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Abstract Symptomatic benign prostatic hyperplasia

(BPH) typically occurs in the sixth and seventh decades, and

the most frequent obstructive urinary symptoms are hesi-

tancy, decreased urinary stream, sensation of incomplete

emptying, nocturia, frequency, and urgency. Various medi-

cations, specifically 5-a-reductase inhibitors and selective a-

blockers, can decrease the severity of the symptoms sec-

ondary to BPH, but prostatectomy is still considered to be the

traditional method of management. We report the pre-

liminary results for two patients with acute urinary retention

due to BPH, successfully treated by prostate artery

embolization (PAE). The patients were investigated using

the International Prostate Symptom Score, by digital rectal

examination, urodynamic testing, prostate biopsy, transrec-

tal ultrasound (US), and magnetic resonance imaging (MRI).

Uroflowmetry and postvoid residual urine volume comple-

mented the investigation at 30, 90, and 180 days after PAE.

The procedure was performed under local anesthesia;

embolization of the prostate arteries was performed with a

microcatheter and 300- to 500-lm microspheres using

complete stasis as the end point. One patient was subjected to

bilateral PAE and the other to unilateral PAE; they urinated

spontaneously after removal of the urethral catheter, 15 and

10 days after the procedure, respectively. At 6-month fol-

low-up, US and MRI revealed a prostate reduction of 39.7%

and 47.8%, respectively, for the bilateral PAE and 25.5 and

27.8%, respectively, for the patient submitted to unilateral

PAE. The early results, at 6-month follow-up, for the two

patients with BPH show a promising potential alternative for

treatment with PAE.
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Introduction

Symptomatic benign prostatic hyperplasia (BPH) typically

occurs in the sixth and seventh decades, and more than 40%

of men older than this present with clinical manifestations of

this tumor [1–4]. The most frequent obstructive urinary

symptoms are hesitancy, decreased urinary stream, inter-

mittency, sensation of incomplete emptying, nocturia, fre-

quency, and urgency [2]. The standard management of BPH

depends on the overall health of the patient and the severity

of the symptoms. Voiding difficulties attributable to BPH
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can be quantified with the International Prostatic Symptom

Score. Various medications, specifically 5-a-reductase

inhibitors and selective a-blockers, can decrease the severity

of voiding symptoms secondary to BPH [1, 4]. Minimally

invasive techniques have been developed as alternatives for

treatment of BPH, such as transurethral microwave ther-

motherapy and other laser ablations, but prostatectomy

(accomplished by transurethral or open surgical means)

constitutes the traditional surgical treatment for BPH [5–8].

Taking into account the comorbidities, surgical intervention

in this age group is considered to be high-risk. Prostate artery

embolization (PAE) has been used mainly to control massive

hemorrhage after prostatectomy or prostate biopsy [9–13].

DeMeritt et al. [14] described a patient with BPH who had

severe gross hematuria and was subjected to PAE with

polyvinyl alcohol particles. The patient stopped bleeding

immediately after embolization and the size of the prostate

reduced to 52% and 62% of the initial size by the 5- and 12-

month follow-up, respectively. Recently, an experimental

study of PAE in pigs showed a significant reduction in

prostate volume after embolization without compromising

the sexual function and erectile function of the animals [15].

We report the preliminary results of PAE with microspheres

as a primary treatment in two patients with acute urinary

retention due to BPH initially managed by selective a-

blockers and urethral catheters.

Materials and Methods

Two patients with acute urinary retention due to BPH had

been managed by selective a-blockers and urethral catheters

and were waiting for surgery. Both patients were treated

previously with selective a-blockers without success and

stopped taking medication 1 month before PAE. Before

intervention, the patients were investigated using the Inter-

national Prostate Symptom Score, by digital rectal exami-

nation, urodynamic testing, prostate biopsy, transrectal

ultrasound (US), and magnetic resonance imaging (MRI).

