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Current Role and Future
Needs of PAE in 2024:
A Urologist’s Perspective

In light of its inclusion in recent American Urological Association guidelines, a group of

urologists share a commentary on prostatic artery embolization and its efficacy, safety, and

technical aspects, as well as future perspectives and the role of interdisciplinary collaboration.

By Alessandro Marquis, MD; Thomas R. Williams, MD; Timothy D. McClure, MD;

and Ardeshir R. Rastinehad, DO

ower urinary tract symptoms (LUTS) secondary

to benign prostatic hyperplasia (BPH) is the most

common urologic disease in men aged > 50 years.

Prostatic artery embolization (PAE) is a minimally
invasive treatment that has become a promising modal-
ity to treat LUTS/BPH.

Historically, PAE was used to control persistent or mas-
sive prostatic bleeding not otherwise amenable to surgi-
cal or alternative management."? In addition to its early
applications for hematuria, associated outcomes showed
a significant reduction in prostate size, prostate-specific
antigen, and LUTS. Since the 2000s, PAE has gained wide-
spread interest and popularity due to its favorable side
effect profile compared to alternative procedures
(ie, transurethral or robotic).> However, PAE has been a
controversial topic among the urologic community due
to a cited lack of high-level evidence and unfamiliarity
with a procedure that is performed mainly by interven-
tional radiologists. Nevertheless, the growing body of
compelling evidence with favorable results has led to the
inclusion of PAE in urology guidelines, including the
United Kingdom in 2018, Europe (European Association
of Urology) in 2021,° and, most recently, the American
Urological Association (AUA) in September 2023.°
Previously “deficient in a lack of supporting data,” the
2023 AUA update now states that PAE can be offered for
treatment of LUTS/BPH.®

This article aims to highlight a urologist’s perspective
on the current role of PAE and its future in treating
LUTS secondary to BPH.

EFFICACY

Evaluating BPH can be challenging due to the subjective
nature and perception of patient symptoms. The same
issues also translate to difficulties in measuring procedural
success. Objective scores using standardized questionnaires,
such as the International Prostate Symptom Score (IPSS)
and Sexual Health Index for Men, are routinely used to
track outcomes, specifically after an intervention.

Historically, the gold standard for bladder outlet proce-
dures has been transurethral resection of the prostate
(TURP). This is true also for PAE, where outcomes have
been compared to TURP in five RCTs.-"> However, one
challenge with the current body of literature is the use of
TURP as the primary comparator to assess the efficacy of
PAE, since this may minimize the true clinical value PAE can
provide. PAE can indeed treat a wide range of prostate sizes.
In larger prostates (> 80 g), it may be best compared to
enucleation (suprapubic prostatectomy or holmium/thuli-
um laser enucleation of the prostate), against which it is a
valuable minimally invasive option with a favorable side
effect profile. PAE consistently demonstrates similar out-
comes to TURP in improving patient perception of symp-
toms and quality of life (QOL) in the intermediate-term fol-
low-up. Clinical parameters include patient questionnaires,
uroflowmetry, postvoid residual, prostate volume, and,
when performed, urodynamics. Although several studies
showed noninferiority for several parameters, there was a
more significant improvement in uroflowmetry and less fre-
quent retreatment rates in the TURP group.”"? Although
these comparative studies are helpful, results are hard to
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generalize due to clinical heterogeneity and the nature of
retrospective matching. Therefore, it is hard to quantify
the real impact of these differences from a clinical point of
view, especially when both options show significant
improvement from baseline.

In a single-blind RCT, 80 patients with severe LUTS
(IPSS > 20 and QOL score > 3) and unresponsive to
medical therapy were randomized to PAE or sham
treatment (angiography without embolization). After
6 months, the patients underwent crossover: Those
who initially received the sham procedure underwent
PAE. Compared to sham, the PAE group had signifi-
cantly decreased prostate volume and significantly
improved IPSS, IPSS QOL, and flow rate (Qmax)."

