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A review of technical tips, available devices, and embolic agents used in PAE for benign 

prostatic hyperplasia.

BY TIAGO BILHIM, MD, PhD, EBIR, FCIRSE, FSIR

I
t has been 10 years since the first two prospective obser-
vational studies have shown that prostatic artery embo-
lization (PAE) is safe and effective to treat lower urinary 
tract symptoms (LUTS) and acute urinary retention 

associated with benign prostatic hyperplasia (BPH).1,2 Since 
then, many single-arm prospective studies and randomized 
controlled studies have been published showing that PAE 
is safe and effective to treat LUTS, with comparable results 
to surgery.1-19 Even though functional outcomes such as 
prostate volume reduction and relief of bladder outlet 
obstruction may be superior with surgery when compared 
with PAE, clinical improvement is similar between the two 
techniques.4,6,9,14-16 The lower adverse event profile and 
faster recovery favor PAE over surgery, making PAE a very 
attractive treatment alternative for patients refractory to, 
not responding to, or who cannot tolerate medical therapy 
for bothersome LUTS.4,6,9,14-16

PAE may be useful for very large prostates, for patients 
under acute urinary retention, or patients with hematuria of 
prostatic origin due to BPH and prostatic cancer.1-23 From a 
cost-analysis point of view, PAE may be more favorable than 
prostatic surgery.24 The cumulative evidence from the past 
10 years has led to PAE being endorsed by interventional 
radiology societies around the world as an acceptable mini-
mally invasive treatment option for appropriately selected 
men with BPH and moderate to severe LUTS.25,26 The 
United Kingdom guidelines propose PAE as an acceptable 
treatment option for men with LUTS and BPH,27,28 although 
the urology guidelines only advise the use of PAE for BPH in 
clinical trials.29,30 This is mostly due to the absence of sham-
controlled trials or long-term evidence of treatment efficacy. 

Recently, a sham-controlled trial has established the safety 
and efficacy of PAE, eliminating all claims that the PAE out-
comes could be explained by a placebo effect.31 Growing 
evidence on long-term outcomes after PAE is starting to 
appear as PAE awaits impending acceptance in the urology 
guidelines.20,32

OVERVIEW OF APPLICABLE MEDICAL DEVICES 
FOR PAE
Types of Embolic Material(s)

Materials, characteristics, and approaches for use.  
Currently used embolic agents for PAE include polyvinyl 
alcohol (PVA) particles (Bearing nsPVA, Merit Medical 
Systems, Inc.; Contour, Boston Scientific Corporation) 
and spherical embolic agents such as spherical PVA (Bead 
Block, Boston Scientific Corporation), trisacryl gelatin 
microspheres (Embosphere, Merit Medical Systems, Inc.), 
polyzene-coated hydrogel microspheres (Embozene, Varian 
Medical Systems), and polyethylene glycol microspheres 
(HydroPearl, Terumo Interventional).1-24,33-35 There are 
limited comparative studies between the different com-
monly used embolic agents for PAE and no clear benefit of 
one over another.34,36,37 Basic knowledge of how to use and 
prepare these embolic agents for PAE is required because 
prostatic arteries are small, and premature stasis may be 
obtained after only 1 or 2 mL of the embolic solution have 
been injected, leading to suboptimal results.

To avoid premature stasis during PAE, the operator has 
four options: (1) place the microcatheter distally inside the 
prostatic arteries to avoid clumping of the embolic material 
proximally inside the main prostatic artery trunk; (2) use 
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very diluted embolic solutions; (3) flush the microcatheter 
with saline with every 1 to 3 mL of embolic solution inject-
ed; and (4) downsize the embolic materials. 

Although the tendency for clumping is usually linked to 
PVA particles, it is also often seen with spherical embolic 
agents during PAE. The operator should be aware of the vol-
ume of embolic material that comes with each vial. Many 
embolization packages provide vials with 2 mL of embolic 
material; however, other vials only contain 1 mL of embolic 
material. Some distributors may provide embolic vials with 
either 1 or 2 mL of embolic material. Each 2 mL of embolic 
material should be diluted into 20 to 40 mL of embolic solu-
tion (high dilution) with a mixture of saline and contrast so 
that the embolic material stays in suspension. If the embolic 
material drops, contrast is added. If the embolic material 
goes up, saline is added. This addition of saline and contrast 
should be made until 20 to 40 mL of embolic solution in a 
homogeneous suspension is achieved with PVA particles 
and microspheres. By positioning the microcatheter distally 
inside the prostatic arteries, either inside the prostate or 
near the prostatic capsule, higher amounts of embolic solu-
tions can be injected.9,38

