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ANEURySM OF THE ANTERIOR COMMUNICATING ARTERy ASSOCIATEd wITH MUl-
TIPlE ANATOMICAl vARIANTS OF THE CIRClE OF wIllIS. A CASE REPORT ANd 
lITERATURE REvIEw (AbSTRACT): The aim of this paper is to present the morphological 
aspects identified on head CT scans and on autopsy in an adult patient with a ruptured aneurysm 
located on the Anterior Communicating Artery (ACoA) and associated with an asymmetric circle 
of willis (Cw) due to the numerous anatomical variants of its constituting arteries. we pointed 
out that even though there are authors who are in favor of one or the other of the three theories 
regarding the mechanism of aneurysm development, i.e. the genetic predisposition, the congenital 
abnormalities, or the hemodynamic vascular stress, we consider that all these theories could be 
taken into consideration in the same patient with an intracranial aneurysm as in the case pre-
sented here we identified four different anatomical variants of the constituting arteries of the Cw 
that were associated with a ACoA aneurysm. Our case presentation could have practical significance 
for anatomists from a teaching point, as well as for neurosurgeons treating a patients with a sud-
den subarachnoid hemorrhage as an angio - CT should be employed as early as possible to iden-
tify not only the site of a possible aneurysm, but also the possible anatomical vascular variants of 
Cw in order to provide a better prognosis and the best chance of survival for the patient. Key 
words: INTRACRANIAl ANEURySM, ANATOMICAl vARIANTS, CIRClE OF wIllIS

INTrOduCTION
The circle of willis (Cw) can present many 

types of anatomical variations. Kayembe et al. 
(1985) analyzed 192 Cw with aneurysms, which 
were taken from deceased patients that have 
been autopsied at a hospital in Kyoto, Japan. 
Of these, 44 Cw contained at least one aneu-
rysm, and the remaining 148 Cw were without 
aneurysms and were considered to be the con-
trol group. These authors found that the inci-

dence of anatomical variations in the constitut-
ing arteries of Cw proved to be significantly 
higher in the group with aneurysms than in the 
control group (1). 

The aim of this paper is to present the mor-
phological aspects identified on head CT scans 
and on autopsy in an adult patient with a rup-
tured aneurysm located on the Anterior Com-
municating Artery (ACoA) and associated with 
an asymmetric Cw due to the numerous ana-
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tomical variants of its constituting arteries. 
Searching the literature, we will try to identify 
possible risk factors for the development and 
rupture of this type of aneurysm, but also for 
the mechanism of its appearance.

CAse preseNTATION
1. Clinical examination 
A 57-year-old man (smoker) was brought by 

Ambulance at the Emergency Department, „Prof. 
dr. N. Oblu” Emergency Clinical Hospital, Iaşi, 
Romania, due to a sudden development of loss 
of consciousness and stertorous breathing 4 
hours earlier. On initial neurosurgical examina-
tion, the diagnosis of a deep coma with Glas-
gow Coma Scale 5 with motor deficit was esta-
blished. His blood pressure was 180/120 mmHg. 
His blood glucose was above the normal (180mg/
dl), but hematocrit and hemoglobin levels were 
within normal limits. His wife related an un-
controlled hypertension and an intermittent left 
- side headache for almost ten years, but denied 
any history of anticoagulant and antiplatelet 
agent administration.

The first diagnosis was considered to be a 
grade 5 subarachnoid hemorrhage (Hunt & Hess 
classification). 

2. radiological investigation 
An emergency head CT scan (Figure 1) re-

vealed diffuse cerebral edema with foci of 
interhemispheric subarachnoid haemorrhage, 
suggesting an aneurysmal pattern, i.e. a rup-
tured aneurysm of the ACoA. Also, due to 
areas of increased focal density seen in the 
lateral ventricles (Figure 1), an extension of the 
aneurismal hemorrhage was suggested. The 
amount of subarachnoid and intraventricular 
blood identified on CT scans concluded to a 
grade 4 SAH on Fisher Scale. 

