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Objective: Prostatic artery embolization (PAE) for the treatment of patients with symp-
tomatic benign prostatic hyperplasia (BPH) is believed to be a safe procedure with a low 
risk of adverse side effects. Artery embolization is a viable treatment option in patients 
who are refractory to the classic noninvasive treatments. Knowledge of the histological 
characteristics of prostate tissue following the procedure is still limited. In this study, we 
describe the microscopic aspects of the prostate following PAE for BPH.
Materials and Methods: Two patients underwent transurethral resections of the prostate 
(TURP) after PAE. Embolizations were performed under local anesthesia with an initial 
pelvic angiography to evaluate the iliac vessels and the prostate arteries using a 2.8 Fren-
ch microcatheter. The prostate was embolized with 300-500μm Microspheres (Embos-
phere®), using complete blood stasis as the end point. The prostate tissues were analyzed 
histologically to characterize the effects of the embolization.
Results: The embolic material within the prostate tissue was easily identified as homoge-
neous, bright eosin-red spheroids filling the vessel lumens. Ischemic necrosis surrounded 
or not by chronic inflammatory reactions containing macrophages were considered as a 
result of the artery embolization. Also, some aspects related to the healing process were 
observed being fibrotic nodules surrounded by glands with squamous metaplasia of the 
epithelial lining the most important. In the remaining sections, due to the precocious 
surgical intervention, the classic findings of BPH were still present with the glandular and 
stromal hyperplasia associated with nonspecific chronic prostatitis.
Conclusions: This is the first description of prostate histology in BPH patients treated by 
PAE, a new procedure that is being used increasingly as a therapeutic intervention. The 
recognition of the changes caused by this new modality of treatment has become a very 
important differential in a chronic granulomatous reaction of the prostate tissue.

INTRODUCTION

Benign prostatic hyperplasia (BPH) is the 
most common benign neoplasm in men (1,2). It 
typically occurs in the sixth and seventh decades, 

and more than 40% of men diagnosed with BPH 
present with the clinical manifestations (3-6). BPH 
causes obstructive urinary symptoms such as he-
sitancy, a decreased urinary stream, intermittency, 
sensation of incomplete emptying, nocturia, and 
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an increase in frequency and urgency (3). Voiding 
difficulties attributable to BPH can be quantified 
with the International Prostatic Symptom Score. 
Various medications, specifically 5-α-reductase 
inhibitors and selective α-blockers, can decre-
ase the severity of voiding symptoms caused by 
BPH (3-6). Transurethral resection of the prostate 
(TURP) continues to be considered the best therapy 
for patients with BPH. Due to the relative morbi-
dity of TURP, minimally invasive techniques have 
been developed as alternative treatments for BPH, 
including transurethral microwave thermotherapy 
and other laser-ablation therapies. However, open 
surgery, or TURP, represents the most common op-
tion for treating BPH (7-10). Taking into account 
the patients’ comorbidities, surgical intervention 
in this group may be considered high-risk (6). 
Prostate artery embolization (PAE) has been used 
primarily to control massive hemorrhage after a 
prostatectomy or a prostate biopsy (11-15). PAE 
appears to be an acceptable and safe option to tre-
at BPH, and it is now emerging as an innovative 
treatment modality (16,17). Here, we present the 
first description of prostate tissue histology in two 
patients who underwent TURP after PAE.

MATERIALS AND METHODS

Two male patients aged 67 and 68-years-old, 
with cardiovascular disease presented to the urology 
department with acute urinary retention due to BPH. 
They underwent transurethral catheter drainage, and 
the digital rectal examinations revealed large prosta-
tes of greater than 50 g in both patients. The prostate 
specific antigen (PSA) levels in these patients were 
7.1 ng/ml and 12.9 ng/ml, respectively. Transrectal 
US showed an enlarged, heterogeneous prostate in 
each man. The prostates were 51 g and 63 g in vo-
lume, and the intravesical prostate protrusion mea-
surements were 9 and 16 mm, respectively. Both pa-
tients underwent prostate biopsies and each patient 
had 12 tissue cores removed, which upon examina-
tion exhibited the features of benign prostatic tissue.

