
World Journal of
Radiology

ISSN 1949-8470 (online)

World J Radiol  2020 August 28; 12(8): 142-194

Published by Baishideng Publishing Group Inc



WJR https://www.wjgnet.com I August 28, 2020 Volume 12 Issue 8

World Journal of 

RadiologyW J R
Contents Monthly Volume 12 Number 8 August 28, 2020

REVIEW

Review of radiographic findings in COVID-19142

Kaufman AE, Naidu S, Ramachandran S, Kaufman DS, Fayad ZA, Mani V

Role for contrast-enhanced ultrasound in assessing complications after kidney transplant156

Como G, Da Re J, Adani GL, Zuiani C, Girometti R

MINIREVIEWS

Sonographic evaluation of prostatic artery embolization: Far beyond size measurements172

Moschouris H, Dimakis A, Anagnostopoulou A, Stamatiou K, Malagari K

ORIGINAL ARTICLE

Observational Study

Quantification of uric acid in vasculature of patients with gout using dual-energy computed tomography184

Barazani SH, Chi WW, Pyzik R, Chang H, Jacobi A, O’Donnell T, Fayad ZA, Ali Y, Mani V



WJR https://www.wjgnet.com II August 28, 2020 Volume 12 Issue 8

World Journal of Radiology
Contents

Monthly Volume 12 Number 8 August 28, 2020

ABOUT COVER

Editorial board member of Word Journal of Radiology, Dr. Luna is a Scientific Director of the private diagnostic 
group HTmédica in Spain. Dr. Luna received his MD degree from Granada University in 1994. From 2012 to 2019, 
Dr. Luna carried out his practice and research as an associated professor of Radiology to the Radiology Department 
of University Hospital in Cleveland, OH, United States. He currently serves as the Scientific Director of the Spanish 
Society of Radiology (SERAM), a position he has held since 2016. Throughout, Dr. Luna’s research has been 
focused on the clinical introduction of advanced MRI sequences, particularly in the fields of cardiac and 
oncological imaging. Besides leading his research as Principal Investigator of several funded research projects, Dr. 
Luna has written more than 60 peer-review papers and 30 book chapters and served as editor of 14 radiology 
books. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Radiology (WJR, World J Radiol) is to provide scholars and readers from various 
fields of radiology with a platform to publish high-quality basic and clinical research articles and communicate 
their research findings online. 
     WJR mainly publishes articles reporting research results and findings obtained in the field of radiology and 
covering a wide range of topics including state of the art information on cardiopulmonary imaging, gastrointestinal 
imaging, genitourinary imaging, musculoskeletal imaging, neuroradiology/head and neck imaging, nuclear 
medicine and molecular imaging, pediatric imaging, vascular and interventional radiology, and women's imaging.

INDEXING/ABSTRACTING

The WJR is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed 
Central, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database (CSTJ), 
and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Radiology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1949-8470 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

January 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Venkatesh Mani https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1949-8470/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 28, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8470/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJR https://www.wjgnet.com 172 August 28, 2020 Volume 12 Issue 8

World Journal of 

RadiologyW J R
Submit a Manuscript: https://www.f6publishing.com World J Radiol 2020 August 28; 12(8): 172-183

DOI: 10.4329/wjr.v12.i8.172 ISSN 1949-8470 (online)

MINIREVIEWS

Sonographic evaluation of prostatic artery embolization: Far beyond 
size measurements

Hippocrates Moschouris, Andreas Dimakis, Anastasia Anagnostopoulou, Konstantinos Stamatiou, Katerina 
Malagari

ORCID number: Hippocrates 
Moschouris 0000-0002-8940-8218; 
Andreas Dimakis 0000-0003-0215-
345X; Anastasia Anagnostopoulou 
0000-0001-5479-9725; Konstantinos 
Stamatiou 0000-0001-7574-3069; 
Katerina Malagari 0000-0002-1391-
0965.

Author contributions: Moschouris 
H wrote the paper; Moschouris H, 
Dimakis A and Anagnostopoulou 
A performed the imaging studies 
and collected the data; Moschouris 
H, Dimakis A and Malagari K 
performed the PAE procedures; 
Stamatiou K and Malagari K 
supervised and coordinated the 
work.

