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Abstract

A case of a transient ischemic attack is reported in which the focal neurological symptoms and signs resolved within 2 hours.
The patient’s symptoms appeared suddenly and were in a vascular territory, suggesting an ischemic vascular event. Magnetic
resonance imaging (MRI) revealed an infarct on the right side of the corona radiata and internal carotid artery stenosis. The
circle of Willis was completely formed. The circle of Willis is considered an important collateral pathway in maintaining adequate
cerebral blood flow. To investigate the anatomic variation of the circle of Willis. 200 subjects underwent magnetic resonance
angiography (MRA) and the morphology of the circle of Willis was compared with autopsy data from 55 individuals. This study
illustrates the prevalence of anatomical variations of the circle of Willis, with only 7% of the individuals studied by MRA and only
33 % of the subjects studied at autopsy having an entirely complete circle of Willis. The important results of the study is that only
few brains examined possessed a normal complete circle of Willis. The relationship between the circle of Willis and the

remission time of symptoms was investigated.

INTRODUCTION

A transient ischemic attack (TIA) is a syndrome
characterized by the sudden onset of

discrete neurological symptoms which resolve completely
within 24 hours. A patient

presenting with a TIA is at high risk of subsequent adverse
events. The 90-day risk of

stroke has been reported to be greater than 10%, with the
highest risk occurring in the

first 2 days [1]. If small vessel disease, brainstem events, or
transient symptoms are

suspected, MRI especially with diffusion-weighted images
(DWIs) would be superior

for defining the ischemic site and topography. Diffusion-
weighted imaging (DWI) can

reveal focal ischemia within 30 minutes to 1 hour after
symptom onset and may show

abnormalities in patients with transient symptoms [2]. MR
angiography (MRA) has

evolved notably during the past 10 years with improved
sensitivity and specificity for

identifying stenoses and types of pathology. The sensitivity
and specificity of MRA to

detect a greater than 50% stenosis of the intracranial arteries
is approximately 88%

and 96%, respectively. A 66-year-old man, presented to the
emergency department

after experiencing the sudden onset of slurred speech
associated with left hemiplegia.

Diffusion-weighted MRI revealed an acute infarct in the
right corona radiata, and

MRA showed an occlusion of the internal carotid artery
(ICA). (Fig.1, Fig.2)

However, the symptoms only lasted about 2 hours and had
completely resolved by the

time of examination so that he patient did not qualify for
treatment with tissue

plasminogen activator (tPA). (Fig. 3) The blood pressure
was 130/80 mmHg. Initial

CT of the head was normal. The results of laboratory tests,
including complete blood

count (CBC), electrolytes, prothrombin time, and
erythrocyte sedimentation rate, were

normal and an electrocardiogram (ECG) revealed normal
sinus rhythm. The patient

was a non-smoker, and did not use drugs except for
antihypertension or alcohol. There

was no history of diabetes, coronary artery disease or
hyperlipidemia.

The afferent blood supply travels into the brain through the
left and right common
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carotid arteries (CCAs) and through the left and right
vertebral arteries (VAs). Linking

these arteries are the efferent arteries, the anterior
communicating artery and the two

posterior communicating arteries. These so-called collateral-
arteries essentially form a

structure known as the circle of Willis (CW), which is
named after the seventeenth

century physician Thomas Willis (1621-1675) and is best
known for his description

and configuration of the CW [3,4,5,6].

In patients with obstruction of the ICA, numerous collateral
pathways redistribute

blood to the deprived side and maintain adequate cerebral
blood flow. The

development of such detour routes depends on individual
morphological and

hemodynamic factors. The anterior communicating artery
(ACoA) and the bilateral

posterior communicating arteries (PCoAs) are component
vessels of the CW and are

designated as the primary collateral pathways.

