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Abstract

With the introduction of new techniques in diagnostic and interventional radiology and progress in
micro-neurosurgery, accurate knowledge of the brain blood vessels is essential in daily clinical work.
The aim of this study was to describe the different types of PCA origin, their diameter, and to
emphasize their clinical significance.

In this study we examined radiographs of 53 patients who had CT angiography undertaken for a
variety of clinical reasons, performed as a part of their medical treatment at the University Radiology
Clinic in Skopje, R. Macedonia. This study included 24 females and 29 males, ranging in age from
32 to 73 years; mean age 55.3 £ 11.5 years.

The results showed that the diameter of the posterior cerebral artery was 1.74 = 0.317 mm on the
right side and 1.98 &+ 0.408 mm on the left side. The adult configuration was present in 37 (69.81%);
foetal configuration was present in 12 (22.64%) and transitional configuration was present in 4
(7.54%) of the patients. We found two patients with bilateral foetal type and ten with unilateral foetal
type (six on the right side and four on the left side).

Despite the limitations of the study, we found that the foetal variant was presented in 22.64% of
patients. Thorough knowledge of the anatomy of the intracranial vessels is important to clinicians as
well as basic scientists who deal with problems related to intracranial vasculature on a daily basis.
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Introduction

The posterior cerebral artery (PCA) is a
terminal branch of the basilar artery formed at
the upper pontine border where it joints the
posterior communicating artery (PComA) to
help complete the posterior part of the circulus
arteriosus Willis at the base of the brain in
human beings [1]. The PCA supplies not only
the posterior part of the cerebral hemispheres,
as its names implies, but also sends critical

The PCA is divided into four segments,
P1 to P4. The P1 segment, also called the pre-
communicating segment, extends from the ba-
silar Dbifurcation to the junction with the
PComA. Depending of the development of the
P1 segment of the artery we can distinguish
three different types of occurrence of the PCA:
foetal, transitional and adult. The P2 segment
begins at the PComA, lies within the crural and
ambient cisterns, and terminates lateral to the
posterior edge of the midbrain. The P3 or qua-

branches to the thalamus, midbrain, and other
deep structures, including the choroids plexus
and walls of the lateral and third ventricles [2].

drigeminal segment proceeds posteriorly from
the posterior edge of the lateral surface of the
midbrain and ambient cistern to reach the late-
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ral part of the quadrigeminal cistern and ends at
the anterior limit of the calcarine fissure. The
P4 segment includes the branches distributed to
the cortical surface. Posteriorly, it begins at the
anterior end of the calcarine sulcus [2, 3].

With the advances in micro-neurosurgery
and radiology, and a more effective ability to
tackle diseases of the intracranial arteries,
accurate knowledge of the intracranial vascular
anatomy is becoming increasingly important
[4]. So far no data exists for the Macedonian
population about the PCA, so the authors think
that it is worthwhile undertaking pioneering
research on the PCA. The aim of this study was
to describe the different types of PCA origin,
their diameter, and to emphasize their clinical
significance.

Material and Methods

The study population included 53 patients
referred to the University Radiology Clinic in
Skopje, R. Macedonia for computed tomo-
graphy angiography (CTA) during the period
January to August 2013. This study included
24 females and 29 males, ranging in age from
32 to 73 years; mean age 55.3 + 11.5 years.
This was an anatomical analysis of CTA ima-
ges realized for a medically justified goal, with
the approval of the Macedonian Ethical Com-
mittee. The CTA was obtained using a CT
scanner Somatom Definition AS Siemens He-
althcare, Erlangen, Germany. Contrast material
was injected through an 18- to 20-gauge IV
catheter inserted into an arm vein, a total of
100 ml. at a rate of 3 ml/s with a pressure
injector, followed by a flush of 40 ml of saline
administered at the same injection rate. After
the contrast medium was injected, by use of
bolus tracking software, scanning was carried
out automatically. The data were transferred to
a workstation for post-processing. Reconstruc-
tion included the following: maximum inten-
sity projection-MIP; four-dimensional CTA
with volume rendering; reformatted multipla-
nar reformation-MPR performed through the
artery. In the process of post-processing for the
measurement of the external diameter of the
blood vessels we used SYNGO software. The
posterior cerebral artery was clearly and di-
rectly shown in the high quality images, and
satisfied the requirements of our study. In the

total of 53 patients, the course of the artery
extending from its origin to its end was clearly
observed.

Each of the CT images was analysed by
two independent examiners. The CT scans were
evaluated for evidence of the following: origin
and diameter of the artery.

Results

The main diameter of the P1 segment of
the right PCA was 1.74 = 0.317 mm and of the
left PCA was 1.98 £ 0.0.408 mm. The adult
configuration was the most frequent, and it was
found in 37 (69.81%) patients in this study.
Foetal configuration was present in 12 (22.64%)
and transitional configuration was present in 4
(7.54%) of the patients.