Conflict-of-interest statement: 
There is no conflict of interest 
associated with any of the authors 
of this manuscript.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 

Hippocrates Moschouris, Andreas Dimakis, Anastasia Anagnostopoulou, Radiology Department, 
General Hospital “Tzanio”, Piraeus 18536, Greece

Konstantinos Stamatiou, Urology Department, General Hospital “Tzanio”, Piraeus 18536, 
Greece

Katerina Malagari, Second Department of Radiology, University of Athens, “Attikon” Hospital, 
Athens 12462, Greece

Corresponding author: Hippocrates Moschouris, MD, MSc, PhD, Doctor, Interventional 
Radiologist, Radiology Department, General Hospital “Tzanio”, Zanni and Afentouli 1 Str., 
Piraeus 18536, Greece. hipmosch@gmail.com

Abstract
Prostatic artery embolization (PAE) has gained acceptance as a minimally 
invasive, safe and effective treatment of symptomatic benign prostatic 
hyperplasia. Radiologic imaging is an indispensable part of post-interventional 
evaluation of PAE and serves both clinical and investigational purposes. In this 
context, ultrasonography (US) has a central and multifaceted role. Gray-scale US 
is routinely utilized for measurement of significant outcome parameters (prostatic 
volume, intra-vesical prostatic protrusion and post-void residual volume) before 
and after PAE. Improvement of these parameters may become more obvious one-
month post-PAE, or later. Contrast-enhanced US (CEUS) with intravenous 
administration of a second-generation echo-enhancer can demonstrate prostatic 
infarcts (as enhancement defects) immediately post-PAE and monitor their 
resolution over time. The volume of prostatic infarcts can also be measured and 
compared to prostatic volume. Prostatic infarction is a definite sign of the local 
efficacy of PAE and a predictor of prostate shrinkage and (at least in some 
patients) of clinical success. CEUS can also be performed intraoperatively in the 
angio-suite, for on-site evaluation of the ischemic effect; a variation of this 
technique, with intraarterial (instead of intravenous) administration of diluted 
echo enhancer, can also be applied intraoperatively, to map the embolized 
territory and to prevent non-target embolization. Initial experience with US-
elastographic techniques (shear-wave and strain elastography) has shown that 
they can detect and quantify the improvement of tissue elasticity post-PAE, thus 
providing new insights into the therapeutic mechanisms of this treatment. With 
utilization of high-end equipment, experience and standardized imaging 
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Core tip: Ultrasonography is a practical and affordable modality for imaging evaluation of 
the efficacy of prostatic artery embolization (PAE). This evaluation includes, but is not 
limited to, standard measurements of prostatic volume, intravesical prostatic protrusion 
and post-void residual volume. With contrast-enhanced ultrasound, prostatic infarcts can 
be easily detected shortly after PAE, and their extent appears to have clinical and 
prognostic value. Strain- and shear-wave elastography can depict the changes in prostatic 
consistency caused by PAE. A comprehensive description of all these applications is 
attempted in the following review.

Citation: Moschouris H, Dimakis A, Anagnostopoulou A, Stamatiou K, Malagari K. 
Sonographic evaluation of prostatic artery embolization: Far beyond size measurements. World 
J Radiol 2020; 12(8): 172-183
URL: https://www.wjgnet.com/1949-8470/full/v12/i8/172.htm
DOI: https://dx.doi.org/10.4329/wjr.v12.i8.172

INTRODUCTION
During the last years, prostatic artery embolization (PAE) has emerged as an effective, 
minimally invasive endovascular treatment of symptomatic benign prostatic 
hyperplasia (BPH)[1-3]. Technically successful PAE entails superselective catheterization 
and embolization of the prostatic arteries (PAs) of at least one pelvic side with 
microparticles (spherical or non-spherical, with diameters of 50-500 μm)[3,4]. PAE-
induced ischemia results in prostate shrinkage and in functional changes which 
eventually result in the relief of BPH symptoms[3,4]. Therefore, characterization of the 
clinical success of PAE is primarily based on symptomatic improvement. The latter is 
quantitatively expressed by a reduction of the International Prostate Symptom Score 
(IPSS)[2], with reported post-PAE mean rates of reduction of 53.9%-62.5%[1] and with an 
IPSS reduction of at least 25% required for characterization of the clinical success of 
PAE. Nevertheless, the role of imaging in assessment of the therapeutic efficacy of 
PAE is also essential. Radiologic imaging is expected to provide a non-invasive, 
reliable and reproducible evaluation of prostatic size and of the morphologic, textural 
and perfusional changes that occur in the prostate after PAE[5]. A straightforward 
demonstration of the local efficacy on the target organ is essential for a relatively new 
endovascular treatment like PAE. Imaging follow-up is also required to evaluate the 
durability of the treatment effects over time and to diagnose some of the complications 
of PAE. Additionally, the correlation of imaging findings with clinical, biochemical 
and uroflowmetric data can serve investigational purposes and can improve our 
understanding of the therapeutic mechanisms of PAE.

