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Assessement of Radiological
Anatomy of Prostatic Artery
on 3D DECT in Symptomatic
Benign Prostatic Hypertrophy

ABSTRACT

Background: Benign prostatic hyperplasia (BHP) is a common disease in the urinary
system and often appears in old male patients with the incidence increasing proportion-
ally to age. Objective: The study aimed to describe the anatomy and imaging findings
of the prostatic artery (PAs) on 3D rendering dual-energy multi-sequence computed
tomography (DECT) in patients with symptomatic benign prostatic hypertrophy (BPH)
treated by prostatic artery embolisation (PAE). Methods: The study was conducted on
64 patients with BPH who underwent DECT scans with 3D rendering of the pelvic artery
before intervention from August 2022 to November 2023. The PAs were independently
evaluated for each side, focusing on the number of branches, origin, tortuosity, athero-
sclerotic plaque, and anastomoses with adjacent arteries. Results: Among 128 pelvic
sides where the PAs can be observed, the rate of finding 01 prostate artery on each side
was high (96.1%), and the rate of 02 prostate arteries on each side was rare (3.9%). In
133 prostatic arteries, the most common type of prostatic artery according to origin is
type | (29.6%), followed by type Il (24.6%). The atherosclerotic prostatic artery rate is
24.6%, and the average diameter is 1.5+0.4 mm. The tortuosity prostate artery accounted
for 74.6%. The anastomosis to the contralateral prostatic artery rate is 48.4%, followed
by the penis and rectum anastomoses. Conclusion: PAs have abundant original varies
between the left and right sides and between patient to patient. The most common form

arises from the internal pudendal artery.

Key words: dual-energy computed tomography; prostatic artery; DSA.

1. BACKGROUND

Upper Benign prostatic hyperplasia
(BHP) is a common disease in the uri-
nary system (1, 2). This illness often ap-
pears in old male patients with the inci-
dence increasing proportionally to age.
BHP is typically characterized by two
common groups of lower urinary tract
symptoms (LUTS): lower urinary tract
obstruction and lower urinary tract ir-
ritation (1). The advent of science has
led to the appearance of several man-
agement options for BPH with LUTS,
encompassing PAE which has been de-
veloped over the ten years. There is cer-
tainly compelling evidence that high-
lights the advantages of PAE due to its
minimal invasiveness, short-time re-
covery, low risk of complications and
especially suitable for people under an-
ticoagulant therapy, or disqualified to
undergo general and spinal anesthesia
(2, 3). However, PAE is a challenging
technique due to the abundance of ana-
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tomicalvariations (number of branches,
origins, and diameters) and differences
between patient to patient and side by
side in a patient (4, S). Furthermore, the
likelihood of atherosclerosis in the old
patient group seriously puts pressure on
the interventional process.

In our search of medical literature,
there is alarge number of investigations
of cadaveric prostate artery anatomy,
computed tomography angiography
(CTA), digital subtraction angiog-
raphy (DSA), and magnetic resonance
angiography (MRA). However, the re-
search field of prostate artery anatomy
on multi-sequence dual-energy com-
puted tomography images compared
with DSA images is still limited.

2. OBJECTIVE

Therefore, we conducted this paper
with the goal of evaluating the value of
DECT with 3D rendering of the pros-
tate artery in attempting to describe the
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the pre-interventional prostate artery anatomy of symptom-
atic benign prostate hyperplasia.

3. MATERIAL AND METHODS

Patient Selection

The study was conducted on 64 BHP patients with LUTS at
the Department of Radiology of Viet Duc Hospital from Au-
gust 2022 to November 2023. All the victims received DECT
scans with the 3D rendering of the prostate artery before the
prostate artery intervention.

