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Malformations 
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SUMMARY: Twenty-seven patients with epilepsy as the only manifestation of a cerebral AVM were seen at the MNI/MNH from 1973 
to 1981. The nine females and eighteen males between the ages of fourteen and fifty-four years (Mean 25.2 years) had epilepsy for an 
average of 3.5 years prior to the diagnosis of AVM. 

Seven patients had primarily generalized seizures, ten patients had partial seizures with complex symptoms, fourteen patients had partial 
seizures with elementary symptoms, and thirteen patients had secondarily generalized seizures. Although there was no history of in­
tracranial hemorrhage, seven patients had negative hemispheric signs (hemiatrophy, hemianopia, dysphasia, hemiparesis), two had im­
paired mentation, and two were ataxic. The EEG, normal in ten cases, showed non-epileptiform activity in six cases, and focal epileptiform 
activity in eleven cases. Angiographic and/or histological examination revealed eight small (less than 2 cm in diameter) and nineteen large 
lesions. Fifteen AVMs involved the frontal lobe, ten the temporal lobe, five the parietal lobe, and one the occipital lobe. Angiography failed 
to demonstrate three frontal and three temporal AVMs. 

Plain CT scanning demonstrated a high or low density lesion without a mass effect in sixteen cases, enlargement of the ipsilateral ventri­
cle or Sylvian fissure in seven cases, and diffuse ventricular enlargement in three cases. CT scanning was performed after the intravenous 
injection of contrast material in nineteen cases and demonstrated vascular enhancement in fifteen cases and an abnormal blood vessel in six 
cases. Two angiographically occult AVMs demonstrated vascular enhancement with infusion CT scanning, thereby demonstrating the 
vascular nature of the lesion where angiography had failed to do so. 

RESUME: Nous avons vu au MNI/MNH, de 1973 a 1981, 27 patients dont l'epilepsie etait la seule manifestation d'une malformation 
arterio-veineuse cerebrale. 9 femmes et 18 hommes (de 14 a 54 ans, moyenne 25.2) avaient eu leur epilepsie pour une moyenne de 3.5 ans 
avant le diagnostic de la malformation. 

Sept patients avaient de crises principalement generalisees, 10 patients des crises partielles avec symptomes complexes, 14 patients des 
crises partielles avec symptomes elementaires et 13 patients des crises secondairement generalisees. Meme sans histoire d'hemorragie in-
tracranienne, 7 patients d'avaient des signes hemispheriques (hemiatrophie, hemianopsie, dysphasie ou hemiparesic); 2 patients avaient une 
atteinte mentale et deux etaient ataxiques. L'EEG, normal chez 10 patients, demontrait une activite non-epileptique chez six et epileptique 
focale chez onze. L'examen angiographique et/ou histologique a revele huit petites lesions et 19 grandes lesions. De ces malformations. 15 
impliquaient le lobe frontal, 10 le lobe temporal, 5 le lobe parietal et une le lobe occipital. L'angiographie a manque 3 lesions frontales et 3 
temporales. 

La tomodensitometrie simple a demontre une lesion de haute ou de basse densit'e, sans effet de masse, chez 16 patients, un agrandisse-
ment du ventricule ipsilateral ou de la fissure sylvienne chez 7 et un agrandissement ventriculaire diffus chez 3. Chez 19 patients la 
tomodensitometrie fut faite apres injection intraveineuse de materiel de contraste et elle demontra une potentiation du lit vasculaire dans 15 
cas et un vaisseau anormal dans 6 cas. Deux malformations silencieuses a l'angiographie furent illustrees apres infusion prealable a la 
tomodensitometrie, demontrant ainsi la nature vasculaire de la lesion alors que l'angiographie l'avait manquee. 
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Epilepsy is a frequent complication of a cerebral 
arteriovenous malformation (AVM). At our institution, 
seizures are the presenting complaint in thirty-six per cent 
of patients with an AVM and cerebrovascular malforma­
tions account for six per cent of tumoral and vascular le­
sions excised for the treatment of focal epilepsy (Leblanc et 
al, 1979; Rasmussen 1974). Although many reports attest 
to the usefulness of computed tomographic (CT) scanning 
in the detection of surgically amenable lesions in epileptics, 
few address AVMs in particular (Bauer and Pallua, 1980; 
Bell et al, 1978; Gastaut and Gastaut, 1976; Jabbari et al, 
1980; Loiseau et al, 1977; McGahan et al, 1979). In those 
reports specifically concerned with the CT appearance of 
AVMs most of the scans were obtained after the occurrence 
of an intracranial hemorrhage so that the predominant 
finding is an intracerebral hematoma or its secondary ef­