Malignancy and any other cause of voiding dysfunction that

could be correlated with the urinary obstruction were

excluded. The Ethical Committee approved the study and the

patients signed an informed consent for PAE as an alterna-

tive of treatment. After PAE, uroflowmetry, postvoid resid-

ual urine volume, US, and MRI were used to complement

investigation at 30, 90, and 180 days after PAE. The interval

between contrast-enhanced US and MRI was less than

3 days for both patients.

Ultrasound

Prostate volume and intravesical prostatic protrusion (IPP)

were measured by standard transrectal ultrasound using

ApplioTM equipment (Toshiba America Medical Sys-

tems). Prostate vascularization was examined with Doppler

and after the microbubble product of the sonicated contrast

agent Definity (Bristol Meyers Squibb, Billerica, MA,

USA) was injected in bolus through the antecubital vein in

a dose of 1 ml, followed by 10 ml of saline solution. After

PAE, the residual urine volume was assessed by the

transabdominal approach.

Magnetic Resonance Imaging

The imaging protocol for all examinations was the same: on

a 1.5-T magnet using a phased-array, 12-channel body coil

(GE Healthcare, Milwaukee, WI, USA). Because of tech-

nical issues, we used fat suppression for pre-embolization

studies but not for postembolization ones. Additionally, we

performed two axial sequences for the study of the pelvis.

Gadolinium chelate (Magnevist; Bayer-Schering, Germany)

was injected through an antecubital vein in a dose of 0.2 ml/

kg, at 2 ml/s, using an automated bolus injection system.

Prostate measurements and volume were evaluated.

Prostate Artery Embolization

Patients were referred for angiography and embolization in

the interventional radiology suite using an Allura DSA unit

(Philips, the Netherlands) and with nonionic Visipaque

contrast medium (Iodixanol, 320 mg I/ml; GE, Healthcare,

Europe). A prophylactic single dose of 200 mg ciproflox-

acin was given prior to the procedure. Intervention was

performed under local anesthesia through the right trans-

femoral approach. Initial pelvic angiography was per-

formed to evaluate the iliac vessels and prostate arteries

during the arterial and late phases. Selective digital sub-

traction angiography of the right and left internal iliac

arteries was performed using a 5-Fr Cobra 2 catheter to

better assess the blood supply to the prostate. Superselec-

tive catheterization of the right and left inferior vesicle

arteries was then performed using a microcatheter (Em-

bocath; Biosphere Medical, Rockland, ME, USA) and

angiography was performed by manually injecting 3–5 ml

of contrast medium to ensure that the tip of the micro-

catheter was inside or at the ostium of the prostatic arteries.

Microspheres (Embosphere; Biosphere Medical) calibrated

to 300–500 lm in diameter were used for embolization.

Each 2-ml vial of microspheres was diluted in a mixture of

20 ml of 50% iodinated contrast medium plus 50% normal

saline solution. The mixture was slowly injected under

fluoroscopic guidance. Embolization of the prostate arteries

arising from the inferior vesical arteries was performed to

stasis without reflux of the mixture to undesired arteries.

Follow-up angiography was performed manually with the

microcatheter at the inferior vesical artery and using the
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pump with the 5-Fr catheter at the anterior branch of the

internal iliac artery checking any further blood supply to

the prostate. Embolization was then performed on the other

side using the same technique.

Patient 1

A 67-year-old man with arterial hypertension and acute

urinary retention due to BPH was admitted to the urology

service, where he was treated with transurethral catheter

drainage. Digital rectal examination showed a prostate

compatible with 50 g. The prostate specific antigen (PSA)

level was 12.9 ng/ml (reference range: 0–4 ng/ml).

Transrectal US showed an enlarged heterogeneous pros-

tate, 63 g in volume, and an IPP of 9 mm. Prostate biopsy

(12 samples) revealed mild nonspecific chronic prostatitis

and acute prostatitis. MRI revealed an enlarged prostate,

69 g in volume, with heterogeneous high-signal intensity

nodules of probable hyperplasia in the central gland, pro-

truding at the bladder neck. In the PAE procedure, bilateral

prostate artery embolization was performed successfully,

without complications. Procedure/fluoroscopy time was

160/59 min, respectively.

