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Abstract

Introduction: Non-surgical minimally invasive treatments are greatly needed for patients with symptomatic benign
prostatic hyperplasia (BPH), for whom medical treatment has failed and surgery is contraindicated. This study retro-
spectively evaluated the efficacy and safety of super-selective prostatic artery embolization (PAE) for BPH, relative to
transurethral resection of the prostate (TURP).

Aim: To clinically evaluate the efficacy and safety of super-selective PAE for BPH, relative to TURP.

Material and methods: From February 2012 to March 2015, patients with BPH underwent selective PAE (n = 17) or
TURP (control group; n = 40). Prostate volume, maximum urinary flow rate (Omax), International Prostate Symptoms
Score (IPSS), and quality of life (Qol) score were evaluated at baseline and postoperative 3, 6, and 12 months. Com-
plications were also recorded.

Results: All the procedures were technically successfully. At postoperative 1 year, patients given PAE had significantly
greater prostate volume (64.6 +10.2 ml), IPSS (23.9 +4.9), and Qol (4.1 +0.7) compared with the control patients
(42.0 +7.5 ml, 13.1 3.5, and 2.1 +0.7, respectively). The Qmax of the PAE group (9.5 +3.7 ml/s) was significantly
lower than that of the control (21.8 +4.2 ml/s). The changes in parameters of the TURP patients relative to the pre-
operative baseline were significantly greater than those of the PAE group. No severe complications occurred.
Conclusions: Prostatic artery embolization was demonstrated as safe and effective and may be considered an alter-
native treatment for BPH patients, especially for those who are not candidates for or refuse surgery.

Key words: lower urinary tract symptoms, benign prostatic hyperplasia, transurethral resection of the prostate,
super-selective prostatic artery embolization.

Intr ion
troductio Transurethral resection of the prostate (TURP)

Benign prostatic hyperplasia (BPH) is a very com-
mon disease in aging men and ordinarily leads to low-
er urinary tract symptoms (LUTS) [1, 2]. Although LUTS
secondary to BPH are not usually life-threatening, they
often compromise quality of life (QoL) [3]. Currently,
the clinical management of symptomatic BPH is main-
ly medical, or surgical when medical treatment fails.

has been the gold standard treatment for BPH for
decades [4]. Nevertheless, TURP has been associated
with significant postoperative complications, includ-
ing incontinence or urinary retention, bleeding, and
in some reports, sexual dysfunction such as retro-
grade ejaculation and impotence [5-7], especially in
men older than 60 years [7]. Moreover, many symp-
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tomatic BPH patients are very elderly, and may have
severe comorbidities that greatly increase the risks
of performing TURP. Hence, non-surgical minimally
invasive treatments are greatly needed as alterna-
tives in the clinical management of BPH. Accordingly,
several minimally invasive therapies have been pro-
posed recently [8, 9].

Prostatic arterial embolization (PAE) was first in-
troduced in the 1970s to control massive hemorrhage
after prostatectomy or prostate biopsy [10, 11]. Pros-
tatic arterial embolization has proven to reduce pros-
tatic volume and weight progressively when used to
control spontaneous bleeding in BPH patients [12].
Increasing evidence has indicated that PAE is also
a safe and effective technique for relief of LUTS in
BPH patients [13, 14]. In China, PAE by way of the
superior vesical artery (super-selective PAE) remains
a novel technology, and there are multiple challeng-
es that prevent its wide application; clinical evidence
supporting super-selective PAE as a primary treat-
ment for LUTS due to BPH is quite limited [15, 16].

Herein, we retrospectively investigated the via-
bility of PAE, with Embosphere microspheres as the
embolic, as a primary treatment for LUTS in BPH pa-
tients who had failed medical treatment and who
were unsuited for surgery. The therapeutic effect of
super-selective PAE was evaluated relative to TURP
during a follow-up of 1 year at our single center.

Aim
The aim was to conduct a clinical evaluation of

the efficacy and safety of super-selective PAE for
BPH, relative to TURP.

