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Benign prostatic hyperplasia (BPH) is a noncancerous growth of
the transitional zone of the prostate, which surrounds the pros-
tatic urethra. Consequently, it can cause lower urinary tract symp-
toms (LUTS) and bladder outlet obstruction symptoms that may
substantially reduce a patient’s quality of life. Several treatments
are available for BPH, including medications such as a-blockers
and 5a-reductase inhibitors and surgical options including trans-
urethral resection of the prostate and prostatectomy. Recently,
prostatic artery embolization (PAE) has emerged as a minimally
invasive treatment option for selected men with BPH and moder-
ate to severe LUTS. Adequate pre- and postprocedural evalua-
tions with clinical examinations and questionnaires, laboratory
tests, and urodynamic and imaging examinations (particularly
US, MRI, and CT) are of key importance to achieve successful
treatment. Considering that the use of PAE has been increasing in
tertiary hospital facilities, radiologists and interventional radiolo-
gists should be aware of the main technical concepts of PAE and
the key features to address in imaging reports in pre- and postpro-
cedural settings.

An invited commentary by Lopera is available online.
Online supplemental material is available for this article.

©“RSNA, 2021 » radiographics.rsna.org

SA-CME LEARNING OBJECTIVES
After completing this journal-based SA-CME activiry, participants will be able to:

m Describe the normal anatomy of the prostate gland and changes in patients with
BPH, the classification of prostatic artery vasculature, and the anatomic relationships
of the prostate gland with adjacent organs.

m Discuss the importance of adequate evaluation before and after PAE, including
imaging methods, protocols, and applications, with a proposal for systematic imaging
reports.

m Identify the 10 steps of PAE and the indications, results, clinical and radiologic
follow-up, and complications in comparison with conventional treatments and tech-
niques to reduce radiation dose.

See rsna.orgllearning-center-rg.

Introduction
Benign prostatic hyperplasia (BPH) is a noncancerous growth of
the transitional zone of the prostate, which surrounds the prostatic
urethra (Fig 1). Consequently, it can cause lower urinary tract
symptoms (LUTS) and bladder outlet obstruction symptoms that
may substantially reduce a patient’s quality of life (1-3). LUTS
can be divided into storage (irritative) and voiding (obstructive)
symptoms (4).
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TEACHING POINTS

B The indications for PAE include BPH with refractory LUTS or
intolerance to medical treatment, long waiting time for TURP
or open surgery, contraindications to or patient refusal of
surgery, urinary retention and indwelling Foley catheter, and
hematuria originating from the prostate gland.

B US elastography is a new tool for pre- and post-PAE evaluation
and provides important anatomic and functional information
about BPH. Prostatic elasticity is determined with shear wave
velocity measurements, with strong correlation between the
elastic modulus of the transitional zone and the severity of
bladder outlet obstruction.

B The use of MR angiography before PAE by combining ana-
tomic and dynamic contrast-enhanced angiographic se-
quences allows postprocessing maximum intensity projection
and volume-rendered reconstructions.

B For a better understanding of the PAE technique, we divided
the procedure into 10 steps and two main groups of steps:
proximal embolization (steps 1-7) and distal embolization
(steps 8-10).

B |maging workflow optimization and routine use of CBCT for
PAE planning, CBCT-fluoroscopic overlay for live three-dimen-
sional augmented navigation guidance, and our cardiovascu-
lar interventional imaging system (Innova 4100, with Vessel
ASSIST; GE Healthcare) showed promising radiation dose re-
duction. Additional features such as digital zoom and pulsed
fluoroscopy are further opportunities to decrease dose levels.

The treatment options for LUTS are drug
therapy and surgery. The first-line therapy is
o-blocker medication (2-5), and the most com-
mon surgical options are transurethral resection
of the prostate (TURP) and prostatectomy. Cur-
rently TURP is still considered the standard-of-
care surgical treatment (1,2). However, several
complications can occur, including transurethral
resection syndrome, bleeding, and irritative
urinary symptoms during the early postoperative
period and long-term ejaculatory dysfunction
(6-8).

Several minimally invasive techniques are now
available, such as prostatic artery embolization
(PAE), transurethral microwave thermotherapy,
interstitial laser thermoablation, transurethral
needle ablation, and water-induced thermo-
therapy (9-11). Recently, PAE has emerged as a
promising minimally invasive treatment option
for selected men with BPH and moderate to se-
vere LUTS. PAE is a safe procedure that reduces
prostate volume and improves clinical symptoms
and quality of life, with low rates of complication
(9,12,13).

A multidisciplinary approach with the
involvement of urologists and interventional
radiologists is essential to evaluate clinical
outcomes, guide medical or surgical therapies,
optimize treatment results, and avoid complica-
tions (14).The indications for PAE include BPH
with refractory LUTS or intolerance to medical

radiographics.rsna.org
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Figure 1. lllustration shows prostate enlargement due to be-
nign prostatic hyperplasia (BPH), which is characterized by a
nonneoplastic growth of the transitional zone, and its main
consequences in the bladder and urethra.

treatment, long waiting time for TURP or open
surgery, contraindications to or patient refusal of
surgery, urinary retention and indwelling Foley
catheter, and hematuria originating from the
prostate gland (3,15,16). In 2019, the Society of
Interventional Radiology published a “Multiso-
ciety Consensus Position Statement on Prostatic
Artery Embolization for Treatment of Lower
Urinary Tract Symptoms Attributed to Benign
Prostatic Hyperplasia” (17) (Table 1).

Anatomic Concepts

The prostate gland is the largest accessory sex
gland, with a weight of 20 g in healthy adult men.
It is divided into four histologic zones: the central
zone, transitional zone, fibromuscular stroma,
and peripheral zone. The transitional zone en-
circles the prostatic urethra and is where BPH
develops (1,18) (Fig 2).

The prostate has an extraperitoneal location
and is lined by a thin firm capsule that binds to
the pubic symphysis through the puboprostatic
ligament. It has several anatomic relationships
that are important in the planning of PAE to
avoid complications. The prostatic artery may
have common origins and anastomoses with feed-
ing arteries of important structures and organs
of the male pelvis, making the risk of nontarget
embolization a potential issue (19) (Fig 3).

Evaluation of the vascular prostate anatomy
is critical to the planning and success of PAE
(3,20-22).Table 2 summarizes the anatomic
classification of the origin of the prostatic artery,
which is also called the inferior vesical artery
(IVA) (21) (Table 2) (Fig 4).

