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Abstract

Purpose: To assess changes in imaging and volume
characteristics of the prostate gland by magnetic reso-
nance (MR) following prostatic artery embolization
(PAE) for benign prostate hyperplasia.
Methods: With IRB approval, we analyzed prospectively
acquired MR data of PAE patients at baseline and
6-month following treatment from 2015 to 2017. We
reviewed prostate MRs looking for sequelae of emboliza-
tion [changes in signal intensity and/or enhancement,
infection/inflammation, infarction, edema, and change in
intravesical prostatic protrusion (IPP)]. We calculated
the total volume (TV) and central gland volumes (CGV)
using DynaCAD� and measured change in volumes.
Analyses were performed using SPSS with p < 0.05
considered significant.
Results: Forty-three patients (n = 43) met our inclusion
criteria. 93% (30/43) and 100% (43/43) showed a decrease
in TV and CGV at 6-months respectively. At baseline,
median TV was 86 cc (range 29.4–232) and median CGV
was 54.4 cc (range 12.9–165.5). Median decrease in TV
was 18.2% (CI 13.3–27.2) (p = 0.0001) and median
decrease in CGV was 26.7% (CI 20.4–35.9) (p = 0.0001).

Thirty-seven percent (16/43) of patients had IPP at
baseline; 100% showed a decrease in size of median lobe
at follow-up. At 6-month follow-up, 33% (14/43) showed
imaging features of infarction, 79% (34/43) had decrease
in T2-signal intensity, and 51% (22/43) showed a
decrease in enhancement. None had edema, peri-pro-
static fat changes or infection/inflammation.
Conclusion: PAE causes a statistically significant reduc-
tion in the TV and CGV. There is also a reduction of the
degree of IPP. Non-specific findings of infarction,
decrease in T2-signal, and enhancement were also seen.
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Benign prostatic hyperplasia (BPH) results in prostatic
enlargement and compression of the urethra. Urethral
compression results in lower urinary tract symptoms
(LUTS) including urinary frequency, weak stream, and
nocturia [1]. Bladder outlet obstruction (BOO) from
BPH may lead to urinary retention, incontinence,
hematuria, bladder calculi, urinary tract infection, and
renal insufficiency. Additionally, there is often a signifi-
cant reduction in quality-of-life (QoL). The prevalence of
histological BPH increases from 50% of 50-year-oldCorrespondence to: Riad Salem; email: r-salem@northwestern.edu
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males to > 80% in those aged > 80. Moderate to severe
LUTS occurs in 43%, 41%, and 46% of men in their 50,
60, and 70 s, respectively [2]. BPH-related symptoms and
subsequent deterioration of QoL results in a significant
impact on the health care system, accounting for 4.5
million visits to physician in the year 2000 [3]. Treat-
ments for BPH include pharmacological therapies, min-
imally invasive thermotherapy [transurethral needle
ablation of the prostate (TUNA), transurethral micro-
wave therapy (TUMT)], prostatic urethral lift (PUL),
transurethral resection or ablation of prostate [transur-
ethral resection of prostate (TURP), laser enucleation,
vaporization], and prostatectomy [4–8]. While the effi-
cacy of most non-pharmacological interventions for
BPH/LUTS has been established, attendant procedural
morbidity and associated effects of recovery, failure to
relieve symptoms, and/or patient discomfort represent
limitations of current standards of care [9].

Innovative technologies are needed to improve out-
comes of LUTS secondary to BPH and to overcome the
shortcomings of current procedures (e.g., bleeding,
ejaculatory dysfunction, and post-operative irritative
urinary symptoms). Prostatic arterial embolization
(PAE) is an innovative new method to treat BPH that
shares the same mechanism of action as uterine artery
embolization for leiomyomas [10]. In an early study,
DeMeritt reported successful BPH treatment using
300–500 micron microspheres [11]. More recently, there
have been reports of PAE in animal models demon-
strating promising outcomes, with a decrease in prostate
perfusion, volume, and necrosis at histopathology [12–
14]. Carnevale published short-term outcomes of PAE in
two patients, with symptom improvement, decrease in
prostate volume, and intravesical prostate protrusion
(IPP) [15]. Most recently, Carnevale reported a 30%
reduction of prostate volume and marked improvement
in urodynamic testing [16]. The largest series comes from
Pisco, where 630 PAEs demonstrated excellent outcomes
[17]. While clinical results have been published, there are
no contemporary reports on the MR findings following
PAE. Herein, we describe the imaging findings of the
first, prospective study of PAE for BPH.

