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Length of the Anterior Cerebral 
Artery (ACA) on MRI Angiograms
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ABSTRACT
Magnetic Resonance Imaging, by far, has been found to be 
the most sensitive and non-invasive method for detecting 
angiographic images on the circle of Willis. The length of the 
vessels which form part of the circle of Willis is important 
for neurosurgeons while they perform various neurological 
procedures. It also helps the radiologists in interpreting the 
angiographic images in a better way. The length of the vessel 
also affects the haemodynamics of the vessel, thus affecting 
the major role of the circulus arteriosus as an anastomotic 
channel. Though many studies have been conducted on 
cadavers to measure the length of various cerebral vessels, 
not much work has been done on the length of the vessels 
by using modern techniques like MRI. The vessel length in 
the circle of Willis on MRI has not been reported, especially 

in this region of north India. This study was conducted on 120 
normal angiographs which were taken by magnetic resonance 
angiographic techniques. In the results which were obtained 
in the present study, the length of the vessel was found to be 
higher on the left side. The range of the length on the right 
side was 10.4mm - 27.54mm, the mean length being 15.78mm 
± 3.71mm, whereas on the left side, the range of the length 
was 10.6mm - 31.96mm and the mean length was 17.37mm 
± 4.84mm . The present study gave the length of the anterior 
cerebral artery according to the side. In view of this, the length 
which is presented here may provide reference values which are 
specific to the three dimensional time of flight MRI angiography 
and it may be of value in the investigation of other pathologic 
features of the circle of Willis.

INTRODUCTION
The Anterior Cerebral Artery (ACA) on each side of the circle of 
Willis, is a branch of the internal carotid artery. The two ACAs 
complete the circle of Willis anteriorly through an anastomosis 
between them – the anterior communicating artery (A Com A.).  
The surgical nomenclature divides the vessels into three parts;  
A1 – from the termination of the internal carotid artery to the 
junction with the anterior communicating artery; A2 – from the 
junction with the anterior communicating artery to the origin of 
the callosomarginal artery; and A3 – distal to the origin of the 
callosomarginal artery. The A1 segment is also known as the pre-
communicating part of the anterior cerebral artery [1]. 

It is well known that MRI angiography is a sensitive and non-
invasive modality which is suitable for detecting the anatomy of the 
circle of Willis. MRI angiography is said to have 100% sensitivity 
and 100% specificity for the anterior, middle and the posterior 
cerebral arteries. This modality is useful for finding a standard of 
reference for research on the anterior cerebral artery – the focus of 
the present study. The aim of the present study was to find out the 
variations in the length of the anterior cerebral artery in relation to 
the side in the living, on MRI angiograms. 

MATERIAL AND METHODS
This study was conducted on 120 normal angiograms of adult 
patients who underwent the three dimensional time of flight 
Magnetic Resonance Angiography of the circle of Willis at 1.5 
Tesla field strength scanners in the Department of Radiodiagnosis 
and Imaging at Christian Medical College, Ludhiana and at Adesh 
Institute of Medical Sciences And Research, Bathinda, India.

All the angiograms were evaluated at the Radiology Department’s 
workstation, on its maximum intensity projections as well as its 
source images. The A1 segment of the anterior cerebral artery, 
which is one of the components of the circle of Willis, was studied 
for its length. The following two points were marked separately  
for ACA,

•	 at	its	origin	from	the	internal	carotid	artery	(taken	as	point	‘A’),
•	 at	the	proximal	part	of	its	junction	with	the	anterior	communi

cating	artery	(taken	as	point	‘B’).

Then, the lengths of the A1 segment of the anterior cerebral artery 
on the right and left sides were measured between the two points 
(point	‘A’	and	‘B’).	Due	to	the	course	of	the	artery	being	tortuous	
with angulations, the length was measured in segments, which 
were then added and the total length was calculated.

The projections which showed the anterior part of the circle of  
Willis with minimum overlapping were selected for taking mea-
surements.	 The	 cases	 in	 which	 points	 ‘A’	 and	 ‘B’	 at	 which	 the	
measurements were to be taken were not clear, either because 
of overlapping in the projections or because of any other reasons, 
were not included. Also, the cases in which any of the projections 
could not make the entire course of the A1 anterior cerebral artery 
clear, were not included for the study.

MRI ANGIOGRAMS
Measurements of the length of the Anterior Cerebral Artery were 
taken on the right and left sides on the MRI angiograms.
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RESULTS
[Table/Fig-3] the length of the anterior cerebral artery (between 
points	 ‘A’	 and	 ‘B’)	 in	millimeters	 on	 the	MRI	 angiograms	on	 the	
right and left sides in a total of 120 cases. 

On comparison of the right and the left segments, the length 
was found to be more on the left side than on the right side. The 
difference of the length on the two sides was statistically non-
significant.

[Table/Fig-4] (Graph 1): Depicts the comparison of the right and left 
segments for the length of the anterior cerebral artery.