There is considerable variation in the presence and
morphology of the arterial

segments of the CW. On the anterior side, the anterior
communicating artery or one of

the A1l (proximal) segments of the anterior carotid arteries
(ACA) can be missing or

hypoplastic and on the posterior side, the PCoA can be
unilaterally- or bilaterally

absent. Arterial abnormalities of the adult CW are associated
with morphological

variations [7,8,9,10]. The risk of cerebral ischemia is
increased in a patient with an

incomplete, nonfunctioning circle [11,12]. MRA can give
reliable data about the

intracranial circulation, thus making it possible to assess
collateral flow. Previous

studies have shown that MRA is well-suited to investigate
the CW as it is able to

provide accurate morphological and hemodynamic
information concerning blood flow

direction in individual vessels [13,14].

The aim of this study was to evaluate the prevalence of
anatomical variations of the

CW. The study is based on the data obtained from
postmortem autopsy and the MRA

of the cerebral arteries, and focuses especially on the

anatomy of the CW.

MATERIALS AND METHODS

The study population consisted of 107 males and 93 females
(mean age 61.9 years, age

range 20-89 years) who were referred to the magnetic
resonance (MR) unit. Patients

were excluded if they had severe vertebral or basilar artery
lesions (as detected by

intra-arterial digital subtraction contrast angiography) or had
been diagnosed with a

dissection. All subjects gave signed informed consent and
approval was obtained from

the institution’s ethics committee on scientific research on
human subjects. The

procedures followed were in accordance with institutional
guidelines. The autopsy data

of 55 individuals (mean age of 68.9 years, age range 37-96
years, 31 males and 24

females) were collected as a part of normal forensic medical
autopsies. The subjects had

died of natural or traumatic causes and were candidates for
autopsy because of

medico-legal reasons. The study was approved by the ethical
committee of the

university and hospital, but the ethics committee waived the
need for consent from the

patients’ next of kin because the autopsy was dictated by
law.

The following vessels, which form part of the CW, were
examined in the study: the

anterior communicating artery (ACoA), the
precommunicating part of the anterior

cerebral arteries (A1), the precommunicating part of the
posterior cerebral arteries (P1),

and the posterior communicating arteries (PCoAs). Whether
the P1 segment (a small

connection between the carotid system and the
vertebrobasilar system) is present or

absent is important. Hypoplastic vessels are defined as
vessels with an external diameter

of less than 1 mm [13]. The parts of the circle of Willis were
classified as deficient if

one of the component vessel segments was absent or
hypoplastic (i.e., having a diameter

measuring less than 1mm). Diameter measurements were
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performed on transverse slices

of the 3-dimensional time-of-flight (3D TOF) MRA data set
for the ACoA, the Al

segments of the ACAs, the PCoAs, and the P1 segments of
the posterior cerebral

arteries (PCAs). The computer software Osiris
(downloadable for free from the World

Wide Web) was used to measure the external diameter of the
vessels, according to the

metric scales placed along the plane of the vessels. These
measurements were done on

multiple images of the circle of each patient.

For classification purposes in this study, segments without
hypoplasia were considered

normal segments. The percentage of complete circle parts
was calculated. Segmental

variations were also studied, performed on cadaveric brains
during autopsy and

performed on living individuals using MRA.

Figure 1

Table 1. The morphology of the circle of Willis (CW).

Anterior part of the CW

Complete Incomplete
MRA study (N = 200) 01(45.5%) 109 (54.5%)
Autopsy study (N = 55) 45(81.8%) 10 (18.2%)
Posterior part of the CW

Complete Incomplete
MRA study (N =200) 21 (10.5%) 179 (89.5%)
Autopsy study (N = 55) 25 (81.8%) 30 (94.5%)
All parts of the CW Antenor part  Postenior part
All parts of the CW

Complete Incomplete
MRA study (N = 200) 14 (7.0%) 186 (93.0%)
Autopsy study (N = 55) 18 (32.7%) 37 (67.3%)
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Figure 2 Figure 4
Fig. 1. Diffusion-weighted MRI showing an acute infarct in Fig. 3. MRA taken 2 hours after the sudden onset of the
the right corona radiata. symptoms revealing that a collateral pathway has developed.

