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PURPOSE: To evaluate the middle cerebral artery (MCA) on CT, including its relationship to 

cerebral infarction. METHODS: Thirteen patients with either a unilateral or bilateral hyperdense 

M 1 segment of the MCA were evaluated. History of hypertension, diabetes, and hematocrit were 

obtained and compared with a control group of patients without a hyperdense MCA. RESULTS: 

None of the patients had a unilateral hyperdense MCA ipsilateral to a clin ically identifiable stroke. 

Patients with a hyperdense MCA had a statistically higher hematocrit and also a higher prevalence 

of hypertension and diabetes mellitus than patients without a hyperdense MCA. The higher 

hematocrit may have increased the density of the blood, while both diabetes and hypertension are 

associated with calcification within blood vessel walls . CONCLUSION: A hyperdense MCA is not 

a reliable indicator of occlusion of this vessel or subsequent infarction. 

Index terms: Arteries, cerebral, middle (MCA); Arteries , abnormalities and anomalies; Arteries, 

computed tomography; Brain , infarction 
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Early diagnosis of stroke is important to clini
cians who wish to manage patients optimally 
through the first stages of this neurologic illness. 
Using computed tomography (CT) images ob
tained early in the course of suspected stroke, 
one can usually rule out other competing diag
noses, such as intraparenchymal hemorrhage, 
subdural hematoma, subarachnoid hemorrhage, 
neoplasm, or abscess. However, the typical CT 
changes in brain tissue associated with stroke are 
not visible for 24 to 48 hours or more beyond 
the onset of symptoms (1, 2). 

In an effort to find a visual CT correlate with 
early cerebral infarction, a number of authors 
have looked at hyperacute findings in stroke (3-
13). One of the hyperacute changes frequently 
described is an increase in the density within the 
occluded vessel. The earliest report, by Y ock et 
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al, was limited to punctate foci of extremely high 
density within the involved vessel. This was felt 
to represent calcified embolic material that had 
lodged within the occluded vessel. Subsequent 
articles have used the term hyperdense vessel to 
mean a vessel that appears more dense than it 
should be. These hyperdense vessels have been 
found in patients with acute vessel occlusion and 
have been thought to be associated with a clot 
within the visualized vessel. 

The cerebral vessel that has most frequently 
been associated with this hyperdense vessel sign 
is the middle cerebral artery (MCA). This probably 
reflects both that occlusion of this vessel is almost 
never silent (owing to the clinical importance of 
the region of the brain this vessel supplies) and 
that the M 1 segment of this vessel is typically 
visible over a long portion of its course on a single 
CT image. This latter fact results in a striking 
image of a dense vessel appearing in a hemi
sphere that is known to be ischemic. At times 
the ipsilateral hemisphere may become hypo
dense due to the ischemia. The presence of 
increased density on CT within a cerebral vessel 
(and especially the MCA) has been described in 
patients with angiographically proved occlusion 
by either thrombosis or embolization (11). These 
studies have reported an incidence of observation 
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of hyperdense MCAs ranging between 1% (3) and 
50% (1 0) in subjects with clinically acute MCA 
distribution infarction. 

If finding a hyperdense vessel is to be helpful, 
it is important to understand whether false posi
tive cases exist and attempt to understand the 
cause of these false positives. This study was 
initiated because of the relatively high frequency 
at which hyperdense vessels (particularly the 
MCA) are observed on noncontrast CT scans at 
our institution in the absence of clinical evidence 
of MCA occlusion. For the purpose of this study, 
a hyperdense vessel was defined as a vessel that 
appeared more dense that it "should," specifically 
more dense than the adjacent brain on CT. While 
this manuscript was in preparation, Tomsick et 
a! defined a hyperdense MCA as a vessel that is 
more dense that the MCA on the other side or 
more dense than the vascular sinuses (14). This 
definition will be addressed in the Discussion. 

Materials and Methods 

The noncontrast CT scans of 375 patients referred to 
the radiology department over a 1-month period were 
prospectively evaluated for the presence of a hyperdense 
MCA. The portion of the MCA chosen was the region that 
corresponded to the angiographic M 1 segment of the vessel 
(see Fig. 1 ). CT section thickness was 8 to 10 mm. All 
images were viewed at standard brain window settings. 
Scans were performed on a Philips Tomoscan 60/ TX CT 
scanner (Philips, Shelton , CT), a Siemans DR 3 CT scanner 
(Siemans, Erlanger, Germany), or a GE 8800 CT scanner 
(General Electric, Milwaukee, WI) at one of our two insti
tutions and were initially evaluated by one of four neuro
radiologists. 

