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Arterial Abnormalities and Associated Variations
of the Vertebrobasilar System on the Brain Base:
Apropos of a Rare Case
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SUMMARY: The presented case chagaites an association of primitive and definitive arteries with variations on the cadaveric
brain base of a very old man. This case is found by the retrospective review of the data archive obtained during margoyesiedioh
of the author and co-authors. Fenestration of the (ectatic) basilar artery, partial and total duplication of some ctgésleasassociated
with other variations of the vertebrobasilar and carotid systems. Although this is a case autopsied because of the nfgoctiodighe
peculiarity of the case lies in the absence of the aneurysm based on the fenestration or dissection of one of the Gesebral arte

KEY WORDS: Human cadaver; Brain base; Vertebrobasilar system; Arterial variations.

INTRODUCTION

Morphologically well-known facts relate to the Programme for Anatomical Terminology, 2019), the medial
vertebrobasilar system (VBS) that includes paired vertebraledullary and lateral medullary and meningeal branches,
(VA) and unpaired basilar (BA) arteries with branches. and unpaired anterior spinal branch and posterior inferior

cerebellar artery (PICA). The BA distributes, as also cited

The precursors of the VA, as cited by Uch&tal  in Terminologia AnatomicgFederative International
(2015), are six primitive cervical arteries (CIAs) and one dfrogramme for Anatomical Terminology, 2019), the ante-
the primitive carotid-vertebrobasilar anastomoses, calleibr inferior cerebellar (AICA) and superior cerebellar (SCA)
proatlantal intersegmental artery (PIA) existing at 5(6)- tarteries, pontine and mesencephalic branches on the ante-
12 mm embryo. The precursors of the BA, appearing atribr side of the pons.

mm embryo, as cited by Vasowt al (2009), are paired

longitudinal neural arteries (LNAs) that connect with cau- Special morphological features of the VBS relate to

dal ends of paired primitive internal carotid arteries (ICAsthe convergent union of paired VAs at the level

rostrally, and with cerebral VAs, i.e. PIAs, caudally. The LNAnedullopontine sulcus in the single BA, and bilateralism of

is actually in the form of bilateral plexus simplifying in theBA side- and terminal branches during a rectilinear course

BA, usually at 7- to 12 mm embryo. along the basilar sulcus of the pons. However, the variations
of the origin (Vasoviet al, 2012; Stojanoviet al, 2017;

Intracranially, the definitive VA distributes, as citedHori et al, 2020), and/or course (Vasowtal, 2012), and/
in Terminologia AnatomicgFederative International or termination of the BA and/or its branches (Sorejual,
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2008; Dodevsket al, 2015; Porzionatet al, 2016), are the fenestration are two transverse lines; the first is at the
not rare. On the other side, some BA abnormalities are marigeminal (V) portion level (caudally) and the second one
frequent, some are very rare. One of the BA more comma@nat the beginning of the left SCA (more distal from the
abnormalities, such as fenestration, as cited by Dimmick gresent two SCAS). Both side LNAs limiting fenestration,
Faulder (2009) has been found in 0.6 % of angiographike “bypass” vessels, were of different ODs (1.07 mm of
images and about 5 % of autopsies. The pathoanatomitia right vessel and 2.14 mm of the left vessel).
significance is in the appearance of an aneurysm on a base
of the BA fenestration, whose incidence was 35.5 % withi-2. There was a segmentally duplicated beginning of the
a series of 59 VBU aneurysms (Camebal, 1987). Another right PICA, wherein the initial arteries of different sizes (ODs
arterial abnormality, such as partial (segmental) duplicaticrl.55 mm and 0.59 mm, respectively) originated from the
of the PICA beginning (Uchinet al, 2015) was a rare ipsilateral intracranial (V4) part of the VA.
finding and without pathoanatomical changes of the same
artery. Arterial variations of the VB (B-1 to B-5) and CS (C-1to C-
3) were as follow:

The purpose of this report is to present the previously
mention abnormalities of the BA associated with somB-1. The vertebrobasilar union (VBU) of both V4 parts was
variations of BA and other arteries of the VBS and carotidislocated at the level of the upper edge of the left olive on
system (CS) on the brain base in a cadaveric specimen. the anterior side of the myelencephalon.