At present, magnetic resonance (MR) is considered the “gold standard” modality for 
imaging evaluation of PAE. By virtue of its superior soft tissue contrast resolution, MR 
accurately shows size and texture changes of the prostate post-PAE[5-7]; ischemic 
changes caused by PAE are also associated with signal alterations in unenhanced T1 
and T2 sequences, although their delineation is more clear and detailed on 
gadolinium-enhanced T1 sequences[6,7]. However, equipment and examination costs 
may limit the availability and repeatability of MR and the technique (or its dedicated 
contrast media) may be contraindicated in some patients. Ultrasonography (US) is a 
more affordable, flexible and widely available modality, which has also been utilized 
for the study of PAE since the early applications of this treatment[8,9]. Although 
standard (gray-scale) US is limited to the evaluation of size and shape of the prostate 
before and after PAE, more advanced techniques can significantly increase the 
diagnostic yield of US, with an acceptable increase in the time and cost of the 
examination.

During the last 4 years, in our institution we have utilized US (standard and 
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advanced techniques) as the primary modality for imaging evaluation of PAE 
intraoperatively, immediately post-procedure and for short- and long-term follow-up. 
Based on this experience and on current literature, we herein attempt to provide a 
comprehensive review of the technique, role, findings and limitations of US evaluation 
of PAE.

GRAY-SCALE US
Gray-scale US is routinely utilized in many centers for the calculation of prostate 
volume (PV) before and after PAE and for evaluation of prostate shrinkage. The latter 
is an easily conceivable sign of the therapeutic effect of PAE. Although transrectal US 
(t.r.-US) is preferred by some researchers[1], transabdominal US (t.a.-US) is also 
acceptable. In experienced hands, PV measurements with t.a.-US correlate closely with 
those of t.r.-US and the former technique is more comfortable for the patient and more 
suitable for repeated application[10,11]. Of note, it has been demonstrated that variations 
in bladder volume have a negligible effect on transabdominal measurements of PV, if 
bladder volume is in the range of 100-400 mL[11,12]. With both approaches, the prostate 
is scanned in the axial, coronal and sagittal plane and PV is calculated with the 
ellipsoid formula (length × height × width × 0.52). A well-recognized disadvantage of 
this formula is its limited accuracy in larger, irregular shaped or asymmetrically 
enlarged prostates. Results may also depend on the experience of the operator[13]. 
Three-dimensional US may provide a more accurate estimate of PV[11], but, as a more 
complex and technically demanding method, it is not routinely utilized for follow-up 
post-PAE. Prostate shrinkage caused by technically successful PAE is negligible 
during the first days post-procedure, but becomes significant one month post-PAE and 
at 3, 6 and 12 mo follow-up[1,2]. Reported mean reduction rates of PV post-PAE are 
31.9%, 32.1% and 37.6% at 6, 12 and 24 mo post-intervention, respectively[1]. Long-term 
data are limited, although there is evidence of sustained tumor shrinkage (mean PV 
reduction of 12.6% at 3 years post-PAE)[14].

Intra-vesical prostatic protrusion (IPP) represents the extent to which the enlarged 
prostate (its median lobe, lateral lobes, or both) protrudes into the urinary bladder[15]. 
IPP causes a ball-valve type of obstruction and disrupts the funneling shape of the 
bladder neck thus contributing to bladder outlet obstruction. IPP greater than 10 mm 
is considered significant and is associated with increased PV and decreased urinary 
flow rate. US (both t.a.-US and t.r.-US) is the standard modality for calculation of IPP, 
which is measured on the sagittal view and is defined as the greatest vertical distance 
from the tip of the prostate gland to the circumference of the urinary bladder[15]. PAE 
has proved efficient in reducing the IPP (reported reduction rates: 14.7%-25%)[16,17] and 
this effect has been associated with clinical improvement of treated patients.

In general, although MR is considered the gold standard for the morphologic and 
volumetric assessment of the prostate post-PAE, US is accepted by most researchers as 
a valid alternative; availability, easy application and cost-effectiveness make US 
particularly suitable for repeated, long-term follow-up of large PAE-patient 
cohorts[1,18]. Finally, gray-scale t.a.-US is the standard modality for the calculation of 
post-void residual volume (PVR). Reported mean rates of the reduction of PVR post-
PAE are 55.6%, 67.3% and 64.7% at 6, 12 and 24 mo post-intervention, respectively[1].

