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Abstract

Objectives To evaluate the prostatic arterial supply with
multidetector Angio CT and Digital Subtraction Angiogra-
phy (DSA).

Methods DSA was performed in 21 male patients (7 of
these also underwent Pelvic Angio CT); a further 4 patients
only underwent Angio CT. Prostatic arteries were classified
according to their origin, direction, number of pedicles,
termination and anastomoses with surrounding arteries in
50 pelvic sides.

Results The most frequent origin was the internal pudendal
artery (n = 28; 56%) with the common gluteal-pudendal
trunk the next commonest (n = 14; 28%). Less frequent
origins were the obturator artery (n = 6; 12%) or the inferior
gluteal artery (n = 2; 4%). Two separate vascular pedicles
were found in 12 pelvic sides (24%). There were
anastomoses with the termination of the internal pudendal
artery in 24% of cases (n = 12), with the contra-lateral
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prostatic arteries in 6 cases (12%), and to the superior
vesical artery in 4 cases (8%).

Conclusions Defining prostatic artery origin and direction
is paramount to allow selective catheterisation. Angio CT is
very useful as a pre-intervention tool. The number of
independent vascular pedicles and the presence of anasto-
moses with surrounding arteries should be taken into
account when planning prostatic arterial embolisation.

Keywords Prostatic artery - Anatomy - Prostatic arterial
vascularisation - Angio CT - Catheter Angiography

Introduction

The prostatic arterial supply was described by Clegg [1, 2]
using gross cadaveric specimens. Other studies using
cadaveric specimens have shown the presence of a prostatic
artery with variable origins, ranging from the anterior
(gluteal-pudendal) trunk, umbilical artery, internal pudendal
artery, inferior gluteal artery or the obturator artery [1-3]. In
most cases (41.5%—-74.3%) the prostate gland is supplied
by a common arterial trunk (prostate-vesical) that gives rise
to the inferior vesical artery and the prostatic artery [1].

These findings are all based on cadaveric specimens.
There are currently no in vivo studies documenting the
imaging findings of the prostatic artery anatomy published
in the literature. Prostatic arterial supply has gained interest
as prostatic arterial embolisation (PAE) to treat benign
prostatic hyperplasia (BPH) may follow uterine artery
embolisation for fibroids [4, 5].

Urinary tract infection, strictures, postoperative pain,
incontinence or urinary retention, sexual dysfunction and
blood loss are complications associated with the surgical
treatments for BPH. There is a need for innovative
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technologies to continue to improve outcomes and mini-
mise patient discomfort and morbidity when managing
BPH [6]. Case reports in humans and animal studies have
shown that PAE might be able to reduce prostate size and
improve symptoms related to BPH with less associated
morbidity [5, 7-9].

Detailed knowledge of prostatic arterial anatomy is
necessary in general, and in patients undergoing emboliza-
tion for BPH in order to allow identification and selective
catheterisation before embolisation, minimizing the risks of
untargeted embolization with ischemic complications to the
bladder or other pelvic organs.

The purpose of this study was to evaluate the prostatic
arterial supply using multirow detector Pelvic Angio CT
and Catheter Angiography before embolisation to treat
symptomatic BPH. The main study goals were identifica-
tion of the prostatic arteries, their origin and direction, the
definition of intra-prostatic branches and possible anasto-
moses with surrounding arteries.

Materials and methods

The study was approved by the Hospital Ethics Committee
and informed consent for PAE as an alternative treatment
for BPH was signed by all participants.

The inclusion criteria were male patients with age greater
than 50 years and diagnosis of BPH with moderate to
severe lower urinary tract symptoms refractory to medical
treatment for at least 6 months, with sexual dysfunction or
accepting the risk of developing sexual dysfunction after
treatment, and/or with peak urinary flow rate (Qmax)
inferior to 12 mL/s or with acute urinary retention.
Malignancy (evaluated by PSA, physical examination,
transrectal ultrasound in all patients and by prostatic biopsy
in suspicious cases) and advanced atherosclerosis and
tortuosity of iliac arteries were exclusion criteria. The
patients were not randomized. PAE was not proposed when
surgery was indicated for other reasons (secondary renal
insufficiency due to prostatic obstruction, hematuria,
bladder diverticula or stones). All patients were informed
about the embolization technique used and the experimental
nature was clearly indicated. The patients were allowed to
choose freely between PAE and transurethral resection of
the prostate (TURP), open surgery or laser surgery. Imaging
evaluation was performed in 25 male patients. Digital
Subtraction Angiography (DSA) was performed in 21 male
patients. Seven male patients were evaluated by Pelvic
Angio CT before DSA. Four patients were only evaluated
by Pelvic Angio CT and were considered poor candidates
for Digital Angiography because of extensive atheroscle-
rotic lesions in the iliac arteries. All patients were
Caucasian, with a mean age of 72.3 years (range 57—
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83 years). One patient had a partial prostatectomy 14 years
before and 6 patients had bladder catheters at the time due
to acute urinary retention.

