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ABSTRACT 

The purpose of this study was to determine whether 5-mm axial CT images can sufficiently depict the hyperdense mid-
dle cerebral artery (MCA) sign in patients with acute brain ischemia. Materials and Methods: A retrospective review 
of 92 cases of ischemic brain infarction confirmed nine patients showing hyperdense MCA signs. CT images were ac-
quired on a 64-slice helical scanner. Images were reconstructed into contiguous 5-mm axial, coronal and sagittal data-
sets. The first CT scan images of the patients with hyperdense MCA signs and an equal number of CT scans without 
hyperdense MCA signs inserted at random were analyzed in a blinded review. The presence of the hyperdense MCA 
sign in M1 segments was recorded. Round regions of interest (ROI) were placed over the M1 segments of the MCAs 
and the attenuation values in Hounsfield units (HU) were measured on the sagittal and axial images. Results: Nine pa-
tients showed a hyperdense MCA sign. They consisted of 4 male and 5 female (mean age, 74.3 years; age range, 45 - 88 
years). On the blinded review, hyperdense MCA signs were detected on axial images in 7 patients. In four of the 7 pa-
tients, the hyperdense MCA sign was more conspicuous on sagittal images than that on axial images. Hyperdense MCA 
sign was detected on sagittal images of all 9 patients and exclusive to the sagittal images in two patients. The ROI study 
showed higher attenuation for the affected MCA on sagittal images (46 - 65 HU) than that on axial images (36 - 54 HU). 
Conclusion: In patients with acute brain ischemia, 5-mm axial CT images cannot sufficiently depict the hyperdense 
MCA sign. Sagittal images may be superior to axial images for identifying the sign. 
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1. Introduction cates further improvement in image quality and reduction 
of image artifacts if the number of detectors in the CT 
system is increased [9]. Furthermore, the MDCT allows 
some advantages in multiplaner reformation (MPR), 
maximum intensity projection (MIP), volume-rendered 
reconstruction, and three-dimensional reconstruction 
(3D) [10]. In our hospital, we usually use these new tech- 
niques for all head CT examinations as standard, espe- 
cially when making MPR views for evaluations, even for 
patients coming to the emergency room. Sometimes we 
notice that we can find the hyperdense MCA sign more 
easily in sagittal views than axial views. 

Over the last three decades, the hyperdense middle cere- 
bral artery (MCA) sign has been confirmed as an indica- 
tor of acute ischemic change [1-4]. This sign is not only 
useful in the diagnosis of MCA occlusion, but also as a 
predictor of prognosis and treatment [2-6].  

Since the development of multirow-detector CT (MDCT), 
the advantages of helical acquisition modality and multi- 
row-detector technology have increased, for example, 
higher image quality, reduced irradiation and shortened 
acquisition time [7,8]. There is also literature that indi- 
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To date, there are no systematic studies investigating 
the usefulness of sagittal CT images for identifying the 
hyperdense MCA sign in stroke patients. So we investi- 
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gated whether sagittal CT images are more useful for 
identifying the hyperdense MCA sign in acute ischemic 
patients than axial CT images. 

2. Materials and Methods 

2.1. Patient Selection 

We retrospectively reviewed the records of 266 consecu- 
tive patients who were admitted to our institute because 
of clinical symptoms of ischemic brain infarction from 
June 1, 2007, to August 31, 2009. Records were com- 
piled from our hospital’s database. Next, we obtained the 
histories of these 266 patients from the medical records. 
Nonenhanced CT images were available for 251 of the 
266 patients. The histories of these 251 patients were 
reviewed for compliance with both of the following in- 
clusion criteria: (a) the first CT scan was obtained within 
24 hours after onset of symptoms, (b) the final clinical 
diagnosis of acute cerebral infarction was confirmed by 
follow-up CT scan or MRI. The histories of 92 of the 251 
patients satisfied these criteria. These 92 patients include 
60 male (65.2%) and 32 female (34.8%); aged 29 - 93 
years, mean age 70.5 years. 