Specific applicable sizes.  Regarding embolic sizes used for 
PAE, PVA particles are different from microspheres. With 
PVA particles, results may be improved with the combined 
use of smaller (100 µm) followed by larger (200 µm) PVA 
particles.33,39 The use of smaller (100 µm) PVA particles 
alone may lead to greater revascularization and relapsing 
symptoms.33 Smaller (100 µm) PVA particles have shown 
greater prostate volume reduction and bladder outlet 
obstruction relief, which may be due to the deeper pen-
etration, and more prostatic ischemia and destruction.33,39 
Both PVA particle sizes are equally safe, with no increase in 
the rate of adverse events with downsizing.33,39 Thus, when 
using PVA particles, the recommendation would be to start 
with 2 to 5 mL of embolic solution with smaller (100 µm) 
particles, followed by larger (200 µm) PVA particles. Using 
PVA particles < 100 µm is not feasible in most countries, 
as they are not readily available. Using only PVA particles 
> 200 µm is not recommended because it may lead to 
proximal embolization with lower penetration inside the 
prostate and suboptimal outcomes.

For microspheres available for PAE, one should value 
the different characteristics among them. Embospheres 
are more rigid and penetrate less distally than Bead Block, 
Embozene, or HydroPearl. Bead Block, Embozene, and 
HydroPearl are more compressible with a higher in vivo 
deformation, which leads to a more distal occlusion within 
the vascular network, and are more unpredictable and less 
correlated with the actual particle size being used.40,41 The 
size paradox of microspheres for PAE has its threshold at 
300 µm. Because one vial is enough for virtually all PAE pro-
cedures, the question remains whether to use microspheres  

≥ 300 µm or ≤ 300 µm.42 Standard use sizes for PAE include 
Embosphere 100–300 µm and/or 300–500 µm, Bead Block 
300–500 µm (100–300 µm is discouraged due to the poten-
tial of nontarget embolization associated with deep penetra-
tion due to compressibility), and Embozene and HydroPearl 
250 µm and/or 400 µm. Some studies have shown that 
using < 300-µm microspheres could be safe and effec-
tive for PAE11,15,35,43 and that PAE with smaller (< 300 µm) 
microspheres could lead to better results.44,45 However, 
prospective comparative studies using smaller (< 300 µm) 
microspheres versus larger (> 300 µm) microspheres have 
failed to show any added clinical benefit and a potential 
for increasing adverse events after PAE, bringing into ques-
tion the role of < 300-µm microspheres for PAE.46,47 Use of 
microspheres > 400 µm is not recommended due to the 
potential for proximal embolization with lower penetration 
inside the prostate and suboptimal outcomes.

Catheters and Wires
Even though most commonly performed from a trans-

femoral approach (TFA),1-23 PAE can also be performed 
using a transradial approach (TRA).48,49 Dedicated radial 
sheaths and longer 5-F Berenstein catheters (ie, 125- to 
135-cm-long, Performa, Merit Medical Systems, Inc.) should 
be used for PAE from TRA, and longer microcatheters are 
needed (150-cm long instead of 135-cm long). When using 
TFA, 5-F catheter preference varies within institutions and 
operators. Some commonly used 5-F catheters include uter-
ine artery catheters (Impress hydrophilic diagnostic UAC2, 
Merit Medical Systems, Inc.; Beacon Tip, Cook Medical), 
Cobra catheters, Berenstein catheters, Simmons catheters, 
and Rösch inferior mesenteric catheters. In our practice, 
we use the PPC2 catheter (Performa) that was redesigned 
similarly to the uterine catheters but with a stiffer body, 
allowing better torqueability. These catheters have a pre-
shaped Waltman loop 20 to 30 cm proximally to the tip, 
allowing bilateral internal iliac artery catheterization from a 
single femoral puncture. Common 0.035-inch hydrophilic 
wires used with these catheters include the Laureate (Merit 
Medical Systems, Inc.), Radifocus (Terumo Interventional 
Systems), and Glidewire (Terumo Interventional Systems). 
Radifocus and Glidewire are 0.035-inch shapeable hydro-
philic wires that can be very useful.