Pelvic Angio CT examinations were performed using a
16 spiral GE® system in 11 patients in the supine position.
Power settings were 100-120 kV and 200-300 mA, matrix
512 x 512 pixels, collimation 16 x 1.25 mm (slice thickness
0.5 mm) and pitch 1.3. Todine contrast agent injection of
150 cc (at a concentration of 350 mg/mL iodine), at an
injection rate of 5 mL/s using bolus triggering in the
abdominal aorta (above the renal arteries) was performed in
every patient. Post-processing using maximum intensity
projections (MIP) and volume rendering with 3D recon-
structions were performed.

Digital subtraction angiography was performed in 21
patients by a single femoral approach, usually the right
hand side, using a cobra-shaped catheter (C2F5) and non-
ionic Visipaque contrast medium (Iodixanol, 320 mg I/ml;
GE Healthcare, New Jersey, USA). DSA was first
performed in the aorta to visualise both pelvic sides and
the common iliac arteries (injection volume 30 mL,
injection rate of 15 mL/s). Afterwards the contra-lateral
(usually the left) internal iliac artery was selectively
catheterised and DSA (injection volume 15 mL, injection
rate of 8 mL/s) was performed in the artery origin in a
neutral position and repeated with left anterior oblique
projection (35°) and caudal-cranial angulation (10°). After
identifying the left prostatic arteries, selective catheter-
isation with a 3 F-microcatheter (Progreat; Terumo, Tokyo,
Japan) was performed and selective angiography was
performed manually with 3—-5 mL of contrast medium in
neutral and left anterior oblique projections. The contra-
lateral internal iliac artery (usually the right) was selectively
catheterised after performing the Waltman loop on the
catheter with the same side (usually the right) anterior
oblique projection (35°) and caudal-cranial angulation
(10°). Prostatic arteries on the right hand side were
selectively catheterised in the same way. After confirming
the position of the catheter in the ostium of the prostatic
artery, embolization was performed with nonspherical
polyvinyl alcohol (PVA) particles 200 um (Cook). The
end point chosen for embolization was slow flow or “near
stasis” in the prostatic vessels with interruption of the
arterial flow and prostatic gland opacification.

Prostatic arteries were identified and classified according
to their origin, direction, number of pedicles, termination
and anastomoses with surrounding arteries.

Results

The origin of the prostatic artery was identified in all
patients (n = 25), with a total of 50 male pelvic sides
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Internal iliacartery

/A

Superior gluteal artery

Obturatorartery (n=6; 129%)

Common anterior gluteal-pudendal trunk
(n=14; 28%)

Inferior gluteal artery (n=2; 4%)
Internal pudendal artery
(n=28; 56%)

Fig. 1 Schematic drawing of the different sites from which the
prostatic artery can arise (n = 50 male pelvic sides)

studied (Fig. 1 and Table 1). The most frequent origin was
as a collateral branch of the internal pudendal artery (Fig. 2)
above the sciatic notch (n = 28; 56%). The second most
frequent prostatic artery origin was more proximal and
superior, as a collateral branch of the common anterior
gluteal-pudendal trunk (n = 14; 28%). Other less frequent
origins were as a collateral branch of the obturator artery
(n = 6; 12%) or as a collateral of the inferior gluteal artery
(n = 2; 4%).

After its origin, the prostatic artery has a tortuous
trajectory and courses obliquely downwards, forwards and
medially towards the bladder base. During its course it
gives rise to branches to the bladder base (inferior vesical
artery) and terminates near the posterior-superior and lateral
aspect of the prostatic base, terminating with numerous
prostatic branches. The length of the prostatic artery is very
variable, according to its origin; the further away from the
prostate (proximal origins near the common anterior
gluteal-pudendal trunk or inferior gluteal artery), the longer
the artery length. When the origin is in the internal
pudendal artery or in the obturator artery, the artery is
shorter, because the origin is nearer to the prostatic base.

