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Prostatic arterial embolization
as a micro-invasive treatment
option for benign prostatic
obstruction: A subtle balance
between short-term follow-up
patient-reported outcomes and
de-obstructive effectiveness

Riccardo Bertolo™, Chiara Cipriani®, Maria Silvia Giuliani?,
Francesco Maiorino*, Matteo Vittori*, Marco Carilli*?,
Marta Signoretti**, Sergio Minucci®' and Pierluigi Bove™*!

‘Department of Urology, San Carlo di Nancy Hospital, Rome, Italy, ?Interventional Radiology Unit,
San Camillo Hospital, Rome, Italy, *Urology Unit, Department of Surgery, Tor Vergata University of
Rome, Rome, ltaly, “Department of Life, Health and Environmental Sciences, Urology Unit,
University of L'Aquila, Coppito, Italy, *“Department of Interventional Radiologist, San Carlo di Nancy
Hospital, Rome, Italy

Purpose: The study evaluated the effectiveness of prostatic arterial
embolization (PAE) in the relief of benign prostatic obstruction (BPO) beyond
the patient-reported outcomes.

Methods: Retrospective evaluation of patients who underwent PAE (March
2015-December 2019). All patients underwent prostate MRI to assess prostate
volume (PVol), uroflowmetry to assess Qmax, and were administered IPSS +
QoL. MRI, and IPSS were repeated 3 months postoperatively. Patients were
contacted for urological consultation, including uroflowmetry with post-
voiding residual volume (PVR), IPSS + Qol. Additionally, patient satisfaction
was assessed. Sexual function, including ejaculation and complications,
was recorded.

Results: Fifty-two patients were analyzed. At baseline, PVol was 66 ml (IQR 48—
67), Qmax 13.5 ml/s (IRQ 11.5-19), IPSS 23 (IQR 18-25), and QoL 4.5 (IQR 4-5).
At 3-month follow-up, MRI showed a 27% (IQR 18-36) reduction in PVol
(p <0.001). The IPSS decreased by 81% (IQR 58-91, p <0.001). At a median
follow-up of 14 months (IQR 10.5-27.5), IPSS decreased by 40% (IQR 26-54, p
<0.001) and QoL by 50% (IQR 20-75, p = 0.002) versus baseline. The absolute
Qmmax Was 12.2 ml/s (IQR 9.5-14). Median %variation of Qax Vs baseline was
-7.3% (IQR -33.9; +255, p = 0.7).All sexually active patients maintained
ejaculation. Thirty-eight (73%) were satisfied with the treatment they
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received. One patient reported post-operative erectile dysfunction. All patients
who were counseled for adjuvant endoscopic treatment refused surgery
except for one.

Conclusion: In our analysis, PAE provided significant improvement in the short-
term follow-up patient-reported outcomes. Most patients were satisfied, and
ejaculation was maintained. On the other hand, the effectiveness of PAE on the
relief of BPO seemed virtually intangible in most of the cases.

KEYWORDS

prostatic arterial embolization, benign prostatic obstruction (BPO), patient-reported
outcomes (PROs), lower urinary tract symptoms (LUTS), benign prostatic

hyperplasia (BPH)

Introduction

It is estimated that 25%-60% of men will suffer from benign
prostatic hyperplasia (BPH) over their lifetime (1, 2). BPH may
cause obstruction, leading to lower urinary tract symptoms
(LUTS) and worsen the quality of life in affected patients.
Such benign prostatic obstruction (BPO) is initially treated by
medical therapy. In those patients affected by LUTS refractory to
medical therapy, transurethral resection of the prostate (TURP)
and its laser-based transurethral enucleative alternatives have
represented the gold-standard approach for decades (3, 4). The
issue during daily clinical practice is that patients (particularly
when younger) are often reluctant to undergo transurethral
“extirpative” techniques given their associated risks, the first
and foremost being retrograde ejaculation (5).

In this setting, various less-invasive approaches with
ejaculation-sparing intent have been developed and are
currently available as alternatives to standard transurethral
techniques. The temporary implantable nitinol device is a
“micro-invasive” option that showed an encouraging rate of
ejaculation preservation (6). Recent systematic reviews evaluated
the effects on ejaculatory dysfunction of many other “micro-
invasive” or “ultra minimally-invasive” treatment modalities to
manage BPO: water vapor thermal therapy, prostatic urethral
lift, waterjet ablation, and prostatic arterial embolization (PAE)
showed less than 2% rate of retrograde ejaculation at 1-year
follow-up (7, 8).