Pelvic DECT Protocol

The imaging protocols include obtaining scout views, set-
ting the injection procedure for the iliac artery, and field of
view from the iliac crest down to the upper 1/3 of the femur.
DECT Revolution HD (GE) imaging parameters in the
study: scanning mode (fast switching kV 80/140KV), tube
current 600 mA, rotation speed 0.5s, pitch 1.375:1, cutting
layer thickness layer thickness Smm, reconstruction slice
thickness 0.625 mm, contrast dose 1.5 ml/kg body weight
with contrast injection rate Sml/s, High DLIR reconstruction
algorithm, AW 4.7 processing station. The scanning delay for
the mobile phase was determined using automatic scanning
trigger software (GE Healthcare). Scanning was performed in
simultaneous spectral imaging mode with rapid tube voltage
switching between 80kVp and 140 kVp on adjacent views
within a single rotation. The image data set reconstructed
from the single spectrum acquisition for analysis includes a
set of polychromatic images corresponding to conventional

4. RESULTS

This research was conducted on 64 patients (equivalent to
128 pelvic sides) who underwent DECT with the 3D recon-
struction of the PAs preoperatively. Each pelvic side was eval-
uated separately regarding the number of PAs, diameter, or-
igin, and quality of arteries. In this study, there was a total of
133 PAs (4 patients had 2 PAs on the right side, and 1 patient
had 2 PAs on the left side).

A total of 64 patients undergo PAE from August 2022 to
November 2023. The average age of the patients was 67.3 +
7.8 years old, the average prostate volume was 72.3 £ 12.6 ml,
the average IPSS score was 22.2 £ 5.5 points, the average Qol
score was 3.4 £ 2.6 points, and the average total PSA concen-
tration was 12.4 £ 5.6 ng/ml.

Among the 128 pelvic sides, a single PA on each side was
predominant (96.1%), and double PAs on each side were rel-
atively rare (3.9%). There were no cases with 03 PAs on one
pelvic side. The most common type according to the origin
was Type I, branching from the common trunk with a supe-
rior vesical artery (29.6%). Followed by type I1I, branching
from the obturator artery (24.6%), and Type IV, branching
from the internal pudendal artery (23.7%). PAs branching
from the anterior branch of the internal iliac artery accounted
for 15.4%. There was a minority from other locations (6.7%).
The rate of atherosclerosis at the root of the PA was 24.6%.
The average diameter of the 133 Pas on DECT was 1.5 £ 0.4
mm.

120 kVp images and a set of corresponding monochromatic Characteristic Mean
images at low KeV (40-50 KeV), which is considered optimal Age 61.3:1.8
for evaluating small arteries. Prostate Volume 72.3£12.6
DSA Protocol IPSS 22.2+5.5
The urinary catheter was inserted for all the patients. Vas- Qol Score . 3.4:2.6
cular access is through the right brachial artery or femoral ar- Total PSA Concentration 12.4+5.6
tery. A S Fr catheter (cobra or vertebral) was selectivelyplaced ~ Table 1. General characteristics of the patients
into the internal iliac artery or anterior branch
of the internal iliac artery on each side. An in-  (|5ssification Right Left Total Percent
ternal iliac angiogram with an oblique view (N=68) (N=65) (N=133) (%)
angle similar to the expected angle on MSCT  Nymber of PAs per 1 artery 60 63 123 96.1
with 3D rendering. A 1.8 — 2.0 Fr microcatheter  Pelvic Side 2 arteries 4 1 5 3.9
is used to selectively access the PA on each side.  PA Origin According Type 1 19 20 39 296
Histoacryl mixed with Lipiodol (ratio 1:4-1:8  to FC. Carnevale Type 2 13 7 20 15.4
depending on each case) is used to embolize bi- Type 3 15 18 33 24.6
lateral prostate arteries. Postoperatively, the pa- Type 4 10 22 32 237
tient is delivered to the clinical department and Type 5 3 6 9 6.7
discharged home on the next day uneventfully Atherosclerosis of the PA Root 18 15 33 24.6
Data analysis Average Diameter (mm) 1.5+0.4

DECT and DSA images were evaluated and
analyzed by radiologists with over S years of ex-
perience in prostatic artery embolization. Par-

Table 2. Classification of PAs by the number on each side of the pelvis, arterial
origin and atherosclerosis.

ticularly, the image of the iliac artery on DECT

. ; .. Classification Right  Left Total Percent
in terms of quantity, origins, shape and anasto- (N=68) (N=65) (N=133) (%)
moses has been confirmed in the DSA which is - — — - °

. . Shape Tortuosity 99 74.6
considered as the gold standard for evaluating Non-tortuosity 34 95.4
the DECT images. In this research, quantitative ; :