Ten patients with unilateral foetal type
were found. In six of these patients foetal type
PCA was present on the right side, and in four
patients on the left side. Bilateral foetal type
PCA was present in only two patients in our
study.

In the present study there was no signifi-
cant gender or side difference in the appearance
of foetal type of PCA.

Figure 1 — CT angiography of the brain arteries
with adult type of PCA



Posterior cerebral artery — variation in the origin and clinical significance

165

Figure 2 — CT angiography of the brain arteries
with fetal type of PCA

Discussion

Variations in the origin, termination and
distribution of the arteries at the base of the
brain are numerous and have been described
extensively [5, 6]. The most important varia-
tion is the variable origin and diameter of the
PCA, other variations are rare and mentioned
as isolated cases [7].

Based on measurements on cadavers, the
diameter of the PCA was 2.1 + 0.7 mm on the
right side and 2.2 + 0.6 mm on the left side in
the Kamath study [8], Krishnamurthy et al.
found that the mean diameter of the PCA was
1.7 £ 0.7 mm [6], and Songur et al. found that
the diameter was 1.83 + 0.50 on the right side
and 1.88 + 0.53 on the left side [9]. The results
of the measurements of external diameter of the
PCA in this study correspond with the pre-
viously published data.

Three basic configurations of the PCA
have been described: foetal, transitional and
adult [10]. In the foetal configuration the dia-
meter of the P1 segment is less than the dia-
meter of PComA, so that the blood supply is
mainly via the internal carotid arteries [11].
The term foetal-type is used when there is still

a communication with the basilar artery thro-
ugh a hypoplastic P1 segment of the PCA.
Others refer to it only when the P1 segment is
not visible or the PCA does not fill after
contrast injection of a vertebral artery. Van
Raamt et al. propose the following definitions.
In a full foetal-type the Pl segment is not
visualized on CT or MRI or does not fill after
injection of contrast in a vertebral artery. A
partial foetal-type is when the P1 segment is
smaller than the PComA [12]. Reviewing the
available literature, we found that the foetal
configurations of the PCA have a prevalence in
4.4% of the cases according to De Silva, in 9%
according to van Overbeeke, in 14.3 % of the
cases according to Milisavljevic et al., in
24.5% of cases according to Yasargil, in 30%
of the cases in the Saeki and Rhoton study and
up to 40% of cases in the Zeal and Rhoton
study [2, 3, 10-13].

In transitional configuration the PComA
is equal in diameter to the P1 segment of the
PCA [11]. This configuration was found in
2.2% of cases according to De Silva, in 8%
according to Yasargil and in 11.4% in the study
conducted by Milisavljevic [10, 12].

In the adult configuration, the P1 has a
diameter larger than the PComA so that the
blood supply is mainly via the vertebrobasilar
system [14]. Adult configuration occurs in 58%
of cases in Zeal and Rhoton, in 65.7% accor-
ding to Milisavljevic, in 67.5% according to
Yasargil, in 70% according to Sacki and Rho-
ton and up to 93.3% in the De Silva study [2, 3,
10, 12].

Clinical application of the anatomy

of the PCA

The degree of contribution from the ver-
tebro-basilar and carotid systems to the origin
of the PCA is of clinical and anatomical impor-
tance and may have clinical implications [11,
15].

The cause of cerebral aneurysms is appa-
rently multifactorial and has not been fully cla-
rified [16]. Several studies have found a rela-
tionship between the anomalies of the circle of
Willis and the development of aneurysms by
producing haemodynamic changes in blood-
flow and inducing strain on the weak point of
the arteries’ bifurcation [17]. When the PCA is
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dominantly supplied by the internal carotid
artery, increased flow must occur in the inter-
nal carotid artery proximal to the PComA and
in the PComA itself, resulting in increased
shear stress, which tends to promote aneurysm
formation at these sites [16, 18]. Complex tur-
bulent flow will also occur in the carotid siph-
on, which may be involved in aneurysm forma-
tion, even on the wall unrelated to the bifurca-
tion [19, 20].

Perfusion imaging is becoming more
commonplace for the triage and management
of acute stroke. Unilateral foetal-type PCA pro-
duces substantial left-right asymmetry on per-
fusion imaging. Knowledge of this variation is
critical for the radiologist performing and inter-
preting perfusion images, as such asymmetry
may mimic cerebrovascular pathology [21].

The presence of anomalous origin of
PCA may assume considerable significance if
one is to ligate internal carotid, or common ca-
rotid, or in cases of obstruction of these arteries
by embolus [6]. When the PCA arises from the
internal carotid, thrombosis or embolism affec-
ting the carotid territory may cause infarction
of the occipital pole and, conversely, such an
anatomical arrangement will prevent occipital
pole infarction in basilar thrombosis [6].

An important consequence of the foetal
variant of PCA could be an increased stroke
risk in patients with obstructive arterial disease,
because leptomeningeal collaterals cannot
develop in the foetal variant of PCA, since both
the middle cerebral artery and the PCA are
connected to the internal carotid system and not
to the vertebrobasilar system [13, 22].

