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Commentary

Sensitivity and Prognostic Value of Early CT in Occlusion of the

Middle Cerebral Artery Trunk

Thomas A. Tomsick, Director of Neuroradiology, University of Cincinnati Hospital

Despite recent documentation of the utility of
magnetic resonance (MR) in patients with acute
onset of neurologic deficit caused by acute ische-
mia (1), emergency computed tomography (CT)
remains the diagnostic procedure of choice in
that setting when thrombolysis is being consid-
ered (2). To date CT has been primarily a test of
exclusion: to exclude hemorrhage that would
eliminate anticoagulant therapy or require sur-
gery, and to exclude a disease process mimicking
ischemia (eg, subdural hematoma or tumor).

Early hypodensity on CT has previously been
suggested to predict subsequent hemorrhage (3).
The article by von Kummer et al (4) in this issue
identifies early hypodensity greater than 50% of
the middle cerebral artery distribution and swell-
ing as predictive findings on early CT in the
setting of acute ischemia. Local swelling and
hypodensity, once identified, both have predicted
poor outcome despite treatment with thrombo-
lytic agents in all patients, or glycerol and/or
decompressive craniectomy in selected patients.
Presuming no statistical difference in outcome
between intravenously and intraarterially treated
patients, two conclusions can be drawn from the
study: 1) early CT signs do exist that predict poor
outcome; and 2) the experimental treatment reg-
imen did not open occluded vessels rapidly
enough or completely enough to overcome the
deleterious effects of ischemia on neurologic
function.

The reader may rightly object to conclusion 1,
pointing out that considerable interobserver var-
iability might exist in determining the presence
or absence of local swelling and early hypodensity
greater than 50% of middle cerebral artery distri-
bution. Perhaps the findings should have been
subjected to Kappa analysis before publication of

the manuscript; notwithstanding, the authors re-
joinder that this testing is forthcoming.

A holo-middle cerebral artery distribution in-
farct measures approximately 300 cc and will not
be difficult to estimate. But in a previous study
in which 15 patients had documented middle
cerebral artery occlusion, patients (26%) had in-
farct volumes measured at the cathode-ray ter-
minal console of approximately 50% middle cer-
ebral artery distribution volume (5). How would
they be categorized on the basis of eyeball esti-
mates? Therefore, the adequacy of guesstimation
of 50% middle cerebral artery distribution in-
volvement is suspect.

The hyperdense middle cerebral artery sign
has correlated with a large neurologic deficit in
80% to 90% of individuals but has not attained
statistical significance as a predictor of outcome
in several studies (6, 7). Furthermore, an equal
number of patients may have neurologic deficits
similar to patients with hyperdense middle cere-
bral artery signs, but not exhibit the sign, despite
arteriographically proved middle cerebral artery
occlusion (4, 8). However, it is of interest that the
hyperdense middle cerebral artery sign still may
be the most predictive ultra-early CT sign of a
bad or fatal outcome in von Kummer et al’s study
(CT performed in 120 minutes or less).

The prevalence of the sign within 2 hours,
multiplied by the number of patients with poor
outcome or death with the sign, divided by the
total number with the sign, shows the hyperdense
middle cerebral artery sign may be more predic-
tive than large hypodensity or swelling in the first
2 hours (35% versus 28% and 24%, respec-
tively). When enough time for swelling or hypo-
density to develop is allowed, those signs become
more predictive.
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The author’s definition of the sign may falsely
increase its prevalence in this study: that is, a
“unilateral tubular structure denser than brain in
the basal sylvian fissure.” A loose definition de-
creases the utility of the sign in predicting middle
cerebral artery occlusion (9, 10). The hyperdense
middle cerebral artery sign should indicate a mid-
dle cerebral artery denser than its counterpart
and denser than any visualized vessel of similar
size, not attributable to calcification. The normal
vascular pool of the middle cerebral artery can
appear denser than brain and, therefore, can be
visualized (11).