B-2. The anterior spinal artery originated only from the
intracranial (V4) part of the left VA.
CASE REPORT
B-3. There were ectatic proximal and terminal BA parts
An unusual case was discovered by the retrospectif@®D=4.52 mm), i.e. anterior and posterior to the fenestration.
analysis of data archive (descriptions and schemes of main
variations and/or (ab)normalities documented by photos) Bf4. There were double left SCAs (ODs=1.15 mm and 1.41
388 adult cadavers of both sexes and different age and caum, respectively).
se of death. The research of cerebral arteries at the
Department of Forensic Medicine was performed by thB-5. BA bifurcation was located in the interpeduncular fossa
author and co-author (MT and BS); the approvals we the half of its length; its terminal branches—paired poste-
obtained by the Council on Graduate Study and Researabr cerebral arteries (PCASs) are larger (2.47 mm and 2.30
Ethics Committee of the Faculty of Medicine (Nos. 01-9068nm) than the posterior communicating arteries (PCoAs) that
4 and 12-2307-2/6). are branches of the internal carotid arteries (ICAS).

The values of outer diameters (ODs) of the arterigS-1. The cerebral arterial circle (CAC) belongs to the
necessary for the mark of normal or hypoplastic cerebral artéitgrature type XVIll—hypoplastic both PCoAs (0.76 mm
(Vasovicet al, 2013a), or ectatic artery (Vasoweical, 2012), on the left and 0.83 mm on the right side) and the left Al
as well as a classification of the cerebral arterial circle (CA@art (1.75 mm). There was no overall view to the left Al
on the brain base (Vasowt al, 2013b), are applied. because its most part is sheltered by the ipsilateral optic

nerve.

Associated abnormalities and variations including
atheromatous changes of the arterial walls on the brain b&&. There was a presence of a variable median callosal artery
characterize the case of a 76-year-old male cadaver (Fig. MIdCA), as the third post-communicating (A2) part, with a
autopsied because of the myocardial infarction. The ODs béginning from the single anterior communicating artery
selected arteries on the brain base was calculated at (A€oA).
corresponding digital image by the co-author (MD), using
the ImageJ processing program (http://rsb.info.nih.gov/iZ-3. The OD of the left (3.82 mm) or right (3.41 mm) ICA
index.html). was smaller than the same of the BA (4.52 mm).

Arterial abnormalities (A-1 and A-2) were as follow: The atheromatous plaques were insular in the walls
of VBS and CS arteries; however, we did not see these in
A-1. Fenestration of the BA was in the form of 10.3@ach of the three A2 parts, right LNA, right V4 part, and
mm long slit in a distal BA half; caudal and rostral limits oterebellar arteries.
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BASAL VIEW

Fig. 1. (Basal view) Cerebral angioarchitecture on a part of the brain base in a human cadaver. The site of artificitddoaakiaf

right posterior inferior cerebellar artery (PICA) from the ipsilateral intracranial (V4) part of the vertebral artery is (f)ar{&ed)
Composite of schematized angioarchitecture and corresponding insets. (Inset “A”) Three post-communicating (A2) parts—the left
and right A2 parts of the anterior cerebral artery (ACA) and the median callosal artery (MdCA) originating from the anterior
communicating artery (ACoA) were particularly shown. (Inset “B”) Fenestration of the basilar artery (BA) and double left superi
cerebellar arteries (SCAs) are in the focus. (Inset “C”) Hypoplastic (rostral) PICA starts from the V4 part on the rigigreideas

a pseudoduplication of the right caudal PICA caused by one twig (**) branched from the ipsilateral anterior inferior czntebgllar
(AICA). Additional abbreviations: A1, pre-communicating part of the ACA; M1, sphenoidal part of the middle cerebral artery; C4,
cerebral part of the internal carotid artery; PCoA, posterior communicating artery; P1, pre-communicating part of thecposterior

bral artery (PCA); P2, post-communicating part of the PCA.