A hyperdense artery was defined as a vessel that was 
more dense than the adjacent brain tissue using the adja
cent temporal and frontal lobes for comparison (Figs. 1 
and 2). A ll hyperdense vessels initially identified were 
reviewed by at least three of the neuroradiologists and only 
those vessels that were definitely hyperdense to brain were 
accepted in the study group. 

Clinical data, including the reason for referral of the 
patient to the CT scanner , the possibility of MCA infarction 
accounting for the clinical symptoms, the clinical diagnosis 
on follow-up examination, hematocrit at the time of the 
CT scan, and previous history of hypertension and diabetes 
mellitus were recorded for each patient with a hyperdense 
MCA. A control group of 75 patients referred for CT during 
this same period but who did not have a hyperdense MCA 
was used to compare hematocrit and prevalence of hyper
tension and diabetes mellitus. 

Results 

Thirteen patients were found who had at least 
one hyperdense MCA. Seven patients had bilat-
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Fig. 1. Patient 12. Noncontrast CT scan through the region of 
the circle of Willis. The M 1 segment of each MCA is more dense 
than the adjacent brain (arrows). 

Fig. 2. Patient 5. Noncontrast CT scan through the region of 
the circle of Willis. The MCA on the right is hyperdense (arrow) . 

erally hyperdense MCAs; six patients had unilat
erally hyperdense MCAs (three on the right and 
three on the left). The mean age of this group 
was 52.8 years with a range of 7 to 74 years. Ten 
of the 13 patients with a hyperdense MCA had a 
basilar artery that also appeared hyperdense. Of 
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these 13 patients with a hyperdense MCA, 12 
had either an opposite hyperdense MCA or a 
hyperdense basilar artery. One patient had only 
a unilateral hyperdense MCA without a hyper
dense basilar artery. 

The control group consisted of 75 patients 
each with noncontrast CT scans that did not show 
evidence of a hyperdense MCA. They had a mean 
age of 48.5 years (range, newborn to 95 years) . 
There was no statistically significant difference 
between the ages of these patients and those with 
hyperdense MCAs. 

Of the 13 patients with a hyperdense MCA, 
five had no history even vaguely suggesting a 
cerebral infarct (see Table 1) and none of these 
five developed infarcts in the days following the 
initial CT scan. Two patients had altered mental 
status and one had dizziness. On follow-up ex
amination, these three patients were shown to 
have a metabolic alkalosis and a hyperosmolar 
state causing mental status change, multiple con
tusions causing mental status change, and a cer
ebellar hematoma causing dizziness, respectively . 
Of the five remaining patients, two had hyper
dense MCAs identified in the cerebral hemisphere 
opposite the side of the confirmed MCA strokes. 
One patient with bilaterally hyperdense MCAs 
had transient ischemic attack symptoms of one 
hemisphere and an old stroke in the opposite 
hemisphere. The final two patients had bilaterally 
hyperdense MCAs and confirmed acute unilateral 
MCA distribution infarcts. 

Of the 13 patients with hyperdense MCAs, 10 
had documented hypertension (77 %); three did 
not. The control group had 60 patients with 
medical records adequate to confirm a history of 

TABLE 1: Patients with hyperdense MCAs 

Patien t Side of Presenting Symptoms 

No. Hyperdense 

MCA 

I Left Headache 

2 Bilateral Aphasia , right weakness 

3 Right Aphasia 

4 Bilateral Headache, dizzy 

5 Right Mental status change, 

trauma 

6 Bilatera l Left body tingling 

7 Bi latera l Right body weak 

8 Bilateral A ltered mental status 

9 Left V / P shunt malfunct ion 

10 Right Right body weak 

II Bilateral Headache 

12 Bilateral Trauma 

13 Left Depression 
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hypertension or diabetes. Thirteen of the control 
subjects had hypertension (22%). This difference 
in the prevalence of hypertension was significant 
(p < .01 , using a two-tailed Student t test) . Six 
of the patients having a hyperdense MCA had 
diabetes mellitus ( 46% ). This compares with 11 
out of the 60 control patients who had diabetes 
(18 % ). This difference was also statistically sig
nificant (P < .05, using a two-tailed Student t 
test) . 