3. Gross morphological findings at 
autopsy
Our patient died in 10 hours from the hos-

pital admittance and an autopsy was realized in 
order to establish the causes of death. 

Gross examination of the organs during the 
autopsy procedure revealed the following mor-
phological aspects: 
• External examination of the brain showed 

clotted blood accumulation in the anterior 
interhemispheric region (Fig. 2A.) and in 
the subarachnoid space around the cerebel-
lum (Figure 3C.). A thin (less 1mm) right 

anterior cerebral artery (ACA), a thin (less 
than 1mm) right Posterior Communicating 
Artery (PCoA), and a thin (less than 0,5mm) 
left PCoA were identified (Fig. 2A:, 2b:, 
2C.). Moreover,  left PCoA runs postero-
laterally and ended into an unnamed extra 
loop originating in the left Posterior Cere-
bral Artery (PCA) and thus forming an ex-
trasegment in the posterior boundary of Cw 
(Fig. 2C. and 2d.). 

• At the level of Cw, a ruptured giant (12 mm) 
saccular aneurysm (berry aneurysm), which 
bulged from Anterior Communicating Ar-
tery (ACoA) and having a distinct neck at 
its base, was identified and measured (Fig. 
3A.). It was directed into a superior-poste-
rior position. Sectioning the brain (Fig. 3), 
a great quantity of clotted blood could be 
seen in the lateral ventricles (Fig. 3b.), but 
also in the third and the fourth ventricles 
(Fig. 3d.). The corpus callosum showed a 
gap in its structure due to the entrance of 
the blood from the interhemispheric area  
into the lateral ventricles (Fig. 3b.). 

• Examination of the heart and cardiac vessels 
revealed numerous aortic atherosclerotic 
yellow plaques (Fig. 4A.), an enlarged heart 
with an increased weight (600 gm) due to  
left ventricular concentric hypertrophy (Fig. 
4b.), a scar-like area involving interven-
tricular septal wall, corresponding to a pre-
vious ischemic episode, and moderate-to-
severe stenosis of all three coronary vessels 
due to atherosclerosis plaques (Fig. 4C.). 

• Examination of the liver identified an enlarged 
and congested organ, weighing 2.5kgs. The 
gallbladder was also enlarged, with thick-
ened walls, and viscous bile (Fig. 5A.) and 
six greenish-brown faceted stones into its 
lumen (Fig. 5b.). liver slices showed dark 
centri-lobular zones alternating with pale 
peri-portal zones with normal or fatty liver 
tissue (“nutmeg liver”).

• Examination of the kidneys showed bilateral 
swelling of the organs. The right kidney 
weighs 180 grams, the left weighs 190 grams. 
The cut surface reveals dark red (congested) 
medulla and cortex, with intact calyces, but 
the fat from the renal hilum was slightly 
enlarged (Figs. 5C. and 5d.).

• Examination of the spleen revealed an in-
crease of its volume and a length above the 
normal (Fig. 6).
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fig. 1. Head CT scan showing an abnormal hyperdensity in the interhemispheric 
subarachnoid space and into the enlarged lateral ventricles.

4. postmortem diagnosis
In the end, a final diagnosis of patient’s 

death was established: subarachnoid and intra-
ventricular hemorrhage due to rupture of a gi-
ant ACoA aneurysm, associated with an asym-
metric circle of willis due to the presence of a 
hypoplasia of right ACA, hypoplasia of right 
PCoA, hypoplasia of left PCoA, the later end-
ing into an unnamed extra loop originating in 
PCA and thus forming an extrasegment in the 
posterior boundary of Cw. 