DISCUSSION

Arterial abnormalities and variations on the brain bagerimitive LNAs (Hohet al, 2004), presented fenestration was
in a human cadaver that were no bases of aneurysnpsated at the distal BA part. Hypothetically, the existence of
development or cause of death are presented. BA fenestration in a distal part may indicate the possibility of

a fusion of primitive LNAs of the opposite (caudocranial)

A fenestration of an artery should be differing from alirection, especially if the axial fusion of LNAs and caudal
partial (segmental) duplication of the beginning of an artergnds of primitive ICAs precedes it. An extreme size of BA
especially having in mind its definition. Namely, fenestratiofienestration described by Uchimt al (2002), or herein
of the artery (herein BA) implies a morphological status whicpresented case is probably developed in this manner. We
is characterized by the doubling of the artery on one part discovered BA fenestrations in 3.87 % of cases (5/120 fetuses,
the course, but after its beginning by a single trunk; the doubieluding one case of multiple fenestrations, and 4/112 adult
parts of the artery have their own vessel's tunicae (Vasetvic’cadavers) in an early study (Vasogial, 2013a). One of the
al., 2013a). Although the BA fenestrations are most commonjgyevious findings was the fetal case including BA fenestration
located close to the VBU (Dimmick & Faulder, 2009),and persistence of the (fenestrated) MdCA, as in this adult
reflecting the craniocaudal direction of longitudinal fusion otase, but without MdCA fenestration.
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Although the SCA is the almost constant bilateratevere pathoanatomical changes, such as a dissection or
BA branch (Porzionatet al, 2016), or the PICA as an aneurysm, or cerebral infarction.
intracranial VA branch on both sides, the presented case
characterized the presence of total duplicated SCA on the
left and segmentally duplicated PICA beginning on the rigfCKNOWLEDGEMENTS
side. A similar incidental finding of double SCAs on the
right side was found in a 45-year-old cadaver but associated This study was funded by the Ministry of Science

with BA aneurysm (Vasoviet al, 2013a), as well as in an . . .
84-year-old woman on the left side associated with tt}asnd Technological Development of Republic of Serbia (Grant

hemorrhagic infarction of the corresponding cerebellare: +°1-03-68/2022-14/200113), Internal project of Faculty
. gic | P 9 of Medicine, University of Nis (No. 38/20) and Slovenian
territory (Porzionatcet al, 2016). In terms of frequency,

Dodevskiet al (2015) found double SCAs in 1.83 % of \c>earch Agency (P3-0293 research program).
cases during the investigation of CT angiograms of 105

patients, while Songuet al. (2008), have cited higher STOJANOVIC. B.- VASOVIC. L.- TRANDAFILOVIC. M.-
incidence (14 %). Uchinet al (2015), described two female o jxovic, S. & DREVENSEK, M. Anomalias arteriales y
patients with segmentally duplicated (left and right) PICAyariaciones asociadas del sistema vertebrobasilar en la base del
beginning associated with the right ICA-PCoA aneurysm ierebro: Un caso rartnt. J. Morphol. 40(3)750-754, 2022.

both cases, while Stojanowtal (2017), showed segmental

duplication of the left AICA origin and variations of other RESUMEN: El caso presentado caracteriza una asocia-