CONTRAST-ENHANCED US
Irreversible prostatic ischemia and consequent infarction play a central role in the 
therapeutic action of PAE[4]. The embolized, infarcted adenomas of BPH undergo 
gradual shrinkage, the mass effect on the prostatic urethra is relieved and symptoms, 
as well as urinary flow, are improved. At present, our knowledge regarding imaging 
of prostatic ischemia post-PAE is derived primarily from contrast-enhanced MR 
(CEMR) studies[6,7,17,19]. Nevertheless, contrast-enhanced US (CEUS), as a modality of 
real-time and detailed imaging of micro- and macrocirculation, has also yielded 
promising results[8,9,20,21]. In fact, thanks to its anatomic location, relatively small size 
and immobility, the prostate may be an even more suitable target for CEUS study 
compared to the liver and other abdominal organs. Indeed, CEUS post-PAE has 
proved feasible, cost-effective and able to depict in detail prostatic infarcts. Similar to 
other abdominal applications of CEUS, a second generation ultrasound contrast agent 
(for example, suspension of microbubbles of sulphur hexafluoride, SonoVue, Bracco, 
Italy), is injected as a bolus in a forearm vein, followed by a flush of normal saline. A 
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dedicated, contrast specific, continuous scanning, low mechanical index (MI = 0.09-
0.13) technique is utilized and the prostate is scanned in three planes for 1-2 min post-
injection. Both t.r.- and t.a.-CEUS can be applied, to depict prostatic infarcts, with the 
former approach offering a higher spatial and contrast resolution; however, 
comparison between these two approaches has shown insignificant differences in the 
measurements of prostatic infarcts post-PAE[20]. Moreover, in the clinical setting of 
PAE, detection of the tiniest foci of residual enhancement is not as crucial as in the 
oncologic, post-ablation applications of CEUS. When BPH nodules are completely 
infarcted, they appear as round or ovoid enhancement defects on CEUS; when 
incomplete infarction has occurred, the enhancement defects may be irregular in 
shape, or geographic[21]. Prostatic infarcts can be detected almost immediately post-
PAE; however, they are more clearly delineated during the first days post-procedure. 
In the following weeks, prostatic infarcts become gradually smaller and the majority 
disappear 3-6 mo post-PAE[20,21] (Figure 1). PAE-induced prostatic infarcts have been 
observed in 71.4%-92.8% of patients with CEUS[20,21] and in 33%-100% with MR[7,17]. 
Differences in the prevalence and extent of prostatic infarcts post-PAE are explained 
by variations in the embolization technique: Superselective cannulation of the PAE, 
distal advancement of the microcatheter in the intraprostatic branches and utilization 
of smaller embolic agents (with diameters < 300 μm) are factors associated with more 
frequent and extensive infarction[4,7,22]. Prostatic infarcts usually appear only in the 
treated lobe of the prostate; occasionally however, bilateral infarction can occur after 
unilateral PAE, and this is attributed to intraprostatic anastomoses with the PA 
branches of the contralateral side. Of note, PAE-induced infarcts are located 
exclusively in the transitional zone; the peripheral zone is spared, possibly due to 
differences in its blood supply and microcirculation[19].

The volume of prostatic infarcts can be calculated with the ellipsoid formula (in the 
same manner as PV) and this is an acceptable method for regularly shaped, round or 
ovoid infarcts[21]. Volumetric assessment with planimetry and dedicated software 
result in superior accuracy, particularly in the case of multiple, irregularly shaped 
infarcts, but at present this technique is applied only with CEMR[17]. The volume of 
prostatic infarcts is divided by the PV (calculated at the same time) and the percentage 
of prostatic ischemia (pPI) is derived[21]. pPI correlates strongly with, and can predict 
subsequent prostate shrinkage (the latter being the final result of the absorption of 
infarcted tissue)[21]. The extent of prostatic infarction appears to be a predictor of the 
clinical success of PAE, at least in the subgroup of patients with BPH, urinary retention 
and indwelling bladder catheter (Figure 2). In a recent study with systematic CEUS 
evaluation post-PAE, successful removal of the catheter was achieved only in patients 
with pPI > 10%[21]. In a similar patient cohort, treated with PAE and studied with MR, a 
successful and durable bladder catheter removal was also observed only when the 
volume of infarcted prostatic tissue exceeded 10% of PV[7].