Before or just after reaching the prostate it is common to
observe a bifurcation of the prostatic artery with 2 separate
vascular pedicles, which was found in 12 pelvic sides
(24%). A posterior pedicle that surrounds the seminal
vesicles and deferent canals reaching the prostate base (the
so-called vesicle-deferential arteries) and an anterior pedicle
that surrounds the lateral borders of the prostate with an
inferior trajectory, reaching the prostate apex, giving
branches to the bladder base (inferior vesical artery) and
continuing as an anterior capsular prostatic branch (pros-
tate-vesical artery) that runs downwards into the perineum

Table 1 Prostatic Artery Origin: 25 patients (50 pelvic sides)

(Fig. 3). These 2 vascular pedicles may have independent
origins or origins in a common trunk that bifurcates.
However, in most cases only one vascular pedicle was
found on each pelvic side.

The superior vesical artery (or umbilical artery) was
found to have a common proximal origin with the prostatic
artery in 6 cases (12%).

After reaching the prostatic capsule, the prostatic artery
gives rise to numerous perforating branches to the gland,
with apparent penetration made at the 2 and 10 o’clock
positions for the antero-lateral pedicles and at 5 and 7
o’clock positions for the posterior-lateral pedicles.

In most cases the prostatic artery termination was
isolated from the surrounding arterial systems with no
significant anastomoses (Fig. 4 and Table 2). However, in
24% of cases (n = 12) it was possible to demonstrate
inferior continuation of the anterior capsular prostatic
branches with anastomoses with the termination of the
internal pudendal artery near the perineum. These anasto-
moses may be to the dorsal artery of the penis or to the anal
artery of the same side and/or contra-lateral side. Also,
anastomoses with the contra-lateral prostatic arteries were
found in 6 cases (12%), and to the superior vesical artery
(on the same or contra-lateral side) in 4 cases (8%).

Discussion

The prostatic artery supply was evaluated regarding its
origin, trajectory and termination in 50 pelvic sides using
pelvic Angio CT and/or Digital Angiography with super-
selective prostatic catheterisation. The most frequent pros-
tatic artery origin was as a collateral branch of the internal
pudendal artery above the sciatic notch (n = 28; 56%). The
second most frequent origin was as a collateral branch of
the common anterior gluteal-pudendal trunk (n = 14; 28%),
with a more superior/proximal origin and thus longer
arterial length. These findings are somewhat different from
the reported literature, which documented the common
anterior gluteal-pudendal trunk as the most frequent
prostatic artery origin (in 41.5%-74.3% of cases), with
the internal pudendal artery giving rise to the prostatic
artery in only 26.4% of cases [1-3, 10, 11]. As previously
reported, the prostatic artery, the inferior vesical artery and
the vesicle-deferential arteries showed frequent common
trunks and origins in the anterior gluteal-pudendal trunk.
Other origins (from the obturator or inferior gluteal arteries)

Internal pudendal artery

Gluteal-pudendal trunk

Obturator artery Inferior gluteal artery

Prostatic Artery Origin 28 (56%)

14 (28%)

6 (12%) 2 (4%)

@ Springer



1122

Eur Radiol (2011) 21:1119-1126

r's

Fig. 2 Prostatic artery (straight small arrow) origin. a—d as a
collateral branch of the internal pudendal artery (straight large arrow)
above the sciatic notch. e-h with a longer trajectory and length as a
collateral branch of the common anterior gluteal-pudendal trunk
(arrowhead) with a proximal/superior origin. i-l as a collateral branch
of the obturator artery (curved arrow). m—p with a longer trajectory
and length as a collateral branch of the inferior gluteal artery (dotted

were found rarely as previously reported, however we
found no cases of prostatic arteries originating in the middle
rectal artery, directly from the internal iliac artery, or from
the umbilical artery (although some authors may consider