) ; Anasto- Rectal Anastomosis 3 7 10 16.1
variables are described as average and standard mosis Penile Anastomosis 7 8 15 24.2
deviation, qualitative variables are described as Bladder Anastomosis 3 4 7 11.3
percentages and numbers. The data were ana- Contralateral Anastomosis 15 15 30 48.4
lyzed according to medical statistical methods Total 62 (100%)

using SPSS 20.0
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Figure 1. DECT and DSA images of the internal iliac artery in

a patient with 2 left prostatic arteries. (a) 3D rendering of the

left internal iliac artery in same-side anterior oblique projection
(35°), the prostatic artery 1 (arrow 1) separated from the common
trunk of the superior vesical artery, the prostatic artery 2 (arrow
2) separates from the internal pudendal artery, seminal vesicle
artery (arrow 3). (b) angiogram of the left internal iliac artery in
same-side anterior oblique projection (35°), prostatic artery 1
(arrowhead), prostatic artery 2 (star).

The PAs tortuosity was observed in 74.6% of cases (n=99).
The non-tortuous PAswere observedin 25.4% of cases (n=34).
The contralateral anastomoses were dominant (48.4%), fol-
lowed by the penile anastomoses and rectal anastomoses.

5. DISCUSSION

Dual-energy computed tomography (DECT) is a techno-
logical advancement in imaging diagnosis which provides
valuable information in assessing very small blood vessels
such as the PAs, Adamkiewicz artery, and dorsal penile artery
(6,7). Additionally, DECT was especially advantageousin the
bone subtraction option, creating favourable conditions to
obtain optimal multi-dimensional images for vascular assess-
ment (8). DECT with the 3D reconstruction of the PAs has
allowed the depicting of high-quality images of PA anatomy,
tortuosity, diameter, degree of atherosclerosis, and anasto-
moses, particularly the ability to visualize the expected angle
view of the PA root preoperatively. Thus, preoperative DECT
imaging of the PAs can help narrow down interventional du-
ration and reduce radiation exposure for both patients and in-
terventionalists. In our search of medical literature, there was
no paper focusing on DECT imaging in the assessment of PA
anatomy before BPH embolization. Therefore, we performed
astudy to evaluate the value of DECT with 3D reconstruction
of PAs in attempting to describe PA anatomy before PAE.

The average age of patients in our study was 67.3 £ 7.8 years
which is similar to studies by T. Bilhim (9) and Wang (10).
This age group is considered a high-risk group due to multiple
accompanying conditions like hypertension, diabetes, and
heart failure. This fact is a strong suggestion for minimally in-
vasive intervention methods as a reasonable choice to avoid
potential surgical complications.

Additionally, according to the study by Han et al. (11), age
affects the degree of tortuosity and the rate of atherosclerosis
in PAs, leading to increased intervention duration and ra-
diation dose. The average prostate volume in our study was
72.3%12.6 ml, which is lesser than the results of studies by
N. Kisilevzky (12) and T. Bilhim (9). This can be explained
by the diversion of stature in the sample populations of Viet-
namese people compared to the worldwide population. The
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Figure 2. DECT and DSA images of the internal iliac artery ina
patient with one right prostatic artery. (c) 3D rendering of the right
internal iliac artery artery in same-side anterior oblique projection
(40°), the prostatic artery (arrow 1) separates directly from the
anterior trunk of the internal iliac artery, below the separation.

of the superior vesical artery (arrow 2). (d) angiogram of the right
internal iliac in same-side anterior oblique projection (40°), right
prostatic artery (arrowhead).

study by Wang et al. (10) in 2015 successfully performed em-
bolization for patients with prostate volume > 80 grams which
directly proved the safe and effective characterization of PAE
in this ethnic group (13). Therefore, embolization is a prom-
ising method for patients with large prostate volumes who are
contraindicated or unresponsive for surgery. In our study, the
average IPSS score was 22.2+5.5, indicating severe obstruc-
tion and the average QoL score was 3.4+2.6, corresponding
to an acceptable quality of life. These numbers are consistent
with the criteria for indicating PAE for BPH treatment. The
average total PSA concentration in our study was slightly ele-
vated (12.4%5.6), possibly due to factors such as urinary tract
infection, prostatitis, post-biopsy or post-prostate surgery,
medication use, or transrectal ultrasound of the prostate (14).