In brief, prostatic infarcts represent a significant imaging finding post-PAE. The 
early detection of prostatic infarcts with CEUS can be utilized to demonstrate the local 
efficacy of PAE and to predict prostate shrinkage and clinical success, which become 
apparent several days or weeks later.

US-ELASTOGRAPHY
It is almost certain that infarction, followed by prostate shrinkage, is not the only 
therapeutic mechanism of PAE. In fact, reduction of PV and relief of the extrinsic 
compression to the prostatic urethra, addresses only the “static” (anatomic) 
component of BPH. However, there is also a “dynamic” (functional) component in the 
pathophysiology of BPH, related to activation of the alpha1-adrenergic receptors of the 
prostate and associated with reduced elasticity of the prostatic adenomatous tissue[4,23]. 
It is believed that PAE blocks the arrival of sympathetic mediators which are required 
to activate the alpha1-receptors, additionally; PAE reduces the number of the receptors 
themselves, thus improving the elasticity of the prostate. This potential mechanism is 
supported by the clinical observation of “softening” of the prostate on digital rectal 
examination after successful PAE. US-elastographic techniques have also been utilized 
to provide relevant evidence (Figures 3 and 4). Shear-wave elastography (SWE) uses a 
sonographic push pulse to generate a shear wave in the tissues. The velocity of the 
shear wave is affected by tissue stiffness (higher velocity in stiffer tissues); shear-wave 
velocity can be calculated and color-coded for each pixel of the respective US-image, 
thus creating an elastographic color map, which is overlaid on the gray-scale image[24]. 
In a pilot study[23], t.r.-SWE of the prostate was performed in 8 patients before and 1 
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Figure 1  Evolution of ultrasonography and contrast-enhanced ultrasonography findings post-prostatic artery embolization. Findings are 
presented in a “split-screen” mode with unenhanced, reference B-mode image on the left, and corresponding contrast-enhanced ultrasonography (CEUS) image on 
the right. A: One day post-prostatic artery embolization (PAE), transabdominal US (t.a.-US) shows newly appearing echogenic foci, in both prostatic lobes (arrows). 
t.a.-CEUS shows extensive bilateral prostatic infarction; B: One month post-PAE, the echogenic foci have disappeared and prostatic infarcts are better delineated and 
smaller in size; C and D: Evaluation 6 and 12 mo post-PAE, respectively, shows that infarcts are diminished or have disappeared and prostate shrinkage can be 
appreciated. Asterisks indicate prostatic infarcts in all CEUS images. All images are in axial plane.

month after clinically successful PAE. SWE showed a statistically significant reduction 
of shear-wave velocity (19.0%, P < 0.001, measured in m/s) and of the elastic modulus 
(29.8%, P = 0.002, measured in kPa) of the transitional prostate zone, indicating 
increased tissue elasticity post-PAE. Of note, no significant elastographic changes were 
observed in the peripheral zone. Another small group of PAE-patients were studied 
with t.r.-strain elastography, a semi-quantitative US-elastographic technique which 
measures tissue deformation caused by mechanical stimuli from the US-probe[25]. By 
comparing the tissue before and after compression, the degree of local tissue 
deformation (strain) is estimated in real time and projected on a color map. In the 
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Figure 2  Varying extent and distribution of prostatic infarcts in patients with different clinical outcomes. Findings are presented in a “split-
screen” mode with unenhanced, reference B-mode image on the left, and corresponding contrast-enhanced ultrasonography (CEUS) image on the right. A: 
Transrectal CEUS 5 d post-bilateral prostatic artery embolization (PAE) in a patient with indwelling bladder catheter shows extensive infarction of the left prostatic 
lobe and smaller infarcts in the right. Removal of the Foley catheter and spontaneous voiding was possible a week later; B: Transabdominal CEUS (t.a.-CEUS) one 
day post-bilateral PAE shows extensive bilateral prostatic infarction. The patient experienced a rapid and durable symptomatic improvement (64% reduction of the 
International Prostate Symptom Score); C: t.a.-CEUS one day post-unilateral (left) PAE in a patient with indwelling bladder catheter shows a small left infarct lobe 
infarction. Multiple trials for removal of the Foley catheter failed in this patient and he eventually underwent transurethral resection. Asterisks indicate prostatic infarcts 
in all CEUS images. Arrows indicate echogenic foci, which appear in the embolized parts of the prostate shortly after PAE. Note that no echogenic foci can be 
detected in the case with the small unilateral infarct. All images are in axial plane.