Several studies demonstrate the importance of patient
selection in PAE efficacy. Men with large prostates with-
out unfavorable anatomy (ie, severe vascular changes)
benefit most from PAE."'> In these patients, PAE may
not be simply an intermediate strategy between medical
therapy and minimally invasive surgery but an elegant,
first-line, tailored treatment option.'®

As evidenced by the acceptance of PAE in several
guidelines, high-quality studies have shown promise for
PAE as a first-line treatment for LUTS/BPH, with excep-
tional efficacy and minimal risk. Future research efforts
are required to expand high-level evidence in the field of
PAE, and long-term outcomes are needed. Including PAE
in the AUA guidelines will hopefully generate more urol-
ogy referrals and offer the opportunity to raise the quali-
ty and number of comparative studies.

SAFETY

When counseling on the risk profile of PAE, it is essen-
tial to address all reported adverse events. One of the
most common is postembolization syndrome (12.5%-
45.8%), as characterized by influenza-like symptoms, dys-
uria, and transient worsening of LUTS, likely secondary to
increased biochemical parameters of inflammation. This
constellation of symptoms is mainly self-limiting, with
the minority of patients requiring pharmacologic inter-
vention (nonsteroidal anti-inflammatory drugs, steroid
dose pack)."” Ecchymosis at the endovascular access site,
groin hematoma, and local arterial dissection are other
reported events after PAE. These are rare and typically
only warrant observation.”'® Nontarget embolization
events (eg, penile, bladder, rectal, pelvic bone ischemia)
are significant potential complications of PAE. However,
using cone-beam CTA and advanced imaging analysis
makes these events extremely rare, and there is often
minimal clinical correlation.”?1"18

A favorable safety profile was found for PAE com-
pared to TURP. According to a recent meta-analysis
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including selected high-quality studies, only 31% of
patients undergoing PAE experienced complications
compared to 64% in the control group, and of these,
2.5% and 6.2%, respectively, were severe adverse events
(Clavien-Dindo grade > 3). PAE and TURP do share
some complications. Irritative LUTS and urinary tract
infections occur in a nonnegligible number of patients
in both groups.” Hematuria after PAE is generally mild
and self-limiting, even in patients taking anticoagulant
drugs. At the same time, hematuria after TURP can be
severe and potentially increase the length of hospital stay
and transfusions, at a rate of 2% to 8.4% versus 0% after
PAE.”1220 Acute urinary retention (AUR) after PAE is
generally due to urethral compression by ischemic
edema, which occurs in the early postoperative time and
usually resolves within a few days after catheterization.®
On the contrary, AUR after TURP is typically related to
clot retention and urethral or bladder neck stricture and
has been reported in up to 30% of cases>!!

After TURP, almost all patients can experience ejacu-
latory dysfunction, while after PAE, this is less common
(up to 50% of cases) and predominantly related to
diminished ejaculation volume. The retrograde ejacula-
tion rate is lower for PAE than for TURP (0%-16% vs
52%-100%).”1° Erectile dysfunction is unusual after both
procedures.?!

The safety profile of PAE is framed mainly in compari-
son to TURP complications. No urinary incontinence
and urethral strictures were observed after PAE, while
they are described in up to 4.5% and 6.2% of cases,
respectively, after TURP.2223 The same applies to trans-
urethral resection syndrome, a rare but emergent sys-
temic complication of monopolar TURP caused by
excessive absorption of electrolyte-free irrigation fluids.