Theincidence rate of 02 PAs on a pelvic side in our study was
3.9%, lower than the research of FC. Carnevale (5) (8%) and
T. Bilhim (9) (43%). Several extremely rare anatomic variants
did not appear in our paper encompassing 02 PAs on both
pelvic sides or 03 PAs on the same pelvic side. In contrast, T.
Bilhim (9) reported some patients with 02 PAs on both pelvic
sides and 4% of cases with 03 PAs on the same pelvic side. In
the case of 02 PAs on the same pelvic side, the anterior—supe-
rior branch usually originates from the common trunk with a
superior vesical artery and supplies for the central part of the
prostate; the posterior-inferior branch usually arises from the
internal pudendal artery or obturator artery which supplies
to the periphery of the gland. In fact, embolizing one of these
two upper branches is acceptable due to their likelihood of
connection with each other inside the gland. The anterior-su-
perior branch supplies blood to the centre of the gland, and
the hyperplastic nodules should be the priority for occlusion
(10). However, the anterior—superior branch is often difficult
to access as the high frequency of branches from the superior
vesical artery at a narrow angle and tortuosity, especially in
combination with atherosclerosis (10). FC. Carnevale was
the pioneer to propose the classification of PAs by origin, en-
compassing S groups of separating roots: common trunk with
the superior vesical artery (type I), anterior division of the in-
ternal iliac artery, inferior to the superior vesical artery (type
I1), obturator artery (type I1I), internal pudendal artery (type
IV), and other locations (type V) (5).
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Figure 3. DECT and DSA images of the internal iliac artery ina
patient with one left prostatic artery. (e) 3D rendering of the left
internal iliac artery in same-side anterior oblique projection (40°),
the prostatic artery (arrow 2) separates from the obturator artery,
below the separation of the internal pudendal artery (arrow 1). (f)
angiogram of the left internal iliac artery in same-side anterior
oblique projection (40°), left prostatic artery (arrowhead).

Our results suggest that PAs originating the typical origin
arising from the common trunk with the superior vesical ar-
tery (29.6%) (Figure 1), followed by obturator artery (24.6%)
(Figure 3) and the internal pudendal artery (23.7%) (Figure
4). According to the investigation of Enderlein et al. (15), the
most common origins are the common trunk with superior
vesical artery (27.5%), followed by obturator artery (23.8%)
and the internal pudendal artery (23.1%), which is similar
to our results. However, FC. Carneval (5) and T. Bilhim (9)
reported that the most common origins were from the obtu-
rator artery (corresponding rates of 31.1% and 34.1%, respec-
tively), followed by the common trunk with the superior ves-
ical artery (corresponding rates of 28.7% and 20.1%, respec-
tively). We habor the idea that our study of the different pop-
ular samples is responsible for the separation of PA anatom-
ical variations. On DECT images, determining the origin of
the PA is based on the image of the artery pathway from the
parenchyma to the origin. Reconstruction of 3D images and
multi-planes locating points of DECT facilitate the ability to
determine the origin of the PA in cases arising from the an-
terior branch of the internal iliac artery located close to the
body of the superior vesical artery compared to DSA (Figure
2). Less common origins of PAs include the middle rectal ar-
tery, superior gluteal artery, inferior gluteal artery, accessory
pudendal artery, and accessory obturator artery. Our study
had 8 cases of PAs originating from rare locations, including
2 cases from the accessory pudendal artery, 5 cases from the
accessory obturator artery, and 1 case originating from the su-
perior rectal artery branch of the inferior mesenteric artery,
which is very rare. This anatomical variation is unique in our
study and previous reports of PAE. The incidence rate of all
rare root locations in our study was 6.7% which is in accor-
dance with FC. Carnevale’s study (S), and significantly lower
than T. Bilhim’s study (9).