Figure 5

Fig. 4. Image of an incomplete cerebral arterial circle with a
hypoplastic right PCoA (autopsy ) .

Figure 3

Fig. 2. MR angiogram (MRA) shows the right internal
carotid artery (ICA) occlusion.
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Figure 6
Fig. 5. MRA with absent or hypoplastic bilateral PCoAs.

RESULTS AND DISCUSSION

This study illustrates the prevalence of anatomical variations
of the CW, with only 7%

of the individuals studied by MRA and only 33% of the
subjects studied at autopsy

having an entirely complete CW. (Table. 1)

Figure 4 (autopsy study) shows an example of an incomplete
cerebral arterial circle

with a hypoplastic right PCoA and Fig. 5 (MRA study)
shows an example with

absent bilateral PCoAs. The important results of this study is
that only a few brains

examined possessed a normal complete CW.

CASE STUDY

A 66-year-old man was admitted to hospital 1 hours after
suffering weakness of the left

arm and leg, and slurring of speech due to a right-
hemisphere transient ischemic attack

(TIA). On examination the symptoms had completely
resolved and only 2 hours later

there was no weakness or sensory impairment.

Normal cerebral blood flow in humans is approximately
50-60mL/100g of brain tissue

per minute. When flow decreases to less than 10-15mL/100g
per minute, irreversible

tissue damage occurs. Because of extensive collateral blood
flow in the brain, there is

variability in perfusion changes within an ischemic lesion. In
cases of unilateral

absence of the ICA, the collateral circulation is sufficient to
maintain cerebral function

with little or no neurological damage.

The results of the present study were influenced by at least
three factors. Firstly, the

subjects were not age- and sex-matched (the autopsy group
had a mean age of 68.9

years and was 56.4% male, the MRA group had a mean age
61.9 years and was 53.5%

male), secondly, 3D TOF MRA has a lower sensitivity for
detecting low or turbulent

flow and thirdly, the so-called hypoplastic vessels may
change to vessels having a

diameter larger than 1mm over time. This study gives a
snapshot of the circle using the

arbitrary definition of 1lmm as the criterion for
differentiating hypoplastic segments. As

the mean age difference between the autopsy and MRA
subjects was only 7.0 years in

this study, a mismatch in the mean age of these populations
cannot account for the

large differences in the mean diameter of the vessels.

A second important aspect of the present study is related to
the use of 3D TOF MRA in

evaluating the presence of small intracranial arteries. It is
well known that the

sensitivity of 3D TOF MRA decreases when the blood flow
velocity decreases,

therefore the prevalence of complete CW configurations in
the MRA study subjects

may have been underestimated because of the impaired
visualization of functional

communicating vessels [15]. Some vessel segments are
consequently classified as

hypoplastic or absent. As a result, a complete circle of Willis
was only visualized in a

low percentage in the MRA study, relative to the autopsy
study. The symptoms of the

MRA group subjects (n=200) included headache (n=14),
vertigo (n=11), depression

(n=4), and epilepsy (n= 2). Therefore, it remains unclear
whether collateral cross-flow

leads to an overestimation or to an underestimation of the
vessel diameters on MR

angiograms.

Fisher [16] and many others believe that a Imm diameter
may be adequate for an

artery to carry collateral flow to a small territory of the brain.
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Some authors have

criticized this threshold and suggest that the term hypoplasia
should be reserved for

those vessels which cannot supply a collateral flow [17].
The cases in this study were selected from autopsies carried
out on subjects for whom

the apparent cause of death was either natural or traumatic
and it is uncertain whether

the postmortem measurements are similar to those in living
people. Some technical

considerations may minimize the potential sources of error.
The measured diameters of

collapsed vessels may be less precise than, or different from,
the diameters measured

after the removal of the circles and compressing them
between glass plates, subjecting

them to formalin fixation, or using injection techniques.
Macchi et al. [18] in a MRA study of 100 healthy subjects
(involving 50 men and 50

women) found no statistically significant difference in the
frequency of variation

between the two genders. Alpers and Berry [19] reported
that at autopsy only 33% of

brains with cerebral softening demonstrated a normal
configuration of the CW. Riggs

and Rupp [20] investigated brains after autopsy taken from
adults who had shown

evidence of neurological dysfunction before death and
classified 21% of the subjects

as having a normal arterial CW.

