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Abstract

Purpose This study was designed to describe the clinical,

laboratorial, and urodynamic findings of prostatic artery

embolization (PAE) in patients with urinary retention due

to benign prostatic hyperplasia (BPH).

Methods A prospective study of 11 patients with urinary

retention due to BPH was conducted. Patients underwent

physical examination, prostate specific antigen (PSA) mea-

surement, transrectal ultrasound, and magnetic resonance

imaging. International prostate symptom score (IPSS),

quality of life (QoL), and urodynamic testing were used to

assess the outcome before and after 1 year.

Results Clinical success was 91 % (10/11 patients) with a

mean follow-up of 22.3 months (range, 12–41 months). At

the first year follow-up, the mean IPSS score was 2.8 points

(p = 0.04), mean QoL was 0.4 points (p = 0.001), mean

PSA decreased from 10.1 to 4.3 ng/mL (p = 0.003),

maximum urinary flow (Qmax) improved from 4.2 to

10.8 mL/sec (p = 0.009), and detrusor pressure (Pdet)

decreased from 85.7 to 51.5 cm H2O (p = 0.007). Before

PAE, Bladder Outlet Obstruction Index (BOOI) showed

values [40 in 100 % of patients. After PAE, 30 % of

patients were[40 (obstructed), 40 % were between 20 and

40 (undetermined), and 30 % were \20 (unobstructed).

Patients with a BOOI\20 had higher PSA values at 1-day

after PAE.

Conclusions Clinical and urodynamic parameters

improved significantly after PAE in patients with acute uri-

nary retention due to BPH. Total PSA at day 1 after PAE was

higher in patients with unobstructed values in pressure flow

studies.

Keywords Clinical practice � Imaging � Arterial

intervention � Embolization/embolisation/ embolotherapy �
Endovascular treatment � Transcatheter therapy �
MRI/ MRA � Prostate � Urinary tract

Introduction

Benign prostatic hyperplasia (BPH) is the main cause of

lower urinary tract symptoms (LUTS) in the aging male.

Moderate or severe LUTS will occur in approximately one

quarter of men in their 50s and in approximately half of all

men 80 years or older [1]. Men with BPH also can present
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with prostatic enlargement, bladder outlet obstruction, or a

combination of these components [2].

Despite the development of alternative techniques,

transurethral resection of the prostate (TURP) is still con-

sidered the ‘‘gold standard’’ surgical treatment for BPH [3].

However, TURP procedures can be associated with sub-

stantial morbidities, such as bleeding and irritative urinary

symptoms, during the early postoperative period [4] and

long-term ejaculatory dysfunction. For this reason, the

development of minimally invasive modalities for treat-

ment of BPH has constituted an interesting field of

research.

For more than 30 years, embolization of hypogastric

arterial branches has been used to control severe prostatic

hemorrhage caused by BPH or cancer with successful

results [5–13]. However, only recently, after evidence of

feasibility and safety from experimental studies in dogs and

pigs [14, 15], prostatic artery embolization (PAE) has been

tested as an alternative method for primary treatment of

LUTS related to BPH. We have recently reported the

preliminary and mid-term results of PAE as a primary

treatment for urinary retention due to BPH in two patients

[16, 17].

In the present paper, we describe the clinical and labo-

ratorial outcomes and the urodynamic findings of a pro-

spective pilot study of PAE in 11 patients with acute

urinary retention (AUR) due to BPH with a minimum of

1 year of follow-up.

Materials and Methods

A prospective, single-center, pilot study was undertaken

from June 2008 to November 2011 in 11 patients who

presented with AUR due to BPH and were refractory to

medical treatment. All of these patients had clinical indi-

cation for TURP. Inclusion criteria included patients at

least 50 years of age and AUR due to BPH that was

refractory to medical treatment for at least 30 days (a-1-

adrenergic receptor antagonist). Prostate volume between

30 and 90 g, measured by ultrasound (US) and magnetic

resonance imaging (MRI), and urodynamic testing con-

firmed the presence of infravesical obstruction (IVO) in all

patients. Patients with suspicion of prostate cancer, hypo-

contractile bladder, or other neurogenic bladder disorders

or with a creatinine level[2.0 mg/dL were excluded from

this study. Additionally, PAE was not offered when surgery

was indicated for other reasons, such as bladder divertic-

ulum or stones. The ethics committee approved the study.