Pre-PAE Evaluation
The preprocedural evaluation should exclude
conditions that cause bladder outflow obstruction
and/or LUTS other than BPH, such as overac-
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Table 1: Recommendations for PAE based on Society of Interventional Radiology Guidelines

Level of Strength of

specialists best suited for the performance of PAE

Recommendation Evidence Recommendation

1. Acceptable minimally invasive treatment option for appropriately selected men B Strong
with BPH and moderate to severe LUTS

2. Treatment option in patients with BPH and moderate to severe LUTS who have C Moderate
a large prostate gland (>80 c¢cm?), without an upper limit of prostate size

3. Treatment option in patients with BPH and acute or chronic urinary retention C Moderate
who wish to preserve bladder function as a method of achieving independence
from catheter use

4. Treatment option in patients with BPH and moderate to severe LUTS who wish C Weak
to preserve erectile and/or ejaculatory function

5. Treatment option in patients with hematuria of prostatic origin as a method of D Strong
achieving cessation of bleeding

6. Treatment option in patients with BPH and moderate to severe LUTS who E Moderate
are deemed not to be candidates for surgery for any of the following reasons:
advanced age, multiple comorbidities, coagulopathy, or inability to stop antico-
agulation or antiplatelet therapy

7. PAE should be included in the individualized patient-centered discussion regard- E Strong
ing treatment options for BPH with LUTS

8. Interventional radiologists, given their knowledge of arterial anatomy, advanced E Strong

microcatheter techniques, and expertise in embolization procedures, are the

Source.—Reference 17.

Note.—LUTS = lower urinary tract symptoms, PAE = prostatic artery embolization.

Central zone
Transitional zone
Fibromuscular stroma
Peripheral zone

Figure 2. lllustration shows the prostate gland and its four
histologic zones.

tive bladder syndrome, detrusor and urethral
dysfunction, neurologic abnormalities, prostate
cancer, prostatitis, bladder cancer, urethral steno-
sis, and urinary tract infection. In addition, it is
important to evaluate the prostate gland and local
vascular anatomy.

Physical examination; specific questionnaires;
and laboratory, urodynamic, and imaging exami-
nations should be performed (4,12,15). Figure 5
summarizes the pre-PAE evaluation. Imaging op-
tions include US, CT, and MRI of the prostate.

US and US Elastography of the Prostate
US provides important information about the
prostate, kidneys, and bladder, such as size, vol-
ume, shape, and postvoid residual volume. US
can be performed transabdominally or endorec-
tally, with the latter being the most accurate form
of assessment. When evaluating the shape of the
prostate, the peripheral zone is homogeneous and
hyperechoic when compared with the transitional
zone. The central zone and transitional zone may
not be easily distinguished from each other and
are described together as the central gland. In
older patients, the transitional zone may become
more heterogeneous. The prostatic capsule is a
thin line between the parenchyma and adjacent
fat. When US is performed suprapubically, the
prostate volume measurement is more accurate
when the volume is greater than 50 mL (23).
The use of postvoid residual volume to assess the
degree of bladder outlet obstruction has interob-
server variation, so other parameters are used to
improve accuracy, such as the residual fraction,
calculated as (postvoid residual volume X 100)/
prevoid volume (24).

US elastography is a new tool for pre- and post-
PAE evaluation and provides important anatomic
and functional information about BPH. Prostatic
elasticity is determined with shear wave velocity
measurements, with strong correlation between
the elastic modulus of the transitional zone and
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Figure 3. lllustrations show the anatomic rela-
tionships of the prostate and the main structures
with risk of nontarget embolization, including
the bladder (a), seminal vesicle (b), rectum (c),
pubic symphysis (d), and penis (e).

radiographics.rsna.org

Table 2: Angiographic Anatomic Classification of the Origin of the IVA (Prostatic Artery)

Incidence
Classification Anatomic Description (%)
Type I IVA originating from anterior division of the IIA, in a common trunk with the SVA 28.7
Type II IVA originating from the anterior division of the IIA, inferior to the SVA 14.7
Type III IVA originating from the obturator artery 18.9
Type IV IVA originating from the IPA 31.1
Type V (others) Less common origins 5.6

Source.—Reference 21.

vesical artery.

Note.— ITA = internal iliac artery, IPA = internal pudendal artery, IVA = inferior vesical artery, SVA = superior

the severity of bladder outlet obstruction (25).
Mean shear wave velocity of the whole transitional
zone at the middle one-third of the prostate is ob-
tained. Sample shear wave velocity values are ob-
tained with a 0.5-cm? region of interest at the right
periurethral transitional zone and at the adjacent
peripheral zone, and the ratio between them is
calculated. Elastographic endpoints include shear
wave velocity in meters per second and the elastic
modulus in kilopascals (25) (Fig 6a).

CT and CT Angiography

MRI and US are the most common imaging
modalities for evaluation before PAE, and CT is
sometimes used. CT angiography may allow better
procedural planning by allowing characterization
of the origin of the IVA before the procedure. It

is also useful in the evaluation of small prostate
arteries, may help to identify troublesome anasto-
moses, and may allow detection of atherosclerosis
before the procedure (Fig 7). Maclean et al (26)
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SVA 1 SsvA

IVA

o
MR MR
IPA IPA
a. b.
Figure 4. lllustrations show com-
mon anatomic variations of the
IVA origins. IPA = internal puden-
dal artery, MR = middle rectal ar-
tery, OBT = obturator artery, SVA =
superior vesical artery. (a) Type | is
an IVA originating from the ante-
SVA SVA rior division of the internal iliac ar-
tery, in a common trunk with the
SVA. (b) Type Il is an IVA originat-
IVA ing from the anterior division of
OBT IVA the internal iliac artery, inferior to
OBT ; i
MR MR the_SVA. (c) Type lll is an IVA origi-
nating from the obturator artery.
IPA IPA (d) Type IV is an IVA originating
from the internal pudendal artery.
c d.

Figure 5. Flowchart summarizes pre-PAE evaluation. Angio CT = CT angiography, BUN = blood urea nitrogen, MRA = MR angiog-
raphy, PSA = prostate-specific antigen.

analyzed 110 preprocedural CT angiographic study also showed sensitivity of 59.0% and speci-
examinations of patients who underwent PAE ficity of 94.2% for detection of anastomoses. How-
and identified the prostatic arterial supply in 214 ever, CT angiography has disadvantages including

of 220 pelvic sides with accuracy of 97.3%. This limited evaluation of the prostate parenchyma,
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Figure6. Axialendorectal USelas-
tographic images in a 63-year-old
man that were acquired before
PAE (a) and at 1-month follow-
up (b) show volumetric reduction
of the gland and reduction of the
prostatic elastic modulus. SWV =
shear wave velocity.