There is also some evidence that patients who suffer
ischemic stroke in the anterior

circulation have an even higher incidence of collateral
deficient circle of Willis than

patients with atherosclerotic disease without ischemic
cerebrovascular disease [21].

The percentage of complete circles in living patients with an
ICA obstruction

compared with the autopsy population (as described by
Alpers and Berry [19] and

Riggs and Rupp [20]) is likely due to the use of 3D TOF
MRA and to differences

among the patient populations being studied. Miralles et al.
[22] concluded in their

study that the relative risk of hypoperfusion infarction is
significantly higher in

patients with a non-functioning ACoA. Schomer et al. [23],
however, concluded that

the presence of a large unilateral PCoA was the only feature
that correlated

significantly with the absence of a watershed infarct and that
the role of the PCoA

appears to be more important in preventing cerebral
ischemia.

In patients with bilateral ICA occlusion, the vertebrobasilar
arteries supply a

significantly larger part of the MCA and ACA flow
territories [24]. In functionally

independent patients with symptomatic ICA occlusion, the
middle cerebral artery flow

territory ipsilateral to the occluded ICA is mainly supplied
by the vertebrobasilar

arteries, whereas the anterior cerebral artery flow territory on
the occluded side is

mainly supplied by the contralateral ICA [24]. The variation
in the flow territories of

the contralateral ICA and vertebrobasilar arteries in patients
with unilateral ICA

occlusion is partly caused by differences in the collateral
flow pattern in the circle of

Willis [24]. From this case report and our study of circle of
Willis, we think that the

complete circle of Willis increase collateral blood flow and
shorten the remission time

of the symptoms.

ACKNOWLEDGEMENTS

The authors thank Shiga University of Medical Science for
supporting this project and
permission to publish this article.

References

1. Johnston SC, Gress DR, Browner WS, Sidney S. Short-
term prognosis after emergency department diagnosis of
TIA. JAMA 2000; 284:22: 2901-2906.

2. Kidwell CS, Alger JR, Di Salle F, et al. Diffusion MRI in
patients with transient ischemic attacks. Stroke 1999; 30:
1174-1180.

3. Dallay AF. Thomas Willis 1621-1675. Clin Anat. 2002;
15: 2-3.

4. Feindel W. Soul made flesh: how the secrets of the brain
were uncovered in seventeenth-century England. Brain.
2004; 127: 2373-23717.

5. O’Connor J. Thomas Willis and the background to
Cerebri Anatome. J R Soc Med. 2003; 96: 139-143.

6. Ustun C. Dr. Thomas Willis” famous eponym: the circle
of Willis. Turk J Med Sci, 2004; 34: 271-274.

7. Belenkaia RM. Varianti stroenia arterii osnovania
golovnogo mozga. Voprosi Neirohirurgii 1974; 5: 23-29.
8. Kayembe KNT, Sasahara M, Hazama F. Cerebral
aneurysms and variations in the circle of Willis. Stroke
1984; 15: 846-850.

9. Marinkovic S, Kovaccevic M, Milisavljevic M.

6 of 8



Rapid Resolution Of Symptoms After Transient Ischemic Attack And The Circle Of Willis.

Hypoplasia of the proximal segment of the anterior cerebral
artery. Anat Anz 1989; 168: 145-154.

10. Milisavljevic M, Marinkovic S, Lolic-Draganic V,
Djordjevic L. Anastomoses in the territory of the posterior
cerebral arteries. Acta Anat 1986; 127: 221-225.