Some other associated diseases that contrib-
uted to the patient’s death were the followings: 
1) chronic ischemic heart disease with moder-
ate-to-severe coronary atherosclerotic stenosis, 
aortic atherosclerosis, and chronic cardiac fail-
ure; 2) chronic cholecystitis with gallstones; 
3) congestive hepatopathy with congestive sple-

nomegaly due to chronic congestive heart fail-
ure; 4). Acute renal failure.

dIsCussIONs
The prevalence of aneurysms is higher in 

women than in men and tends to increase with 
age; other risk factors are: population (higher 
risks in Finnish and Japanese people), smoking, 
hypertension, excessive alcohol consumption, 
one or more relatives with subarachnoid hemor-
rhage (SAH), autosomal dominant polycystic 
kidney disease and a previous episode of SAH 
(2). Our patient presented two risk factors, as 
he was a smoker and his medical history re-
vealed uncontrolled hypertension and the au-
topsy showed atherosclerosis and renal changes 
due to his hypertension.

The literature shows that, over time, the 
relationship between anatomical variations of 
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fig. 2. Gross examination and measurement of arteries constituting Cw:  A). First examination 
revealed an asymetrical Cw and an interemispheric blood clot surrounding an aneurysm; b). A thin 

(less 1mm) right ACA was identified; C). A thin (less than 1mm) right PCoA was measured, and a thin 
(less than 0,5mm) left PCoA were identified. Moreover,  left PCoA runs postero-laterally and ended 

into an unnamed extra loop originating in PCA and thus forming an extrasegment in the posterior 
boundary of Cw. d). Schematic representation of all four anatomical variants of Cw and of ACoA 

aneurysm, which were found in the present case.

Cw and aneurysms has been controversial. 
Padget (1944) was one of the first authors who 
stated that Cw anatomical variants were statis-
tically more common in the series of patients 
with aneurysms than in the series of patients 
without an aneurysm (3). In the second part of 
the XXth century, wilson et al. (4) reported 
that atypical Cw configurations were present 
in 95% of their aneurysm series, but Riggs and 

Rupp (5) emphasized an incidence of Cw ana-
tomical variants in 79% of cases with aneu-
rysms. During the same period, Alpers et al. 
(6) did not identify major differences between 
the series with aneurysms and those without 
aneurysms in terms of the presence of ana-
tomical variants of Cw.

  According to Kayembe et al. (1), there is 
a clear correlation between ACA anatomical 
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variations and cerebral aneurysms, leading to 
the assumption that these anatomical variations 
could represent a risk factor for the occurrence 
of aneurysms. Aydin et al. (7) conducted an 
intraoperative study on 120 Turkish patients, 
who underwent radical surgery for ACoA an-
eurysm by the right pterional approach. These 
authors tried to identify whether there was any 
association between the anatomical variants of 
Cw and the presence of intracranial aneurysms. 
They found that 60% of these patients had vas-

cular anatomical variations in the vicinity of an 
ACoA aneurysm. Their report showed that 
marked hypoplasia of the A1 segment of ACA 
is the most common anatomical variant associ-
ated with ACoA aneurysm. Some other ana-
tomical vascular variants were: the presence 
of the median artery of the corpus callosum, 
ACoA duplication, duplication of the segment 
A1 of ACA, and azygous pericallosal artery.

Studying a similar number of cases, a group 
of Polish authors reported that ACoA aneu-

A B
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fig. 3. Gross examination of the brain slices. A). A  ruptured giant (12 mm) saccular aneurysm (berry 
aneurysm), which bulged from ACoA and has a distinct neck at its base, was identified. The aneurysm 

was embbeded in a blood clot; b). The anterior interhemispheric region and the cerebral lateral 
ventricles were enlarged and filled with clotted blood. Corpus callosum structure was altered by blood 
penetration; C). Clotted blood could be seen in the subarachnoid space of the cerebellum; d). The 

fourth ventricle was filled with clotted blood.
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rysms were associated with complex develop-
mental abnormalities of the anterior part of the 
Cw in 37.7% of cases. The most common 
abnormality found in their study was also hy-
poplasia of the A1 segment of ACA, followed 
by ACoA duplication, and accessory artery of 
the corpus callosum (8). but some other au-
thors, like S. Iqbal from India (9), found out 
that anatomical variations could be more fre-
quent in the posterior half of Cw.