Commonly used microcatheters range in size from 
2 to 2.4 F. We tend to prefer microcatheters with pre-
shaped swan-neck curves at the tip (Maestro or Pursue, 
Merit Medical Systems, Inc.; Direxion, Boston Scientific 
Corporation). These tip angulations provide the microcath-
eter with torque capability, which allows for selective pros-
tatic artery catheterizations even without a microguidewire 
in some procedures.38 Preferred microwires include 0.014-
to 0.016-inch Glidewire GT (double-angled or 90°-angled), 
Fathom (shapeable, Boston Scientific Corporation), Asahi 
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Meister (shapeable, Asahi Intecc USA, Inc.), Hi-Torque 
BMW wire (Abbott), and Synchro (Stryker). For very chal-
lenging prostatic arteries with tight, angulated origins 
from the superior vesical artery, steerable microcatheters 
(SwiftNinja, Merit Medical Systems, Inc.) may be very useful.

Next-Generation Developments
Although the steerable and preshaped swan-neck curved 

microcatheters have been helpful for many previously 
impossible PAE procedures, there are still some technical 
failures of selective prostatic artery catheterization. Iliac 
artery tortuosity, atheroma, and prostatic arteries arising 
from the superior vesical artery with angulated origins 
are known risk factors for the failure of prostatic artery 
catheterization.44,50,51 Existing guidewires still fail to achieve 
selective catheterization in many of these situations, and 
unilateral PAE is reported in up to 16%, 22%, and 37% of 
patients with mild, moderate, or severe tortuosity of pelvic 
arteries, respectively.51 Better supporting 5-F catheters with 
torqueability, steerable 5-F catheters, and steerable wires 
would be interesting future technologic developments to 
improve PAE success. The steerable microcatheters work 
within the large-space vascular lumen (> 2 mm); how-
ever, they lose steering capabilities within smaller lumens 
(< 2 mm). Redesigned technology to increase the steering 
capabilities with greater resistance to maneuvers (some 
still break the steering wires after multiple uses) would be 
important points for improvement. Also, many available 
microwires do not have torque response when used within 
smaller lumens (< 3 mm); thus, they cannot be used for 
selective catheterizations. 

TECHNICAL TIPS
Imaging Tips/Techniques 

We are strong advocates of preprocedural imaging plan-
ning. We introduced the concept of using CTA before PAE 
in 2011 and still use it today.52 Preprocedural MRA has also 
been shown to be reliable for pre-PAE planning, but its use 
is less generalized as compared with CTA.53,54 Preprocedural 
imaging planning is essential because PAE may be a proce-
dure associated with high radiation exposure for patients 
and medical staff.55 Cone-beam CT (CBCT) can also be used 
during the procedure to map the pelvic arteries, identify all 
feeders to the prostate, assure correct microcatheter loca-
tion before selective PAE, and exclude nontarget emboliza-
tion.56,57 CBCT can also provide accurate information about 
central gland coverage during PAE and if there is any miss-
ing artery that should be embolized.58 With CBCT, duplicate 
feeders to the central gland can be identified, allowing a 
more complete embolization of the whole central gland 
(Figure 1). Our digital subtraction angiography (DSA) pro-
tocols are 6 mL at 3 mL/second in the internal iliac arteries 
and 5 mL at 2 mL/second in the prostatic arteries. For CBCT, 

our protocols are diluted contrast 350 mg I/mL (50%/50% 
with saline), 10-second rotational scan of 180° at 18° rota-
tion per second, image acquisition every 0.5°, source power 
of 125 kVp, and 316 matrix images (512 X 512 voxels). 
Injection volume and rate of injection should be adjusted to 
cover the whole acquisition time plus some more time to 
start injection 2 to 5 seconds before the start of acquisition 
(arrival time). Therefore, with a 10-second acquisition time, 
our protocols are CBCT in the aorta, 45 mL, 3 mL/second, 
arrival time of 5 seconds; CBCT in the internal iliac artery, 
28 mL, 2 mL/second, arrival time of 4 seconds; and CBCT in 
the prostatic arteries, 7 mL, 0.5 mL/second, arrival time of 
4 seconds. 

Technical Advice
We use TRA as the first-line approach if the patient is 

aged < 75 years; has a radial artery diameter > 2 mm; has 
a Barbeau test result of A, B, or C; and is < 1.85 m (< 6 ft). 
TRA is only performed using the left arm to exclude 
any neurologic event from passing over the supra-aortic 
trunks. As such, our practice has shifted to 70% radial ver-
sus 30% femoral access for PAE. With radial access, we use 
the 5-F Berenstein catheter (125- to 135-cm-long) and the 
150-cm swan-neck curved-tip 2.4-F Maestro. With TFA, 
we use the PPC2 catheter, which allows bilateral pelvic 
catheterization with a single femoral puncture and the 
135-cm–long swan-neck curved-tip 2.4-F Maestro. Balloon 
occlusion microcatheters (2.4-F Sniper, Embolx, Inc.) are 
available options to minimize nontarget embolization38,59 
and may prevent the need for protective coil placement 
before PAE.60,61 Our preferred microguidewires include the 
0.016-inch Glidewire GT (double-angled), Fathom (shape-
able), or Asahi Meister (shapeable). 