aforementioned work, the elasticity (E) index, was defined as the ratio of the average 
strain in the target area to the average strain in the entire elastogram. A statistically 
significant reduction of the E-index (compatible with increased tissue elasticity) was 
found one month post-PAE, both for the entire prostate and for the center of 
transitional zone. Of note, the reduction of the E-index was more marked for the 
transitional zone than for the entire prostate. Moreover, the distribution of 
elastographic changes did not correlate closely with ischemic changes (which were 
mapped with CEUS); this is probably a clue that ischemia and tissue stiffness 
reduction are two distinct therapeutic pathways of PAE. Despite these original and 
remarkable observations, it should be recognized that there is no standardized, widely 
accepted US-elastographic protocol for PAE, and there are several technical and 
operator-related limitations; therefore, at present, US-elastography is not a standard 
part of the imaging follow-up of PAE.
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Figure 3  Shear-wave elastography of the prostate. A: Before; B: Three months post-bilateral prostatic artery embolization (PAE). A significant reduction 
(40.5%) in the elastic modulus (EM) of the transitional zone is demonstrated, indicating increased prostatic tissue elasticity post-PAE. The elastographic changes 
were accompanied by marked improvement of clinical parameters (96.7% reduction of the International Prostate Symptom Score, 100% reduction of quality of life) 
and of prostate volume (55% reduction) and post-void residual volume (76% reduction). In this examination, red color tones indicate hard (stiffer) tissues, with high 
EM values (in kPa); blue tones indicate soft tissues, with low EM values; yellow or green tones indicate tissues of intermediate stiffness. Case courtesy of Dr. de 
Assis AM, Interventional Radiology Department, Radiology Institute, University of Sao Paulo Medical School.

INTRAPROCEDURAL SONOGRAPHY OF PAE
Some researchers, taking advantage of the portability and flexibility of the US-
equipment, have applied US techniques in the angio-suite, where PAE is performed, 
for on-site evaluation of the procedure[21,26]. On gray-scale US, echogenic foci appear 
within the prostate immediately post-PAE and remain visible for a few days after the 
procedure[20,21]. This finding is probably caused by tiny bubbles of air trapped in the 
mixture of contrast and embolic material. These mechanisms are the same with those 
that cause “echogenic response” in liver tumors after transarterial (chemo) 
embolization[27]. The echogenic foci are more prominent and numerus in prostates with 
extensive infarction post-PAE[20].

Transabdominal CEUS with the standard (intravenous) route of administration of 
the echo-enhancer can also be performed in the angiography suite, shortly after 
injection of the embolic material, to demonstrate the ischemic effect[21]. Prostatic 
infarcts can be detected as early as a few minutes post-embolization; however 
occasionally, accurate assessment of their extent at that time may be compromised by 
the aforementioned echogenic foci. The latter can be differentiated from the 
microbubbles of the echo-enhancer by comparing (on the split-screen display of the 
machine) the unenhanced gray-scale image with the corresponding CEUS image and 
by observing that the echogenic foci are stationary, while the microbubbles are 
constantly circulating. This immediate evaluation of the ischemic effect may guide 
further decisions on the procedure: If CEUS demonstrates inadequate infarction 
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Figure 4  Correlation of contrast-enhanced ultrasonography, histopathologic and elastographic findings post-unilateral (right) prostatic 
artery embolization. A: Transabdominal contrast-enhanced ultrasonography (CEUS) image (axial section) obtained one week post-prostatic artery embolization 
(PAE) shows extensive infarction of the right hemiprostate (asterisk); B: Histopathology (Hematoxylin-Eosin stain, original magnification × 40) of a transrectal US-
guided biopsy specimen of the right transitional zone confirms the presence of eosinophilic microspheres (arrows) in arterioles surrounding a prostatic acinus. This 
biopsy had been performed 12 mo post-PAE, for recently elevated prostate-specific antigen and was negative for cancer; C: Transrectal strain elastographic images 
(axial sections) of the prostate 13 mo post-PAE shows increased strain in the right hemiprostate and in the center of the right transitional zone (outlined by the red 
and turquoise line, respectively) compared to the left hemiprostate and to the center of the left transitional zone (outlined by the green and yellow line, respectively). In 
this elastogram, blue color tones indicate hard (stiffer) tissues, red indicate soft tissues, and yellow or green tones indicate tissues of intermediate stiffness. This 
patient experienced significant and long-lasting symptomatic improvement post-PAE (75% reduction of the International Prostate Symptom Score, 2 years post-PAE).

despite apparent angiographic flow stasis in the PA, a reevaluation of flow with 
angiography (after a waiting time of a few minutes) and a search for additional PAs 
should be considered. On the other hand, if CEUS demonstrates adequate 
devascularization of the treated lobe after standard (proximal) PAE, application of 
more technically demanding and time-consuming techniques of intraprostatic branch 
embolization (such as the PErFecTED technique) can be avoided[21] (Figure 5).