In order to provide good orientation to the 
prostate site and related structures in the pelvis, we 
filled a Foley balloon in the bladder of each patient 
with contrast medium (a mixture of 10 mL of 50% 
iodinated contrast medium plus 50% normal saline 

solution). Patients underwent angiography and em-
bolization in the interventional radiology suite using 
the FD20 DSA unit (Philips, Netherlands) and with 
non-ionic Visipaque® contrast medium (Iodixanol 
320 mg I/mL, GE, Healthcare, Europe). A 400 mg 
intravenous dose of ciprofloxacin was given prior 
to the procedure followed by 500 mg orally twice a 
day for seven days after PAE. Patients also received 
non-opioid analgesic and nonsteroidal anti-inflam-
matory medication after embolization, if necessary. 
Intervention was performed under local anesthesia 
through the right transfemoral approach. Initial pel-
vic angiography was performed to evaluate iliac ves-
sels and the prostate arteries during arterial and late 
phases. Selective digital subtraction angiography of 
the right and left internal iliac arteries was perfor-
med with a 5-French Cobra 2 or Vertebral catheter 
to assess the blood supply to the prostate. Bilate-
ral selective catheterization of the inferior vesical 
artery, superior vesical artery, obturator artery, mi-
ddle rectal artery and internal pudendal artery was 
then performed using a microcatheter (Embocath®; 
Biosphere Medical, USA or Progreat® 2.8, Terumo, 
Japan). Angiography was performed by manually 
injecting 3-5 mL of contrast medium to identify any 
blood supply to the prostate and to ensure that the 
tip of the microcatheter was inside or at the ostium 
of the prostatic arteries. When spasm occurred ni-
troglycerin was used. Tris-acryl microspheres (Em-
bosphere® Microspheres, Biosphere Medical, Roissy, 
France) 300-500µm in diameter were used for em-
bolization. We diluted the 2.0 mL Embosphere® Mi-
crospheres syringe to a total volume of 22 mL using 
equal amounts of contrast medium and saline. The 
microsphere mixture was slowly injected under fluo-
roscopic guidance. Embolization of the prostatic ar-
teries was performed to stasis, without reflux of the 
mixture to undesired arteries. Follow-up angiogra-
phy was performed manually with the microcatheter 
using the power injector with the 5-F catheter at the 
anterior branch of the internal iliac artery to check 
for any further blood supply to the prostate. Emboli-
zation was then performed on the contralateral side 
by using the same technique.

One patient failed bilateral PAE twice. This 
patient was unable to void spontaneously when the 
indwelling urinary catheter was removed and the 
patient was referred to TURP after only 5% reduction 
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in the prostate size. The other patient was excluded 
from the PAE study protocol due to urodynamic fin-
dings and was submitted to TURP.

The two respective post-PAE specimens 
were fixed in formalin and submitted for histologi-
cal evaluation according with the 2012 CAP proto-
col for the examination of TURP specimens (18,19). 
All the tissue was submitted for evaluation in the 
first patient and 8 slides was reviewed. The tissue 
from the second patient was partially submitted 
and 10 slides were reviewed. The slides were stai-
ned with hematoxylin and eosin and were exami-
ned using an optical microscope by our pathology 
department staff on the first sign out. A clinical 
history of embolization was provided to the patho-
logist at the initial time of pathologic examination 
in both cases and the history of negative previous 
biopsies from both patients were also noticed at the 
time. Gross pathology reports were reviewed, and 
pertinent data were recorded. Routine sections from 
gross specimens were microscopically examined 
and reviewed by other 2 pathologists.

RESULTS

Surgical specimens were received in buffe-
red formalin 10%, consisting in prostate tissue me-
asuring 6 and 8 cm, weighting 14.5 and 36.0 grams 
for patients 1 and 2, respectively. The histological 
findings of the prostate samples were very similar 
for both patients and are illustrated in Figure-1. The 
embolic material was easily identified in both cases 
using standard hematoxylin and eosin staining as 2 
to 3 mm homogeneous-appearing, brightly eosin-
-red spheroids. Despite the spheroids are the only 
specific finding on the specimens, we readily iden-
tified changes on the surrounding tissue due to the 
embolization, such as ischemic necrosis, that was 
surrounded or not by histiocytes, remembering a 
foreign body reaction rarely containing giant mul-
tinucleated cells. In the surrounding prostate tissue 
near the microspheres, there was identifiable vas-
cular ectasia and moderate quantities of stromal 
lymphocytes. The transition between necrotic and 
normal prostate tissue was generally abrupt, and it 
was possible to detect a ribbon of neuthrophils, lym-
phocytes and proliferated fibroblasts delimitating 
the two areas. Also, a nodular fibrosis with hyalini-

zation as a consequence of the healing process was 
present in some areas associated with squamous 
metaplasia of the epithelium lining the surrounding 
glands. All these alterations were found in about 5% 
of the tissue examined in both cases. The remaining 
95% of the prostate tissue exhibited the classic fin-
dings of BPH, glandular and stromal hyperplasia, 
as well as mild, nonspecific chronic prostatitis. No 
high-grade intraepithelial neoplasia or adenocarci-
noma was found in the slides of either patient.