Figure 7. (a) Left lateral oblique three-
dimensional (3D) cinematic rendering
CT angiogram in a 60-year-old man
shows the left IVA (arrow), which arises
from the anterior division of the left in-
ternal iliac artery. Also note the enlarged
prostate due to BPH (arrowhead).
(b) Maximum intensity projection re-
construction CT image shows the origin
of the left IVA (arrow).

the need for intravenous contrast material, and
radiation exposure. Pre-PAE cone-beam CT
(CBCT) is an option that allows identification
of the IVA with a lower radiation dose compared
with that for conventional CT angiography (and
improved signal-to-noise and contrast-to-noise
ratios) (27).

SWV =53m/s

MRI and MR Angiography

MRI provides excellent anatomic assessment of
the prostate gland because of its characterization
of soft tissue. Preprocedural measurements such
as central gland volume, whole gland volume,
prostate zonal volumetry index (ie, central gland
volume divided by whole prostate volume), and
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Figure 8. Axial (a, ¢) and sagittal (b, d) T2-weighted MR images in a 70-year-old man
show calculation of the whole prostate volume and the central gland volume (central
zone plus transitional zone). The prostate dimensions in this patient are 6.7 X 4.7 X 5.6
cm, with a whole prostate volume of 92 cm?, central gland volume (central zone plus
transitional zone) of 45 cm?, and zonal volumetry index of 0.49.

Figure 9. Sagittal T2-weighted MR im-
age in a 70-year-old man shows calcula-
tion of the intravesical protrusion of the
prostate (IPP), which is 2.2 cm.

intravesical protrusion of the prostate (IPP) are
better evaluated with MRI (28).

Baseline central gland and whole prostate
volumes and zonal volumetry index have a strong
correlation with clinical outcomes in patients who
undergo PAE. de Assis et al (28) compared base-
line volumes to clinical outcomes and showed
that higher pre-PAE whole prostate and central
gland volumes had a positive correlation with the

degree of clinical improvement after PAE. The
zonal volumetry index also correlated with the
degree of clinical improvement. A baseline zonal
volume index of greater than 0.45 correlates with
better clinical outcomes, with 85% sensitivity and
75% specificity. Therefore, these measurements
are recommended to be included in pretreatment
evaluation with all imaging modalities (Fig 8).
The IPP is a parameter obtained by measuring
the prostate from the tip to the base of the gland
and the circumference of the bladder in the sagit-
tal plane (Fig 9). The IPP may correlate with the
outcomes of several BPH treatment alternatives.
Studies (29-31) have shown that men with blad-
der outlet obstruction and a higher IPP respond
poorly to medical treatment. Current studies
regarding PAE are still scarce, but some authors
(32,33) suggest that a higher IPP is not a harmful
factor for PAE results. A recent study (34) showed
that IPP does not influence the efficacy of PAE.
MRI can also allow other causes of patient
symptoms to be identified, particularly prostate
cancer. The use of MR angiography before PAE
by combining anatomic and dynamic contrast-
enhanced angiographic sequences allows postpro-
cessing maximum intensity projection and vol-
ume-rendered reconstructions. The best sequences
for fusion are volumetric three-dimensional (3D)
T2-weighted MRI with a large field of view
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Figure 10. (a) Volume-rendered
CT postprocessing reconstruc-
tion image in a 72-year-old man
shows a type IV right IVA (arrow).
(b) Proximal (left) and distal (right)
digital subtraction angiograms
(DSAs) in the same patient as in
a show a type IV right IVA (arrow,
left) and intraprostatic branches
(arrow, right).

radiographics.rsna.org

Table 3: Pre-PAE MRI Parameters Used at Our Institution

T2-weighted MRI

Imaging LAVA Flex* LAVA Flex!* DCE LAVA

Parameter FRFSE* FRFSE* Cubet 3D DWI-EPI 3D Late 3D Flext 3D

Plane Axial Sagittal Coronal Axial Axial . e

Field of view 160 180 320 220 350 350 320
(mm)

Section thick- 3 3 2.6 3 4 4 2.6
ness (mm)

Matrix 256 X 256 256 X 192 288 X 288 130 X 80 320 X 224 320 X 224 192 X 160

Repetition 2500-11000 2500-11000 2000 2000-17000 Min Min Min
time (msec)

Echo time 160 150 Min (100-140) Min (40-80) Min Full Min Full Min Full
(msec)

*Echo train length XL..

*LLAVA Flex is a proprietary GE Healthcare sequence.

Note.—DCE = dynamic contrast-enhanced, EPI = echo-planar imaging, ETL = echo train length; FRFSE =
fast relaxation fast spin echo; LAVA Flex = liver acquisition with volume acceleration with a two-point Dixon
method for water-fat separation, Min = minimum possible, 3D = three dimensional.

TCube is a proprietary GE Healthcare three-dimensional fast spin-echo sequence.

(anatomic sequence), with study of the aorto-iliac
branches (“flow void”) in the coronal plane, and
high temporal and spatial resolution coronal dy-
namic contrast-enhanced angiographic sequences
with the same field of view and angulation as T2-
weighted MRI (Fig 10; Movie 1). This “road map”
protocol allows accurate identification of IVA ori-
gins before PAE, potentially reducing the number
of digital subtraction angiography (DSA) acquisi-
tions and thus the time and radiation dose (35).
Table 3 summarizes the MRI parameters used in
pre-PAE evaluation. Table 4 contains a proposed
MRI reporting template summarizing key imaging
features to be addressed for PAE. Larger versions
of the images in the table are shown in Figure 4.

The PERFECTED PAE Technique in 10
Steps
Use of the PERFECTED technique (proximal
embolization first, then embolize distal) produces

greater prostate ischemia and infarction and
better clinical improvement of LUTS and lower
recurrence rates than does use of previously de-
scribed methods (3,36).

For a better understanding of the PAE tech-
nique, we divided the procedure into 10 steps
and two main groups of steps: proximal emboli-
zation (steps 1-7) (Figs 11-14) and distal embo-
lization (steps 8-10) (Figs 15-17).