Material and methods

The Ethics Committee of our hospital approved
the protocol. The study was performed in accor-
dance with ethical standards.

Study participants

Between February 2012 and March 2015, 17 BPH
patients (mean age: 75.53 +4.74 years, range: 68—
87 years), for whom medical treatment had failed
and surgery was contraindicated, underwent su-
per-selective PAE in our hospital. Each patient was
assessed by a urologist and an anesthesiologist as
being unsuited for surgery. The interventional radiol-
ogist was also involved in the patient selection.
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The inclusion criteria for super-selective PAE were
the following: a definitive diagnosis of BPH accom-
panied by severe LUTS; failure after 6-month admin-
istration of an a-receptor blocker and 5a-reductase
inhibitors; concomitant severe cardiovascular and
cerebrovascular diseases; chronic administration of
anticoagulants that could not be terminated; litho-
tomy position was not possible due to limitation of
the lower extremity; insertion of a resectoscope was
not possible because of severe urethral stricture;
and patient unwillingness to undergo the surgery.

Another 40 BPH patients who underwent TURP
(control group) were randomly selected by a random
digits table from all hospitalized patients admitted
to our hospital in the same period. These patients
also had severe LUTS, but with no severe cardiovas-
cular or cerebrovascular diseases.

The following preoperative (baseline) data of the
PAE and control groups were compared: age, pros-
tate volume, maximum urinary flow rate (Qmax),
International Prostate Symptoms Score (IPSS) [17],
and Qol score. Qmax was measured using uro-
flowmetry to analyze the quality of urination. The
prostate of each patient was evaluated transrectally
using ultrasound equipment (Mindray Biomedical
Electronics, Shenzhen City, China). Prostate volume
was calculated using the prostate ellipsoid formula
(volume = 0.52 x length x width x height cm).

Super-selective PAE procedures

All the PAE procedures were performed by the
same interventional radiologist (Dr. Kai Cheng),
with 30 years of clinical experience in the field of
interventional radiology. Specifically, after local an-
esthesia was achieved, the unilateral femoral artery
was punctured using Seldinger’s technique. A 4-5 Fr
hydrophilic cobra-shaped catheter (Terumo, Tokyo,
Japan) was inserted into the internal iliac arteries.
Subsequently, pelvic angiography was performed by
manually injecting 20-30 ml of contrast media (lo-
versol) at 3 ml/s under fluoroscopic guidance.

Duringthe procedure, the prostatic arterial supply
was identified based on prostatic substance stain-
ing; the stained arteries revealed the outline of the
prostate (Photo 1 A). The prostatic artery at one side
was selectively catheterized and Embosphere mi-
crospheres were used for embolization (90-180 um
in diameter; Merit Medical, Rockland, MA, USA).
The microspheres were injected slowly under flu-
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Photo 1. Right pelvic angiography of a 72-year-old male patient suffering from LUTS secondary to BPH.
A—The right prostate artery (down arrow) and internal pudendal artery (up arrow) before PAE. B — After PAE,
the right prostate artery and internal pudendal artery are not seen

oroscopic guidance until the control angiogram
revealed blood flow only in the proximal part of
the prostatic artery, avoiding reflux of the embolic
agent to undesired arteries. Follow-up angiography
was conducted manually to check whether the dis-
tal arterial vasculature was dramatically depleted.
Embolization was then performed on the contralat-
eral side, using the same technique. Finally, all the
catheters and sheaths were subsequently removed
(Photo 1 B).

A radial compression device was placed over the
puncture site for 20 min before bandaging. Infection
prophylaxis was performed for every patient during
the postoperative 3 days, and the urethral catheter
was removed at postoperative 7 days.

