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Effectiveness of Contrast

Regimens in CT Detection
of Vascular Malformations
of the Brain

Forty-three patients with cerebral vascular malformation were studied with precon-
trast, immediate contrast, and 1 hr delayed high dose contrast computed tomography
(CT) scans. The precontrast scans were abnormal in 81% of patients. The delayed high
dose scans demonstrated one angiographically occult, thrombosed arteriovenous
malformation not seen on pre- or immediate contrast scans, four cases with additional
zones of encapsulated hemorrhage or infarction not seen on pre- orimmediate contrast
CT, and two cases of venous angiomas seen on immediate contrast scans but not on
delayed high dose scans. In 50% of patients, large vessels surrounding the malforma-
tion faded on the delayed dose scans which were less specific for vascular malformation
than immediate contrast CT. We conclude that: (1) delayed high dose scans offer no
significant advantage in patients with symptoms suggesting vascular malformation of
the brain; and (2) while less specific than immediate contrast CT, these scans do not
preclude detection of vascular malformations of the brain. Therefore, delayed high
dose CT can be used in patients with suspected blood-brain barrier lesions without
fear of missing vascular malformations.

Contrast enhanced CT is used routinely to screen patients with suspected
vascular malformations of the brain. The administration of contrast material has
not been standardized, and there are considerable differences in the plasma
iodine levels produced by different infusion techniques [1-3; Hayman LA, Hulse
M, Feldman S, unpublished data]. We compared the diagnostic quality of scans
immediately after administration of contrast media with 1 hr delayed high dose
contrast scans in 43 patients with cerebrovascular malformations to determine if
delayed high dose scans could be used as a screening procedure without fear of
missing vascular malformations.

Material and Methods

A prospective study was performed on 39 patients ranging in age from 10 months to 60
years with subsequently surgically or angiographically proven vascular malformations of
the brain, and four patients in a family with subsequently surgically proven autosomally
dominant, cavernous angiomas of the brain [Hayman LA, Evans RA, Ferrell RE, Fahr LM,
Ostrow P, Riccardi VM, unpublished data]. Eight patients had venous angiomas, 29 had 32
arteriovenous malformations, five had 12 cavernous angiomas, and one had Sturge-Weber
syndrome. Five cases had acute hemorrhage and none had previous surgery. In 38
patients, the malformations were supratentorial; in five, subtentorial.

A precontrast CT scan was obtained in all patients. About 80 g iodinated contrast
material was infused into the 42 adult and adolescent patients; 1 g iodine/kg was infused
into the infant. Two infusion techniques were used in the adults. in 27 patients, the first half
of the contrast material (about 300 ml Reno-M-Dip, ER Squibb) was given over 5 min, and
scans were obtained during a rapid drip of the remaining half of contrast material (about
300 ml). In another 15 patients, half the iodinated contrast media (100 ml Conray 400,
Mallinckrodt) was infused rapidly and the scan was performed. Within 15 min after the first
infusion, a second injection of iodinated contrast media (300 ml Hypaque, Winthrop) was
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given by rapid drip. All 43 patients had CT scanning repeated at 1
hr, delayed high dose scan. EMI 1010, ASE 5005, or GE 8800
scanners were used. The same unit was used for all scans on a
given patient. Films were obtained at identical window settings to
allow visual comparison of the pre-, immediate, and delayed high
dose contrast scans.

Results

The precontrast scan was used to divide the patients into
two groups: 35 patients with abnormal (group A) and eight
with normal scans (group B) (table 1). Abnormalities in
group A included acute hematoma (5), calcification (14),
focal low density (4), polyurethane spheres (1), ‘‘blood
pool’’ density (11). “‘Blood pool’’ density was also seen in
most cases of hematoma, calcification, or focal low densi-
ties. The immediate contrast scans in each group were
compared with the delayed high dose scans. Five categories
were used: (1) both immediate contrast and delayed high
dose scans falsely negative—3 cases (fig. 1); (2) abnor-
malities on delayed scans not seen on immediate contrast
scans—5 cases (figs. 2 and 3); (3) fading of the malforma-
tion on delayed high dose scans—21 cases (figs. 4 and 5);
(4) immediate contrast scan the same as delayed high dose
scan—12 cases; (5) delayed high dose scan falsely nega-

TABLE 1: Precontrast CT Appearance of Vascular
Malformations of Brain

Group A Group B

Type of Malformation (Abnormal)  (Normal) Total
Arteriovenous malformation . . . .. . 22 ¥ 29
Venous angioma . . ... ... ... .. .. . 7 1 8
Sturge-Weber syndrome 1 0 1
Cavernous angioma . ... ... ... .. .. 5 0 5

Total . ... ... . ... ... . ... 35 8 43
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tive and immediate scan positive—2 cases (table 2). There
were no cases in which the immediate or delayed contrast
scans obscured areas of low density seen on precontrast
CT adjacent to the malformation. Lesion size was 0.3-8 cm,
with an average diameter of 2-3 cm.