Proximal Embolization

Step 1.—lInitial pelvic angiography is performed
to evaluate the iliac vessels and their branches
(ie, the anterior trunk of the internal iliac artery)
(Fig 11); this step may be skipped on the basis of
preprocedural CT or MR angiographic findings.

Step 2.—With the guiding catheter placed at
the common trunk of the internal iliac artery,
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Table 4: Pre-PAE MRI and MR Angiography Report Template of Key Imaging Features

Patient identification:
Clinical information:

Prostate:
Dimensions: _ X_ X__ cm
Whole prostate volume (WP): ___ cm?
Central gland volume (CG) (central zone + transitional zone): ____ cm’
Volume of the peripheral zone: ___ cm?®
Zonal volumetry index (ZVi) (CG/WP =ZVi): __
Intravesical protrusion of the prostate IPP): _ mm
Other relevant findings:
0 No
[1Yes, describe:

Vascular anatomy:
Atherosclerosis: [] yes [] no
RIGHT prostatic vascularization (single branch)

Typel( ) Typeli( ) Type il () Type IV( )

SVA

WA
o8t
MR
A

VA
oBT
MR

1PA

VA
08T
MR

[

Others:
Are there branches with independent origins to the RIGHT (more than 1)?:
Anteromedial (transitional zone): [] type I, [J type II, (] type IIL, [] type IV
Posterolateral (peripheral zone/apex): [] type I, [ type II, [J type IIL, [] type IV
LEFT prostatic vascularization (single branch)

Typel( ) Typell( ) Type I ( ) Type IV( )

SVA

VA
o8t
MR

PA

Others:

Are there branches with independent origins to the LEFT (more than 1)?:
Anteromedial (transitional zone): Type I [] Type II [] Type III [ Type IV [
Posterolateral (peripheral zone/apex): Type I []Type II []Type III [ Type IV [

VA
0BT
MR
1PA

VA
osT
MR

A -

CBCT is performed to study its branches, which
are described with the acronym PROVISO (e,
internal pudendal, middle rectal, obturator, and
inferior and superior vesicals, under the ipsilat-
eral oblique view), to assess the blood supply to
the prostate, and to catheterize the IVA under
optimal angulation indicated with CBCT fluoro-
scopic overlay, which is typically a 40°-55° ipsi-
lateral-oblique view. DSA is the standard modal-
ity that is used at a 45° ipsilateral-oblique angle
in this step, instead of or in additional to CBCT.
However, DSA shows less anatomic informa-

tion than does CBCT (37). Thus, we recom-
mend CBCT as the standard imaging modality
to support PAE planning and navigation into the
prostatic arteries. Identification and embolization
of all prostatic branches is important to reduce
the risk of recurrence of LUTS (Fig 12).

Step 3.—After entering the IVA with the use of a
2.4-French or smaller microcatheter, a vasodilator
(eg, nitroglycerine or isosorbide mononitrate) is in-
jected to prevent vasospasm to facilitate microcath-
eter navigation and its distal positioning (Fig 13).
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11.

12.

Figures 11, 12. lllustrations show PAE steps 1 and 2. I/A = internal iliac artery. (11) Step 1 is to identify iliac vessels and their branches
(anterior trunk of the internal iliac artery). (12) Step 2 is to perform cone-beam CT (CBCT) to study the branches of the iliac vessels,
which are described with the acronym PROVISO (pudendal, rectal, obturator [Ob], vesical inferior [VI] and superior [Sv], under the ipsilat-
eral oblique view). ig = inferior gluteal, il = iliolumbar, iP = internal pudendal, /s = lateral sacral, mR = middle rectal, sg = superior gluteal.

Figures 13, 14. lllustrations
show PAE steps 3-6. (13) In step
3 (left), a vasodilator (nitroglycer-
ine or isosorbide mononitrate) is
injected to prevent vasospasm to
facilitate microcatheter navigation
and its distal positioning. In step 4
(right), a microcatheter is placed.
(14) In step 5 (left), a vasodilator
is injected, and in step 6 (right),
embolic microspheres are injected.

Microcatheter
IVA

Vasodilator N Microcatheter
injection ’ distally placed

13.

Vasodilator ~—— Proximal embolic

injection microsphere
injection
14.

Step 4.—The microcatheter should cross any CBCT can also be used at this time to confirm
collateral branch to the bladder, rectum, corpus parenchymal perfusion in the prostate and
cavernosum, gonads, or penis and be placed identify branches with potential for nontar-
distally in the IVA before its division into the get embolization. As an alternative, protective
central gland branch (anteromedial) and pe- embolization of nontarget arteries or creation

ripheral zone branch (posterolateral) (Fig 13). of a high-flow anastomosis, usually with the use
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Microcatheter
advance into
the prostatic
parenchyma
branches

15.

icrocatheter
/' advance into the
prostatic
parenchyma
branches

of coils or a gelatin sponge, can be performed
to redirect blood flow to the prostate and avoid
complications.

Step 5.—At this point, an additional dose of
vasodilator is injected to increase the intrapros-
tatic vascularization so that a greater volume of
embolic agent can be received (Fig 14, left).

Step 6 (Embolic injection).—High dilution and
slow injection of microparticles (preferably
microspheres) with a 1-mL syringe is essential

to avoid early occlusion and to obtain diffuse
parenchymal ischemia in the prostate gland. Em-
bolization should occur slowly and fluoroscopic
exposure and collimation should be reduced as
much as possible (Fig 14, right).

Dias etal 1519

Distal embolic
microsphere
injection

Figures 15-17. lllustrations show
distal intraprostatic embolization
to achieve more embolic material
delivery and greater tissue ischemia
(central gland intraprostatic group
of arteries). (15) In step 8 (left), the
microcatheter is advanced distally
over the microwire into the pros-
tatic parenchyma. In step 9 (right),
embolic material is delivered to
the central gland. (16) lllustration
also shows PAE steps 8 (left) and
9 (right), with embolic material
delivered to the peripheral zone
—Distal embolic  intraprostatic group of arteries.

microsphere (17) PAE step 10 is achievement

injection of flow stasis after embolization of
both the central gland and periph-
eral zone branches.

Step 7.—When near stasis is reached, contrast
material is injected with a 1-mL syringe before
proceeding to the second moment to observe
any collateral shunts. Attention should be paid to
avoid reflux of the embolic agent.