Patient 2

A 68-year-old man with atrial flutter and arterial hyper-

tension, who developed acute urinary retention due to

BPH, was admitted to the urology service and treated with

transurethral catheter drainage. Digital rectal examination

showed a prostate compatible with 50 g. The PSA level

was 7.1 ng/ml (reference range: 0–4 ng/ml). Transrectal

US showed an enlarged heterogeneous prostate, 51 g in

volume, with asymmetric hypertrophy of the internal

gland, mainly at the right lobe, and an IPP of 16 mm.

Prostate biopsy (12 samples) revealed severe chronic

prostatitis. MRI showed an enlarged prostate, 54 g in

volume, with a heterogeneous high-signal intensity due to

probable hyperplasia in the central gland, with a more

discrete avascular cystic nodule of 1.1 cm on the right

protruding at the bladder neck. In the PAE procedure,

unilateral prostate artery embolization was performed

successfully without complications. Left prostate arteries

were not visualized during angiography. Procedure/fluo-

roscopy time was 250/95 min, respectively.

Results

The prostate volumes, IPP, and postvoid residual urine

volume at 1-, 3-, and 6-month follow-up, measured by US

and MRI, for both patients are reported in Tables 1 and 2.

Patient 1 Post-PAE Follow-Up (Fig. 1)

The patient complained of mild retropubic pain for 24 h,

which was treated with nonopioid analgesic. He had no

fever or hematuria and was discharged 3 days after PAE.

He urinated spontaneously upon urethral catheter removal

15 days after the procedure.

Table 1 Pre and post US and

MRI evaluations for the patient

subjected to bilateral prostate

artery embolization (PAE;

patient 1)

Pre PAE 1-month

follow-up

3-month

follow-up

6-month

follow-up

MRI Prostate volume (g) 69 42 38 36

Prostate volume reduction (%) – 39.1 44.9 47.8

US Prostate volume (g) 63 42 38 38

Prostate volume reduction (%) – 33.3 39.7 39.7

Intravesical prostatic protrusion (mm) 9 4 4 5

Postvoid residual urine volume (ml) With transurethral

catheter

8 5 Absent

Table 2 Pre and post US and

MRI evaluations for the patient

subjected to unilateral prostate

artery embolization (PAE;

patient 2)

Pre PAE 1-month

follow-up

3-month

follow-up

6-month

follow-up

MRI Prostate volume (g) 54 41 39 39

Prostate volume reduction (%) – 24.1 27.8 27.8

US Prostate volume (g) 51 41 38 38

Prostate volume reduction (%) – 19.6 25.5 25.5

Intravesical prostatic protrusion (mm) 16 16 16 15

Postvoid residual urine volume (ml) With transurethral

catheter

110 68 85
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One-Month Follow-Up

The urine jet was increased; postvoid residual urine volume

was 8 ml and IPP 4 mm. There was a prostate volume

reduction of 33.3% by US and 39.1% by MRI.

Three-Month Follow-Up

The patient was voiding normally; postvoid residual urine

volume was 5 ml and IPP 4 mm. There was a prostate

volume reduction of 39.7% by US and 44.9% by MRI.

Six-Month Follow-Up

The patient was voiding normally; postvoid residual urine

was absent and the IPP 5 mm. The prostate volume

reduction was 39.7% by US and 47.8% by MRI.

Patient 2 Post-PAE Follow-Up (Fig. 2)

The patient was asymptomatic and discharged 3 days after

PAE. He urinated spontaneously after urethral catheter

removal 10 days after the procedure.

One-Month Follow-Up

There were episodes of nocturia and increase in the urine

jet; postvoid residual urine volume was 110 ml and IPP

16 mm (stable). The prostate volume reduction was 19.6%

by US and 24.1% by MRI. MRI depicted an increase in

size of the previously seen avascular nodule on the right

central gland (from 1.1 to 1.3 cm).