@ Springer

V 0

arrow). a; e; i; m—Pelvic Angio CT with 3D reformats. b; f; j; n—
Pelvic Angio CT with coronal MIP reformats. ¢; g; k; o—Pelvic
Angio CT with sagittal MIP reformats. d; h; 1; p—Pelvic DSA with
selective catheterisation of the internal iliac arteries. Straight small
arrow—prostatic artery. Straight large arrow—internal pudendal
artery. Curved arrow—obturator artery. Dotted arrow—inferior
gluteal artery. Arrowhead—common anterior gluteal-pudendal trunk

this situation in cases where the superior vesical artery has a

common origin with prostatic arterial branches) [1-3].
Contrary to a previous report [1] we found considerable

differences between prostatic artery origin, trajectory and
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Fig. 3 Prostatic artery (straight small arrow) with a single vascular
pedicle. a DSA of the left internal iliac artery showing a single
prostatic artery vascular pedicle (straight small arrow) arising from
the internal pudendal artery (straight large arrow) after the superior
vesical artery (curved arrow). b DSA of the left prostatic artery after
selective catheterisation. Prostatic artery with 2 vascular pedicles
arising from a common trunk. ¢ DSA of the right internal iliac artery
showing the prostatic artery bifurcating into 2 vascular pedicles
(straight small arrow). d Pelvic Angio CT with sagittal MIP reformats
on the same patient side as in C. e DSA after selective catheterisation
of the left prostatic artery showing 2 vascular pedicles. Prostatic artery

length in the same patient between pelvic sides. Thus, each
pelvic side should be considered separately when
performing selective catheterisation or during the Angio
CT post-processing. Also, we did not find 2 symmetric
vascular pedicles on each pelvic side in most cases.

After reaching the prostate surface, a prominent feature
of the arterial branches is their tortuosity with a “cork-
screw” pattern [1], with contra-lateral anastomoses accord-
ing to some authors [10, 12] or with few contra-lateral

with 2 vascular pedicles arising independently. f and g Axial Angio
CT showing perforating branches to the prostatic gland (straight small
arrow), with apparent penetration made at the 2 and 10 o’clock
positions for the antero-lateral pedicles and at the 5 and 7 o’clock
positions for the posterior-lateral pedicles. h DSA after left internal
pudendal artery catheterisation showing 2 independent prostatic
vascular pedicles (straight small arrow). Straight small arrow—
prostatic artery. Straight large arrow—internal pudendal artery.
Curved arrow—superior vesical artery. Dotted arrow—inferior gluteal
artery. Arrowhead—superior gluteal artery

anastomoses [1]. Additional arterial supplies from the
middle rectal or the vesicle-deferential arteries have also
been documented [1]. In this study the prostatic artery
trajectory also showed a “corkscrew” pattern/trajectory in
many cases, terminating with branches to the bladder base
(inferior vesical artery) and prostatic branches near the
lateral, posterior and superior aspect of the prostatic base.
There are frequently 2 vascular pedicles to the prostate, one
posterior to the superior aspect of the gland and another

@ Springer
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Fig. 4 Prostatic artery (straight
small arrow) with no anastomo-
ses to the adjacent arterial
systems. a DSA of the right
prostatic artery after selective
catheterisation. b and ¢ DSA of
left prostatic artery after selec-
tive catheterisation. Prostatic
artery (straight small arrow)
with anastomoses to the same
side and the contra-lateral inter-
nal pudendal arteries (straight
large arrow). d DSA of the right
prostatic artery after selective
catheterisation (also note anas-
tomoses to the contra-lateral
prostatic artery). ¢ DSA of the
right prostatic artery after selec-
tive catheterisation. f DSA of
left prostatic artery after selec-
tive catheterisation. g Anasto-
moses to the same side superior
vesical artery (curved arrow).
DSA of the right-hand-side
prostatic artery after selective
catheterisation. h Intra-prostatic
arterial anastomoses to the
contra-lateral prostatic artery.
DSA of the left prostatic artery
after selective catheterisation.
Straight small arrow—prostatic
artery. Straight large arrow—
internal pudendal artery. Curved
arrow—superior vesical artery

anterior and lateral to the inferior aspect of the prostate.
These inferior branches may have anastomoses with
perineal branches of the internal pudendal artery and with
the middle rectal or anal arteries [10]. After reaching the
prostate the main source of prostatic microvascularisation
are 3 groups of arteries (capsular, intermediate and
periurethral) [11]. The capsular branches are arranged on
the surface in a posterior and anterior group with antero-
lateral and posterolateral subgroups. After passing the

capsule usually at the 1, 5, 7 and 11 o’clock positions,
vessels create the intermediate and peri-urethral arteries
[12-14]. In our study the presence of 1 or 2 vascular
pedicles arising in a common trunk or independently was
very variable. We found 2 prostatic arterial vascular
pedicles in 12 pelvic sides (24%), which is similar to the
previously reported rates [1, 2]. When 2 vascular pedicles
are present, the anterior (prostate-vesical) gives rise to the
vesical and anterior-inferior prostatic arteries, while the