Distal Embolization

Step 8.— The microcatheter should be advanced
distally over the microwire (ie, 0.014 or 0.016
inches) into the prostatic parenchymal branches
for intraprostatic embolization. The anteromedial
branch should be embolized first because BPH
occurs mainly in this region. Anteromedial and
posterolateral branches should be embolized
separately. After moving forward into the intra-
prostatic branches, DSA is performed with a slow
manual injection, and more embolic material can
be delivered (Figs 15, 16).

Step 9 (Embolic Injection).—Embolization
should be performed slowly and fluoroscopic
exposure should be reduced as much as pos-
sible. Collimation of the target area is also very
important to reduce staff and patient radiation
exposure. The physician must be cautious dur-
ing this step of injection because shunts can be
opened and/or extravasation may occur when
the microcatheter is wedged into the gland. With
this technique, 30%-100% additional embolic
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Figure 18. Maximum intensity projection (a), volume-rendered CBCT reconstruction (b),
and DSA (c) images in a 66-year-old man show a rectal branch (white arrow) originating from
the prostatic posterolateral peripheral zone branch (black arrow in b and c).

material can be delivered into the prostate gland
(36) (Figs 15, 16).

Step 10.—In this final step, true flow stasis must
be seen. Then the microcatheter should be slowly
retracted while additional embolic agent is in-
jected to “pack-back” the entire IVA to its origin,
and DSA with a manual injection of contrast
material is performed for final control and to
search for additional prostatic branches (Fig 17).
This packing-back step is performed with the aim
of avoiding earlier recanalization of the main IVA.
All steps must be done on each pelvic side.

CBCT is useful for many reasons. First, it can
help to identify the IVA origin, investigate acces-
sory prostatic branches and collateral circulation,
and avoid nontarget embolization, and it can
show the percentage of the prostate that is filled
by a specific IVA. Consequently, CBCT improves
the safety and efficacy of the procedure (27,38)
(Fig 18, Movies 2-7).

The size of the microspheres is important.
Smaller particles have greater distal penetration,
leading to greater ischemia of the gland; how-
ever, they have a greater risk of nontarget em-
bolization (39). One study (40) showed that the
combination of different sizes of embolic agents
(ie, trisacryl gelatin microspheres, 100-300 um
and 300-500 um) could achieve better outcomes
when compared with 300-500-um microspheres
alone. Others compared different particle sizes
but showed that there is no significant difference
among them (41,42).

The conventional embolization technique,
which is an alternative to the PERFECTED
technique, consists of arterial access to the inter-
nal iliac artery to identify and embolize the ante-
rior and posterior branches. The microcatheter is
positioned in the main IVA before its bifurcation
into the central gland and peripheral zone, and

DSA is performed to localize the vasculature of
the prostate and its collateral branches. Embolic
material is injected slowly until complete stasis is
achieved (3,9,43).

PAE can be performed with either femoral or
radial artery access. The safety profile and tech-
nical results are similar with both approaches.
However, some centers have shown that the
radial access could result in a shorter procedure,
and thus a lower radiation dose, a lower volume
of contrast material injected, and a shorter recov-
ery time (44,45).

Reduction of Radiation Dose

PAE technical complexity can result in long
procedure times and high radiation doses for the
patient and staff, especially for technicians with
less experience. Dose-reduction measures are
currently being investigated. Although Schott et al
(38) showed that DSA was responsible for 43.3%,
CBCT for 30.3%, and fluoroscopy for 26.4% of
the dose-area product during PAE, Andrade et
al (46,47) reported that DSA was responsible for
71.5% of the total dose-area product and that op-
timization of imaging settings could allow reduc-
tion in staff radiation exposure by up to 83%.

Although imaging settings and the staff’s ex-
perience (48), with strict application of ALARA
(as low as reasonably achievable) principles, are
decisive in reducing radiation exposure, optimiza-
tion and standardization of the imaging workflow,
with advanced guidance, can also help in reduc-
tion of contrast material load and patient and
staff radiation exposure, while making PAE more
effective. At our institution, imaging workflow
optimization (49) and routine use of CBCT for
PAE planning, CBCT-fluoroscopic overlay for live
three-dimensional augmented navigation guid-
ance, and our cardiovascular interventional imag-
ing system (Innova 4100, with Vessel ASSIST; GE
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Figure 19. (a) Pre-PAE MR image in a 73-year-old man shows heterogeneously intense enhancement of the
central gland due to different components of BPH. (b) Post-PAE MR image in the same patient shows the evolu-

tion of the infarction areas (arrows), which are called “black holes.”

Healthcare) showed promising radiation dose re-
duction. Additional features such as digital zoom
and pulsed fluoroscopy are further opportunities
to decrease dose levels.

Performing an MR angiographic “road map”
protocol before embolization can also help to
decrease radiation exposure time by providing
vascular anatomic information before the PAE
procedure (35).

Post-PAE Evaluation
Post-PAE imaging analysis is based on interpreta-
tion of the findings at US, US elastography, and
MRI.

US Elastography after PAE

Two main components are responsible for the
pathophysiologic characteristics of BPH: static
and dynamic components. PAE shows results for
both components. Ischemia caused by the occlu-
sion of the microvasculature leads to coagulation
necrosis of the nodules and reduction in the vol-
ume of the prostate gland and thus a reduction
in the static component of BPH. The dynamic
component, represented by the increase in stro-
mal smooth muscle tone, which is responsible
for the increase in stiffness, is also affected by the
procedure. The prostatic elasticity is substantially
changed, with a demonstrated reduction in the
elastic modulus measured with US elastography
with shear wave velocity (2,25,50).

This dynamic component is related to activa-
tion of o receptors inside the prostate gland and in
the bladder neck, which leads to an increase in the
overall stiffness of the gland, creating a functional
obstacle in the prostatic urethra. PAE leads to
ischemic necrosis of the tissue in the transitional
zone, reducing the density of local receptors and
the overall prostatic a activity (25,50,51).

US elastography is a tool for pre- and post-
PAE evaluation. de Assis et al (25) conducted a

prospective pilot study that showed a significant
reduction in both transitional zone shear wave
velocity and elastic modulus after PAE (-19.0%,
P < .001 and —29.8%, P = .02, respectively) and
a reduction of the transition zone—to—peripheral
zone ratio (-45.35%, P < .05) (25) (Fig 6b).

MRI after PAE

MRI has a key role in identifying PAE success at
follow-up. MRI should be used primarily to as-
sess prostate volume after PAE, evaluate changes
in signal intensity and apparent diffusion coef-
ficients of infarction, and assess lesions due to
nontarget embolization (28,52-54) (Figs 19, 20).