All patients were informed about the embolization tech-

nique used, and the experimental nature was clearly indi-

cated. The patients were allowed to choose freely between

PAE and TURP.

Before and after intervention, all patients underwent an

interview focused on the urinary symptoms, quality of life

(QoL) and past medical history, digital rectal examination,

prostate-specific antigen (PSA) measurement, US, and

MRI. MRI of the prostate before and after PAE was per-

formed either on 1.5 or 3.0 Tesla magnet, using a phased

array coil. An endorectal coil was not used. Main

sequences were a T2-weighted turbo/fast spin echo

sequence (TSE, FSE, FRFSE), and a dynamic precontrast

and postcontrast T1-weighted volumetric interpolated

sequences (LAVA, VIBE, THRIVE). No breath-hold was

used. We used a slice thickness of 4 mm for 1.5 Tesla or

3 mm for 3 Tesla. For the dynamic T1 sequence, a pre-

contrast and 15–20 sequential postcontrast phases (with no

temporal gap), 15–25 s each phase, and contrast medium

injection should start together with the first sequence

acquisition was performed. A gadolinium-based contrast

medium with a power injector at a dose of 0.1 mL/kg (or

0.2 mL/kg), followed by 20 mL of saline flush was used.

Prostate measurements (cephalocaudal, transverse, and

anteroposterior) were obtained and volume was calculated

by the ellipse formula.

The International Prostate Symptom Score (IPSS) could

not be determined before PAE due to the indwelling

catheters but was measured after PAE when the indwelling

catheter was removed. Seven patients underwent transrec-

tal US-guided prostate biopsy due to a PSA level[4.0 ng/

mL with negative results for malignancy. The same spe-

cialists performed all imaging and urodynamic investiga-

tions before and after PAE. An attempt to remove the Foley

catheter was performed in all patients before PAE without

success.

In preparation for the PAE procedure, the catheter was

removed and urodynamic test was attempted for each

patient to establish a baseline and yearly. It’s important to

assess detrusor muscle pressure (Pdet) and to rule out

neurogenic conditions. Urodynamic investigations were

consistent with the suggested good urodynamic practice

standards of the International Continence Society [18].

Intravesical obstruction (IVO) was defined as a Bladder

Outlet Obstruction Index (BOOI) [40. The calculation to

determine BOOI uses the Pdet at maximum urinary flow

rate (Qmax) and is represented by the equation

BOOI = Pdet @ Qmax – 2 Qmax [19].

The PAE technique due to enlarged prostate for BPH

has been described previously [16]. Procedures were per-

formed under local anesthesia through a unilateral femoral

artery puncture approach. A prophylactic single dose of

ciprofloxacin was given before the procedure and for

7 days after PAE. Selective digital subtraction angiography

of the right and left internal iliac arteries was performed

using a 5-French cobra 2, Simmons 2 or vertebral catheter

(Cordis, Johnson and Johnson, USA) to better assess the
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blood supply to the prostate. Selective catheterization of

the right and left inferior vesicle arteries was then per-

formed using a microcatheter (Embocath�; Biosphere

Medical, USA or Progreat� 2.8, Terumo, Japan) and

angiography was performed by manual injection using

3–5 mL of contrast medium to ensure that the tip of the

microcatheter was inside or at the ostium of the prostatic

arteries. Microspheres (Embosphere� Microspheres, Bio-

sphere Medical, Rosy, France) calibrated to 300–500 lm in

diameter were used for embolization. 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 pump with the 5-French catheter at the

anterior branch of the internal iliac artery to check for any

further blood supply to the prostate (Fig. 1). Embolization

was then performed on the other side using the same

technique.