Transurethral resection of the prostate
surgical procedures

Transurethral resection of the prostate was con-
ducted by the same urologist as the PAE (Dr. Zhi-Lei
Qiu, with 10 years of clinical urologic experience).
After epidural anesthesia was achieved, TURP was
performed via transurethral electrocision under TV
monitoring, using a standard Olympus isoionic re-
sectoscope and bipolar generator. The resectoscope
was inserted into the bladder under direct vision
for determining the relationship between the bi-
lateral ureteral opening, trigone of bladder, and the
prostate intruded into the bladder. Also examined
were the posterior urethra, seminal colliculus, and
the shape and size of the prostatic hyperplasia. Lay-
er-by-layer cutting of the prostate was performed,
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from the bladder neck to the seminal colliculus,
to the prostatic capsule. Flusher (containing 37°C
physiological saline) was used to draw off the ex-
cised prostatic gland. Finally, electrocoagulation he-
mostasis was performed, the resectoscope was re-
moved, and the balloon catheter was left for 3 days
postoperatively.

Outcome measurements and follow-up
methods

Each patient in the PAE and TURP control groups
was followed up at postoperative 3, 6, and 12 months
by a designated physician. Functions were assessed
by clinical observation of the prostate volume, Qmax,
IPSS, and QoL scores. Other postoperative parame-
ters observed during the follow-up included adverse
events and postoperative complications.

Statistical analysis

Statistical analyses were performed using SPSS
version 19.0 software (SPSS, Chicago, IL). Measure-
ment data are expressed as mean * standard de-
viation. Intergroup comparisons were analyzed by
the independent t-test. Intragroup comparisons be-
tween preoperative and postoperative data were an-
alyzed by the paired t-test. P < 0.05 was considered
statistically significant.

Results

At the preoperative baseline, the PAE and TURP
groups were statistically comparable with regard to
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Table I. Baseline demographics and clinical data
of BPH patients undergoing super-selective PAE

and TURP

Parameter PAE TURP P-value
Subjects 17 40

Age [years] 75.53 +4.74 73.35 +4.75 0.119
Prostatic volume [ml] 64.6 £10.2  68.7 +9.2 0.146
Qmax [ml/s] 9.5+3.7 9.4 +3.1 0.962
IPSS 23.9+4.9  245+45 0.672
Qol score 4.1+0.7 4.1+0.6 0.723

Table Il. Origins of the prostatic artery among
the 17 patients who underwent bilateral PAE

Artery No. of Prevalence
branches (%)
Inferior vesical artery 19 48.7
Internal pudendal artery 15 38.5
Internal iliac artery 3 7.7
Obturator artery 2 5.1

Table Ill. Clinical data of functional parameters
over time after PAE and TURP

Parameter PAE TURP P
Prostate Baseline  64.6+10.2 68.7+9.2 0.146
volume
(ml] 3months 523#59 299145 <0.001
6 months 45259 30.8+52 < 0.001
12 months  42.0%75 32946 <0.001
Qmax Baseline 95437 94431 0.962
[ml/s] 3months  13.2+39 20444 <0.001
6 months  16.4+4.5 23839 <0.001
12 months  21.8+4.2 243 +3.7 0.031
IPSS Baseline  23.9+49 24545 0.672
3months  155+41 123 #35 0.004
6 months 121434 83%32  <0.001
12 months  13.143.5 10.2+4.5 0.021
QoL Baseline 41+0.7 41106 0.723
3months  2.8+1.1 21409 0.010
6 months 2.5+1.1 1.9 +0.9 0.032
12 months  21+0.7 1.7+0.6 0.034
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age, prostate volume, Qmax, IPSS, and QoL (Table I).
No patient was lost to follow-up during the study
period. The PAE was technically successful in 17 of
17 patients (100%). The technical successful rate of
TURP was also 100% (40/40) in the control group.