Although the comparison between PAE and TURP is
well studied, the evidence comparing PAE to enucle-
ation techniques is scarce. Table 1 summarizes compli-
cations described in the available prospective con-
trolled trials from the BPH treatments recommended
for high-volume prostates.” 132436

Along with its intrinsic safety profile, the strength of
PAE also lies in the fact that it is typically performed
under local anesthesia or sedation. In comparison to spi-
nal or general anesthesia, which is required for TURP,
these anesthesiologic regimens reduce intraoperative risk
and extend the indication for PAE to old and comorbid
patients who otherwise would not have the opportunity
to undergo BPH surgery. Another advantage of PAE is
that it can be performed in patients who cannot discon-
tinue anticoagulant or antiplatelet therapy, as it does not
require their discontinuation to be performed safely.
Interestingly, while these wider inclusion criteria highlight
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TABLE 1. BPH TREATMENTS RECOMMENDED FOR HIGH-VOLUME PROSTATES AND THEIR POTENTIAL COMPLICATIONS

Minimally Invasive*

0, 0, 0,
PAE (%) Simple Prostatectomy (%) HoLEP (%) ThuLEP (%)
Hematuria® 0-83 12-49 5.2-8.6 17-6.3
Transfusion rate 0 12-94 0-6.6 0-17

Urinary tract infection 13-293 36-10.6 17-21 21-69

Acute urinary retention 41-333 24-6.3 17-107 0-10.3

Stress urinary incontinence 0 56-13.2 13-95 17-34
Urethral stricture 0 24-29 0.8-6.4 0.8-34
Retrograde ejaculation 0-16 34-100 74-100 44.2-55
Abbreviations: BPH, benign prostatic hyperplasia; HoLEP, holmium laser enucleation of the prostate; PAE, prostatic artery embolization; ThuLEP, thulium
fiber laser enucleation.

*Laparoscopic and robotic.

*Reported as mild for PAE but moderate-severe for the other treatments.

the safety profile of PAE, they also imply that a large num-
ber of PAEs is performed in this frail and comorbid popu-
lation, where PAE inevitably has greater surgical complexi-
ty, thus potentially underestimating the real benefit it
would have in a cohort of younger, healthier men.

Despite its optimal safety profile, the primary con-
cern of PAE is radiation exposure. However, this con-
cern is probably exaggerated. In fact, a recent systemat-
ic review revealed that the amount of ionizing radiation
exposure derived from PAE corresponds to an effective
dose of 28.3 mSy, which is two to three times higher
than that of a standard CT scan of the abdomen and
pelvis.3” Furthermore, it is well demonstrated that fluo-
roscopy time is significantly reduced in experienced
hands.3®3 Nevertheless, although radiation exposure
during PAE is a relatively low risk to patients, it should
be an integral part of patient counseling, especially in
young men.

Overall, the strength of PAE lies in its low morbidity
and the possibility of performing under local anesthesia
or sedation. Although radiation exposure is relatively
low, radiation protocols should be optimized to mini-
mize exposure.

TECHNICAL ASPECTS

Although PAE is a technically demanding procedure,
endovascular instrumentation has dramatically
improved over the last decade. The refinement of angi-
ography equipment, catheters, and wires has contribut-
ed to familiarization with materials and devices, making

this interventional procedure feasible and safe in less
experienced hands.®’ This improvement is applied for
all endovascular procedures but particularly for PAE,
whose framework is characterized by numerous vascu-
lar anastomoses and complex anatomic variants and
often consists of patients with significant atherosclero-
sis and tortuous arteries.

A wide variety of embolic agents are used for PAE,
including, among others, microspheres (typically 100—
500 um) and liquid embolics. Theoretically, the choice
of embolic material or microsphere size could influ-
ence the success and safety of the procedure, but no
consensus exists today.'®# Similarly, studies comparing
microspheres and liquid embolics revealed inconclu-
sive superiority.“ It has not yet been determined
whether permanent or temporary embolic agents are
most effective. Recently, investigators have been using
liquid embolic agents (N-butyl-cyanoacrylate) as an
alternative.®®