Because we use preprocedural CTA, the anatomy of the 
pelvic arteries is identified before the procedure so that 
we do not routinely use intraprocedural DSA, which is 
responsible for 75% of the radiation exposure during PAE 
and may reach problematic levels because of the frequently 
used magnified steep oblique views.55 Limiting the use of 
DSA allows for significant reduction in radiation exposure. 
Acquisitions acquired with CBCT cut the amount of radia-
tion exposure in half when compared with DSA. The 35° 
to 40° ipsilateral anterior oblique view with caudal-cranial 
angulation (-10°) is essential to help separate the internal 
iliac branches and identify the anatomy of the prostatic 
arteries. Also, magnified views are recommended because 
the prostatic arteries may be very small (1 to 2 mm in size).62 

After identifying the prostatic arteries, road map imag-
ing is recommended to help guide selective catheterization 
attempts. With preprocedural imaging guidance, there is 
no need for DSA or CBCT runs from the aorta or internal 
iliac arteries to study the vascular anatomy of the pelvis. 
After selective catheterization of the prostatic arteries, 
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we routinely use CBCT 
(and not DSA) due to 
lower radiation exposure 
and because it can detect 
potential arteries leading 
to nontarget emboliza-
tion. CBCT also allows for 
confident targeting of the 
prostate, whereas DSA 
findings after prostatic 
artery catheterization are 
nonpathognomonic and 
may resemble the bladder, 
seminal vesicles, rectum, or 
penis.52,55-58,62 The certifica-
tion of correct targeting 
of the prostate with CBCT 
without nontarget embo-
lization to the rectum, 
penis, or bladder is funda-
mental, as serious adverse 
events from nontarget 
embolization have been 
described.63,64

When large anastomo-
ses are present between 
the prostate and the 
bladder, rectum, or penis, 
protective coils may be 
placed to exclude these 
anastomoses and redirect 
flow into the prostate and 
away from the surround-
ing organs.38,59-61 Because 
these anastomoses tend 
to be very small in size 
(2–3 mm), short (2–3-cm long) pushable (Tornado, Cook 
Medical) or detachable (Retracta, Cook Medical; Interlock, 
Boston Scientific Corporation; Concerto, Medtronic) 
0.018-inch microcoils are most frequently used. Sometimes, 
3- to 6-mm microcoils can be used in larger collateral 
branches to redirect flow into the prostate. 

After ensuring correct prostatic location without non-
target embolization, we proceed with embolization using 
smaller (100 µm) PVA particles, followed by larger (200 µm) 
PVA particles or 300–500-µm Embosphere, 300–500-µm 
Bead Block, or 400-µm Embozene. We give 100 to 200 µg 
of intra-arterial nitroglycerin inside the prostatic arteries 
and flush with saline just before starting embolization. We 
try to position the microcatheter deep inside the prostatic 
arteries from the start of embolization38 to allow reflux 
of the embolic material along the main prostatic artery 
trunk without the need for control DSA after embolization. 

Embolization is considered finished when complete stasis of 
embolic material is seen with reflux almost up to the pros-
tatic artery origin. As a final tip, we always try to work with 
the “double torque” provided by the 5-F catheter and the 
microcatheter, positioning the 5-F catheter tip as close as 
possible to the prostatic artery origin, guiding the prostatic 
artery catheterization with the microcatheter and providing 
more support. 