PAE is a relatively new, micro-invasive treatment option,
first described by Pisco et al. (9).

It is currently unsupported by the American Urological
Association guidelines and weakly recommended by the
European Association of Urology (EAU). The EAU guidelines
underline that the technique is still under investigation;
furthermore, strong collaboration between urologists and
trained interventional radiologists is mandatory (10, 11). There
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is level la evidence that PAE is less effective than TURP at
improving symptoms and urodynamic parameters such as
urinary flow rate (12-15).

Most of the studies demonstrated a significant improvement
in the patient-reported outcomes, while a clinically significant
impact on the maximum flow rate at uroflowmetry is still
debated. This is because either minimal improvement is
described, or urodynamic parameters are not investigated
when observational studies are conceived within the literature
produced within the interventional radiology setting.

To make a contribution in this field, this analysis
was conceived.

The primary aim of the study was to report the outcomes of
PAE. The secondary aim was to offer a urological insight into
the data.

Materials and methods

Data of patients who consecutively underwent PAE
performed by a team of experienced interventional radiologists
(SM and MG) were retrospectively reviewed. All patients gave
their consent before being included and analyzed within the
goals of the present study, performed in accordance with the
Declaration of Helsinki.

Procedures were performed between March 2015 and
December 2019. All patients had enclosed serum prostate-
specific antigen (PSA), had undergone prostate magnetic
resonance imaging (MRI) to assess prostate volume (PVol),
uroflowmetry to assess maximum flow rate (Qpax), and post-
voiding residual volume (PVR), and have been administered the
International Prostate Symptom Score (IPSS) with the Quality of
Life (QoL) (16). Three months postoperatively, MRI and IPSS
were repeated. Specifically for the study, patients were contacted
for urological consultation, which included repeated PSA,

frontiersin.org


https://doi.org/10.3389/fruro.2022.960875
https://www.frontiersin.org/journals/urology
https://www.frontiersin.org

Bertolo et al.

uroflowmetry with assessment of PVR, and re-administration of
IPSS and QoL. Eventual missing data were retrieved from the
medical records of each patient. Additionally, the satisfaction of
the patient with the treatment received was assessed using
Question 32 of the Expanded Prostate Cancer Index
Composite questionnaire (“How satisfied are you with
treatment received for your prostate disease intervention?”) (17).

Information about the ejaculatory function and eventual
procedure-related complications that occurred or further
treatments required were investigated and recorded.

Technique for prostatic arterial
embolization

The technique to perform PAE included proximal
embolization first, then distal embolization, by using calibrated
300-500 l-trisacryl microspheres (Embosphere, Merit Medical,
Salt Lake City, USA). Prior to intervention, all patients had
received 4,000 IU of low-molecular-weight heparin and
antibiotic therapy with cefazolin (2 g). A Foley catheter was
introduced into the bladder and filled with a mixture of iodinate
contrast medium (20%) and saline solution (80%). The
procedure was performed under local anesthesia, via a
unilateral (usually right-side) trans-femoral approach.

For this purpose, a 5 Fr sheath and an F5 Cobra-shaped (C2) or
Roberts Uterine Artery Catheter are introduced via the common
femoral artery to catheterize the hypogastric artery and then its
anterior division. Once the catheter is in the anterior division of the
hypogastric artery, a digital subtraction angiography is performed in
left anterior oblique projection (35°) and caudal-cranial angulation
(10°) to visualize the anatomy of the prostatic arteries. Contrast
media is injected, then a road map of the artery from which the
prostatic artery takes origin is obtained. Afterwards, the prostatic
vessels are catheterized with a 3 F coaxial microcatheter. When the
catheterization of the prostatic vessels is achieved, manual
angiography is performed to confirm the position of the catheter
in the ostium of the prostatic artery and to visualize the vascular
anatomy of the prostate in the same oblique and frontal position.
Then, the microcatheter was advanced distally into the prostatic
artery and embolization was performed (Figure 1).

Statistical analysis

Continuous variables are presented as median and
interquartile ranges (IQR). Categorical variables are presented
as frequencies and proportions. The Mann-Whitney U test was
used when comparing two groups of dependent variables, while
non-parametric Friedman ANOVA and Kendall’s concordance
were used to compare differences among more than two groups.
A comparison of categorical variables was performed using the
Fisher’s exact test.
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A p-value of <0.05 was considered statistically significant.
Statistical analysis was performed using “Statistic” 8.0 Software
(StatSoft, Tulsa, OK, United States).