We stopped alpha-blockers just after PAE and discon-

tinued after PAE. The first attempt to remove the catheter

was 4 days after PAE. In case of failure to void, another

attempt was performed after 7 days. If the patients were

still unable to urinate, further attempts were performed

every 7 days until 30 days of follow-up were completed.

We considered it to be clinical failure if the patients were

not able to urinate spontaneously after 30 days follow-up. It

was considered clinical success when patients successfully

voided following the removal of the indwelling catheters.

Relief of LUTS was quantified by the IPSS and by the QoL

score.

The study’s quantitative variables were expressed as

mean values, standard deviation, and minimum and maxi-

mum values, whereas the qualitative variables were

expressed as numbers and percentages. For comparison of

the urodynamic parameters, we employed the Student’s

t test and the Fisher’s test. Statistical analysis was per-

formed using SPSS� 15.0 software for Windows�, and the

significance was defined as p \ 0.05.

Results

Mean patient age was 68.5 (range 59–78) years, mean prostate

size measured through MRI was 69.7 (range 43.5–92.0), mean

duration of urinary retention was 10.9 months (range 1.5–42),

and mean PSA value was 10.1 ng/mL (range 2.6–22.3;

Table 1). Mean fluoroscopy and procedure times were

85.9 ± 49.3 and 197.5 ± 84.5 min, respectively. No com-

plication related to radiation exposure was observed. Clinical

success was achieved in 91 % (10/11 patients) of cases.

Patients urinated spontaneously from 4 to 25 days (mean,

12.1) after catheter removal. Six patients had their Foley

catheter removed in the first trial. Four patients needed more

than one trial to remove their indwelling catheter. According

to the preestablished protocol, one patient underwent a second

procedure because he could not urinate after catheter removal

30 days after the first PAE. Even after the second procedure,

he was not able to urinate spontaneously and finally underwent

TURP with a successful result. This patient had a 5 % volume

reduction after two embolizations and histology of the prostate

chips demonstrated extensive areas of infarcted gland tissue

Fig. 1 A DSA of the right internal iliac arteries using the ipsilateral

oblique incidence showing the anterior branches and their relationship

to the Foley balloon. sva superior vesical artery, iva inferior vesical

artery, ipa internal pudendal artery. B Anterior-posterior DSA with

the microcatheter positioned at the ostium of the prostatic arteries

(PAs). The right intraprostatic branches and partial left lobe

opacification are observed (arrowheads). A collateral arterial shunt

(arrow) is observed feeding the penis. C In this case, a microcoil (2-

mm diameter VortX�, Boston Scientific, USA) was placed occluding

the shunt before microspheres injection to avoid nontarget emboli-

zation (arrow). The prostate is not opacified and some right bladder

vessels are identified after prostate embolization (asterisk)
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and revealed that the microspheres had occluded the arterioles

of the prostate (Fig. 2).

No major complications occurred. Nine patients reported

very mild and transitory pain in the perineum, retropubic,

and/or urethra, described as a ‘‘burning sensation,’’ which

was treated with nonopioid analgesic and nonsteroidal anti-

inflammatory drugs. Three patients presented minimal rectal

bleeding (approximately 1 teaspoon of blood mixed with

mucus and stool), and two of them had diarrhea lasting 24 h.

One patient reported a single episode of hematuria in the

ninth day post-PAE, which was correlated to a focal area of

hypoperfusion in the bladder wall observed at the 30-day

MRI. It was no longer visible at the 90-day MRI follow-up.

No urinary infections were observed. There were no inci-

dences of ejaculatory disorders postprocedure.