CONCLUSION
PAE has come a long way since it was introduced 10 years 

ago. At present, the level of evidence in favor of PAE is 
unanimous within interventional radiology societies around 
the globe and within certain national health care systems. 
However, acceptance within the urology guidelines as an 
alternative treatment option to surgery or medical therapy 
for men with BPH is still on hold. n

Figure 1.  Left anterior oblique view (35° with caudal-cranial angulation -10°) road map of the 

left internal iliac artery depicting the left prostatic artery (arrows) overlapping with the obtu-

rator artery (dashed arrows; A). Posteroanterior DSA after selective catheterization of the left 

prostatic artery (arrow) denoting lack of vascularization of the inferior third of the left central 

gland of the prostate (dashed arrow; B). CBCT coronal reformat overlaid imaging after selective 

catheterization of the left prostatic artery (arrow) and right prostatic artery (solid arrow), denot-

ing the asymmetric lack of vascularization of the inferior third of the left central gland of the 

prostate (dashed arrow; C). Left anterior oblique view (35° with caudal-cranial angulation -10°) 

road map of the left obturator artery (dashed arrows) depicting a second left prostatic artery 

(arrow; D). CBCT coronal reformat confirming a second left prostatic artery (arrows) vascular-

izing the lower third of the central gland arising from the obturator artery (dashed arrows; E). 

CBCT coronal reformat overlaid imaging after selective catheterization of the left prostatic 

artery vascularizing the upper two-thirds of the central gland (arrows) and the left prostatic 

artery vascularizing the lower third of the central gland (dashed arrows; F).