The first CT scans of the 92 selected patients were re- 
evaluated for the presence of a hyperdense MCA sign by 
two board certified radiologists in consensus. The pres- 
ence of a hyperdense MCA sign was defined using the 
following criteria: (a) appearance of partial or diffuse 
higher density in M1 segment of the MCA than other 
vascular structures on the first nonenhanced CT scan, (b) 
clinical symptoms of infarction in the corresponding 
MCA territory, (c) disappearance of a unilateral hyper- 
dense MCA on the follow-up nonenhanced CT scan. All 
three orthogonal datasets were evaluated in this evalua-
tion. The hyperdense MCA sign was confirmed in nine of 
the 92 patients (9.8%).  

Nine patients with hyperdense MCA sign consisted of 
4 men and 5 females (aged 45 - 88 years, mean age 74.3 
years). The remaining 83 patients did not show the hy- 
perdense MCA sign despite including clear cases of 
atherothrombotic infarction, lacunar infarction, branch 
atheromatous disease, infarction in the posterior circula- 
tion territory, and cardioembolic ICA occlusion or car- 
dioembolic MCA occlusion. The histories of the nine 
patients revealed that; 7 patients had atrial fibrillation 
(77.7%), three cerebral infarction (33.3%), three diabetes 
(33.3%), one hypertension (11.1%), one atrioventricular 
block post pacemaker operation (11.1%), and one sick 
sinus syndrome post pacemaker operation (11.1%). 
Seven of the 9 patients were hemiplegic at onset, and the 
remaining two patients were unconscious. 

Six of the 9 patients had MRA examinations within 24 
hours following the first CT scan. MRA confirmed MCA 
occlusion in 3 cases and internal carotid artery (ICA) 

occlusion in 3 cases corresponding to the hyperdense 
MCA signs. Two of the 9 patients had a conventional 
angiography within 3 hours following the first CT scan. 
Conventional angiography confirmed MCA occlusion in 
one case and ICA occlusion in the other case corre- 
sponding to hyperdense MCA sign. One of the nine pa- 
tients did not undergo MRA or conventional angiogra- 
phy.  

2.2. Scanning Procedure 

CT images were acquired on a 64-slice helical scanner 
(Aquilion, Toshiba medical systems, Otawara, Japan) 
using our standard protocol for the brain in the adults: 
helical scanning, 120-kV, 300-mAs, 1s rotation time, 64 
× 0.5 mm collimation, 0.641 pitch factor, field of view 
22.03 cm, matrix 512 × 512. Images were reconstructed 
into contiguous 5-mm axial, coronal and sagittal datasets 
as part of routine clinical care. The window width and 
window level were fixed as 90HU and 40HU respect- 
tively in all image evaluation. All images were reviewed 
using a Rapid-eye viewer system (Toshiba medical sys- 
tems, Otawara, Japan). 

2.3. Blind Review 

The first CT scans of the nine patients with confirmed 
hyperdense MCA signs were added to an equivalent 
number of CT scans without hyperdense MCA signs, 
inserted in random order. This enriched study set was 
divided into axial, coronal and sagittal images and ana- 
lyzed separately by two radiologists in consensus. This 
review was performed by two different radiologists who 
had no access to the results of patient selection. Axial 
images were reviewed first, followed by separate reviews 
of the coronal and sagittal images. The two readers were 
blinded to the results of each other image series. So when 
reading the sagittal images the readers were blinded to 
the results of the axial and coronal series. Consensus was 
always achieved. The presence of any hyperdense MCA 
sign was recorded. The hyperdense MCA sign was 
evaluated according to three categories, No hyperdense 
MCA sign (−); a probable MCA sign (+); and a definite 
MCA sign (++).  

2.4. Region of Interest Analysis 

Measurements were taken on a Rapid-eye viewer system. 
Round regions of interest (ROI) of 2 mm2 were placed 
over the M1 segments of MCAs and the attenuation val- 
ues in Hounsfield units (HU) were measured. The ROIs 
were taken on the sagittal and axial images. Care was 
taken in particular to ensure that the boundaries of ROI 
did not extend beyond the merging of the arteries. The 
densest segments of the visualized arteries were meas- 
ured to minimize the partial volume effect. All measure- 
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ments were made by two radiologists in consensus. Sta- 
tistical analyses were conducted using paired t test. 