IPSS could not be measured at baseline due to indwelling

catheters, but when we compared the mean IPSS at the

30-day follow-up (7.1 points, range 2–17) with the mean

IPSS at 1-year follow-up (2.8 points, range 1–7) the symp-

toms had improved significantly (p = 0.04). QoL ques-

tionnaire scores improved significantly from terrible pre-

PAE to delighted or pleased at postprocedure 1-year follow-

up (p = 0.001). Ultrasound and MRI (Figs. 3, 4) at 3-month

follow-up showed a mean prostatic reduction of 34.3 and

29.7 %, respectively. Before PAE, the mean PSA was

10.1 ng/mL (range 2.6–22.3), increased to 85.6 ± 70.2 ng/

mL 24 h after embolization, and then decreased to

3.5 ± 2.3 ng/mL 1 month after the procedure. At 1 year,

mean PSA was 4.3 ± 1.7 ng/mL (p = 0.003). Table 2

shows PSA variation during first year follow-up after PAE.

Urodynamic findings before PAE confirmed IVO in all

patients. Overactive bladder was reduced from 63 to 45 %

of cases pre- and post-PAE, respectively. Maximum cys-

tometric capacity (MCC) improved from 271.9 to 383 mL

(0.001). Free maximum urinary flow (Qmax) improved to

11.9 mL/s from 0 at baseline (p = 0.001) and detrusor

pressure (Pdet) decreased from 85.7 ± 31.7 to 51.5 ±

26.2 cm H2O (p = 0.007; Table 3). Before PAE, BOOI

showed values [40 in 100 % of cases (11 patients). After

PAE, only 30 % of cases were[40, 40 % were between 20

and 40, and 30 % were \20 (Fig. 5). Comparing patients

who achieved a BOOI \20 with those who maintained a

BOOI [40, we found that PSA measured 24 hours after

PAE was statistically higher among patients with a BOOI

\20 (p = 0.049; Table 4).

Discussion

For many years, embolization of hypogastric arteries and

related branches has been used as an alternative to surgical

procedures to control severe prostatic hemorrhage with

successful results [5–13]. We have reported on the first

intentional treatment of BPH with PAE and the midterm

follow-up data for two patients with AUR managed with

indwelling urinary catheters, confirming the efficacy of the

procedure [16, 17].

Despite its good long-term functional results, the rela-

tive morbidity of TURP has motivated the development of

alternative procedures. Recent data have shown that early

complications, such as blood transfusions are necessary in

2–7 %, and urinary tract infections may occur in up to 4 %

of cases [20, 21]. Likewise, early urge incontinence is

reported in 30–40 % of cases. Regarding late complica-

tions, urethral strictures and bladder neck contractures are

seen in up to 9 % of cases, and the incidence of retrograde

ejaculation is as high as 65 %. Retreatment rate ranges

from 3 to 14 % after 5 years of follow-up [4].

DeMeritt et al. [9] observed a prostate reduction after

PAE in a patient with BPH complicated with hematuria.

Our group was the first to use the PAE technique in patients

with AUR due to BPH as a minimally invasive alternative

Table 1 Demographic data of the 11 patients

Characteristics Mean (min.–max.) SD

Age (years) 68.5 (59–78) 5.2

Duration of urinary retention (months) 10.9 (1.5–42) 11.24

Total PSA (ng/mL) 10.1 (2.6–22.3) 5.4

Total /free PSA ratio (%) 15.2 (8–31) 7.1

US prostate volume (g) 62 (38–83) 14.7

MRI prostate volume (g) 69.7 (43.5–92) 15.6

IPP (mm by US) 10.3 (0–16) 4.5

PSA prostate-specific antigen, US transrectal ultrasound, MRI mag-

netic resonance imaging, IPP intravesical prostatic protrusion

Fig. 2 Histology of the prostatic tissue (stained with hematoxylin

and eosin) following PAE showing the BPH tissue, the ischemic

necrosis, and the Embosphere�. Microsphere (arrow) surrounded by

chronic inflammatory reaction
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to surgical treatment [16]. We have reported the mid-term

results of PAE as a primary treatment for urinary retention

due to BPH in two patients [17]. Both patients could uri-

nate spontaneously after the procedure and are still doing

well after 4 years of follow-up. Other authors also have

described PAE as an alternative treatment for symptomatic

BPH patients [22]. Recently, we also have reported both

QoL and symptoms improvement after PAE due to BPH

[23].