Intraarterial (i.a.) CEUS has also been utilized for intraprocedural guidance of PAE. 
This technique entails sonographic imaging of the prostate with CEUS algorithm, 
during injection of diluted echo enhancer through the microcatheter positioned in the 
PA. One group[26] utilized a suspension of perflutren lipid microspheres (Definity, 
Lantheus Medical Imaging, North Billerica, MA, United States) diluted 1:20 in saline 
and injected in small aliquots (0.3-0.5 mL); diluted SonoVue can also be utilized for 
i.a.-CEUS[28], although it should be acknowledged that this is an off-label application. 
Intraarterial CEUS can be performed prior to injection of the embolic, to show the part 
of the prostate that is fed by the selected artery (Figure 6). Enhancement of 
neighboring organs (for example: bladder, rectum) can also be demonstrated, if parts 
of these organs share the same arterial supply with the prostate. Thus, i.a.-CEUS could 
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Figure 5  Intraprocedural sonographic evaluation of prostatic artery embolization with i.v.-contrast-enhanced ultrasonography. A: Digital 
radiograph (anteroposterior projection) immediately post-right prostatic artery embolization shows the tip of the microcatheter (dotted arrow) at the proximal 
(extraprostatic) part of the right prostatic artery. Pooling of the contrast of the embolic mixture has caused opacification of the right hemiprostate (arrows). “f” indicates 
the balloon of the Foley catheter; B and C: Transabdominal contrast-enhanced ultrasonography (CEUS), axial and right parasagittal section, respectively, with 
standard (i.v.) injection of the echo-enhancer, confirms adequate devascularization (infarction) of the right hemiprostate (asterisks). Findings are presented in a “split-
screen” mode with unenhanced, reference B-mode image on the left, and corresponding CEUS image on the right. Stippled and linear hyperechogenicities appear in 
the right hemiprostate. They are more striking (arrows) on the unenhanced, reference B-mode images.

confirm successful selection of the PA and could prevent some cases of non-target 
embolization. Intraarterial CEUS could play a role in guidance of PAE, particularly 
when cone-beam CT equipment is not available[26]. Intraprocedural sonography may 
be technically challenging and acquisition of images of acceptable quality is not 
guaranteed: Scanning has to be performed transabdominally, under sterile drapes; the 
patient’s suprapubic discomfort during PAE may make compression with the 
transducer intolerable; the catheterized bladder is usually empty and the Foley 
catheter itself may be an obstacle for the ultrasound beam.

US EVALUATION OF PAE: A REALISTIC APPROACH
In our practice, the equipment utilized for US evaluation of PAE is located in the 
interventional radiology department and US studies are performed immediately after 
clinical evaluation of the patient. Thus, referrals of the patient to other departments are 
minimized and patients’ compliance with the follow-up schedule is enhanced. All US 
studies are performed or supervised by the interventional radiologist involved in PAE, 
to facilitate correlation of angiographic and technical details with US findings. Close 
and sincere collaboration between the interventional radiologist and urologist is one of 
the cornerstones of a successful PAE practice, and the presence of the referring 
urologist during US studies is welcome and encouraged. In this way, US/CEUS signs 
of the therapeutic efficacy of PAE (prostate shrinkage, prostatic infarcts) can be easily 
communicated to, and discussed with the clinician.

