are comparable to the 61% improvement report-
ed by Kuang et al [41]. In comparison, a meta-analysis of 20
RCTS representing 954 patients undergoing TURP observed
a 70% improvement of IPSS after TURP [42]. Further, a RCT
involving 3,047 men found a 41% reduction of IPSS follow-
ing a combined medical therapy of doxazosin and finasteride
[43]. Our meta-analysis showed a comparable symptomatic
effect of PAE compared to TURP. This was in agreement with
the RCT by Gao et al [22]. Likewise, in the study by
Carnevale et al [34], patients treated in the non-randomised
arm with Bproximal embolisation first, then embolise distal^
(PErFecTED) technique experienced similar rates of symp-
tomatic relief as patients treated with TURP.

The different effect sizes reported by studies included in
our analysis may be explained by the inhomogeneity in re-
spect to patient selection, embolisation technique and timing
of follow-up. For instance, thebiggest cohort byPiscoet al [39]
found a reduction of 13.7 points and 20.3 cm3 of IPSS and PV,
respectively, within the first year of follow-up.Meanwhile, theTa
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second largest cohort included in this systematic reviewfollow-
ed by Wang and colleagues [30] observed an 18 points reduc-
tion in IPSS and a PV reduction of 29 cm3.

The degree of obstruction was routinely assessed by PVR
and Qmax and was significantly improved at 12-month fol-
low-up. PVR was reduced by 52.2 ml and Qmax improved by

Fig. 3 Forest plot showing mean changes from baseline at 12-month
follow-up with confidence interval bars. IIEF International Index of
Erectile Function, oPAE original prostate artery embolisation technique,
PErFecTED proximal embolisation first, then embolise distal, IPSS
International Prostate Symptom Score, PSA prostate-specific antigen,

PV prostate volume, PVR post-void residual, Qmax peak urinary flow,
QoL quality of life, ≥75y men aged 75 or older, <75 men aged younger
than 75, 100-300 group treated using 100-300 μm particles, 300-500
group treated using 300-500 μm particles
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6.5 ml/s, indicating a relief of obstruction. The improved peak
flow is less than the 9.7 ml/s reported after TURP, but higher
than the 3.7 ml/s observed after medical treatment [43, 44].
This superiority of TURP on uroflowmetry is in agreement
with the results from the RCTs included in this review.

Erectile dysfunction impacts QoL. Following PAE, erectile
function assessed by IIEF-5 significantly improved by 3.4
points. Despite the controversy of TURP and impaired erectile
function, it is a major concern that may guide the choice of
therapy in favour of PAE.

A strong argument for minimally invasive techniques is the
expected mild side-effects and lower rate of complications
compared to surgery. PES is a side-effect commonly reported
after therapeutic embolisation. The syndrome consists of fe-
ver, nausea, pain and transient worsening of LUTS in partic-
ular, dysuria and frequency. The most commonly observed
complication in this review was self-limited dysuria (16%),
followed by frequency (11%). According to Moreira et al
[45], both symptoms should instead be considered expected
side-effects of the treatment and a part of the PES. Lack of
consensus to distinguish complications from side-effects may
explain why some authors observed no complications and
others reported minor complications in 100%.

Few major complications were reported and only one inci-
dence of non-target embolisation (NTE) of the bladder wall
required surgical intervention. NTE is a recognised risk asso-
ciated with trans-arterial embolisation and likely to be caused
by failure to correctly identify the prostate artery and its anas-
tomoses or by reflux of embolic material due to high pressure
administration [46, 47]. Utilisation of cone-beam computed
tomography (CBCT) has been proposed to reduce the occur-
rence of NTE and assist in the identification of the prostate
arteries [48].

Limitations

This systematic review is limited by the diversity in patient
selection between studies as well as the use of different em-
bolic material and embolisation techniques. The consequence
was an inhomogeneous group of studies for meta-analysis.
Being an emerging technique, long-term follow-up data is
warranted but only one study in the meta-analysis had more
than 12-month follow-up. Thus, long-term results are based
on limited samples. Additionally, only two authors participat-
ed in the initial screening and full-text inclusion.

Table 4 Complications reported
in all studies during follow-up Total incidence of complications Number of incidents (%)

No. of patients = 1,253

SIR Classification

Major

Urinary tract infection requiring IVantibiotics 1 (0.08)

Bladder wall ischaemia 1 (0.08)

Persistent perineal pain 1 (0.08)

Minor

Dysuria 212 (16.92)

Frequency 145 (11.57)

Obstipation 76 (6.07)

Haematospermia 69 (5.51)

Haematuria 69 (5.51)

Urinary retention 57 (4.55)

Transient rectal bleeding 57 (4.55)

Post-embolisation syndrome 47 (3.75)

Urinary tract infection treated with oral antibiotics 33 (2.63)

Groin haematoma 19 (1.52)

Reduction in ejaculate volume 9 (0.72)

Balanitis 4 (0.32)

Rectorrhagia 3 (0.24)

Diarrhoea 2 (0.16)

Hyperthermia 1 (0.08)

Severe pelvic pain 1 (0.08)

Transient pubic bone ischaemia 1 (0.08)
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Conclusions

This systematic review and meta-analysis showed that PAE
was feasible and reduced moderate to severe LUTSwith a low
risk of major complications. More randomised controlled tri-
als and long-term follow-ups are needed.
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