Table 2 Prostatic Artery anastomoses with surrounding arteries: 25 patients (50 pelvic sides)

None Internal pudendal artery

Contra-lateral prostatic artery Superior vesical artery

Anastomoses 28 (56%) 12 (24%)

6 (12%) 4 (8%)
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posterior (vesicle-deferential and prostatic) gives rise to the
arteries supplying the posterior-superior aspect of the
prostate. In these situations, the anterior pedicle may have
an inferior continuation alongside the anterior aspect of the
prostate terminating at the base of the perineum with
anastomoses to the internal pudendal arteries. Thus, in
almost "4 of situations there may be anastomoses between
prostatic arteries and the internal pudendal artery (with the
dorsal artery of the penis or the anal artery). These
anastomoses should be taken into consideration before
embolisation in order to avoid unwanted, untargeted
embolisation. In some cases the vesicle-deferential and
prostatic arteries had common origins. However, the
inferior vesical artery almost always had a common origin
with the prostatic artery. When catheterising the prostatic
arteries it is of utmost importance to analyse how many
vascular pedicles exist and to visualise whether they have
common or separate origins. Proximal embolisation should
be avoided in order to spare inferior vesical branches to the
bladder base. However, embolisation that is too distal may
leave behind prostatic vascular pedicles. Also, the superior
vesical artery (or umbilical artery) was found to have a
common proximal origin with the prostatic artery in 6 cases
(12%), and should always be avoided to prevent bladder
ischaemia.

The capsular arteries were found to perforate the capsule
at approximately the 2 and 10 o’clock positions for the
anterior-lateral branches and at the 5 and 7 o’clock
positions for the posterior-lateral branches, as previously
reported [11-14].

Intra-prostatic contra-lateral anastomoses were docu-
mented in 6 cases (12%), and to the superior vesical artery
in 4 cases (8%). The anastomoses to the superior vesical
artery should be carefully inspected and avoided to prevent
untargeted bladder embolisation. As these anastomoses
between the prostatic arteries and the internal pudendal or
superior vesical arteries are very small, DSA may be the
best imaging modality to detect them.

Angio CT was very useful as a pre-intervention tool
allowing planning of the intervention, and was able to
detect small vessels such as the prostatic arteries. Angio
CT allows definition of the iliac artery trajectory and
atherosclerotic changes that might preclude selective
catheterisation. Also, under DSA, it may sometimes be
difficult to be sure which artery is selectively supplying
the prostate. Angio CT depicts which pelvic branches
provide arterial supply to the prostate, their origin,
trajectory and number of vascular pedicles, allowing
treatment planning before DSA.

Regarding the post-processing and the interpretation of
Angio CT, the visualisation of the prostatic arteries is
mandatory in an axial plane, complemented by sagittal and
coronal MIP reformatations where the prostatic artery

origin may be best depicted. The 3-D CT reformats are
very useful to understand and depict the branching patterns
of male internal iliac arteries and to demonstrate the
prostatic artery trajectory.

There are experimental animal studies using pigs and
dogs that showed that PAE can induce prostatic volume
reduction and that it is safe, with no associated sexual
dysfunction [7, 8]. Prostatic embolization has been per-
formed in human subjects to control severe hemorrhage
with success in different case series [15, 16]. There are 2
case reports with a total of 3 patients with severe
symptomtic BPH treated with success by arterial emboli-
zation [5, 9]. However, PAE is still considered an
experimental technique with no studies to date reporting
the results in a large series of patients. Our preliminary
results are promising. Prostatic arterial embolisation is a
feasible procedure, with minimal complications. Our
preliminary results and short term follow-up suggest good
symptom control without sexual dysfunction in suitable
candidates, associated with a reduction in prostate volume.
However data referring to medium and long-term results are
still lacking. Also, future studies with larger series of
patients, comparing different treatment techniques are
warranted.