In the present study, we have demonstrated that PAE can

be a successful alternative treatment for urinary retention

due to BPH. Ten of 11 patients were able to urinate spon-

taneously after catheter removal postprocedure and were

satisfied with their voiding patterns. We stopped alpha-

blockers just after PAE and discontinued after PAE. No

additional therapy was necessary through the last follow-up

visit for all ten patients with a minimum of 12 months and a

maximum of 4 years of follow-up. Measurements of MCC,

Qmax, and Pdet all improved significantly, and 70 % of

patients had a BOOI under 40. Pressure flow analysis

showed that three of ten patients were still obstructed and

four of ten had indeterminate findings. One-year follow-up

urodynamic findings after PAE in our study showed that

maximum bladder capacity and maximum flow rates

improved significantly. Bladder compliance improved and

patients obtained better Qmax with reduction of the Pdet and

of the PVR. This means that patients are voiding better,

without straining to void and with less residual urine in the

bladder after voiding. No patient presented with erectile

dysfunction after intervention.

Prostate inflammation and ischemia after embolization

are reflected in a PSA elevation immediately after the

procedure. In this study we observed that 24 h after the

procedure PSA increased by 8 times relative to the mean

baseline values. One month postembolization, mean PSA

dropped to normal levels and was sustained over time

(close to 50 % of the initial mean value), suggesting

prostate cellular apoptosis after PAE. Total PSA on the first

Fig. 3 A B-Mode US (precontrast before PAE). Cross-section of the

prostate demonstrates normal echogenicity. B Contrast-enhanced

ultrasound (CEUS) before PAE shows homogeneous enhancement of

the internal gland represented by changing the pattern of echogenicity

(hyperechogenicity) compared with the precontrast examination.

C CEUS study control 30 days after embolization (cross-sectional

view of the prostate gland). Minimum inner peripheral enhancement

in both lobes represented by hyperechoic and hypoechoic areas

without vascularization in almost all internal gland. D CEUS study

control 90 days after embolization. Cross-section of the prostate

demonstrates hyperechoic areas (with emphasis) more evident than

prior examination 30 days control study and areas without vascular-

ization (hypoechoic)

982 A. A. Antunes et al.: Prostate Embolization for BPH

123



Fig. 4 A Preembolization MRI. Axial post-contrast T1-weighted

depicting the enlarged prostate due to central gland nodules. Note the

presence of the urethral catheter (white arrow). B One-month

postembolization MRI. Axial postcontrast T1-weighted depicting

bilateral avascular areas (mainly on the right side) in the central gland

(white arrows), and reduction of the prostate size

Table 2 PSA values before and after PAE

Patient Total PSA (ng/mL)

Pre-PAE 24 h 1 month 3 months 6 months 1 year Reduction (%) (Pre x 1 year)

01 12.9 240 – – – 2.3 82.2

02 7.1 – – – – 6.3 11.7

03 9.3 130 5.5 5 5.2 6 35.5

04 2.6 5.1 5 3.4 3.4 2.8 0

05 22.3 92.3 7.5 6.7 6.5 5.4 75.8

06 11.1 94 0.9 3.8 3.1 4 63.9

07 7.7 29 3.8 4.5 – 7 9.1

08 3.9 77 3.1 3 2.9 3.4 12.8

09 9.3 78.2 1.1 1.2 1.3 3 67.7

10 13.9 24.9 1.7 1.8 2.3 3 78.4

Mean (±SD) 10.1 (±5.6) 85.6 (±70.2) 3.5 (±2.3) 3.7 (±1.8) 3.5 (±1.8) 4.3 (1.7) 43.7 (±33.1)