Three-Month Follow-Up

The patient was voiding normally; postvoid residual urine

volume was 68 ml and IPP 16 mm. There was a prostate

volume reduction of 25.5% by US and 27.8% by MRI.

MRI showed persistence of the avascular area in the right

central gland.

Six-Month Follow-Up

The patient was voiding normally; postvoid residual urine

volume was 85 ml and IPP 15 mm. US and MRI showed

prostate volume stability in comparison to the last controls.

Discussion

BPH refers to the increase in size of the prostate in middle-

aged and elderly men [1]. The normal prostate is composed

of a combination of glandular, stromal, and smooth muscle

cells. BPH is due to a proliferation of glandular elements,

fibromuscular (stromal) elements, or both, resulting in the

formation of large, fairly discrete nodules in the

Fig. 1 Patient 1. A Transversal view of the prostate gland. Baseline

pre-embolization contrast-enhanced ultrasound. Homogeneous

enhancement of the internal gland. B Pre-embolization MRI. Axial

postcontrast T1-weighted MRI depicting the enlarged prostate due to

central gland nodules. Note the presence of the urethral catheter (white
arrow). C Angiogram pre-embolization showing the right inferior

vesical artery and the right prostate branches. The branches to the

prostate communicate with the corresponding vessels of the opposite

side (black arrow). D Six-month follow-up after PAE contrast-

enhanced ultrasound. Normal enhancement in the hyperechoic areas of

internal gland and hypoechoic avascular areas (white circles). E Six-

month postembolization MRI. Axial postcontrast T1-weighted MRI

depicting bilateral avascular areas in the central gland (white arrows)

and a reduction in prostate size. F Angiogram after right inferior

vesical artery and right prostate branch embolization. Transurethral

catheter in place (black arrow)
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periurethral region of the prostate [16, 17]. Symptomatic

BPH typically occurs in the sixth and seventh decades, and

more than 40% of men older than this present with clinical

manifestations of this tumor [2, 4]. The most frequent

obstructive urinary symptoms are hesitancy, decreased

urinary stream, intermittency, sensation of incomplete

emptying, nocturia, frequency, and urgency, which

severely affect the patients’ quality of life. The standard

management of BPH is based on the overall health of the

patient and the severity of symptoms [1, 2, 4]. Medications,

specifically 5-a-reductase inhibitors and selective a-

blockers, can decrease the severity of voiding symptoms

secondary to BPH, and minimally invasive techniques such

as transurethral microwave thermotherapy, interstitial laser

thermoablation, transurethral needle ablation, and water-

induced thermotherapy have been indicated to treat com-

plications of BPH [2, 4–8]. Even with the development of

new therapies, prostatectomy accomplished by transure-

thral or open surgical means constitutes the traditional

surgical treatment for BPH [4], but considering the

comorbidities, prostatectomy in this age group is consid-

ered to be high-risk [1, 4].