Prostate artery embolization (PAE) is a novel trans-
arterial method of treating BPH [18]. Retrospective
analyses have demonstrated that PAE results in de-
creased perfusion and a reduction in gland size with
resultant improvement in BPH/LUTS [19–21]. Given
these findings, we initiated a prospective, controlled
phase 2 study of PAE in BPH/LUTS patients. Herein, we
report on the imaging and volume characteristics of the
prostate gland using magnetic resonance (MR) following
prostatic artery embolization (PAE) for benign prostate
hyperplasia (BPH).

Method

Patients cohort/selection

This study was compliant with Health Insurance Porta-
bility and Accountability Act (HIPAA) and approved by
local Institutional Review Board (IRB). All patients in-
cluded in the study provided written informed consent
for treatment. The patient cohort was derived from our
45 patients, FDA-approved, prospective, open-label
investigational device exemption study performed from
August 2014—July 2017 for patients with BPH/LUTS
refractory to pharmacotherapy treated with prostate ar-
tery embolization (PAE) [22]. Inclusion criteria were:
age > 45, BPH-related LUTS refractory to/contra-
indicated for medical treatment, prostate volumes of >
40 grams, IPSS > 13 and QoL score > 2, peak flow
rate (Qmax) £ 12 with voided volume ‡ 125 cc with
completed MR scans at baseline and 6-months follow-up
(Fig. 1). Exclusion criteria included: prostate/bladder
cancer, stones, urethral strictures, neurogenic/hypotonic
bladder, prior treatment for urinary incontinence, penile
prosthesis, artificial urinary sphincter, prostatitis, pelvic
radiation, and prostate specific antigen
(PSA) > 4.0(unless malignancy ruled out). Forty-five
patients (n = 45) underwent PAE at our institution
during this time period. 4% (2/45) of patients were ex-
cluded from the imaging analysis due to non-compliance
with the 6 months imaging follow-up. As a result, 96%
(43/45) of patients were analyzed.

Baseline characteristics

Age, baseline serum prostate specific antigen (PSA), and
free PSA were evaluated. At baseline, patients underwent
magnetic resonance imaging (MRI). A multi-parametric
3.0 Tesla MRI (AchievaTX; Philips) was performed
using a torso phased-array coil and including multipla-
nar T2-weighted images, axial T1-weighted images, axial
diffusion-weighted images, and dynamic contrast-en-
hanced (DCE) images of the prostate.

Prostate artery embolization

Embolization was performed under local anesthesia and
conscious sedation via the right common femoral artery.
Initially, pelvic angiography was performed to evaluate
the iliac and prostatic arteries. Subsequently, the left
prostatic artery was catheterized off the anterior division
of the left hypogastric artery. Perfusion of the prostate
was confirmed by cone-beam CT. Embolization of the
left prostatic artery was performed using Embospheres�

300–500 um particles (Merit Medical, Utah). This was
repeated for the right prostatic artery. The end-point
chosen for embolization was arterial stasis.
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Imaging characteristics