based on cerebral angiographies performed 
in 190 patients with intracranial aneurysms, 
Karazincir et al. (10) have reported that these 

aneurysms are often associated with various 
anatomical variants of the Cw arteries, i.e.  
hypoplasia or agenesis of A1 segment of ACA, 
azygous ACA, fronto-orbital artery, duplicated 
middle cerebral artery (MCA), early bifurca-
tion of MCA, persistent fetal origin of PCA, 
fenestration of P1 segment of PCA, agenesis of 
P1 segment of PCA, fenestration of vertebral 
artery, double trunk of superior cerebellar ar-
tery. These authors hypothesized a possible me-
chanism of aneurysm formation in cases with 
anatomical variants. They considered that Cw 
asymmetry causes an increased hemodynamic 

A B
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fig. 4. Gross examination of the cardio-vascular system. A). Atherosclerosis with yellow 
plaques along the full length of the ascending aorta, but also on the cusps of the aorta; b). Heart slices 

showed left ventricular concentric hypertrophy; C). A scar-like area involved interventricular 
septal wall, and moderate-to-severe stenosis of the left anterior descending coronary artery due to 

atherosclerosis plaques. 
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stress at certain points that act on the walls of 
intracranial vessels with congenital anomalies 
and thus causes the development of saccular 
aneurysms. 

The hypothesis of an abnormal hemody-
namic stress on the Cw arteries caused by the 
presence of anatomical variants at this level is 
also supported by Chen et al. (11), who pre-
sented a rare case of ACoA aneurysm associ-
ated with congenital absence of the common 
carotid artery (CCA), internal carotid artery 
(ICA) and external carotid artery (ECA).

Our case presented a unique constellation of 
anatomical variants of Cw: right ACA hypo-
plasia, right PCoA hypoplasia, and left PCoA 
hypoplasia, the later running postero-laterally 
and ending into an unnamed extra loop originat-
ing in PCA and thus forming an extrasegment 
in the posterior boundary of Cw. This ana-
tomical variant of an extrasegment in the pos-
terior boundary of Cw was considered by Gun-
nal et al. (12). to be a special anatomical 
variant and was defined as Type Iv termination 
of PCoA, among those five different types of 

A B
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fig. 5. Gross examination of liver and kidneys. A). liver was enlarged and weighted 2.5kgs. The 
gallbladder was also enlarged, had thickened walls, showing a greenish-black in color, containing in its 

lumen viscous bile and b). six greenish-brown faceted stones; C). and d). bilateral swelling of the 
kidneys. The right kidney weighs 180 grams, the left weighs 190 grams. The cut surface reveals dark 
red (congested) medulla and cortex with intact calyces, but the fat from the renal hilum was slightly 

enlarged, especially on the right kidney.
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terminations of PCoA these authors have de-
scriebed in their extensive study.

However, there is a newer theory about the 
mechanism of intracranial aneurysm formation, 
which combines the old theory of abnormal 
hemodynamics at the level of an asymmetric 
Cw with a genetic predisposition (13).

Inagawa and Hirano (14) analyzed more than 
67,000 autopsies to identify the characteristics 
of cases with intracranial aneurysms. These 
authors found that aneurysms belonging to the 
anterior part of Cw were more frequent than 
those located in its posterior part. They re-
ported that more than half of ACoA aneurysms 
can rupture and an intraventricular hemorrhage 
(53%) follows their rupture. The authors also 
hypothesized the mechanism in which intraven-
tricular hemorrhage occurs in this type of an-
eurysm. There are taken into consideration two 
types of blood penetration into the lateral ven-
tricles: one of them, which is most frequent, 
could be through the penetration of the infero-
medial portion of the frontal lobe, and the 
other could be through the corpus callosum. In 
the case presented here, both routes were used, 
as the autopsy gross findings revealed. we iden-
tified a massive hemorrhage with blood filling 
the lateral ventricles by using both routes. Also, 
in our case, the aneurysm had a diameter larg-
er than 10 mm and this aspects correlated with 
a high risk of rupture, as Inagawa and Hirano 
pointed out. 