In the PAE group, each of the 17 patients under-
went bilateral embolotherapy (Table I). Overall, an-
giography of 34 internal iliac arteries was completed
in the PAE group. A sole artery supply was not found
in any of these patients. Double, triple, and > 4 sup-
ply arteries were found in 4 (23.5%), 5 (29.4%), and
8 (47.1%) patients, respectively. Embolotherapy was
achieved on 39 branches of larger feeding arteries.
Specifically, these included branches of 19 (48.7%),
15 (38.5%), 3 (7.7%), and 2 (5.1%) of inferior vesical,
internal pudendal, internal iliac, and obturator arter-
ies, respectively. Among these, the caliber of the in-
ferior vesical arteries and internal pudendal arteries
were the largest.

All patients were examined for prostate volume,
Qmax, IPSS, and Qol score at each return follow-up
visit (Table Il1). In the PAE group, the Qmax increased
from the baseline 9.5 +3.7 ml/s, to 21.8 +4.2 ml/s
at postoperative 1 year, while there were signifi-
cant reductions in the mean prostate volume (64.6
+10.2 mlvs. 42.0 £7.5 ml), IPSS (23.9 +4.9 vs. 13.1
+3.5), and QoL score (4.1 £0.7 vs. 2.1 £0.7).

The postoperative pattern of changes in prostate
volume, Qmax, IPSS, and QoL scores of the TURP pa-
tients relative to baseline was similar to that of the
patients given PAE. However, compared with the PAE
patients, in the TURP group the changes in prostate
volume, Qmayx, IPSS, and QoL scores at postopera-
tive 3 months, 6 months, and 1 year were greater
(Figure 1 A-D).

The operative time of PAE was 90 min (range:
70-120 min), and no intraoperative complications
occurred. Among the 17 PAE patients, 14 achieved
voluntary micturition after the removal of the ure-
thral catheter at postoperative day 7, whereas
3 (17.6%) patients were not able to urinate autono-
mously until the removal of the urethral catheter at
postoperative day 14. Within the first postoperative
7 days, 3 (17.6%) and 5 (29.4%) patients developed
hypogastralgia (i.e., pain in the perineum, retropubic
space, and/or urethra) and fever, respectively, which
resolved quickly after symptomatic treatment. No
severe complications occurred during the follow-up
period, including vesical or intestinal ischemia or
perforation.
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Figure 1. Comparisons of the functional parameters between PAE and TURP groups from baseline over
time, including prostate volume (A), Qmax (B), IPSS (C), and QoL (D)

Discussion

Prostatic artery embolization for LUTS has been
proposed as a minimally invasive alternative treat-
ment for BPH [18-20]. As such, PAE is of great sig-
nificance for BPH patients with concomitant severe
diseases such as cardiovascular and cerebrovascular
diseases and chronic obstructive pulmonary disease,
and for whom surgery is contraindicated [21]. In
this retrospective study, we compared the effica-
cy and safety of PAE with TURP for the treatment
of BPH patients. We found that the LUTS of all the
17 patients were improved after the PAE procedure,
as evidenced by increased Qmax, and decreased
prostate volume, IPSS, and QoL scores, at the postop-
erative 3-, 6-, and 12-month follow-ups. Our results
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are consistent with previous studies by de Assis et
al. [13] and Carnevale et al. [19], who reported pros-
tate volume reduction > 30%, mild symptoms, and
improved Qol, 1 year after PAE. Collectively, these
findings suggest that PAE is an effective treatment
for patients with LUTS that are due to BPH.

The clinical results of bilateral PAE are putatively
better than those of unilateral PAE [22]. Carnevale
et al. [23] reported that 1 patient had unilateral PAE
with continuous prostate reduction during the first
postoperative year, but regrowth to the initial size
was observed at 3 years. In our study, the patients
who underwent super-selective bilateral PAE experi-
enced significant prostate reduction during the first
postoperative year. Evaluation of these patients is
ongoing.
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In the patients given TURP improvements in pros-
tate volume, Qmax, IPSS, and QoL were superior to
those of the PAE group, at all time points. This may
be because, unlike TURP surgery, PAE is not immedi-
ately ablative. In theory, it may take more time after
PAE for the prostate to undergo the histopathologic
changes associated with destruction of the prostate
vasculature [24, 25]. In the present study, this was
observed as lower differences in Qmax and IPSS,
from baseline to postoperative 6 months-1 year, of
the PAE patients compared with the TURP group.