DISCUSSION
Various authors have measured the length of the A1 segment of 
the anterior cerebral artery on cadaveric brains and the values 
which have been given by them have been tabulated below in 
comparison to the values which were obtained in the present 
study which was conducted on MRI angiograms. 

Also, Saeed A et al, in 2011, by using public domain software, 
found the length of the A1 segment to be12.5 + /_ 2.2 mm [9]. 

The lengths of the segments of each of vessels that compose 
the arterial pattern in the circle of Willis are also significant for the 
blood flow in it, besides the fact that this will determine the con-
figuration of the system [10]. The study of the length of the vessels 
is important because it has been verified that the non-linearity of 
the flow characteristics of the vessel segments, to a great extent, 
is caused by their tortuosity and small length, in relation to their 
diameter. The non-linear effects are particularly pronounced in the 
condition of the pathological occlusion of the supplying vessels [11].  
It has also been reported that the large asymmetries in the volume 
flow between the right and left sides is not necessarily caused by 
vascular diseases, but that they may be caused by the variation in 
the anatomy of the circle of Willis [12]. 

The data of this study can provide precise micro-anatomic infor-
mation for the surgical treatment of aneurysms or vascular recon-
structive procedures in the circle of Willis [5]. Also, the anatomic 
parameters of the anterior cerebral artery may be used to plan and 
design devices such as angiographic micro catheters and guides 
which are used in endovascular procedures [13].

An idea of the normal dimensions of this vessel may contribute 
greatly	 to	 the	 surgeons’	 assessment	 of	 the	 feasibility	 of	 ‘shunt	
operations’. Also, it must be emphasized that a wider range of 
information on the size of the considered artery may be useful for 
a better interpretation of the angiographic images and for a deeper 
understanding of the cerebral pathology [4]. Thus, recognizing the 
variations of the anterior cerebral artery during the interpretations 
of cranial angiograms is extremely important [14].

Several factors can account for the variation in these results. Firstly, 
the selected study populations differ (the vessels in the normal 

Author year length on right 
side

length on left 
side

Murray 1964 13.2mm 12.9mm

Kamath 1981 14.7 ± 3.0mm 13.8 ± 2.7mm

Orlandini et al 1985 14.1 ± 2.7mm 13.6 ± 2.8mm

Gomes et al 1986 15.0 ± 7.6mm 15.0 ± 7.3mm

Pai et al 2005 14.6mm 14.5mm

Mandiola et al 2007 12.86 ± 1.58mm 12.6 ± 1.96mm

Present study 2008 15.78 ± 3.71mm 17.37 ± 4.84mm

Krishnamurthy A 2010 14.49 ± 0.28mm 14.22 ± 0.22mm

[Table/Fig-5]: Comparison of results in present study with observation 
by various authors.

[Table/Fig-1]: Measurements of the length of the Anterior Cerebral 
Artery were taken on the right side on the MRI angiogram.

[Table/Fig-2]: Measurements of the length of the Anterior Cerebral 
Artery were taken on the left side on the MRI angiograms.

right left

p-value t-valueMean Sd SeM Cv Mean Sd SeM Cv

15.78 3.71 0.52 23.5 17.37 4.84 0.68 27.9 0.07 1.85

[Table/Fig-3]: Length	of	anterior	cerebral	artery	(between	points	‘A’	and	
‘B’)	 in	millimeters	on	MRI	angiograms	on	 right	and	 left	 sides	 in	 total	of	
120 cases. 

[Table/Fig-4]: depicts the comparison of Right and Left segment for 
length of anterior cerebral artery.
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brains, as compared to the vessels in the brains with evidence of 
neurovascular disease). Secondly, the methods and techniques of 
the examination differ (anatomic dissection vs conventional contrast 
material enhanced angiography vs phase contrast or time of flight 
angiography). Thirdly, the investigators use a set of criteria to define 
a normal or complete circle of Willis. The specific condition of a 
selective patient population may also contribute to the variability. 

Although the time of the flight MRI angiography has demonstrated 
a high sensitivity for the detection of the circle of Willis vessels, the 
technique does have its limitations, such as difficulties in depicting 
the small vessels with slow or turbulent flow. The signal intensity 
of blood flow within a vessel is dependent on the replenishment 
of fully magnetized spins as they enter the imaging section for a 
maximum flow effect in the time of flight MRI angiography. The 
sensitivity of the three dimensional time of flight MRI angiography 
for the detection of small communicating vessels, improves with 
the flow through these vessels, as the flow velocity improves the 
signal intensity. Non-visualization of the vessels on the time of flight 
MRI angiograms can be due to any slow or negligible flow within a 
patent vessel or due to the true absence of the vessel [15].

The present study gives the length of the anterior cerebral artery 
and its difference according to side and sex. In view of this, the 
length which has been presented here may provide reference 
values which are specific to the three dimensional time of flight MRI 
angiography and it may be of value in studies in which the three-
dimensional time of flight MRI angiography is used to investigate 
other pathologic features of the circle of Willis. 
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