What insights regarding therapy can be
gleaned from this study? von Kummer reports
generally poor outcomes in many patients despite
therapy. No intravenously administered lytic drug
has been proved to save lives or improve out-
come. A previous study of intravenous tissue
plasminogen activator has shown it to be ineffec-
tive at lysing proximal thrombi yet capable of
opening smaller more distal middle cerebral ar-
tery branches (8). An ongoing double-blind NIH-
sponsored study of intravenous tissue plasmino-
gen activator has randomized over 400 patients
to date, with 200 still to come (T. Brott, personal
communication). A registry of intraarterial throm-
bolytic treatment has been created for the use of
urokinase delivered into middle cerebral artery
thrombus in hopes of rapid enough clot lysis to
allow useful survival and reduce morbidity. Al-
though not randomized, this registry may allow
insights into alteration of the natural history of
the disease process (13-15).

Patients with middle cerebral artery occlusion,
in general, have relatively high stroke scale
scores. In a previous study of patients treated as
rapidly as possible with intravenous tissue plas-
minogen activator without pretreatment arteri-
ography, 17 patients had the hyperdense middle
cerebral artery sign and presumed middle cere-
bral artery occlusion (5). All 17 had NIH stroke
scale scores (a narrower stroke scale score range
than von Kummer et al’s, in which O is normal,
42 maximal deficit) of 10 or greater (15). (A
patient with a stroke scale score of 10 might
exhibit drowsiness, minor facial paresis, no re-
sistance to gravity of the arm and leg, partial
neglect and sensory loss, and mild to moderate
dysarthria and dysphasia). Of 20 patients with
similar stroke scale scores greater than 10, but
not exhibiting the hyperdense middle cerebral
artery sign, 14 posttreatment arteriograms dem-
onstrated nine internal carotid artery occlusions

COMMENTARY 17

and/or occlusions of the M-1 or M-2 segments of
the middle cerebral artery. These 37 patients had
six deaths and mean stroke scale score deficits
at 3 months of approximately 50% of their initial
stroke scale scores, despite treatment with intra-
venous tissue plasminogen activator. This reflects
the clinical shortcomings of intravenous treat-
ment for major vascular occlusion. This may
reflect the arteriographic results after intravenous
treatment reported by Wolpert et al, in which
one-third of M-1 or M-2 segment occlusions par-
tially recanalized with intravenous tissue plasmin-
ogen activator (8).

By the same token, in patients with stroke
scale scores less than 10 (n = 17; range 3-9;
mean = 6.0), none died and the residual neuro-
logic deficit at 3 months was 25% of the initial,
with 50% normal neurologically. Arteriography
in that group showed that none had internal
carotid artery or M-1 or M-2 occlusions within
days after treatment (P < .001). It seems, then,
that patients with relatively low stroke scale
scores may have more distal occlusive changes
and recover fairly well with intravenous tissue
plasminogen activator. The ongoing randomized
study should give us some insight as to whether
they do better than with no treatment. However,
the observation stands that a mean higher stroke
scale scores seems to be associated with internal
carotid artery or M-1 and M-2 occlusive changes
and a greater percent residual neurologic deficit
at three months. Patients with lower stroke scale
scores likely may have less major occlusive dis-
ease and will do better at 3 months.

Arteries recanalize normally, and patients do
improve spontaneously (16-18). A neurologic
deficit at presentation may determine how ag-
gressively we diagnose and treat occlusive dis-
ease. Perhaps we will define a group in which
benefits from intravenous therapy may be suffi-
cient to allow a reasonable recovery without un-
due risk. Similarly, patients with larger deficits
may have a higher likelihood of major occlusive
changes and be less likely to respond to intrave-
nous lytic therapy and may need more than
intravenous thrombolysis. Unfortunately von
Kummer et al do not separate intravenously (n =
46) and intraarterially (n = 7) treated groups, so
we have no insight as to whether they fared
equally poorly when the hypodensity or mass
effect were already present. Perhaps intravenous
therapy will be begun after CT to initiate treat-
ment as rapidly as possible, followed by arteri-
ography. If middle cerebral artery occlusion is
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shown, additional intraarterial thrombolysis can
be instituted. More aggressive thrombus manip-
ulation may ultimately be indicated, as our col-
leagues in cardiology are discovering (19). Under
these circumstances, the neuroradiology team
will have to be involved at a very early clinical
stage to begin the evaluation and treatment as
rapidly as possible. Neuroradiologists on call will
have to be familiar with microcatheter techniques
to achieve intraarterial thrombolytic recanaliza-
tion or clot removal. This will create a major test
for the neuroradiology team and will challenge us
to respond adequately to “brain attacks” in the
Decade of the Brain and beyond. Will it improve
outcomes (20)? Time will tell!
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