Complete understanding of the functional arteri-
al anatomy is important for performing an effective
and safe embolization, as it facilitates better clinical
results, and avoids complications from untargeted
embolization of the surrounding organs (bladder, rec-
tum, and penis). In particular, the origin of the pros-
tatic artery is highly variable among individuals [26].
Carnevale et al. [19] reported that the most common
artery supplying the prostate was the inferior ves-
ical artery. Consistent with this, the present study
indicated that the most common artery supplying
the prostate was the inferior vesical artery, followed
by the internal pudendal arteries. However, Wang
et al. [15] found that the most common artery sup-
plying the prostate was the gluteal-pudendal trunk,
followed by the superior vesical artery. They also re-
ported that in 95.0% of cases the internal iliac artery
had only one prostatic artery, and 5.1% (11/218)
had two independent prostatic arteries. Unlike these
results, our data showed double arteries in 4 cases
(23.5%) , three arteries in 5 cases (29.4%), and more
than three arteries in 8 cases (47.1%). The differenc-
es may be attributable to the smaller sample size of
the present study, or the ethnic origin of the study
population. This is suggested by angiographic ana-
tomical data reported by European physicians that
may not be consistent with the actual situation in
China [27].

In our study, all the PAE procedures were per-
formed by the same interventional radiologist, who
has 30 years of clinical experience in the field of in-
terventional radiology at our hospital. The technical
success rate was 100% among the 17 patients. Su-
per-selective PAE still poses many technical challeng-
es. In particular, accurately identifying the prostate
artery is crucial, to avoid embolizing the surrounding
normal blood vessels. In this study, accurate identifi-
cation of the prostatic arterial supply was based on
prostatic substance staining; the arteries surround-
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ing the prostate were stained to display its outline.
If there is no feeding artery directly from the inter-
nal iliac artery, the superior prostate supply artery
should include the inferior vesical, internal puden-
dal, inferior rectal, or obturator arteries [28]. In the
present study, although there were numerous feed-
ing arteries to the prostate, in nearly all BPH patients
there was a predominant feeding artery that should
be preferred for arterial embolization, as it is gener-
ally larger in diameter and the catheter is easier to
insert. We believe that the best therapeutic effect
is achieved by embolization of the bilateral prostate
arteries and other blood-supply branches. Thus the
efficacy should persist, and collateral formation is
avoided, reducing prostate regeneration and symp-
tomatic relapse.

There is limited information regarding the embo-
lization materials to be used in PAE procedures. The
Embosphere microspheres used in the present study
are among the latest generation of embolic materi-
als [29]. These are made of acrylic polymer, with an
outer layer of hydrophilic gelatin. The advantages in-
clude flow with the bloodstream to effect complete
vascular luminal blockage, accurate targeting, and
peripheral embolization. Another important compo-
nent of PAE that remains to be determined is the
optimal embolic agent size, which should be inves-
tigated.

The present study is limited by its retrospec-
tive and non-randomized nature. In addition, the
number of patients treated with PAE was not large
or sufficient, and the follow-up time was not long
enough to evaluate long-term clinical outcomes.
Nevertheless, this study shows that super-selective
PAE with microspheres can be a safe and efficient
treatment for very elderly patients with BPH, and
especially for patients who are unsuited for or intol-
erant of TURP.

Conclusions

The present clinical data showed that both su-
per-selective PAE and TURP resulted in significant
clinical improvements in the treatment of LUTS due
to BPH. TURP showed superior clinical improve-
ments at all follow-up time points compared with
PAE. Prostatic artery embolization seems to be safe
and effective for patients with severe LUTS due to
BPH, and may be considered an alternative treat-
ment for symptomatic BPH patients. This is espe-
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cially true of patients for whom medical treated has
failed, who are not candidates for surgery, or who
refuse surgery.
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