DISCUSSION

Our report is the first to describe the his-
tological features of the prostate after PAE. Al-
though there are several reports that describe the 
post-treatment alterations in cancerous or non-
-cancerous prostate tissue following hormonal 
therapy, use of 5-α-reductase inhibitors or radia-
tion (20), no post-PAE histological findings have 
been mentioned in the literature to date. With 
the continuing advances in the techniques and 
emerging therapies in BPH and cancer treatments, 
pathologists will play a central role in documen-
ting the effects of these new treatment options on 
prostate tissue as well as a role in helping to im-
prove these new methods. Although these findings 
are nonspecific and the only finding that confir-
ms the attempted treatment BHP with PAE are the 
identification of the spheroids, the pathologist´s 
role in this scenario is to inform the clinicians the 
histological finding of the spheroid, try to quan-
tify the amount of necrosis to give a notion and 
feedback of the effectiveness of the modality of 
treatment and make differential diagnosis with 
other conditions that could present as an chro-
nic granulomatous reaction, such as acute infarct 
of hyperplastic nodules, fibrosis in advanced sta-
ges of infarct in nodular hyperplasia surrounded 
by squamous metaplasia, granulomas following 
any kind of surgical intervention or instrumen-
tation, granulomas secondary to the use of BCG 
in treatment of urothelial neoplasm, and idiopa-
thic or infectious granulomatous prostatitis. All 
these diagnostic entities should be ruled out in a 
setting of chronic granulomatous inflammatory 
reaction. Certainly the clinical history and clini-
cal information of each one of these conditions 
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Figure 1 - Microscopic aspects of prostate tissue following PAE. (A) Embolic material used to occlude vessels represented 
by homogeneous, densely eosinophilic spheres. (B) Ischemic necrosis with no inflammatory reaction. (C) Fibrotic nodule 
surrounded by glands presenting squamous metaplasia of epithelial lining. (D-F) Extensive necrosis surrounded by histiocytes 
forming epithelioid granulomas.190x215 mm (96 x 96 DPI).

should be informed for the pathologist so that one 
can make a more accurate diagnostic. Arterial em-
bolization has previously been used in cases of 
prostate hemorrhage following surgery or prostate 
biopsy (11-15), and recently PAE has been propo-
sed as a new option to treat BPH (16,17). Studies 
on pigs have reported decreases in prostate gland 

size following PAE with no side effects, providing 
preliminary evidence that this approach is effi-
cient and safe (21). We have previously described 
two cases of BPH successfully treated with PAE 
that resulted in a reduction in prostate size at 6 
months of 47% in a patient undergoing a bilateral 
PAE and of 28% in a patient undergoing unilateral 
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PAE (16). A continued reduction in prostate volu-
me was observed during the 18 months follow-up 
with magnetic resonance imaging (MRI) showing 
a reduction of 54% in the patient with the bilateral 
PAE. For the patient undergoing unilateral PAE, 
the reduction was stable at 6 months follow-up, 
and the patient experienced only mild urinary 
symptoms (22). Organ histology following embo-
lization has been described in uterine leiomyomas. 
In these cases, the authors describe hyaline ne-
crosis, dense fibrosis and a lack of inflammation 
(23). Further complications have been reported, 
the most dangerous including hematoma forma-
tion, fistulas, necrosis with secondary infection 
and septicemia and pseudoaneurysms responsible 
for significant hemorrhage. Although we do not 
know the long-term consequences of therapeutic 
artery embolization in the prostate, urologists and 
radiologists should remember the complications 
observed in the uteri as more patients undergo 
this new form of therapy (24,25). Arterial embo-
lization procedures have the potential to become 
increasingly common as a result of being mini-
mally invasive. In order to avoid misdiagnoses, 
pathologists should be aware of the histological 
characteristics that distinguish post-PAE prostate 
tissue from BPH, including extensive necrosis and 
granulomatous reaction. Further, the observation 
of these histological characteristics could prevent 
the possible complications that result from the 
vascular interruption in prostate tissue resulting 
in ischemia and necrosis.
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