Defining prostatic artery origin and direction is para-
mount to allow selective catheterisation before embolisa-
tion. Definition of the number of independent vascular
pedicles should be clarified in order to allow complete
prostatic embolisation. Anastomosis with surrounding
arteries should be taken into account before embolisation
in order to avoid untargeted embolisation.

Acknowledgements The corresponding authors confirm that they
have full access to all the data in this study and have final
responsibility for the decision to submit for publication.

There are no conflicts of interest for any of the authors and
institutions and no financial or personal relationships with other
people or organisations that could inappropriately influence (bias) this
work.

Jodo E. G. O’Neill, MD PhD receives support from Fundacio para
a Ciéncia e Tecnologia (FCT).

All authors had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data
analysis.

Sandra Carmo for the precious help and support in defining the best
tube angulations for DSA and PAE. Teresa Calgas, Iladia and Maria
José for their support in many PAE procedures.

References

1. Clegg EJ (1955) The arterial supply of the human prostate and
seminal vesicles. J Anat §9:209-216

2. Clegg EJ (1956) The vascular arrangements within the human
prostate gland. Br J Urol 28:428-435

3. Ambrosio JD, De Almeida JS, De Souza A (1980) Origin of
prostatic arteries in man. Rev Paul Med 96:52-55

@ Springer



1126

Eur Radiol (2011) 21:1119-1126

. Mauro MA (2008) Can hyperplastic prostate follow uterine
fibroids and be managed with transcatheter arterial embolization?
Radiology 246:657-658

. Carnevale FC, Antunes AA, da Motta Leal Filho JM et al (2010)
Prostatic artery embolization as a primary treatment for benign
prostatic hyperplasia: preliminary results in two patients. Cardio-
vasc Interv Radiol 33:355-361

. Baazeem A, Elhilali MM (2008) Surgical management of benign
prostatic hyperplasia: current evidence. Nat Clin Pract Urol
5:540-549

. Sun F, Sanchez FM, Crisostomo V, Lima JR, Luis L, Garcia-
Martinez V, Lopez-Sanchez C, Uson J, Maynar M (2008) Benign
prostatic hyperplasia: transcatheter arterial embolization as poten-
tial treatment—preliminary study in pigs. Radiology 246:783-789

. Jeon GS, Won JH, Lee BM, Kim JH, Ahn HS, Lee EJ, Park SI,
Park SW (2009) The effect of transarterial prostate embolization
in hormone-induced benign prostatic hyperplasia in dogs: a pilot
study. J Vasc Interv Radiol 20:384-390

. DeMeritt JS, Elmasri FF, Esposito MP, Rosenberg GS (2000)
Relief of benign prostatic hyperplasia-related bladder outlet

@ Springer

10.

11.

12.

13.

14.

15.

16.

obstruction after transarterial polyvinyl alcohol prostate emboli-
zation. J Vasc Interv Radiol 11:767-770

Bouissou H, Talazac A (1959) Arterial vascularization of the
normal and the pathological prostate. Ann Anat Pathol 4:63—-79
Slojewski M, Czerwinski F, Sikorski A (2002) Microangiographic
imaging of the prostate. BJU Int 89:776-778

Ambrosio JD, De Almeida JS, De Souza A (1980) Origin of
prostatic arteries in man. Rev Paul Med 96:52-55

Duclos JM, Chanzy M, Alexandre JH (1973) Study by diaphani-
zation of the prostatic vascularisation. Arch Anat Pathol 21:327—
329

Duclos JM, Chanzy M, Alexandre JH (1972) Prostatic vascular-
isation. Arch Anat Pathol 20:355-358

Rastinehad AR, Caplin DM, Ost MC et al (2008) Selective arterial
prostatic embolization (SAPE) for refractory hematuria of pros-
tatic origin. Urology 71:181-184

Nabi G, Sheikh N, Greene D, Marsh R (2003) Therapeutic
transcatheter arterial embolization in the management of intracta-
ble haemorrhage from pelvic urological malignancies: preliminary
experience and long-term follow-up. BJU Int 92:245-247



	Prostatic arterial supply: demonstration by multirow detector Angio CT and Catheter Angiography
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