Of the patients with hyperdense MCAs, 11 had 
a hematocrits drawn within 7 days of the CT 
scan . The mean hematocrit was 43.5% with a 
range of 36.4% to 52.0 % . Of the control group, 
65 had hematocrits available within 7 days of the 
CT scan. These patients had m ean hematocrits 
of 38.8% with a range of 21.0% to 51.9%. This 
was significantly less than the patients with hy
perdense MCAs (P < .05, using a two-tailed 
paired Student t test) . 

Discussion 

Early positive identification of a clinically sus
pected disease is preferable to making a diagnosis 
by exclusion . This is true in cerebral infarction at 
present, and may become even more important 
if better therapeutic mechanisms are developed 
for treating the occluded vessel that has caused 
the stroke. Interest in the hyperdense MCA as an 
early sign of vascular occlusion has been raised 
by a number of authors who have shown that a 
hyperdense MCA may be present in early MCA 
infarction secondary to thrombosis (3, 12), em
bolism (13) , and subintimal hemorrhage (6). How
ever , the specificity of the sign has not been well 

Vessel Possibly Final 

Involved Diagnosis 

Clinically 

None No stroke 

Left MCA Left MCA stroke 

Left MCA Left MCA stroke 

? VB Cerebellar hematoma 

? VB Multiple contusions 

Right MCA T IA, no stroke 

Left MCA Left MCA stroke 

? VB Alka losis, no stroke 

None No stroke 

Left MCA Left MCA stroke 

None No stroke 

None No stroke 

None No stroke 

Note.-V / P = ventriculoperitoneal; T IA = transient ischemic attack; VB = vertebral basilar. 
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documented. The present study was designed to 
examine the clinical significance of a hyperdense 
MCA as identified on noncontrast CT scans as it 
related to evidence of an ipsilateral MCA infarct. 

Studies that observed hyperdense MCAs in 
patients with known MCA infarcts noted that for 
the vessel to appear hyperdense the vessel gen
erally has to be totally occluded by a clot. Such 
a total occlusion of the MCA would almost cer
tainly be accompanied by the clinical manifesta
tions of MCA infarction. Appropriate neurologic 
symptoms should be present at the time the 
hyperdense MCA was visible, if, in fact , the hy
perdense appearance of the vessel was due to 
occlusion of that vessel. Based on this assump
tion, the clinical record of patients with hyper
dense MCAs was evaluated for clinical evidence 
of MCA distribution infarction. 

The data presented in Table 1 and in the 
Results section showed that no patient had a 
unilateral hyperdense MCA ipsilateral to an MCA 
stroke. There were three patients with bilaterally 
dense MCA infarcts and unilateral MCA acute 
strokes or transient ischemic attack symptoms. 
There were also two patients with unilateral hy
perdense MCAs and opposite-side MCA infarcts. 
Thus in our series, we did not find a hyperdense 
MCA to be predictive of MCA occlusion. 

We found that the hyperdense MCA was not 
specific for MCA occlusion, but we were not able 
to confirm the cause of the hyperdense MCA 
appearance on CT. There are at least three pos
sible causes for the MCA to appear hyperdense 
when compared with the adjacent brain: 1) the 
contents of the vessel could be hyperdense when 
compared with the adjacent brain, 2) the walls of 
the vessel could be hyperdense, and 3) the brain 
could be hypodense, making the normally dense 
vessel appear hyperdense by comparison. Re
garding the first hypothesis, there are several 
conditions that could cause the vessel contents 
to have increased density, including a clot within 
the vessel , polycythemia, and increased serum 
density. The possibility that the increased density 
could be due to a clot was discussed above and, 
at least in the group of patients studied here, 
rejected . 