(77.8%) patients, on coronal images in 6 (66.7%) patients, 
and on sagittal images in all 9 (100%) patients. In four of 
the 7 patients (71.4%), the hyperdense MCA sign was 
more conspicuous on sagittal images than on axial im- 
ages. Hyperdense MCA signs were detected exclusively 
on sagittal images in two of the 9 patients (22.2%) (Fig- 
ure 1). There were no false-positive cases. (No hyper- 
dense MCA sign was detected on any of the CT images  

The Institutional Review Board approved the study 
(IRB #: 2010-017). 

3. Results 

On the blind review (see Table 1), we confirmed the pre- 
sence of hyperdense MCA sign on axial images in 7  
 

    

       

Figure 1. MRA proven right MCA occlusion. The patient has a past history of right MCA territory infarction. The right 
parasagittal image 14 hours after the onset (A) shows hyperdense MCA sign (MCA sign +); Left parasagittal image (B); axial 
image (C); and coronal image (D) show no hyperdense MCA sign (MCA sign –); The right parasagittal image 11 hours later 
(E) shows the disappearance of the hyperdense MCA sign. 
 

Table 1. Summary of cases with hyperdense MCA sign. 

 Vascular image & Occluded artery Mean HU of ROI   Mean HU of ROI  

Case# Coronal Axial Sagittal MRA DSA Axial Images Sagittal Images 

1 – – + Lt. ICA ND 40/36 53/41 

2 – – + Rt. MCA ND 36/37 46/38 

3 – + + Rt. MCA ND 42/33 51/38 

4 + + + Rt. ICA ND 54/43 65/31 

5 + + + Rt. MCA ND 52/42 49/45 

6 + + ++ Rt. ICA ND 49/34 51/39 

7 + + ++ ND Lt. ICA 45/30 54/36 

8 + + ++ ND Lt. MCA 42/34 64/36 

9 + + ++ ND ND 45/40 52/41 

–: no HDMCA sign, +: probable HDMCA sign, ++: definite HDMCA sign, ND: not done, MRA: magnetic resonance angiography, DSA: digital subtraction 
angiography, Lt.: left, Rt.: right, ICA: internal carotid artery, MCA: middle cerebral artery, HU: Hounsfield unit, ROI: region of interest.  
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without hyperdense MCA signs that were inserted into 
the blind studies).  

Affected MCAs on axial images had a mean attenua- 
tion ranging 36 - 54 HU versus 30 - 43 HU for unaf- 
fected vessels. Consequently attenuation values for the 
occluded vessels and those not occluded overlapped 
significantly (between 36 - 43 HU). While on sagittal 
images affected MCAs had a mean attenuation ranging 
46 - 65 HU versus 31 - 45 HU for unaffected vessels. 
There was no overlap in attenuation values for occluded 
vessels with those not occluded (Figure 2). The mean 
attenuation of affected MCAs was significantly higher on 
sagittal images than on axial images (p < 0.005). There 
was no significant difference between the mean attenua- 
tion of unaffected MCAs on sagittal images and axial 
images (p = 0.36). 

4. Discussion 

Some papers describe a “MCA dot sign” as a hyperden- 
sity in the M2 and M3 segments of the MCA seen in the 
sylvian fissure on axial images [11,12]. Another report 
verified the validation of this sign with an angiographic 
correlation study [13]. The dot sign is a highly specific 
indicator of acute thrombus, and a useful additional acute 
stroke CT marker. The occluded M2 and M3 segments 
lie perpendicular to the axial plane. We think it important 
that the occluded vessel is viewed in cross section to re- 
duce the partial volume effect. All of our cases had the 
hyperdense MCA sign in the M1 segment of the middle 
cerebral artery which runs horizontally, perpendicular to 
the sagittal view. So we see the hyperdense MCA sign as 
a “dot sign” on sagittal views. We think this explains the 
difference in the incidence of the hyperdense MCA sign 
on sagittal and axial slices.  

There is a problem of false positive results [14]. An 
increased hematocrit, residual contrast medium from 
previous examinations and partial volume averaging ar- 
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