VBS arteries. Segmental duplication of the PICA beginning/on de arterias primiti\_/as y definitiva}s con variaciones sobre la
result, as cited by Porzionatt al (2016), from the base_ cerebral (_:a_(:!avérlca de un anciano. Este caso se encuentra
persistence of anastomosis of caudal PICA with the Iater’%?d'anfe Ie;rewsuonge_trospectlva de ‘:'if"tods ?bten'dos durante mE'
spinal artery, while rostral vessel develops from % 0s anos de un trabajo de cooperacion del autor y coautores. La
. . . enestracion de la arteria basilar (ectésica), la duplicacion parcial
hypertrophied radiculopial artery. y total de algunas arterias cerebelosas se asocio con otras variacio-
nes de los sistemas vertebrobasilar y carotideo. Si bien se trata de
An inclination of VBU and domination of the right un caso de autopsia a causa de un infarto del miocardio, la peculia-
VA, in this case, differ from the findings published by Hortidad del caso radica en la ausencia del aneurisma en base a la
et al (2020), which revealed a higher prevalence of the sarf@mestracion o diseccion de una de las arterias cerebrales.

among the patients with VA dissection.

PALABRAS CLAVE: Cadaver humano; Base del ce-

Although other authors (Campetal, 1987) pointed rebro; Sistema vertebrobasilar; Variaciones arteriales.
out more common aneurysm development on the BA
fenestranon, the question is why thgre Was no aneurySmdp- - - o= ~eg
this case? Perhaps the morphofunctional interaction between
the abnormality (fenestration) and the variation (ectasia)
during life stopped hemodynamic forces on the fenestratedmpos, J.; Fox, A. J.; Vifiuela, F.; Lylyk, P.; Ferguson, G. G.; Drake, C. G.
BAwallin this case. A similar case of “asymptomatic” ectatic & Peerless, S. J. Saccular aneurysms in basilar artery fenes#afig.

; ; _ ; Am. J. Neuroradiol., 8(2233-6, 1987.
BA and fenestration, butwith a Iength of 7-8mm at prole%'mmick, S. J. & Faulder, K. C. Normal variants of the cerebral circulation

BA_part was presented in a 59-year-old female pat|en{ at multidetector CT angiographyadiographics, 29(41027-43, 2009.
(Zdjelaret al, 2018). Dodevski, A.; Tosovska Lazarova. D.; Zhivadinovik, J.; Lazareska, M. &
Stojovska-Jovanovska, E. Morphological characteristics of the supe-

; rior cerebellar arteryPril. (Makedon. Akad. Nauk. Umet. Odd. Med.
The atheromatous plaques in the VBS, although Nauki). 36(1)79-83, 2015,

expected pathoanatomlcal Changes in the cadaver of old @0&rative International Programme for Anatomical Terminology (FIPAT).
(Songuret al, 2008), previously a man in the eighth decade Terminologia Anatomica. 2nd ed. Websibeternational Federation
of life, in this case, were with a selective location. Namely, of Associations of Anatomists, Federative International Programme
these were visible in the wall of the left VA, not in the right for Anatomical Tgrmln'ologyDalhousm University, 2019. Available

. . . from: http://www.fipat.library.dal.ca
VA, then in the left LNA, but not in the right LNA of BA Hoh, B. L. Rabinov, J. D.: Pryor, J. C.: Hirsch, J. A.: Dooling, E. C. &

fenestration. Ogilvy, C. S. Persistent nonfused segments of the basilar artery:
longitudinal versus axial nonfusioMJNR Am. J. Neuroradiol.
In conclusion, presented case of associated arterjal 25(7}1194-6, 2004.
b lit d p . he brain b indi I—ﬁ)ri, S.; Hori, E.; Umemura, K.; Shibata, T.; Okamoto, S.; Kubo, M.; Horie,
a norma ities an Va”"_mons OI_’] the brain base indicates ay g Kuroda, S. Anatomical variations of vertebrobasilar artery are
possibility of the partial persistence of developmental closely related to the occurrence of vertebral artery dissection-An MR

precursors of definitive arteries in old age without their angiography studyl. Stroke Cerebrovasc. Dis., 29(#)4636, 2020.
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