A

D

B

E

C

F



EMBOLIZATION

VOL. 19, NO. 4 APRIL 2020 ENDOVASCULAR TODAY 45 

1.  Pisco JM, Pinheiro LC, Bilhim T, et al. Prostatic arterial embolization to treat benign prostatic hyperplasia. J Vasc Interv Radiol. 
2011;22:11-19;quiz 20.
2.  Carnevale FC, Antunes AA, da Motta Leal Filho JM, et al. Prostatic artery embolization as a primary treatment for benign 
prostatic hyperplasia: preliminary results in two patients. Cardiovasc Intervent Radiol. 2010;33:355-361.
3.  Bagla S, Martin CP, van Breda A, et al. Early results from a United States trial of prostatic artery embolization in the treatment of 
benign prostatic hyperplasia. J Vasc Interv Radiol. 2014;25:47-52.
4.  Gao YA, Huang Y, Zhang R, et al. Benign prostatic hyperplasia: prostatic arterial embolization versus transurethral resection of 
the prostate–a prospective, randomized, and controlled clinical trial. Radiology. 2014;270:920-928.
5.  Kurbatov D, Russo GI, Lepetukhin A, et al. Prostatic artery embolization for prostate volume greater than 80 cm3: results from a 
single-center prospective study. Urology. 2014;84:400-404.
6.  Russo GI, Kurbatov D, Sansalone S, et al. Prostatic arterial embolization vs open prostatectomy: a 1-year matched-pair analysis 
of functional outcomes and morbidities. Urology. 2015;86:343-348. 
7.  Wang M, Guo L, Duan F, et al. Prostatic arterial embolization for the treatment of lower urinary tract symptoms as a result of 
large benign prostatic hyperplasia: a prospective single-center investigation. Int J Urol. 2015;22:766-772.
8.  Grosso M, Balderi A, Arno M, et al. Prostatic artery embolization in benign prostatic hyperplasia: preliminary results in 13 
patients. Radiol Med. 2015;120:361-368.
9.  Carnevale FC, Iscaife A, Yoshinaga EM, et al. Transurethral resection of the prostate (TURP) versus original and PErFecTED 
prostate artery embolization (PAE) due to benign prostatic hyperplasia (BPH): preliminary results of a single center, prospective, 
urodynamic-controlled analysis. Cardiovasc Intervent Radiol. 2016;39:44-52.
10.  Amouyal G, Thiounn N, Pellerin O, et al. Clinical results after prostatic artery embolization using the PErFecTED technique: 
a single-center study. Cardiovasc Intervent Radiol. 2016;39:367-375.
11.  Isaacson AJ, Raynor MC, Yu H, Burke CT. Prostatic artery embolization using Embosphere microspheres for prostates measur-
ing 80-150 cm3: early results from a US trial. J Vasc Interv Radiol. 2016;27:709-714.
12.  Rampoldi A, Barbosa F, Secco S, et al. Prostatic artery embolization as an alternative to indwelling bladder catheterization to 
manage benign prostatic hyperplasia in poor surgical candidates. Cardiovasc Intervent Radiol 2017;40:530-536.
13.  Yu SC, Cho CC, Hung EH, et al. Prostate artery embolization for complete urinary outflow obstruction due to benign prostatic 
hypertrophy. Cardiovasc Intervent Radiol. 2017;40:33-40.
14.  Qiu Z, Zhang C, Wang X, et al. Clinical evaluation of embolization of the superior vesical prostatic artery for treatment of 
benign prostatic hyperplasia: a single-center retrospective study. Wideochir Inne Tech Maloinwazyjne. 2017;12:409-416.
15.  Abt D, Hechelhammer L, Mullhaupt G, et al. Comparison of prostatic artery embolisation (PAE) versus transurethral resection 
of the prostate (TURP) for benign prostatic hyperplasia: randomised, open label, noninferiority trial. BMJ. 2018;361:k2338.
16.  Ray AF, Powell J, Speakman MJ, et al. Efficacy and safety of prostate artery embolization for benign prostatic hyperplasia: an 
observational study and propensity-matched comparison with transurethral resection of the prostate (the UK-ROPE study). BJU 
Int. 2018;122:270-282. 
17.  Brown N, Walker D, McBean R, et al. Prostate artery embolisation assessment of safety and feasibility (P-EASY): a potential 
alternative to long-term medical therapy for benign prostate hyperplasia. BJU Int. 2018;122(suppl 5):27-34.
18.  Bhatia S, Sinha VK, Harward S, et al. Prostate artery embolization in patients with prostate volumes of 80 mL or more: 
a single-institution retrospective experience of 93 patients. J Vasc Interv Radiol. 2018;29:1392-1398.
19.  Salem R, Hairston J, Hohlastos E, et al. Prostate artery embolization for lower urinary tract symptoms secondary to 
benign prostatic hyperplasia: results from a prospective FDA-approved investigational device exemption study. Urology. 
2018;120:205-210.
20.  Pisco JM, Bilhim T, Pinheiro LC, et al. Medium- and long-term outcome of prostate artery embolization for patients with 