Permiakov et al. (15) performed one of the 

most extensive analyzes on aneurysms located 
in the Cw. In their series of 600 aneurysms, 
the authors reported that 88.7% of all cases 
developed in the anterior part of the Cw. Our 
case brings further evidence of this situation.

ACoA aneurysms are associated with a high 
mortality rate when ruptured. At the onset of 
the rupture, it causes a sudden headache and 
sometimes visual symptoms, especially if these 
aneurysms directly compress the optic nerve or 
optic chiasm. In rare cases, especially when 
ACoA aneurysms are gigantic, bitemporal hemi-
anopsia may occur (16), but the rupture of the 
cerebral aneurysm usually presents as a suba-
rachnoid hemorrhage (SAH), often in combina-
tion with an intracerebral hemorrhage and/or 
an extension into the lateral ventricles (intra-
ventricular hemorrhage) (17). However, SAH 
is a devastating form of stroke, leading to pre-
mature death in over 50% of cases (17).

Permiakov et al. also emphasized the fact 
that the most common cause of death in intrac-
ranial aneurysm cases could be: cerebral hem-
orrhage, cerebral edema, brain dislocation, and 
ischemic brain softening, but the latter appears 
in the case of operated patients (15). 

Other authors consider that the risk factors 
for mortality in intracranial aneurysms are: 
poor clinical degree at presentation, older age, 
bleeding aneurysm, large size of the aneurysm 
and cerebral infarction due to a vasospasm (18). 

In their study of 256 intracranial aneurysms 
identified in Japanese patients, Matsumoto et 
al. (19) reported that the mortality rate was 
higher in those with larger diameter. These 
authors considered that aneurysm diameter could 
be the only factor leading to its rupture.

A group of researchers from Helsinki Uni-
versity, Finland, also found that the risk of 
death of the patient with cerebral aneurysm is 
correlated with the patient’s age and gender, 
the diameter of the ruptured aneurysm, the 
presence of hypertension and active smoking at 
diagnosis (20). However, our patient was a 
smoker and had an uncontrolled hypertension 
and these two medical conditions probably con-
tributed to aneurysm rupture and poor prog-
nosis.

Negretskiĭ et al. analyzed the cause of death 
of patients after SAH due to rupture of the 
cerebral aneurysm. They found that the leading 
cause of death in operated patients was cerebral 
edema and brain dislocation due to ischemic 

fig. 6. Gross examination of the spleen 
revealed a large organ, weighing 360 grams, 

and 12.5 cm in length. 
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changes in nervous tissue during the first days 
after surgery, but in non-operated patients the 
major cause of death was blood penetration into 
the cerebral ventricles (21).

Recent studies have shown that the process 
of the development of a aneurysm on one of 
Cw constituting arteries involves the hemody-
namic stress on the vascular wall, but also cer-
tain morphological changes at this level, name-
ly: degradation of the extracellular matrix, 
inflammatory responses and structural changes, 
including apoptosis of smooth muscle fibers, 
along with endothelial cell dysfunction, which 
can be caused either by genetic defects or stim-
ulated by hemodynamic stress (22, 23).

In 2018, a team of Chinese researchers dem-
onstrated that myosin light chain kinase, which 
is a key enzyme in smooth muscle cell contrac-
tion, plays an important role in maintaining 
smooth muscle contractility, cell survival and 
inflammation tolerance (24).

However, the contribution of a congenital 
defect can be considered in the mechanism of 
the aneurysm development because in the case 
presented here the ACoA aneurysm was associ-
ated with numerous anatomical variants of Cw 
constituting arteries. Rinaldo et al. (25) re-
ported that congenital hypoplasia or the absence 
of the A1 segment of the anterior cerebral ar-
tery (ACA) has been associated with an in-
creased incidence of ACoA aneurysms. They 
also observed that aneurysmal rupture predis-
poses to subarachnoid and intraventricular 
hemorrhage, followed by cerebral infarction. 
Therefore, the authors emphasize the need for 
increasing attention in the case of therapeutic 
intervention (i.e. aneurysm clipping)  in pa-
tients identified to have such an anatomical 
variant. yang et al. (26) also found that hypo-
plasia of the A1 segment is a significant inde-
pendent risk factor for an unfavorable clinical 
course of ACoA aneurysm, especially in the 
case of microsurgical clipping.