Another challenge in PAE delivery is the presence of ath-
erosclerosis, which makes the selection process of PAs more
difficult, directly affecting the outcome of the embolisation
technique. Our study found that the rate of atherosclerosis in
the origins of the PAs was 24.6%, with an average diameter
of the PAs of 1.5 mm (consistent with the results of studies
by Bilhim (9) and Wang (10). Due to the small size of the PA
and the gradual decrease in diameter, the average diameter of
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Figure 4. DECT and DSA images of the internal iliac artery in

a patient with one right prostatic artery. (g) 3D rendering of

the right internal iliac artery in in same-side anterior oblique
projection (50°), the prostatic artery (arrow 1) separates from

the internal pudendal artery (arrow 2). (h) angiogram of the left
internal iliac artery in same-side anterior oblique projection (50°),
left prostatic artery (arrowhead)

each PA in our study was calculated as the average diameter
of three positions: the origin, the branching point, and the
mid-point between these two positions. According to Bilhim
(9), the PAs had small diameters ranging from 1-2 mm, de-
pending on the number of PAs per pelvic side. Patients with
single PAs on each pelvic side tend to have larger diameters
(about 2 mm), while those with double PAs on each pelvic
side tend to have smaller diameters (about 1 mm) (9). Fur-
thermore, Wang (10) reported that patients with larger total
prostate volumes (>80 ml) had larger PA diameters compared
to those with smaller average prostate volumes (<80 ml). By
determining the diameter of the PAs before embolisation, we
can determine the proper size of the microcatheter and em-
bolic particles.

In our study, PAs were considered tortuous when they had
one or more twists, accounting for 74.6% of cases, higher than
Bilhim’s study (9). The high prevalence of tortuous PAs may
be due to the common occurrence of tortuosity in elderly pa-
tients and may be related to increased proliferation of glan-
dular tissue (10). Tortuous vessel images can be considered
a point of reference for identifying PAs on DSA. Posterior to
the origin, the PA will curve downward and inward, then for-
ward towards the base of the bladder. Sometimes, the PAs can
give branches to the bladder neck before feeding the prostate
parenchyma. Therefore, it is necessary to limit the amount of
embolic particles at the proximal part of the PA, as it may ob-
struct bladder-feeding branches, leading to hemorrhagic ne-
crosis of the bladder. However, if the selection of the PA is too
deep before infusion, some supply branches of the prostate
parenchyma may be neglected.

The most common anastomosis in this paper was contra-
lateral PA, caused by branches supplying the central region of
the prostate. This also explains cases where only one side was
embolised, but the effectiveness could have been more signifi-
cantly diverse with embolising both sides. Among these anas-
tomoses, half of the cases were small anatomical branches,
often appearing after partially embolising the ipsilateral PA
or too small to be selected. In such cases, using larger-sized
particles and slow, controlled infusion under fluoroscopic
guidance is necessary to avoid unintentional obstruction of
these branches. In the remaining half of cases, there were
larger anastomoses, requiring selective occlusion of the base
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of these anastomoses with coils. Branches supplying the cen-
tral region of the prostate have penile anastomoses and con-
tralateral anastomoses, while branches supplying the periph-
eral area of the prostate sometimes have anastomoses with
the seminal vesicles, rectum, muscles, and skin nearby. Due
to the increased angiogenesis in enlarged prostates, each PA
may simultaneously provide multiple anastomoses to nearby
organs.

Limitation of the study

The limitations of our study include lacking ConeBeam CT
during PA selection on DSA. ConeBeam CT may be appli-
cable to confirm the exact position of the main conduit in the
target PA before embolisation, especially in suspicious cases.
However, we believe routine use is optional if DECT with PA
reconstruction has been performed before the intervention
and the interventional radiologist has extensive experience in
PAE. Other limitations relate to the variability in the classi-
fication of the origin of the PA depending on the anatomical
classification used. Additionally, there may be small anasto-
moses of the PAs that DECT does not detect. Future studies
with larger sample sizes to evaluate anastomoses using Cone-
Beam CT in the procedure could also contribute to this topic.

6. CONCLUSION

PAs have highly variable origins side by side, person to
person and most frequently arise from the internal pudendal
artery.

Dual-energy computed tomography (DECT) with 3D re-
construction of the PA facilitates accurately describing the
anatomy of the PA, providing valuable information before in-
tervention, such as the number, anatomical variants, athero-
sclerosis, diameter, tortuosity, and anastomoses.
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