By protocol, patients had MR imaging at baseline and at
6 months post-PAE. Baseline and follow-up MRI were
performed using the same field strength and imaging
sequences to counter substantial impact on signal
intensity and imaging appearance to avoid bias in signal
intensity evaluation. For IPP assessments, mainly sagit-
tal views were used. All MRI examinations were inter-
preted by seven abdominal radiologists with 4–24 years
of experience with prostate MRI. Findings were catalogd
by an abdominal radiologist and researcher with 24 and
3 years of experience with prostate MRI, respectively.
MRIs were analyzed for changes in prostate size; changes
in T2 signal intensity (normal to decreased relative to the
adjacent prostate and more similar in signal intensity to
muscle); diminished enhancement compared to pre-
treatment exams relative to the unenhanced images; sites
of infection/inflammation (as indicated by new site of
decrease T2 signal intensity and increased and early
enhancement compared to normal prostate tissue);
stranding of the periprostatic fat that might reflect post-
treatment infection/inflammation or edema; abscess (as
indicated by new fluid collection with restricted diffusion

and perhaps peripheral enhancement); and infarction (as
indicated by new areas that show no evidence of
enhancement after contrast administration).

Volumetric analyses

Baseline and 6-month MR prostate volumes were mea-
sured through DynaCAD Prostate� (Invivo Diagnostic
Imaging, Philips) including the total gland volume (TV)
and central gland volume (CGV). Percentage change in
TV and CGV was calculated. Change in size of intrav-
esical prostatic protrusion (IPP) was also documented.
IPP is an anatomical configuration measured as vertical
distance from the tip of the protruding prostate to the
base of the bladder at the base of the prostate gland [23].
Substratification analyses by baseline prostate vol-
ume < 80 and ‡ 80 cc were performed. TV and CGV
changes were compared using independent t test among
patients who received unilateral PAE treatment vs
bilateral PAE treatments. All analyses were performed
using IBM SPSS Statistics for Windows, Version 24.0.
Armonk, NY: IBM Corp; p < 0.05 was considered sig-
nificant.

Fig. 1. Study flow chart. PAE, prostate artery embolization; CG, central glad; IPP, intravesical prostatic protrusion.
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Results

Patient Cohort

Forty-three patients met the inclusion criteria and were
included in this study. Median age was 68 years (range
47–87). At baseline, median total PSA was 4.1 ng/dL
(range 0.11–13.9) and free PSA was 0.78 ng/dL (range
0.04–4.2). Eighty-eight percent of the patients (38/43)
had a single treatment session of PAE while 12% (5/43)
had two treatment sessions because of either failure of
first treatment (n = 1), separate sessions for left and
right side of prostate (n = 3), and/or aborting procedure
due to increased radiation dose during first treatment
session (large body habitus, n = 1) (Table 1). There was
no statistically significant TV change (p = 0.69) or CGV
change (p = 0.44) in patients who received unilateral
(n = 4) vs bilateral (n = 39) PAE treatments for BPH.
Median total prostate and central gland volumes were
86 cc (range 29.4–232) and 54.4 cc (range 12.9–165.5),
respectively.

Volumetric analyses

Ninety-three percent (40/43) of the patients had a de-
crease in the total prostate volume and 100% (43/43) had
central gland volume reduction. Median decrease in total
prostate volume was 18.2% (CI 13.3–27.2) and median
decrease in central gland volume was 26.7% (CI
20.4–35.9) (Table 2). For the overall cohort, observed
median decrease in total and central gland (CG) volume
was 21.4 cc (CI 14.9–28.1) (p < 0.0001) and 18.6 cc (CI
13.8–23.4) (p < 0.0001) at 6-months (Fig. 2A, B). When
substratified by baseline prostate volume (PV) £ 80 cc
(n = 18), median decrease of 8.7 cc (CI 4.7–12.7) and
9.1 cc (CI 6.7–11.6) was observed in the TV (p = 0.0003)
and CGV (p < 0.0001). For baseline PV > 80 cc
(n = 25), median decrease of 30.6 cc (CI 20.9–40.2) and
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Table 1. Baseline characteristics

Variable Total cohort
(n = 43)

Age (years) Mean (range) 68 (47–87)
PSA (ng/mL)
Total Median (range) 4.1 (0.11–13.9)
Free Median (range) 0.78 (0.04–4.2)

Number of treatment sessions One 38 (88%)
Two 5 (12%)

Prostate arteries embolized Unilateral 4 (9%)
Bilateral 39 (91%)

Baseline prostate volume (cc)
TV Median (range) 86 (29.4–232)
CGV Median (range) 54.4 (12.9–165.5)

PSA, prostate specific antigen; TV, total prostate volume; CGV, central
gland volume
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25.5 cc (CI 18.4–32.5) was observed in TV (p < 0.0001)
and CGV (p < 0.0001) (Fig. 3A, B). Three patients had
1.5%, 7.6% and 9.4% increase in total prostate volume
following treatment while all of them had decreased
CGV (Figs. 4, 5).