Numerous studies have identified over time 
a possible correlation between the presence of 
different types of anatomical variations of Cw 
and the development of intracranial aneurysms, 
but the etiological factors that determine the 
occurrence of intracranial aneurysms in patients 
with Cw abnormalities are not well known.

However, two possible mechanisms are 
proposed. The first hypothesis imposes „the 
congenital theory”, which considers that the 

aneurysm is formed in the fetal period, simul-
taneously with the arterial anatomical variants, 
in both situations probably acting a common 
factor. The second hypothesis is known as „the 
acquired theory” according to which any ab-
normal flow vectors in the collateral pathways 
are the cause of the development of aneurysms 
(27).

Although the association between the ana-
tomical variants of the Cw arteries and the 
occurrence of aneurysms had been used as an 
argument in the favor of a congenital theory of 
the aneurysm development (3), Kayembe et al. 
(1) considered that aneurysms occur rather due 
to hemodynamic stress caused by anatomical 
variations of Cw arteries. In order to obtain 
information about the hemodynamic factors that 
work in the pathogenesis of aneurysms, it is 
important and necessary to analyze the relation-
ship between anatomical variants of Cw arter-
ies and the location of aneurysms. For example, 
in the case of ACA asymmetry, the ACoA an-
eurysm appears to be caused by increased 
hemodynamic stress due to a compensatory 
shunt of the blood through ACoA. Moreover, 
this hypothesis was confirmed by Hashimoto et 
al. (28) by an innovative method, i.e. experi-
mentally inducing an intracranial aneurysm. 
These authors ligatured one of the common 
carotid arteries in rats with hypertension and 
found out that an aneurysm occurred on ACoA 
and in the proximal segments of the ipsilateral 
PCA, while bilateral ligature of both common 
carotids arteries led to the development of an-
eurysms in the proximal segments of the PCA 
and basal artery. Such a location corresponds 
to the place where the hemodynamic tensions 
were apparently increased. As mentioned by 
Moritake et al. (29), aneurysms always ap-
peared on the thicker side of the internal ca-
rotid artery (ICA) - posterior communicating 
artery (PCoA) junction in the case of PCoA 
asymmetry, while in the case of ACA asym-
metry, no clear statement could be done. The 
development of aneurysms cannot be explained 
only by an increased impairment of axial flow 
to an arterial peak (30), but there are probably 
other hemodynamic factors such as secondary 
flow and local structural factors (31) that need 
to be considered.

Permiakov et al. pointed out that the etio-
pathogenic element that underlies the occur-
rence of an aneurysm in the Cw is the existence 
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of congenital dysplasias of the arterial wall 
which is associated with certain risk factors 
such as essential or transient arterial hyperten-
sion, and atherosclerosis (15).

CONCLusIONs
Even though there are authors who are in 

favor of one or the other of the two theories 
regarding the mechanism of aneurysm develop-
ment, we consider that both theories could be 
taken into consideration in the same patient as 
in the case presented here we identified four 
different anatomical variants of the constituting 
arteries of the Cw that were associated with a 
ACoA aneurysm.   

As ACoA aneurysms can be associated with 
many anatomical variants of the circle of willis 

in the same patient, neurosurgeon must pay 
attention to this association in order to prop-
erly manage the patient with a subarahnoid 
hemorrhage. Such a case should be subjected 
to an angio - CT as early as possible to iden-
tify not only the site of a possible aneurysm, 
but also the possible anatomical vascular vari-
ants of the circle of willis in order to provide 
a better prognosis and the best chance of sur-
vival for the patient. 

Also, we can conclude that along the known 
risk factors for mortality in intracranial aneu-
rysms, some others should be taken into con-
sideration, i.e. other associated medical condi-
tions, like chronic heart failure and systemic 
atherosclerosis, which must be treated as soon as 
possible in order to prolonged the patient’s life.
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