Ali et al (53) showed that after 6 months of
follow-up, 100% of patients had a decrease in the
size of the median lobe, 93% had a decrease in
whole prostate volume, 100% had a decrease in
central gland volume, 33% had imaging features
of infarction, 79% had decreased signal intensity
at T2-weighted MRI, and 51% had decreased
enhancement. No patients (0%) had an infection
or inflammation, edema, or changes in peripros-
tatic fat.

Frenk et al (52) demonstrated central gland
infarcts in 70.6% of cases after PAE with the use
of the conventional technique. Features of in-
farcts include hyperintensity at T'1-weighted MRI
and predominant hypointensity at T2-weighted
MRI that became smaller and isointense to the
remaining central gland over time. Zhang et al
(54) evaluated MR images at intervals of 10 days
and 1, 3, 6, and 12 months after PAE and showed
that diffusion-weighted MRI with a very high &
value can show early infarction better than that
with a lower b value.

The prostate gland should be systematically
reviewed, with comparison with previous exami-
nations, and whenever possible the imaging find-
ings should be correlated with clinical findings.
MRI must include dynamic contrast-enhanced
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e.

Figure 20. (a—c) Pre-PAE images in a 74-year-old man. Axial T2-weighted (a), T1-weighted (b), and dynamic contrast-enhanced (c)

MR images show a BPH nodule with heterogeneous signal intensity (x in a), isointensity (* in b), and hyperintensity (* in c).
(d-f) Axial T2-weighted (d), T1-weighted (e), and diffusion-weighted (f) MR images obtained 3 months after PAE show infarction
areas in the central gland as predominant hypointensity in d, infarcts represented by new areas of hyperintensity in the central gland

(arrow in e), and typical “black holes” (arrow in f). The dotted oval in f represents the whole prostate gland.

sequences and diffusion-weighted sequences or
apparent diffusion coefficient maps. Table 5 is an
example of an MRI reporting template that sum-
marizes the key imaging features to be addressed
after PAE.

PAE Outcomes
Embolization of at least one-half of the prostate
varied from 90% to 98% in almost all published
articles. However, the goal of PAE should always
be to achieve bilateral embolization because it
achieves better clinical results, higher primary
treatment success rates, less recurrence of symp-
toms, and less need for re-embolization (55-57).
The clinical success and failure criteria after PAE
were established by the Cardiovascular and Inter-
ventional Radiological Society of Europe (CIRSE)
in December 2019 (56). The criteria of symptom-
atic improvement are defined as an International
Prostate Symptom Score (IPSS) of less than 18,
with a decrease in score of at least 25%, a quality
of life score less than or equal to 3, and at least a
one-point decrease compared with the score at
baseline. On the other hand, clinical failure of the

procedure is defined as the persistence of severe
symptoms (ie, a decrease in IPSS score of <25%,
IPSS score >18, a quality of life score decrease of
<1, and a quality of life score of >4) or a decrease
in peak urinary flow.

PAE shows success rates of 78% at 6 months
and 75% at 12 months after treatment (57).
PAE also shows an average reduction of 24% in
prostate-specific antigen A levels and a decrease
in prostate volume of 20%—-30%. However, there
is no statistical association between reduction in
prostate volume and clinical improvement (56).

In patients with an indwelling bladder cath-
eter, PAE has been shown to be effective and
safe, especially for patients at high surgical risk.
Studies (58,59) show similar results after the
procedure, with catheter removal occurring in
up to 86.7% of patients (58). PAE is effective for
the treatment of refractory hematuria, with good
results achieved in up to 92% of patients at 18
months of follow-up (59).

Carnevale et al (40) showed only 1.9% early
clinical failure and recurrence of LUTS in 23%
of men at a median time after treatment of 72
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Table 5: Post-PAE MRI Report Template for Key imaging Features

Patient Identification:
Clinical Information:

Time since PAE: _ months
PAE: [] unilateral ((J right [] left) or [] bilateral
Prostate:
Dimensions: __ X__ X__ cm
Whole prostate volume (WP): __ cm?®
Central gland volume (CG) (central zone + transitional zone): _ cm?
Volume of the peripheral zone: ______ cm?
Zonal volumetry index (ZVi) (CG/WP =ZVi): ______
Intravesical protrusion of the prostate IPP): __ mm

Other relevant findings: (] no [] yes
If yes, describe:

Central prostate gland:

General appearance [] homogeneous [] heterogeneous

Infarcted areas? [] no [] yes, if yes, [ unilateral ([ right [] left) [] bilateral
Peripheral prostate zone

general appearance [] homogeneous [] heterogeneous

Infarcted areas? [] no [] yes, if yes, [] unilateral ((] right [] left) [] bilateral
Comparison with pre-PAE MRI: Was there a reduction in:

Dias et al
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Prostate dimensions? [] yes [] no

Whole prostate volume? [] yes [] no
Central gland volume? [] yes [] no
Volume of the peripheral zone? [] yes [] no
ZVi? [] yes [Ino

IPP? [ yes [ no

CG volume) x 100: %
Possible nontarget embolization? [] no [] yes

Calculate percentage of central gland volume reduction (post-PAE CG volume/pre-PAE

If yes, []bladder [ rectum [] seminal vesicle [] bone [] penis [] others

months. Unilateral PAE was associated with a
higher recurrence rate. The baseline prostate-
specific antigen level was inversely related to
recurrence. None of the patients presented with
urinary incontinence or erectile dysfunction.

Pisco et al (55) also demonstrated good results
of PAE in patients with BPH. The cumulative clin-
ical success rate at medium-term follow-up (1-3
years) was 81.9%, and at long-term follow-up
(>3-6.5 years) was 76.3%. No patient in the study
had urinary incontinence or erectile dysfunction.

In a comparison of PAE with conventional
treatment (TURP or prostatectomy), five impor-
tant aspects can be considered (8,13,56,60-62):
(a) Clinical failure rates between TURP and PAE
do not differ significantly; () length of hospital
stay is significantly lower after PAE; (¢) adverse
events occur less frequently after PAE; (d) reduc-
tion in IPSS in 3 months is similar; and (e) the
changes in peak urinary flow, postvoid residual
volume, prostate volume, and deobstruction ef-
fectiveness according to results of pressure flow
studies in 3 months are smaller in PAE.