Some reports show that PAE has been used successfully,

mainly to control massive hemorrhage after prostatectomy

or prostate biopsy [9–13]. DeMeritt et al. [14] described a

patient with BPH who had severe gross hematuria and was

subjected to PAE with polyvinyl alcohol particles. The

patient stopped bleeding immediately after embolization

and had improved urinary symptoms, accompanied by a

dramatic reduction in prostate volume (52% and 62% of

the initial size by the 5- and 12-month follow-up, respec-

tively). Recently, an experimental study of PAE in pigs

showed that PAE could be performed safely, with a sig-

nificant reduction of prostate volume, without compro-

mising the sexual function and erectile function of the

animals [15]. Transarterial embolization has been widely

used for treatment of symptomatic uterine fibroids, with the

aim of reducing the fibroids and uterus, with satisfactory

clinical outcomes [18–22]. One of the aims of fibroid

embolization is that ischemia or hypoxia induces apoptosis,

necrosis, and sclerosis in, and subsequent shrinkage of,

tumors [18, 23, 24]. The blood supply to the prostate is

from the anterior branch of the internal iliac artery, mainly

by the inferior vesicle artery, which subsequently branches

into the urethral and capsular vessels. Minor prostatic

vessels also arise from the internal pudendal and middle

hemorrhoidal arteries. Due to the similarity of the cells and

arterial vascular anatomy observed in the prostate, PAE

Fig. 2 Patient 2. A Baseline pre-embolization contrast-enhanced

ultrasound. Tranverse view of the prostate gland. Asymmetric

enlargement of the internal gland. Homogeneous enhancement of

the internal gland characterized by hyperechoic areas. Note the small

cyst in the right internal gland (white arrow) and the Foley catheter

(*). B Pre-embolization MRI. Axial T2-weighted MRI depicting an

enlarged prostate due to nodules in the central gland, with a more

cystic nodule on the right side (white arrow). Note the presence of the

urethral catheter (black arrow). C Angiogram pre-embolization

showing the right inferior vesical artery and the right prostate

branches delimiting the right side of the gland. D Six-month follow-

up after PAE. Contrast-enhanced ultrasound shows normal enhance-

ment in the hyperechoic areas of the internal gland and hypoechoic

avascular area (white circle). E Six-month postembolization MRI.

Axial T2-weighted MRI depicting a reduction in prostate size and the

persistence of a conspicuous cystic nodule on the right side (white
arrow). F Angiogram control after right inferior vesical artery and

right prostate branch embolization
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could be used as an alternative treatment, with the aim of

reducing the prostate size and producing relief from

symptoms caused by BPH.

One of the concerns with PAE is related to the risk of

bladder wall ischemia and necrosis after inferior vesical

artery embolization. The most important blood supply to

the bladder is from the inferior vesicle, superior vesicle,

and a vesical branch of the obturator artery. Bladder

necrosis is a rare entity in the urological literature. Most

such complications were secondary to pelvic artery

embolization to control intractable hemorrhage from a

pelvic fracture without the use of superselective catheter-

ization using the microcatheter coaxial system [25, 26].

Recently, in eight patients with a history of refractory

hematuria of prostatic origin, no cases of bladder necrosis

related to selective arterial prostatic embolization were

observed [13].

In our initial study, two patients treated by PAE had

acute urinary retention due to BPH. The procedure was

performed under local anesthesia using the same standard

technique as for fibroid embolization, and only the prostate

arteries arising from the inferior vesical arteries were em-

bolized. One patient complained of mild retropubic pain

for 24 h, which was treated with nonopioid analgesic, and

was discharged 3 days after PAE. But we think he could

have been discharged on the day of the procedure.

The main differences between PAE and fibroid embo-

lization are related to dealing with thin tortuous athero-

sclerotic vessels, difficulty of visualization, and

superselective catheterization of the inferior vesical artery

and prostate arteries. It is much more difficult than per-

forming a fibroid embolization and requires the use of

microcatheters in all cases. Our procedure was prolonged,

mainly for the unilateral PAE. The learning curve, the

prolonged time required to identify and catheterize the

prostate arteries, and the absence of the left prostate

arteries in the second patient were the main reasons for the

long procedures. Both urethral catheters were removed

during the second-week follow-up and patients urinated

spontaneously. The urine jet increased with time, with

reduction of the postvoid residual urine volume. Imaging

follow-up with US and MRI showed the most important

prostate shrinkage during the first month after PAE for both

patients, and prostate reduction was still observed at the

last 6-month control. The patient who had bilateral PAE

had a prostate reduction of 33.3% by US and 39.1% by

MRI at the 30-day examination and 39.7% by US and

47.8% by MRI at the 6-month control. The patient who had

unilateral PAE had a prostate reduction of 19.6% by US

and 24.1% by MRI at the 30-day examination and 25.5%

by US and 27.8% by MRI at the 6-month control.

The early results, at 6-month follow-up, of the two

patients with BPH show a promising potential alternative

treatment in PAE. Future studies with long-term follow-up,

unilateral or bilateral PAE, and different-sized micro-

spheres, and a larger study to validate our observations, are

required to answer some questions.
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