We did find that there was a significant differ
ence between the hematocrit in patients with 
hyperdense MCAs and patients without hyper
dense MCAs. However, there was a great deal of 
overlap in the hematocrit of patients with and 
without hyperdense MCAs, and many patients 
with a high hematocrit did not have hyperdense 

AJNR: 14, May/ June 1993 

MCAs. Furthermore, none of the patients was 
found to have true polycythemia. It was noted 
that no patient with a hematocrit below 36% had 
a hyperdense MCAs. These data might allow one 
to speculate that a higher hematocrit may con
tribute to the appearance of hyperdense MCAs 
and that in cases of significant anemia the MCAs 
are less likely to appear hyperdense. This is to be 
expected, because a higher hematocrit, with the 
attendant increase in both iron and protein within 
the vessel, might be expected to cause the blood 
to be more dense than blood with a lower hem
atocrit. 

Another cause of increased blood density could 
be administration of some contrast agent such as 
iodine or xenon. All records were carefully 
checked to exclude the use of contrast agents in 
our patients. Patient ingestion of other substances 
might also act to raise the blood density. A recent 
report of a patient with hyperdense MCAs follow
ing cocaine abuse (15) shows that patients may 
take substances that can potentially alter serum 
density. Toxicology screens were not available 
for our patients but there was no evidence to 
suggest cocaine use in the clinical histories avail
able. 

Mural calcification certainly could increase the 
density of the walls of the vessel. Heavily calcified 
vessel walls should appear as tram track-like 
densities, clearly distinct from a typical uniform 
hyperdense vessel. Potentially, however, fine mu
ral microcalcifications might simply give the ves
sel a more uniform hyperdense appearance. In
asmuch as both hypertension and diabetes mel
litus have been implicated as a cause of vascular 
calcification, the prevalence of these diseases was 
compared in the patients with and without hy
perdense MCAs. There was a statistically signifi
cantly higher prevalence of hypertension in pa
tients with hyperdense MCAs (77 %) compared 
with those without hyperdense MCAs (22% ). The 
incidence of diabetes was also statistically signif
icantly higher in patients with hyperdense MCAs 
(46 %) than in those without hyperdense MCAs 
(18% ). This correlation tended to support our 
belief that some of the hyperdense MCAs might 
have appeared hyperdense because of vascular 
calcification. However, not all patients with hy
perdense MCAs had diabetes or hypertension, so 
calcification may not be the cause of hyperdense 
MCAs in all cases. 

One must consider the possibility that the MCA 
appears hyperdense because the brain is hypo
dense. If there was an infarct involving the adja-
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cent brain tissue, the brain might appear less 
dense. This might make the adjacent normally 
dense MCA appear hyperdense by comparison. 
However, as noted above, the patients in the 
present study with hyperdense MCAs did not 
have associated strokes to cause the brains to 
appear less dense. In addition, the observers were 
instructed to compare carefully the density of the 
MCA with brain tissue in several regions of the 
brain, not just with the nearby temporal lobe. 
Conceivably, simple atrophy might make the 
MCA stand out in relief because the vessel would 
then be surrounded more completely by cerebro
spinal fluid than in brains without atrophy. How
ever, each vessel was carefully compared with 
the density of brain to assure that the hyperdense 
vessel was truly more dense than the cerebrum. 

Hyperdense vessels are seen from time to time 
in patients with acute occlusion. There are also 
cases in which serial scans are available that show 
the appearance and disappearance of a hyper
dense vessel over time as the clot lyses and the 
vessel is recannualized. Recently, a more rigid 
definition of a hyperdense MCA has been pro
posed, requiring that the vessel appear not only 
brighter than adjacent brain , but also brighter 
than other intracerebral vessels (14) . The most 
likely causes for hyperdense vessels in our patient 
population generally affect all vessels, and, ac
cordingly, we did find that a number of patients 
had multiple vessels that were hyperdense . How
ever, even by this more rigid criterion, one patient 
in our series had a hyperdense MCA (without 
other hyperdense vessels) and eight of the re
maining 12 either had basilar or opposite MCAs 
that did not appear hyperdense. We feel that this 
reinforces the importance of considering causes 
other than occlusion when one observes a hyper
dense vessel. 

In summary, an occluded vessel, particularly 
one occluded by a calcified thrombus or embolus, 
can appear hyperdense on CT. The purpose of 
this study was to show that there may be causes 
other than occlusion for the MCA to appear very 
dense. In our patient population, there were sta-
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tistically significant differences between groups 
of patients with and without hyperdense MCAs 
in terms of hematocrit and history of hyperten
sion and diabetes. 
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