Table 3 Pre- and post-PAE urodynamic data

Pre-PAE Mean (min.–max.) SD Post-PAE Mean (min.–max.) SD p value

Free Qmax (mL/s) 0 0 11.9 (5.7–21.2) 7 0.001

MCC (mL) 271.9 (100–450) 109.4 383.1 (207–616) 108.1 0.001

First desire to void (mL) 133.8 (73–200) 46 166.5 (83–430) 117.9 0.438

Compliance (mL/cmH2O) 11.8 (5–18) 4.7 18.5 (10–39) 9.5 0.085

Pdet at Qmax (cmH2O) 85.7 (41.4–128) 31.7 51.5 (19.7–101) 26.2 0.007

Qmax (mL/s) 4.2 (0–8) 2.9 10.8 (5.3–18.1) 4.6 0.009

Qmax maximum flow rate, MCC maximum cystometric capacity, Pdet detrusor pressure
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day after PAE was higher in patients with unobstructed UDN

values. Future investigations regarding patients with greatest

reduction of obstructive pattern in pressure flow studies and

LUTS improvement is necessary. This hypothesis is logical

because the degree of prostate ischemia and cellular damage

is likely to be related to the PSA elevation and suggests that

greater prostate infarction may be related to better outcomes.

Previous studies have demonstrated that prostatic infarcts, a

rare ischemic lesion in the prostate, are usually found in large

glands and may result in sudden rises in serum PSA [24].

None of the other clinical parameters predicted BOOI out-

comes at 12 months.

Pisco et al. [22] described the outcome after PAE in 15

patients with a mean age of 74 years with symptomatic BPH

who had failed medical treatment. The procedure was tech-

nically successful in 14 of the 15 patients by the authors’

definition of embolization of at least one pelvic side. After a

mean follow-up of 7.9 months, IPSS decreased an average of

6.5 points, QoL improved 1.1 points, and Qmax increased

3.85 mL/sec. There was a mean PSA reduction of 2.2 ng/mL

and a mean prostate volume decrease of 28.9 mL by MRI.

An ischemic area of the bladder wall in one patient that

required removal by surgery was the only major complica-

tion in that study, and there were four clinical failures

(28.6 %). By comparison to the present trial, only six

patients were treated for urinary retention, suggesting less

obstruction at baseline in that group of patients. Besides that,

no urodynamic analysis was performed, so some cases might

have had LUTS due to bladder disorders that could explain

these failure rates.

We did not encounter serious complications or adverse

events in performing PAE. Similar to any other visceral

embolization we have defined symptoms, such as nausea,

vomiting, fever in the absence of infection, urethral burn-

ing, periprostatic, or pelvic pain for 2–3 days as ‘‘post-PAE

syndrome.’’ A very small amount of blood in urine and/or

mixed in the stool with mucus can be observed and may be

related to bladder or rectum inflammation and/or ischemia.

Because this post-PAE syndrome is mild and the procedure

is performed under local anesthesia, patients can be dis-

charged on the same day as the procedure. The only

notable complication was a discrete focal area of hypo-

perfusion in the bladder wall observed at the 1-month MRI

follow-up. In this embolization, selective distal positioning

of the microcatheter into the prostatic arteries was not

possible and embolic agents had to be injected with the

microcatheter placed at the proximal portion of the inferior

vesical artery. Embolization was stopped when opacifica-

tion of the contralateral inferior vesical artery was

observed. At the 30-day MRI follow-up, a focal area of

hypoperfusion in the bladder neck was identified on the left

side. We determined this as an ischemic area due to a

nontarget embolization to the left inferior vesical artery.

The patient had no other complications due to the bladder

ischemia and the 90-day and 2-year MRI follow-up showed

that the bladder was normal. In this pilot study, long-time

procedures were observed. After an initial learning curve

and obtaining experience with the prostatic vascular anat-

omy, and using microcatheters smaller than 2.4 French

Fig. 5 Bladder Outlet Obstruction Index (BOOI) evaluation before

and 1 year after PAE showing that before PAE all patients were

obstructed (BOOI [40) and after PAE 30 % were unobstructed

(BOOI \20), 40 % were indeterminate (BOOI [20 and \40), and

30 % were obstructed

Table 4 Characteristics of patients with (BOOI [40) and without (BOOI \20) bladder outlet obstruction after PAE (mean)