Changes in imaging characteristics

No patient demonstrated findings of infection/inflam-
mation, abscess, or changes in the periprostatic fat. Se-
venty-nine percent (34/43) of patients had qualitative

Fig. 2. A Percentage change in total volume of prostate. B Percentage change in central gland volume of prostate.
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decrease in T2-signal intensity relative to the surrounding
prostate generally more similar to muscle signal intensity,
while 21% (9/43) showed no change in signal intensity
(Figs. 4, 5). Fifty-one percent (22/43) showed subjective

decrease in enhancement at follow-up post-treatment
compared to the pre-treatment exam while 49% (21/43)
had no change in enhancement. Of 22 patients with de-
creased enhancement on follow-up, 73% (16/22) patients

Fig. 3. A Pre-treatment and post-treatment total volume of prostate. B Pre-treatment and post-treatment volume of central
gland of prostate.
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had > 80 cc prostate volume at baseline. Thirty-three
percent (14/43) exhibited small areas of infarction fol-
lowing treatment while 67% (29/43) had no infarction
(Figs. 4, 5). Median TV reduction of 10 cc was observed
in patients who did not developed infarction in opposite
to median TV reduction of 33.6 cc who developed
infarction. All patients that demonstrated an IPP at
baseline exhibited a decrease at follow-up. Median IPP at
baseline was 28 mm (range 15–47) while post-PAE
median IPP was 21 mm (range 9–42) (Fig. 6).

Discussion

PAE is typically performed by an interventional radiol-
ogist under local anesthesia via transfemoral approach
where the prostatic artery is catheterized to deliver
embolization particles until stasis, leading to ischemic
necrosis and subsequent prostate volume reduction [20].
In observational studies, PAE was associated with
improvements from baseline in International Prostate
Symptom Score (IPSS), maximal urinary flow (Qmax),
prostate volume, post-void residual volume (PVR),
quality-of-life (QoL), and International Index of Erectile
Function (IIEF) [24]. Leading benefits of PAE include
minimally invasive nature, applicability for poor surgical

Fig. 4. 70-year-old male with LUTS/BPH. A Pre-treatment
axial T2-weighted MR image shows enlarged prostate with
BPH. B Post-treatment axial T2-weighted MR image shows

reduction in total volume of the prostate and central gland and
infarct (arrow) seen as low signal intensity involving the left
transition zone.

Fig. 5. 67-year-old male with bladder outlet symptoms.
A Pre-treatment axial T2-weighted MR image shows
enlarged prostate with BPH. B Post-treatment axial T2-

weighted MR image shows reduction in total volume and
central gland volume, decrease in signal intensity and infarcts
(arrows) of the treated prostate.
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candidates, or patients with large volume prostates where
transurethral procedures (> 80–100 cc) are suboptimal
[20]. PAE has been endorsed by the Society of Inter-
ventional Radiology (SIR) for the treatment of BPH [13].

We assessed TV and CGV following PAE, which, as
part of normal BPH pathophysiology, are both in-
creased. In our cohort, forty patients (40/43) had de-
crease in TV and all (43/43) had CGV reduction. CGV
decrease was more pronounced than TV decrease (-
27% vs. - 18%), supporting the concept that PAE can be
effective for BPH from an anatomic volume reduction
standpoint. Volume reduction was more noticeable with
patients who had larger prostates at baseline (- 8.7 cc
for £80 cc vs. - 30.6 cc for > 80 cc). Kisilevzky et al.
has reported reduced prostate volume following PAE
[25].