Arteriograms were diagnostic in 36 cases but were neg-
ative in the five cases of cavernous angioma, and in one
case of the arteriovenous malformation (fig. 2). Angiography
was not done on the patient with Sturge-Weber syndrome.
The three category 1 lesions did not show contrast enhance-
ment on immediate or delayed high dose CT but were
detected by posterior fossa angiography (fig. 1); two of them
had normal precontrast scans.

Discussion

A literature review revealed that CT without contrast ma-
terial detected cerebral abnormalities in 81% of patients
with cerebral vascular malformations. In the remaining 19%,
angiomas could be detected if immediate contrast CT was
added to the examination [4-15].

In our study, the precontrast CT was abnormal in 35
(81%) patients. In the remaining eight, with normal precon-
trast scans, the immediate contrast CT was abnormal in five
and did not detect the malformation in three. Two of these
anomalies were posterior fossa arteriovenous malformations
which were also missed on delayed high dose scans (fig.
1); the third was an isodense, thrombosed, angiographically
occult malformation that was only recognized on delayed
high dose images (fig. 2).

The delayed scan showed zones of enhancement in one
patient with normal precontrast and immediate contrast
scans (fig. 2). In four patients with abnormal precontrast CT
scans, delayed high dose CT demonstrated zones of en-
hancement not visualized on immediate scans. In one of

Fig. 1.—Category 1 lesion. A, Normal
immediate contrast CT. Delayed high
dose contrast scan (not shown) was nor-
mal. B, Lateral vertebral angiogram. Ar-
teriovenous malformation of superior
vermis and quadrigeminal cistern.
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Fig. 2.—Category 2 lesion. Normal precontrast (A and B) and immediate
(C and D) contrast CT. Delayed high dose contrast CT (E and F) shows
arteriovenous malformation which was removed from left medial parietal
cortex. Pathologic examination revealed thrombosis of vessels. Angiography
with stereo magnified substracted films of all cerebral vessels was normal.

these patients an infarction adjacent to an arteriovenous
malformation enhanced on the delayed high dose scan (fig.
3). In the other three, enhancement of isodense encapsu-
lated cerebral hemorrhages were seen. In one of the latter
cases, there was a striking increase in lesion size on the
delayed dose scan.

Although delayed high dose images detected additional
zones of cerebral damage and a malformation missed both
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Fig. 3.—Category 2 lesion. A, Precontrast scan. Left anterior medial
thalamic low density and blood pool lesion (arrow). B, Delayed high dose
scan. Enhanced malformation and area of low density, presumed to be infarct
from previous hemorrhage which was not enhanced on immediate contrast
scan. Small thalamic malformation found at angiography corresponded in
position to area of blood pool lesion.

by angiography and by the precontrast and immediate con-
trast scans, it was not the screening procedure of choice in
patients with suspected vascular malformation of the brain.
Because vessels often faded from view on the delayed high
dose images (fig. 4), these scans were less specific for
vascular malformations than immediate contrast images. In
one case, the apparent size of the malformation diminished
on the delayed high dose scan because the CT numbers of
the lesion were very high on the immediate contrast scan.
This artifactually magnified the size of the lesion (fig. 5).
This phenomenon has been observed by others during CT
angiography [16] and has been discussed in a recent pub-
lication on the difficulty of measuring object size with CT
[17]:

In two patients with venous angiomas, delayed high dose
CT failed to show enlarged veins which were well seen on
the immediate scan (category 5). Diminished blood iodine
level and the position of the abnormal vein parallel to the
scan slice (which predisposes to volume averaging errors)
may account for the failure of the delayed high dose scans
in these cases. This error did not, however, prevent detec-
tion since the pre- and immediate postcontrast scans were
abnormal in both patients.

Although delayed high dose scanning is not the procedure
of choice in screening patients with vascular malformations
of the brain, it does improve detection of cerebral lesions
which visualize because of contrast extravasation [18-20].
This advantage was demonstrated in our series in a patient
with a grade Il astrocytoma and a venous angioma in whom
enhancement of the glioma was greatly improved on the
delayed high dose scan.

Because delayed high dose scanning is necessary to
detect some tumors but is often inferior to immediate con-
trast scans in patients with vascular malformations, it is
prudent to adjust the technique of contrast administration
according to the individual clinical problem. We suggest
using delayed scans in patients with a suspected blood-
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Fig. 4.—Category 3 lesion. A and B, Immediate contrast CT. High density
lesion anterior to the head of caudate nucleus with linear densities extending
from it (arrows). C and D, Delayed high dose contrast scan, same window
settings. Fading linear densities with continued detection of lesion. E, Lateral
carotid angiogram, venous phase. Lesion with extending vessels (arrows).
Venous angioma was found at surgery adjacent to left frontal horn.

brain barrier lesion, adding an immediate contrast scan
when a vascular malformation is also a clinical possibility.
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