benign prostatic hyperplasia: results in 630 patients. J Vasc Interv Radiol. 2016;27:1115-1122.
21.  Tapping CR, Macdonald A, Hadi M, et al. Prostatic artery embolization (PAE) for benign prostatic hyperplasia (BPH) with 
haematuria in the absence of an upper urinary tract pathology. Cardiovasc Intervent Radiol. 2018;41:1160-1164.
22.  Chen JW, Shin JH, Tsao TF, et al. Prostatic arterial embolization for control of hematuria in patients with advanced prostate 
cancer. J Vasc Interv Radiol. 2017;28:295-301.
23.  Malling B, Røder MA, Lindh M, et al. Palliative prostate artery embolization for prostate cancer: a case series. Cardiovasc 
Intervent Radiol. 2019;42:1405-1412.
24.  Bagla S, Smirniotopoulos J, Orlando J, Piechowiak R. Cost analysis of prostate artery embolization (PAE) and transurethral re-
section of the prostate (TURP) in the treatment of benign prostatic hyperplasia. Cardiovasc Intervent Radiol. 2017;40:1694-1697.
25.  Cornelis FH, Bilhim T, Hacking N, et al. CIRSE standards of practice on prostatic artery embolisation. Cardiovasc Intervent 
Radiol. 2020;43:176-185.
26. McWilliams JP, Bilhim TA, Carnevale FC, et al. Society of Interventional Radiology multisociety consensus position statement 
on prostatic artery embolization for treatment of lower urinary tract symptoms attributed to benign prostatic hyperplasia: from 
the Society of Interventional Radiology, the Cardiovascular and Interventional Radiological Society of Europe, Société Française 
de Radiologie, and the British Society of Interventional Radiology: endorsed by the Asia Pacific Society of Cardiovascular and 
Interventional Radiology, Canadian Association for Interventional Radiology, Chinese College of Interventionalists, Interventional 
Radiology Society of Australasia, Japanese Society of Interventional Radiology, and Korean Society of Interventional Radiology. 
J Vasc Interv Radiol. 2019;30:627-637.e1.
27.  National Institute for Health and Care Excellence. Prostate artery embolisation for benign prostatic hyperplasia. Interventional 
procedures guidance (IPG453), 2013. https://www.nice.org.uk/guidance/ipg453. Accessed March 10, 2020. 
28.  NICE Guidance - Prostate artery embolisation for lower urinary tract symptoms caused by benign prostatic hyperplasia: 
© NICE (2018) Prostate artery embolisation for lower urinary tract symptoms caused by benign prostatic hyperplasia. BJU Int. 
2018;122:11-12.
29.  Foster HE, Dahm P, Kohler TS, et al. Surgical management of lower urinary tract symptoms attributed to benign prostatic 
hyperplasia: AUA guideline amendment 2019. J Urol. 2019;202:592-598.
30.  Gravas S, Cornu JN, Gacci M, et al. European Association of Urology Guidelines on management of non-neurogenic 
male lower urinary tract symptoms. https://uroweb.org/guideline/treatment-of-non-neurogenic-male-luts/2019. 
Accessed March 17, 2020.
31.  Pisco JM, Bilhim T, Costa NV, et al. Randomised clinical trial of prostatic artery embolisation versus a sham procedure for 
benign prostatic hyperplasia. Eur Urol. 2020;77:354-362.
32.  Lin YT, Pereira H, Pellerin O, et al. Four-year impact of voiding and storage symptoms in patients with benign prostatic 
hyperplasia treated with prostatic artery embolization [published online February 24, 2020]. J Vasc Interv Radiol.
33.  Bilhim T, Pisco J, Campos Pinheiro L, et al. Does polyvinyl alcohol particle size change the outcome of prostatic arterial 
embolization for benign prostatic hyperplasia? Results from a single-center randomized prospective study. J Vasc Interv Radiol. 
2013;24:1595-1602.e1.
34.  Bilhim T, Pisco J, Pereira JA, et al. Predictors of clinical outcome after prostate artery embolization with spherical and 
nonspherical polyvinyl alcohol particles in patients with benign prostatic hyperplasia. Radiology. 2016;281:289-300.
35.  Franiel T, Aschenbach R, Trupp S, et al. Prostatic artery embolization with 250-µm spherical polyzene-coated hydrogel 
microspheres for lower urinary tract symptoms with follow-up MR imaging. J Vasc Interv Radiol 2018;29:1127-1137.
36.  Food and Drug Administration. De novo classification request for Embosphere microspheres; 2016. 
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN160040.pdf. Accessed March 17, 2020.
37.  Hwang JH, Park SW, Chang IS, et al. Comparison of nonspherical polyvinyl alcohol particles and microspheres for prostatic 
arterial embolization in patients with benign prostatic hyperplasia. Biomed Res Int. 2017;2017:8732351. 
38.  Bilhim T, Costa NV, Torres D, et al. Randomized clinical trial of balloon occlusion versus conventional microcatheter prostatic 