While BPH most commonly occurs with enlarged
glands, in some cases, it may be associated with normal
to moderate increase in prostatic volume. In particular,
hypertrophied prostatic median lobes causing bladder
neck protrusion and an IPP exceeding 5.5 mm has been
associated with BOO [23, 26]. The median lobe can be
challenging to treat with other minimally invasive ther-
apies due to possible injury of the bladder neck or ur-
eteral orifices. Moreover, some procedures (e.g., urethral
lift) are contra-indicated in patients with median lobes.
Patients with IPP exhibit lower reduction in Interna-
tional Prostate Symptom Score after TURP, compared
to patients that do not have protrusion. This suggests
that TURP in patients with an elevated IPP may have
reduced efficacy compared to those without elevated IPP

[27]. In our cohort, sixteen patients had bladder protru-
sion, and all demonstrated a decreased IPP with
improvement in LUTS and results were published else-
where. The potential mechanism of PAE would suggest
that IPP can be treated without the mechanical reduction
of this tissue that is required with other minimally
invasive therapies.

Other than objective changes in volumes, several
imaging features were noted following PAE. 79% of
patients demonstrated decreased in T2-weighted signal
intensity, and 51% showed a decrease in enhancement
(48%). A signal loss on MR is generally a sign of
degeneration or dilapidation [28]. In the case of BPH,
PAE causes ischemia of feeding vessels resulting in
shrinkage of nodules or prostate stroma by loss of water,
causing signal intensity loss [29]. Decreased enhancement
was more obvious among patients who developed sig-
nificant prostate volume reduction. Moreover, PAE may
imitate the signal alteration observed in cases with
underlying chronic prostatitis and vice versa.

Among other findings, small areas of infarcts were
observed in 33% of patients. These occurred exclusively
in the CG, were characterized by initial hypointensity on
contrast-enhanced T1 and T2-weighted images, and have
been reported to become smaller and isointense to the
remaining CG over time [30]. We are unable to corrob-
orate this finding since we have only single time-point
imaging follow-up. Altough 100% cohort showed
reduction in CGV, but it was more pronounced in pa-
tients with infarction on imaging. Previously, Frenk et al.
published MR changes following PAE, where they re-

Fig. 6. 70-year-old male with BOO/BPH. A Pre-treatment
sagittal T2-weighted MR image shows intravesical prostatic
protrusion (arrow) of 31 mm. B Post-treatment sagittal T2-

weighted MR image shows decreased intravesical prostatic
protrusion (arrowhead) of 23 mm.
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ported infarction in 70.6% (n = 12/17) of patients. This
finding is not consistent with our 33% observation, likely
due to our single 6-month follow-up rather than 1 or
3 months, and infarcts progressively decrease in size or
disappear with time. One explanation for this inconsis-
tency may be the higher number of patients with larger
baseline prostate volume (> 80 cc) in our cohort (58%
vs 18%) compared with the Frenk study [31]. Unlike in
fibroid embolization, infarction on MR is not common
following PAE. The mechanism of action differs from
uterine artery embolization (UAE) in which the suc-
cessful MR imaging findings of UAE include lack of fi-
broid enhancement from infarction. As a result, other
objective features such as prostate total volume and
central gland volume become more relevant.

The strengths of our study include: specific correlation
and attention of volumetric imaging parameters including
the central gland, prospective design, homogenous inter-
ventional technique, and complete follow-up of the cohort.
There are no published prospective studies reporting on the
MRimagingfindingsof PAEforBPH.This study is thefirst
to report on the reduction of the CGV and IPP following
PAE [22]. Limitations include the single-center nature, lack
of a control arm, use of single type of particle, low power,
and lack of imaging correlation to clinical outcome.

Conclusion

PAE results in a significant reduction in total and central
gland volumes and a decrease in the IPP. Other findings
include infarction, decrease in T2 signal intensity, and
decreased enhancement.
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