BOOI [40 SD BOOI \20 SD p value

Age (years) 66.6 3.2 69.6 5.1 0.439

Duration of urinary retention (months) 21.3 18.3 11.3 3 0.404

US prostate volume (g) 59.0 20.5 72 11 0.388

MRI prostate volume (g) 63.8 25.2 76.4 13 0.491

IPP (mm) 7.0 6.1 11.7 3.8 0.323

Pre-PAE Total PSA (ng/mL) 4.7 2.6 14.2 7 0.094

First day post-PAE Total PSA (ng/mL) 37.0 36.6 105.4 21.3 0.049

BOOI bladder outlet obstruction index, US ultrasound, MRI magnetic resonance imaging, IPP intravesical prostatic protrusion, PAE prostatic

artery embolization, PSA prostate-specific antigen
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with hydrophilic microwires, we have reduced procedure

time substantially.

A limitation of the present analysis is that this study

included only patients with a high level of obstruction as

confirmed through urodynamic studies. Further analyses

are necessary to establish the role of PAE in patients with

other grades of obstruction. It is reasonable to hypothesize

that patients with LUTS without AUR will present higher

symptoms improvement than patients with AUR and

indwelling catheter. If this theory is confirmed in a near

future, PAE may be considered a good treatment option for

those patients with mild symptoms without AUR who are

unwilling to take medications for long periods. Another

indication may be for those cases in which medical treat-

ment has failed and clinical conditions contraindicate tra-

ditional surgical treatments.

The long-term outcome of these embolized prostates is

still unknown. Despite maintained clinical benefit for

4 years, the initial two patients (one treated with bilateral

and the other unilateral PAE) are presenting signs of de

novo prostate growth as measured through MRI (data not

shown). It is possible that the induced hypoxia in the

prostatic tissue may result in the production of peptides that

would stimulate the formation of new arteries, resulting in

a de novo prostate growth. Further molecular analysis of

peptide growth factors related to the promotion of angio-

genesis, such vascular endothelial growth factor and

fibroblast growth factor, in the prostatic tissue of these

patients may help to explain these cases [25]. Bilateral

PAE appears to produce better long-term results. One of

these patients, who had unilateral PAE, had a continuous

prostate reduction until 12 months follow-up (maximum of

27.8 % reduction at the 6-month follow-up) and regrowth

to the initial size at the 3-year follow-up. The maintained

reduction of LUTS despite prostate regrowth may be due to

the fact that embolization results in intracavitary necrosis,

which relieves the pressure on the urethra that restricted

urinary flow. Although the glandular tissue has regrown,

the de novo growth does not impinge on the urethra in the

same manner.

One concern regarding PAE is the lack of tissue samples

for pathological analysis. Recent data have reported a

4–6 % incidental carcinoma rate among patients who

undergo TURP [26]. For this reason, it is important to rule

out prostate cancer before performing PAE.

Finally, BPH treatment with PAE requires a well-trained

interventional radiologist because of the complex prostatic

vascular anatomy and the potential for complications in

elderly patients with atherosclerosis and comorbidities.

Although these preliminary findings suggest that relief of

obstruction produced by PAE may be less pronounced than

that produced by traditional surgical modalities, patient

personal preferences should influence clinical decisions.

For this reason, urologists should be prepared to explain the

pros and cons of this new alternative treatment of BPH.

Further analysis with larger series, longer follow-up, and a

control group of patients undergoing TURP are necessary

to establish the role of PAE in the treatment of BPH.

Conclusions

Maximum urinary flow and Pdet improved significantly

after PAE in men with AUR due to BPH, and prostate size

was reduced. A BOOI\40 was observed in 70 % of cases.

Even in patients with a BOOI [40 urinary retention was

resolved and patients experienced symptom relief and

improved QoL. There were no serious adverse events,

minimal patient discomfort, no need for opioid medica-

tions, and no instances of ejaculatory disorders. Total PSA

at day 1 after PAE might predict which patients will

experience best reduction of obstructive pattern in pressure

flow studies.
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