artery embolization for benign prostatic hyperplasia. J Vasc Interv Radiol. 2019;30:1798-1806.
39.  Wang MQ, Zhang JL, Xin HN, et al. Comparison of clinical outcomes of prostatic artery embolization with 50-µm plus 
100-µm polyvinyl alcohol (PVA) particles versus 100-µm pva particles alone: a prospective randomized trial. J Vasc Interv Radiol. 
2018;29:1694-1702.
40.  Verret V, Ghegediban SH, Wassef M, et al. The arterial distribution of embozene and embosphere microspheres in sheep 
kidney and uterus embolization models. J Vasc Interv Radiol. 2011;22:220-228.
41.  Laurent A, Wassef M, Saint Maurice JP, et al. Arterial distribution of calibrated tris-acryl gelatin and polyvinyl alcohol 
microspheres in a sheep kidney model. Invest Radiol. 2006;41:8-14.
42.  Bilhim T. Endovascular resection of the prostate: how much is enough for prostate artery embolization? J Vasc Interv Radiol. 
2019;30:225-227.
43.  Ayyagari R, Powell T, Staib L, et al. Prostatic artery embolization using 100-300-µm trisacryl gelatin microspheres to treat 
lower urinary tract symptoms attributable to benign prostatic hyperplasia: a single-center outcomes analysis with medium-term 
follow-up. J Vasc Interv Radiol. 2020;31:99-107.
44.  Hacking N, Vigneswaran G, Maclean D, et al. Technical and imaging outcomes from the UK registry of prostate artery 
embolization (UK-ROPE) study: focusing on predictors of clinical success. Cardiovasc Intervent Radiol. 2019;42:666-676.
45.  Abt D, Müllhaupt G, Mordasini L, et al. Outcome prediction of prostatic artery embolization: post hoc analysis of a random-
ized, open-label, non-inferiority trial. BJU Int. 2019;124:134-144.
46.  Gonçalves OM, Carnevale FC, Moreira AM, et al. Comparative study using 100–300 versus 300–500 µm microspheres for 
symptomatic patients due to enlarged-BPH prostates. Cardiovasc Intervent Radiol. 2016;39:1372-1378.
47.  Torres D, Costa NV, Pisco J, et al. Prostatic artery embolization for benign prostatic hyperplasia: prospective randomized 
trial of 100-300 µm versus 300-500 µm versus 100- to 300-µm + 300- to 500-µm Embospheres. J Vasc Interv Radiol. 
2019;30:638-644.
48.  Bhatia S, Harward SH, Sinha VK, Narayanan G. Prostate artery embolization via transradial or transulnar versus transfemoral 
arterial access: technical results. J Vasc Interv Radiol. 2017;28:898-905. 
49.  Isaacson AJ, Fischman AM, Burke CT. Technical feasibility of prostatic artery embolization from a transradial approach. AJR 
Am J Roentgenol. 2016;206:442-444.
50.  du Pisanie J, Abumoussa A, Donovan K, et al. Predictors of prostatic artery embolization technical outcomes: patient and 
procedural factors. J Vasc Interv Radiol. 2019;30:233-240.
51.  Enderlein GF, Lehmann T, von Rundstedt FC, et al. Prostatic artery embolization-anatomic predictors of technical outcomes. 
J Vasc Interv Radiol. 2020;31:378-387.
52.  Bilhim T, Pisco JM, Furtado A, Casal D, Pais D, Pinheiro LC, et al. Prostatic arterial supply: demonstration by multirow detector 
angio CT and catheter angiography. Eur Radiol. 2011;21:1119-1126.
53.  Kim AY, Field DH, DeMulder D, et al. Utility of MR angiography in the identification of prostatic artery origin prior to prostatic 
artery embolization. J Vasc Interv Radiol. 2018;29:307-310.e1.
54.  Zhang JL, Wang MQ, Shen YG, et al. Effectiveness of contrast-enhanced MR angiography for visualization of the prostatic 
artery prior to prostatic arterial embolization. Radiology. 2019;291:370-378.
55.  Andrade G, Khoury HJ, Garzon WJ, et al. Radiation exposure of patients and interventional radiologists during prostatic artery 
embolization: a prospective single-operator study. J Vasc Interv Radiol. 2017;28:517-521.
56.  Bagla S, Rholl KS, Sterling KM, et al. Utility of cone-beam CT imaging in prostatic artery embolization. J Vasc Interv Radiol. 
2013;24:1603-1607.
57.  Wang MQ, Duan F, Yuan K, et al. Benign prostatic hyperplasia: cone-beam CT in conjunction with DSA for identifying 
prostatic arterial anatomy. Radiology. 2017;282:271-280.
58.  DeMeritt JS, Wajswol E, Wattamwar A, et al. Duplicated prostate artery central gland blood supply: a retrospective analysis 
and classification system. J Vasc Interv Radiol. 2018;29:1595-1600.e9.
59.  Isaacson AJ, Hartman TS, Bagla S, Burke CT. Initial experience with balloon-occlusion prostatic artery embolization. J Vasc 
Interv Radiol. 2018;29:85-89. 
60.  Amouyal G, Chague P, Pellerin O, et al. Safety and efficacy of occlusion of large extraprostatic anastomoses during prostatic 
artery embolization for symptomatic BPH. Cardiovasc Intervent Radiol. 2016;39:1245-1255. 
61.  Bhatia S, Sinha V, Bordegaray M, et al. Role of coil embolization during prostatic artery embolization: incidence, indications, 
and safety profile. J Vasc Interv Radiol. 2017;28:656-664.e3.
62.  Bilhim T, Pisco JM, Rio Tinto H, et al. Prostatic arterial supply: anatomic and imaging findings relevant for selective arterial 
embolization. J Vasc Interv Radiol. 2012;23:1403-1415.
63.  Kisilevzky N, Laudanna Neto C, Cividanes A. Ischemia of the glans penis following prostatic artery embolization. J Vasc Interv 
Radiol. 2016;27:1745-1747. 
64.  Moschouris H, Stamatiou K, Kornezos I, et al. Favorable outcome of conservative management of extensive bladder ischemia 
complicating prostatic artery embolization. Cardiovasc Intervent Radiol. 2018;41:191-196.

Tiago Bilhim, MD, PhD, EBIR, FCIRSE, FSIR
Consultant Interventional Radiologist
Curry Cabral Hospital, CHULC 
Saint Louis Hospital
Professor of Anatomy and Radiology
NOVA Medical School
Lisbon, Portugal
Associate Editor, Journal of Vascular and 
Interventional Radiology
Editorial Board Member, Journal of CardioVascular 
and Interventional Radiology
Associate Editor, Acta Radiológica Portuguesa
tiagobilhim@hotmail.com
Disclosures: Speaker agreement for Merit Medical, 
Terumo, Cook Medical, and Philips; stockholder for 
Embolx.