11. Kim GE, Cho YP, Lim SM. The anatomy of the circle of
Willis as a predictive factor for intra-operative cerebral
ischemia (shunt need) during carotid endarterectomy. Neurol
Res 2002; 24: 237-240.

12. Mortiz A, Koci G, Steinlechner B, Holzenbein T, Nasel
C, Grubhofer G, Dworschak M. Contralateral stroke during
carotid endarterectomy due to abnormalities in the circle of
Willis. Wien Klin Wochenschr. 2007; 119: 669-673.

13. Stock KW, Wetzel S, Kirsch E, Bongartz G, Steinbrich
W, Radue EW. Anatomic evaluation of the circle of Willis:
MR angiography versus intraarterial digital subtraction
angiography. AINR Am J Neuroradiology 1996; 17:
1495-1499.

14. Patrux B, Laissy JP, Jouini S, Kawiecki W, Coty P,
Thiebot J. Magnetic resonance angiography (MRA) of the
circle of Willis: a prospective comparison with conventional
angiography in 54 subjects. Neuroradiology 1994; 36:
193-197.

15. Krabbe-Hartkamp MJ, van der Grond J, de Leeuw FE, de
Groot JC, Algra A, Hillen B, Breteler MMB, Mali WPTM.
Circle of Willis: morphological variation on MR
angiograms. Radiology 1998; 207: 103-111.

16. Fisher CM. The Circle of Willis: Anatomical Variations.
Vasc Dis 1965; 2: 99-105.

17. Hoksbergen AW, Fulesdi B, Legemate DA, Csiba L.

Collateral configuration of the circle of Willis: transcranial
color-coded duplex ultrasonography and comparison with
postmortem anatomy. Stroke 2000; 31: 1346-1351.

18. Macchi C, Catini C, Federico C, Gulisano M, Pacini P,
Cecchi F, Corcos L, Brizzi E. Magnetic resonance
angiographic evaluation of circulus arteriosus cerebri: a
morphologic study in 100 fuman healthy subjects. Ital J Anat
Embryol 1996; 101: 115-123.

19. Alpers BJ, Berry RG. Circle of Willis in cerebral
vascular disorders. Arch Neurol 1963; 8: 398-402.

20. Riggs HE, Rupp C, Variation in form of circle of Willis.
Arch Neurol 1963; 8: 8-14.

21. Hoksbergen AW, Legemate DA, Csiba L, Csati G, Siro
P, Fulesdi B. Absent collateral function of the circle of
Willis as risk factor for ischemic stroke. Cerebrovasc Dis
2003; 16: 191-198.

22. Miralles M, Dolz JL, Cotillas J, Aldoma J, Santiso MA,
Gimenez A, Capdevila A, Cairols MA. The role of the circle
of Willis in carotid occlusion: assessment with phase
contrast MR angiography and transcranial duplex. Eur J
Vasc Endovask Surg. 1995; 10: 424-430.

23. Schomer DF, Marks MP, Steinberg GK, Johnstone IM,
Boothroyd DB, Ross MR, Pelc NJ, Enzmann DR. The
anatomy of the posterior communicating artery as a risk
factor for ischemic cerebral infarction. N Engl J Med. 1994;
330: 1565-1570.

24. Peter Jan van Laar, Jeroen Hendrikse, Catharina JM,
Jaap Kappelle, Matthias JP, Jeroen Grond. Symptomatic
carotid artery occlusion: flow territories of major brain-
feeding arteries. Radiology 2007; 242: 526-534.

70f8



Rapid Resolution Of Symptoms After Transient Ischemic Attack And The Circle Of Willis.

Author Information
Satoshi Furukawa

Department of Legal Medicine, Shiga University of Medical Science

Akari Takaya
Department of Legal Medicine, Shiga University of Medical Science

Tokiko Nakagawa
Department of Legal Medicine, Shiga University of Medical Science

Ikuo Sakaguchi
Department of Legal Medicine, Shiga University of Medical Science

Katsuji Nishi
Department of Legal Medicine, Shiga University of Medical Science

8of8