PAE advancements have paralleled the concordant
developments in imaging. Transitioning from transrec-
tal ultrasound to high—magnetic field, multiparametric
MRI has led to better patient selection based on ana-
tomic and functional information. Patients who dem-
onstrate low prostate volume, predominant intravesical
involvement, and anomalous (high) bladder neck inser-
tion are examples of clinical scenarios that may not
have success rates that are equal to patients without
anatomic concerns.“ Preoperative high-resolution CTA
can assess smaller arterial branches (with a reported
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97.3% accuracy in one study*). Therefore, it can predict
future problems such as atherosclerotic occlusion or
vascular tortuosity.®® Compared to the past, intraopera-
tive fluoroscopy now affords higher resolution at lower
radiation doses. Additionally, the image-save function
has been shown to decrease fluoroscopy time, further
decreasing overall radiation exposure. Intraoperative
cone-beam CTA has become a standard adjunctive
technique to assess the risk of nontarget embolization.*
For patients with concerns about radiation exposure,
intraoperative contrast-enhanced MRA has been stud-
ied as an alternative to CT, revealing high sensitivity
(91.5%) in the identification of prostatic arteries.”’

As described, PAE is a technically demanding proce-
dure that has already benefited from past improvements
in materials and imaging. In the future, further ameliora-
tion of the instrumentation and implementation of new
embolic agents may contribute to a positive impact on
both the outcomes and profile risk of PAE.

INTERDISCIPLINARY COLLABORATION

Although BPH represents a common urologic disease,
treatment options have classically existed as a dichotomy
between urologists and interventional radiologists. PAE
presents the opportunity for multidisciplinary care
among these specialties that share many common inter-
ests and patients. PAE necessitates appropriate consulta-
tion at the pre- and postprocedural levels to ensure
exceptional patient care. The success of PAE is initially
attributed to appropriate patient selection. Accurately
assessing the nature and severity of symptoms, which is
typically done by a urologist, is crucial to discussing man-
agement options. Subsequently, validated image inter-
pretation is imperative to assess or rule out malignancy
and confirm the feasibility of PAE. Anatomic concerns
such as prostate size, anatomic configuration, and vascu-
lar variations should be correctly identified and included
in the shared decision-making consultation process. The
multidisciplinary approach is also a priority for the proce-
dural success of PAE.

Recent collaborative efforts have given rise to the
interventional urologist—a proceduralist with a cross-
over between endovascular and urologic training.
Regardless of whether an interventional radiologist or
interventional urologist performs PAE, as stated in AUA
guidelines, it is imperative that the operator receives
dedicated training to render this therapy safely and
effectively.®

The multidisciplinary nature of PAE is crucial for sev-
eral reasons. The connection between urology and radi-
ology should always be constant in centers performing
PAE because this may improve patient selection and
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success rates. Regularly scheduled meetings where clini-
cal cases are discussed and experiences of complications
and long-term outcomes are shared could help ensure
reciprocal growth and patient care.

INCLUSION IN GUIDELINES AND FUTURE
PERSPECTIVES

In September 2023, PAE was recognized by the AUA
as a minimally invasive treatment option for LUTS/BPH.
From a clinical perspective, this could potentiate the
spread and experience with PAE, allowing more famil-
iarity with PAE and potentially broadening its inclusion
and usage. Notably, the enthusiasm that comes with
this novelty needs to be carefully guided to avoid com-
promising outcomes. In light of this, training and fel-
lowship programs should be encouraged to allow for
clinical excellence.

From a research perspective, despite the introduc-
tion of PAE in the AUA guidelines, the evidence level
of recommendation still needs to be higher. Therefore,
high-quality studies and research collaborations are
needed to support the affirmation of this technique.
Comparisons to contemporary treatment modalities
such as laser enucleation and suprapubic prostatec-
tomy would better guide patient selection criteria.
Among others, the long-term outcomes and safety pro-
file are areas of interest to be addressed.

From a patient perspective, the recognition of PAE by
several guidelines has offered the opportunity for a new
option, the purpose of which is not to replace existing
techniques but to enrich the landscape of minimally
invasive treatments for BPH with an alternative option
that is efficacious and safe. Future directions include
using PAE to help decrease the size of the prostate
before radiation therapy, as well as evaluating the use of
liquid embolics as alternatives to particle-directed
embolization. m
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