Results

The datasets of fifty-two patients who underwent PAE were
analyzed. The age at surgery was 65 years (IQR 59-69). Prior to
treatment, PVol was 66 ml (IQR 48-67), Qax 13.5 ml/s (IRQ
11.5-19), IPSS 23 (IQR 18-25), and QoL 4.5 (IQR 4-5).

At the 3-month follow-up, MRI showed a 27% (IQR 18-36)
reduction in PVol (p <0.001). The IPSS was found to have
decreased by 81% (IQR 58-91, p <0.001), with a median value of
6 (IQR 3-12).

Urological consultations were performed at a median follow-
up of 14 months (IQR 10.5-27.5).

At this time-point, with respect to baseline, IPSS was found
to have decreased by 40% (IQR 26-54, p <0.001), with a median
value of 11 (IQR 6-15) and QoL decreased by 50% (IQR 20-75,
p = 0.002), with a median value of 2 (2, 3). Uroflowmetry was
performed; absolute Q.x was 12.2 ml/s (IQR 9.5-14).
Percentage median variation of Qp,.x versus baseline was a
non-statistically significant 7.3% decrease (IQR -33.9; +25.5,
p = 0.7). Median PVR was 10 ml (IQR 0-70). Table 1 reports
complete data at the different time-points evaluated. Figure 2
plots the median (IQR) IPSS at the different time-points.

One hundred percent of patients who were still sexually
active at the time of urological consultation referred maintained
ejaculation. One patient reported post-operative erectile
dysfunction. Overall, 38 patients (73%) were satisfied with the
treatment received according to EPIC Question 32.

Forty-six patients (88.5%) did not discontinue or re-start
medical therapy. Among them, patients with severely pathologic
uroflowmetry (<10 ml/s, 21 patients) who were counseled for
adjuvant endoscopic treatment after PAE refused surgery except
by one during the follow-up.

Discussion

Our analysis showed that PAE provides a significant
improvement in IPSS when assessed three months post-
operatively. Re-assessment at longer term follow-up showed an
initial worsening of IPSS, although the difference was not
significant compared to the third month assessment. The
quality of life was significantly improved.

No significant adverse events were reported except in one
patient who suffered from erectile dysfunction. Most patients
were satisfied with treatment, with ejaculation maintained in
all cases.

On the other hand, the “urological” effectiveness of PAE on
the relief of BPO seemed virtually intangible in most of the cases,
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FIGURE 1

Digital subtraction angiography, oblique projection, (A) of the anatomy of the prostatic artery angiography (B) after selective catheterization
demonstrating the prostate gland. (C) Prostatic artery angiography after embolization; decreased vascularity of the prostate is shown.

according to Q. at uroflowmetry. As such, Q. remained
almost stable over time when comparing the baseline data versus
that at the last follow-up available. At a median follow-up of 14
months, most patients did not discontinue or re-start medical
therapy for BPO. Among them, 21 patients with severely
pathologic uroflowmetry who were counseled for adjuvant
endoscopic treatment after PAE refused surgery except for one.
Notwithstanding their intrinsic limitations, IPSS and QoL
are important patient-reported outcomes used to grade the level
of bother perceived by the patients affected by LUTS (2, 3, 6, 11).
The results from the case series reported herein are in line
with the previously published single-center experiences and
meta-analyses of studies suggesting that PAE improves LUTS
according to the pooled analysis of IPSS and QoL scores.

TABLE 1 Complete data at the different time-points evaluated.

Indeed, according to a recently published systematic review
and meta-analysis of randomized controlled trials, the average
improvement in IPSS ranged from —16.33 to —13.1 points, while
the average improvement in QoL ranged from -2.36 (-3.08,
-1.63) to —-3.11 (-3.55, —2.67) within the postoperative 24-
month follow-up (13). On the other hand, IPSS reassessment
at the time of urological consultation allowed us to detect an
initial worsening of symptoms if compared to the third
month assessment.