We perform an early CEUS (10-24 h post-PAE, just before the patient’s discharge) 
focusing on the detection of prostatic infarcts. This provides an initial impression on 
the efficacy of PAE. An additional CEUS study can be performed within the next few 
days, if the initial CEUS was compromised by echogenic artifacts. Additional follow-
up with CEUS may be performed for research purposes. Such a protocol is affordable, 
because, with modern equipment, a diagnostic CEUS study of the prostate can be 
performed with only one fourth of the standard dose of the echo-enhancer (1.2 mL of 
the 4.8 mL content of the SonoVue vial)[21]. In the routine clinical (non-research) setting, 
subsequent imaging follow-up is limited to standard, unenhanced US at 1, 3, and 6 mo 
post-PAE and at 6-mo intervals thereafter. All studies of an individual patient are 
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Figure 6  Intraprocedural sonographic evaluation of prostatic artery embolization with intraarterial contrast-enhanced ultrasonography. 
A: Angiographic image (anteroposterior projection) shows the right prostatic artery and its branches; B: Transabdominal contrast-enhanced ultrasonography (t.a.-
CEUS) image 3 s after intraarterial injection of diluted Sonovue shows rapid, intense enhancement of the right prostatic lobe, more prominent at its periphery 
(arrows); C: t.a.-CEUS image 7 s later, shows more diffuse enhancement of the right lobe and subtle enhancement in a small area of the left lobe (dotted arrow). No 
signs of extraprostatic enhancement were noticed and embolization was performed with microspheres (diameter: 100-300 μm); D: Unenhanced t.a.-US image 10 min 
post-embolization shows increased echogenicity of the right lobe (asterisk). “f” indicates the balloon of the Foley catheter in all images. CEUS images are in axial 
plane.

preferably performed by the same, experienced operator; this may introduce an 
observer bias, but reduces interobserver and experience-related variability[5]. The t.a. 
approach is preferred for the standard imaging schedule, as it is simpler and more 
comfortable than t.r. We reserve the latter for research protocols and for US-
elastography.

Several shortcomings of the US techniques for PAE were reported in the previous 
paragraphs and they should always be taken into consideration in clinical practice. 
The inherent limitations of US (operator dependency, relatively small field of view, 
poor performance in obese patients and when gas-filled viscera are superimposed) 
also apply to the dedicated techniques utilized for PAE. We consider that US is not 
suitable for definite diagnosis of the ischemic complications of PAE. In patients with 
clinical suspicion of such complications, prompt evaluation with CT, MR or endoscopy 
is advisable.

CONCLUSION
Currently available US techniques (Table 1) enable the radiologist to perform a 
comprehensive evaluation of the effect of PAE. Gray-scale US is efficient for basic size 
measurements and is a standard part of the follow-up of PAE. With CEUS, prostatic 
vascularity and the ischemic effect of PAE can be readily appreciated both during and 
post-procedure and this information may increase the safety and efficacy of 
intervention and predict clinical success. It is very likely that in the near future, 
optimization of US-elastography and other technological advances will further 
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Table 1 Summary of the ultrasonography modalities which are applied for evaluation of prostatic artery embolization

Modality Parameter/feature evaluated Approach Technique/methodology Expected finding after 
successful PAE

Gray-scale US PV t.a., t.r. Measurement at 3 planes, ellipsoid formula PV reduction

IPP t.a., t.r. Unidimensional measurement IPP reduction

PVR t.a. Measurement at 3 planes, ellipsoid formula PVR reduction

CEUS Prostatic enhancement and 
infarction

t.a., t.r. Bolus i.v. injection of 2nd generation US 
contrast agent. Measurement at 3 planes, 
ellipsoid formula

Prostatic infarcts preferably 
exceeding 10% of PV

US-elastography Tissue stiffness (YM, EM, SWV) t.r. Shear-wave elastography YM, EM, SWV reduction

Tissue stiffness Elasticity (E) 
index

t.r. Strain elastography E-index reduction

Intraprocedural 
gray-scale US

Prostate echogenicity t.a. Visual assessment Multiple strong echoes at the 
embolized area

Intraprocedural 
CEUS-i.a.

Distribution of contrast 
enhancement within and/or 
around prostate

t.a. i.a. administration of diluted US contrast 
agent. Scanning as for CEUS post-PAE

Rapid, intense enhancement of the 
targeted prostatic lobe. Absence of 
extraprostatic enhancement

Intraprocedural 
CEUS-i.v.

As for CEUS post-PAE t.a. As for CEUS post-PAE As for CEUS post-PAE

US: Ultrasound; CEUS: Contrast-enhanced ultrasound; PV: Prostate volume; PVR: Post-void residual volume; IPP: Intravesical prostatic protrusion; t.a.: 
Transabdominal; t.r.: Transrectal; i.v.: Intravenous; i.a.: Intraarterial YM-Young modulus; EM: Elastic modulus; SWV: Shear-wave velocity; PAE: Prostatic 
artery embolization.

enhance the role of US in the study of PAE.
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