Another important study (UK-ROPE) (63)
demonstrated the importance of PAE in patient
care as a therapeutic alternative to treatment with
drugs and surgery. The results indicated that PAE
is safe, and patients showed significant clinical
improvement and early return to activities owing
to the shorter hospital stay when compared with
TURP. However, regarding IPSS and quality
of life improvements, the study did not prove
the noninferiority of PAE when compared with
TURP. Nonetheless, the results for PAE were in-
ferior to what is usually seen in centers in which
the practitioners have the most experience. The
study also emphasizes the importance of highly
qualified and experienced interventional radiolo-
gists performing PAE and the use of CBCT as an
essential tool for better results.

PAE is already an important noninvasive option
for the treatment of LUTS related to BPH, with
increasingly accurate indications that were revised
and reestablished in 2019 (Table 1) (17). Also, the
United Kingdom institute that is responsible for in-
dicating improvements in health care, the National
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Vascular access, catheterization and embolization
. technique, device failure or incompatibility,
Intraoperative  ——_ manufacturing defects, or inappropriate use of
materials, reactions to drugs or contrast material,

A
%
9] Side effects others
~
U Post-PAE  ~__Dysuria, urinary tract infection, macroscopic
(@) hematuria, hematospermia
Fg AdierScibiente Inflammat ! iety of localized
lammatory process, large variety of localiz
m Prostate gland symptoms, complications
Complications Nontarget Misinterpretation of blood supply to prostate, vascular

embolization - anatomic variations, high-flow vascular anastomoses,

Others

Figure 21. Flowchart summarizes PAE adverse events.

suboptimal catheter placement or inappropriate
embolic agent, reflux to small vessels

— Radiodermatitis

Table 6: Clavien-Dindo Classification of Surgical Complications Adapted to PAE

Grade Definition

1 Any unexpected deviation from the normal postembolization course without the need for additional
pharmacologic treatment or urologic, surgical, endoscopic, or radiologic procedures

1I The need for pharmacologic treatment other than drugs allowed for grade I as therapeutic use of antibi-
otics for infection, indwelling catheters for early acute urinary retention, additional noninvasive tests

11T The need for pharmacologic treatment with drugs used in grade II and surgical, endoscopic, or radio-
logic procedures, with or without general anesthesia

v Any deviation from the normal postembolization course with a life-threatening complication requiring
intensive care unit treatment due to single or multiorgan dysfunction

\% Death

Suffix The suffix “d” (for disability) is added to the complication grade if the patient has a complication at the

“d” time of discharge, indicating the need for follow-up evaluation
Source—Reference 62.

Institute for Health and Care Excellence (NICE)
(3), also advises PAE for properly selected patients
for services performed by well-trained professionals.

Overall, the scientific evidence about PAE is
rapidly evolving, as described by the Society of
Interventional Radiology (17) in the publication
of the Multisociety Consensus Position State-
ment on PAE for Treatment of LUTS Attributed
to BPH. In this article, the number of patients
studied increased from 400 in 2014 to 2200 in
September 2018, and the follow-up time in-
creased from 3 years to 6.5 years.

Complications of PAE
Low rates of adverse events have been reported
for PAE. We can divide them into two groups:
side effects, which are any expected but untoward
response, or complications, which are any unan-
ticipated negative outcomes related to treatment
(64). Figure 21 summarizes the adverse events
after PAE.

The systematization of post-PAE adverse events
aims to facilitate the identification and manage-
ment of these changes. The Clavien—Dindo grad-
ing system (I-IV) for classification of surgical com-
plications can be used for this purpose (58,65,66).
Moreira et al (64) suggested a modified Clavien
classification system, which has been adapted to
PAE (Table 6).

One of the concerns with the procedure is the
risk of infection, so antibiotic prophylaxis is rec-
ommended as a form of prevention (67). Adverse
events can also be divided into intraoperative
and postoperative events. Intraoperative events
may be drug or contrast material reactions, ac-
cidents during vascular access, device failure or
incompatibility, unsuccessful catheterization and
embolization technique, manufacturing defects,
or inappropriate use of materials (64,68). Most
postoperative events are transient, including
dysuria (9%), hematuria (5.6%), rectal bleeding
(2.5%), hematospermia (0.5%), urinary infec-
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a. b. C.

Figure 22. Axial dynamic contrast-enhanced (a), diffusion-weighted (b), and fusion T2-weighted—diffusion-weighted (c) MR im-
ages acquired 1 year after PAE in a 69-year-old man show a small well-defined avascular area (arrow) in the right prostate central zone
and diffusion restriction in the same area, which is consistent with a prostate focal abscess. (Figure 22 reprinted, with permission,

from reference 64.)

a.

Figure 23. Sagittal T2-weighted MR images in a 70-year-old man show significant volume reduction after PAE,
but a “ball-valve effect” of the middle lobe protrusion is causing a persistent infravesical obstruction (arrow in b)

after infarction of the median lobe.

tion (7.6%), and acute urinary retention (2.5%).
Most post-PAE adverse effects are classified as
type I or II (minor), reaffirming PAE as a safe
procedure (64). Routine adoption of CBCT may
help to improve clinical outcomes and reduce
postoperative events. Figures 22—29 demonstrate
case examples of adverse events. Most were
detected at MRI, which is the main imaging
modality indicated for evaluation of post-PAE
complications. Then, to deepen the discussion on
post-PAE complications, this subtopic is divided
into two main groups: prostate involvement and
nontarget embolization.

Ischemia after PAE leads to an important in-
flammatory process in the prostate, which causes
a series of signs and symptoms (eg, pelvic pain
and discomfort, irritative voiding symptoms, lo-
cal pain, fever, and nausea and vomiting, among
other less common findings) that is described as
postembolization syndrome, which is not a compli-
cation but is considered a combination of ex-
pected side effects (16,64,69). Some treated areas

may develop a superinfection including prostati-
tis, abscess, or urosepsis. The treatment may be
clinical, with antibiotic therapy, but percutane-
ous drainage and even surgery may be necessary
(64,70,71).

The prostatic urethra, with its arterial
branches, may be affected by embolic agents, and
this may lead to ischemia and pelvic pain; how-
ever, the risk for strictures is low (64,72).

Nontarget embolization of the bladder can
result in ischemic areas and even perforation.
Small areas are treated with antibiotics and a
Foley catheter. To our knowledge, there are no
reports of patients with urinary incontinence in
the follow-up of patients who have undergone
PAE (40,55).