Several studies in the past years have
indicated that the foetal type of PCA and
occipital lobe infarcts are related. In an autopsy
study of brains with infarct and without infarct,
more foetal type PCA was found in brains with
infarcts than in brains without [23, 24, 25, 26,
27]. The study conducted by de Monye does
not provide arguments for an increased risk of
ischemic stroke in the territory of the PCA in
patients with a foetal origin of the PCA [28]. In
our opinion, further research is needed in the
assessment of the presence of foetal PCA and
increased risk of occipital lobe infarct.

Since the internal carotid artery contribu-
tes to the blood flow in the PCA, internal ca-

rotid artery stenosis should be considered as a
cause of occipital lobe infarct. In these patients
carotid endarterectomy has proven benefit for
the prevention of recurrent stroke [29, 30].

Conclusions

In this study, we have presented the
anatomical features of the PCA and we have
highlighted their clinical significance. The fre-
quency of foetal type PCA was present in
22.64%. Left PCA was dominant among the
patients, and its diameter was 1.98 mm.

Thorough knowledge of the anatomy and
variants of PCA is essential for clinicians as
well as basic scientists who deal with problems
related to intracranial vasculature on a daily
basis in education, training, diagnosis and treat-
ment of cerebral-vascular diseases.
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Pesume

3AJTHA MO30OYHA APTEPUJA —
BAPUJAIINHA BO ITOTEKJIOTO
N KIIMHUYKO 3HAYEILE

Ane I[oz[eBcKnl, Joopuia Tocoscxa-ﬂa3ap03a',
Haauna Mutpecka', Bjoana Annju’,
Eam3a6era CtojoBcka-JoBaHoBcKa’

' MHcTuTyT 32 anatoMuja, MeMIMHCKH (BaKyIITeT,
VYuusepsurer ,,CB. Knpun u Meroau;j*, Cxorje,

P. Makenonuja

* VHHBep3UTETCKA KIMHUKA 32 PAIHOIIOTHja,
Ckomje, P. Makenonuja

Co BOBEIyBambETO HOBU TEXHUKU BO JHja-
THOCTHYKAaTa U MHTEPBEHTHATa paJuojoruja U Ha-
MPEJIOKOT BO MHUKPOXHUpPYprjaTa, c¢ HaMeTHYBa
norpedara oj1 100po Mo3HaBakE HA aHATOMUjaTa Ha
MO30YHHTE KPBHH CaJIOBH BO CEKOjIHEBHATA KIIH-
HUuYKa pabota. LlenTa Ha oBaa cTyauja € za ce uc-
IIUTa AMjaMeTapoT Ha 3aJHaTa MO30YHA apTepuja,
Pa3IMYHUTE TUIIOBU MOTEKJIO U J]a Ce HArjlacu HUB-
HOTO KJIMHUYKO 3HAUYCHE.

3a peanusupame Ha OBaa CTyaWja, 53 ma-
LUEeHTH O] YHHMBEp3UTETCKaTa KIMHHUKA 32 Paguo-
JIOTHja OJi ONpaBIaHW MEJWIMHCKHA MPHYNHU Oca
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Mperiielanl co KOMIjyTepu3upaHa Tomorpadcka
anruorpaduja. Bo cryaujara Oea Briayuenu 24
KeHH U 29 mMaku, Ha Bo3pacT on 32 a0 73 roauHU,
co mpoceyHa BospacT ox 55,3 £ 11,5 rogunwm.

Pesynratute on cTyaujara Hokaxkaa Jaeka
IMjaMeTapoT Ha 3aJHaTa MO30YHA apTepHja W3He-
cyBa 1,74 + 0,317 mm Ha necHata ctpaHa u 1.98 +
0,408 mm Ha jneBarta crpana. Kaj 37 (69,81%) na-
LUEHTU ce YTBpAH Oa3WjapHO MOTEKJIO Ha apTe-
pujara, a xaj 12 (22,64%) mamueHTH aprepujaTa
MOTEKHYBAallle O] KapoTHAHAaTa aprepuja. UHTEp-

MeJIMepHO MOTeKIo Oemre yTBpaeHO kaj 4 (7,54%)
MALUCHTH.

[To3naBameTo Ha aHATOMEjaTa M BapHjamu-
WUTe Ha 3aJHaTa MO30YHa apTepHja € OWTHO BO
0a3uuHHTE HAyKH Kako INTO € aHaTOMHjaTa BO
MPOLIECOT Ha enyKaluja, HO M KIMHUYKH aIlIHKa-
TUBHO U 3HaYajHO 3a JIEKApUTE KOM CE€ 3aHHMMaBaaT
CO TAaToJIoTHjaTa Ha HMHTPAKpaHWjaTHUTE KPBHH
CaJIoBU BO CEKOjIHEBHATA KIMHUYKA padoTa.

Kiyunu 360poBu: 3aHa MO304Ha apTepHja, aHATOMH]a,
Bapujaluu, Bummcos kpyr.