Regarding sexual function, the effect of PAE on erectile and
ejaculatory functions is still a matter of debate (18). In agreement
with the findings of a single-center retrospective study focused
on the sexual function bothers conducted on 129 patients who
underwent PAE, in our experience, only one patient (2%)

Baseline 3-monthfollow-up Last follow-up14 months [IQR 10.5-27.5] p-value
Age, years 65 (59-69) - - -
PSA, ng/ml 32 (2-5.5) - 2.8 (2.2-4.6) 0.5
PVol, ml 66 (48-77) 43 (35-51) - <0.001
IPSS 23 (18-25) 6 (3-12) 11 (6-15) <0.001%

<0.001*

QoL 4.5 (4-5) - 2(2-3) 0.002
Quax ml/s 13.5 (11.5-19) - 12.2 (9.5-14) 0.7
PVR, ml - - 10 (0-70) -

PSA, prostate specific antigen; PVol, prostate volume; IPSS, International Prostate Symptom Score; QoL, Quality of Life; Quax, Maximum urinary flow rate at uroflowmetry; post-voiding

residual volume. Data were reported as median (Interquartile Range).
*Baseline versus 3-month follow-up.
**Baseline versus last follow-up.
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Box & Whisker plots depicting the median, the 25%—75% interquartile range, the minimum, and the maximum of the distribution of the
International Prostate Symptom Score (IPSS), assessed at different time points: baseline, third month postoperatively, and last follow-up. The
median last follow-up was 14 months; interquartile range was 10.5-27.5 months.

reported erectile dysfunction after the procedure. On the other
hand, all patients who maintained valid erectile function had
their ejaculatory function preserved in our hands.

Finally, no adverse events related to PAE were reported. No
patient required intervention to manage procedure-
related complications.

One of the more interesting points of debate arising from
our analysis is the finding of the absence of an objective
improvement in Q,.x after PAE on the one hand, while
almost all patients who were found with severe BPO at
uroflowmetry refused further treatment on the other hand.

Although the assessment of Q. at uroflowmetry is affected
by intrinsic limitations, with patients reporting pathological
Qunax having no obstruction according to pressure/flow studies
(19), Quax is an objective, non-invasive measure commonly used
to quantify the relief from the BPO after treatment.

Previous experiences comparing PAE versus TURP have
already underlined how changes in Q,,,,, after PAE are marginal.
A randomized controlled trial by Abt et al., a multi-center
matched pair prospective analysis by Ray et al., and a
retrospective single-center study by Carnevale et al. reported
improvements in Q,,.x averaging 3 to 5 ml/s after PAE (20-22).

A major limitation of the available evidence on the “PAE
versus TURP challenge” is that the de-obstructive effect of PAE
is evaluated using canonical criteria established for standard
procedures. Moreover, we can consider the improvement of
Qunax as the “knock-out” argument, which awards conventional
and radical approaches. On the other hand, it has been proven
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that patients affected by BPH are primarily bothered by storage
LUTS, above all, urge incontinence and nocturia, which mostly
impact on their quality of life. Paradoxically, despite its high
prevalence, a weak urinary stream is a less bothersome lower
urinary tract symptom (23).

Accordingly, although almost all patients were found
affected by BPO at our urological consultation when
uroflowmetry was performed, and thus counseled for an
adjuvant treatment aimed to de-obstruct, only one accepted
the side-effect risk of a permanent ejaculatory dysfunction and
underwent transurethral laser vaporesection.

This finding suggests the potential existence of an
unmeasurable bias, which is intrinsic to studies investigating
the effectiveness of micro-invasive, alternative techniques to
treat BPO.

Maybe we are wrong, but the typical patient candidate for
such treatments refers to a strong will to maintain ejaculation.
The assessment of this patient could be confounded by hyper-
positive answers in the patient-reported outcome
questionnaires, which could supersize the effect of the treatment.

We recognize other limitations of this study. First, it was a
retrospective design. Although patients were recalled for
urological consultation in person, we were unable to retrieve
missing paramount information such as third-month
uroflowmetry that remained unperformed. Moreover, we
acknowledge that information about sexual and ejaculatory
function was not assessed in a standardized fashion at
baseline. Second, the sample size was relatively small, thus
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limiting the consistency of our conclusion. Lastly, as
aforementioned, we believe that an unmeasurable bias was
introduced by the patients enrolled in this analysis, who all had
a strong will to maintain ejaculation and then could have
supersized the overall impact of the procedure itself on the
patient-reported outcomes. But this is both a limitation and a
thought-provoking finding, stimulating further debate in the field.

Our analysis showed that PAE can provide a significant
improvement in the short-term follow-up of patient-reported
outcomes. Most patients are satisfied with the treatment, and
ejaculation is maintained. On the other hand, the effectiveness of
PAE on the relief of BPO seems virtually intangible in most cases
if assessed by the urinary flow rate. An unmeasurable bias
introduced by the patient with a strong will to maintain
ejaculation (thus refusing further treatments) could supersede
the positive effect of the treatment on IPSS and QoL.
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