The rectum can be uncommonly affected by
nontarget embolization,which results in ischemic
rectitis. Patients may experience low abdomi-
nal pain, diarrhea with mucus that may include
bloody discharge, and even fistulas and abscesses.
In more severe cases, colonoscopy or proctoscopy



RadioGraphics

1526 September-October 2021

Figure 24. (a-c) Axial T2-
weighted MR images of the pros-
tate in a 74-year-old man before (a)
and 12 weeks after (b, c) PAE show
a prostatic cavity (arrow in b) in
the left central gland and prostatic
tissue detachment in the bladder
(arrowhead in c). (d) Photograph
shows spontaneous prostatic tissue
elimination.

Figure 25. (a) Axial T2-weighted
post-PAE MR image in a 71-year-
old man shows a bladder diver-
ticulum (arrow), which is caused
by bladder wall ischemia due to
nontarget embolization. (b) DSA
image in the same patient shows
(retrospective analysis) a small
branch of the superior vesical ar-
tery (arrowhead) that caused the
bladder ischemia.

may be necessary. To our knowledge, there are no
reports of serious conditions that require a surgi-
cal approach to treatment (19,64,73).

Penile ischemia can occur because of reflux
or injection of embolic agents into the dorsal
penile arteries through the pudendal artery. To
our knowledge, there are no reports of irrevers-
ible injuries or post-PAE erectile dysfunction to
date in the literature. It is important to note that
erythematous areas on the glans may also be
superinfected. Color Doppler US and culture are
important in diagnosis and proper management,
which includes the use of antibiotics (55,64).

The seminal vesicle can be affected in rare
cases by nontarget embolization, but the true

radiographics.rsna.org

Figure 26. Axial T2-weighted MR image in a 74-year-
old man shows abnormally low signal intensity in the
right seminal vesicle and medial segment of the left sem-
inal vesicle (dotted line), which is suggestive of infarc-
tion. (Reprinted, with permission, from reference 64.)
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Figure 27. Transient ischemic
proctitis caused by nontarget
embolization of the middle rec-
tal artery in a 68-year-old man.
(a) Colonoscopic image shows
small rectal ulcers due to ischemic
proctitis (arrows). (b) Colono-
scopic image obtained 10 days
later shows a local healing pro-
cess. (Figure 27 reprinted, with
permission, from reference 19.)

Figure 28. Axial dynamic con-
trast-enhanced MR images of the
hip after PAE in a 76-year-old man
show a small asymptomatic infarc-
tion zone in the left pubis (arrow).

l CLINICALTREATMENT |

p[40d |

Figure 29. Photographs show ischemia of the penis glans due to inadvertent reflux of embolic agents (microspheres) or misemboli-
zation during PAE (which occurs because the dorsal penile arteries are terminal vessels) and its evolution and spontaneous resolution

after 40 days. d = days.

incidence is not known. The patient may experi-
ence pain in the perineal region, hematospermia,
reduced seminal volume, pain during ejaculation,
and irritative or obstructive urinary symptoms
(57,64). Bone structures, nerves, and skin can
also be affected, but these are rare events (64).
To prevent nontarget embolization, adequate
training in the PAE technique, the proper study
of vascular anatomy before and during the
procedure, and the use of protection techniques
for collateral branch embolization are essential
for the safety and effectiveness of the procedure

(26,64,74). Table 7 contains some important tips
to avoid the pitfalls of PAE.

Follow-up
The follow-up proposal is based on clinical and
imaging findings. Clinical follow-up appoint-
ments include the application of the following
questionnaires: IPSS, International Index of
Erectile Function, and quality of life. We suggest
clinical and imaging assessment with US and
MRI at 3 and 12 months after PAE and yearly
thereafter (14,54,75).
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Table 7: Tips to Avoid Pitfalls at PAE

Checklist Instructions

1 Work as a multidisciplinary team; adequate patient selection is important for the
PAE procedure

1I Investigate contraindications and treat urinary tract infections preprocedurally, if
needed

111 Perform standard preprocedural preparation including prophylactic antibiotics

1\Y Use time and resources (CT angiography, MR angiography, CBCT) to adequate-
ly study prostate vascular anatomy; knowing classification type and anatomic
variations is mandatory for safe and effective PAE

A% Know all PAE steps and techniques; get training in technical skills and interven-
tional radiology

VI Avoid nontarget embolization; use protective embolization techniques or antire-

flux microcatheter devices, mainly to protect high-flow anastomoses or reflux
to nontarget vessels; we strongly recommend using CBCT to differentiate
prostatic from nontarget branches and to confirm that the whole prostatic lobe
has been broadly embolized

VII Search for alternatives to reduce radiation exposure: specific pre-PAE imag-
ing protocols such as use of DSA, collimation, pulsed fluoroscopy, road map
software, and CBCT

VIII Actively manage urinary retention during immediate PAE follow-up with place-
ment of a Foley urinary catheter; patients should be discharged 3—6 hours after
PAE; hemostatic devices can be used to reduce hospital stay

X Be prepared for postprocedural care: clinical and imaging follow-up for an active
search for complications in prostate gland or nontarget embolization
X Manage postembolization syndrome for patient well-being and care; during the

first 1-2 weeks, patients also receive proton-pump inhibitors, antiemetics, and
nonopioid analgesics; nonsteroidal anti-inflammatory drugs, opioids, and ste-
roidal anti-inflammatory drugs may also be used, whenever necessary; prophy-
lactic antibiotics are mandatory for at least 7 days

Conclusion
BPH is a important health problem worldwide
that has a major effect on quality of life for men.
PAE has emerged as a minimally invasive outpa-
tient procedure and a highly effective treatment
option for selected men with BPH and moderate
to severe LUTS. Adequate pre- and postproce-
dural evaluation and training and standardization
of the PAE technique are of key importance to
achieve a successful result. With the use of PAE
increasing in many tertiary hospital facilities, ra-
diologists and interventional radiologists should
be aware of the main technical concepts of PAE
to comprehend the key features to address on
imaging reports.

In the near future, an increase in the availabil-
ity of PAE in more interventional imaging centers
and in other countries is expected. It is also
expected that better selection criteria for PAE
candidates will be defined, randomized trials to
compare PAE with other procedures will be initi-
ated, the outcome biomarkers for prediction of
success or treatment failure will be validated and,
consequently, PAE will have greater acceptability
in the urological community.
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