fects (Hayward, 1976; Meese et al, 1976; Pressman et al, 
1975; Terbrugge et al, 1977). In such cases, the location of 
the hematoma and the demonstration of vascular enhance­
ment or of an abnormal blood vessel can suggest the 
diagnosis of an AVM as opposed to other causes of in­
tracranial hemorrhage (Hayward, 1976; Leblanc et al, 
1979). The present report reviews the clinical and in­
vestigational profile of a series of patients in whom epilepsy 
was the only manifestation of a cerebral AVM, and addres­
ses the usefulness of CT scanning in the early diagnosis of 
these often surgically amenable lesions. 

ANALYSIS OF CASES 

Twenty-seven patients with epilepsy as the only 
manifestation of a cerebral AVM were seen at the Montreal 
Neurological Institute and Hospital between October, 1973 
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and October, 1981. The nine females and eighteen males 
between the ages of fourteen and fifty-four years (mean age 
25.2 years) had had a seizure disorder for an average of 3.5 
years prior to the diagnosis of the AVM. Patients with 
Sturge-Weber disease, capillary telangiectasia, venous 
malformation, and cavernous hemangioma, and patients 
with a history of intracranial hemorrhage were excluded 
from this study. The AVMs are characterized as small when 
they measure 2 cm or less in diameter, and, as large when 
they measure more than 2 cm in diameter. There were eight 
small lesions and nineteen large ones. Sixteen patients were 
operated on and the diagnosis of AVM was confirmed 
histologically. In the other 11 patients the diagnosis was 
made from the characteristic findings on angiography. Only 
one patient had a normal angiogram and a normal CT scan. 
In that case, the AVM was diagnosed by histological ex­
amination of the temporal lobe removed for the surgical 
control of medically intractable seizures. 

Seven patients had primarily generalized seizures, ten had 
partial seizures with complex symptoms, fourteen had par­
tial seizures with elementary symptoms, and thirteen had 
secondarily generalized seizures (Table 1). The elementary 
symptoms exhibited were focal motor in ten cases, aphasic 
in two cases, somatosensory in two cases, vertiginous in 
two cases, and visual in one case. The complex symptoms 
were those classically seen in temporal lobe epilepsy, in­
cluding automatism in seven cases (Feindel, 1973). The 
findings on physical examination are presented in Table 2. 
The neurological examination was normal in fourteen cases. 
Mild negative hemispheric signs such as hemiatrophy, 
dysphasia, hemianopia or hemiparesis were seen in seven 

cases, poor intellectual function in two cases and limb atax­
ia in two cases. A cranial or cervical bruit was heard in 
three cases. An EEG was obtained in all cases, but most 
were obtained with the patient on therapeutic doses of an­
ticonvulsant medication. The EEG was normal in ten cases. 
Predominantly focal or diffuse non-epileptiform activity 
was seen in six cases, and predominantly focal epileptiform 
activity was seen in eleven cases. 

Cerebral angiography was performed at four films per se­
cond in all cases and demonstrated the AVM in twenty-one 
cases. All the lesions were supratentorial and involved 
mainly the fronto-temporal areas, with the parietal and oc­
cipital areas involved to a lesser degree (Table 1). The 
AVMs were supplied by branches of the middle cerebral 
artery in sixteen cases, from the anterior cerebral artery in 
eleven cases and from the posterior cerebral artery in six 
cases. Three frontal lesions received some of their arterial 
supply from the contralateral anterior cerebral artery. Four 
small and two predominantly thrombosed large AVMs were 
not demonstrated by angiography. Three were in the frontal 
and three in the temporal lobe. 

All the patients had a non-infused CT scan performed 
with an EMI head or body scanner and nineteen patients 
had a CT scan performed after the intravenous infusion of 
contrast material (Ethier et al, 1974) (Table 3). Four plain 
CT scans were normal but two of these demonstrated 
vascular enhancement with the infused study. A high den­
sity lesion without a mass effect was seen in thirteen non-
infused CT scans, and a high density lesion with compres­
sion of the lateral ventricle by the angiomatous mass was 
seen in two plain CT scans. Signs of cerebral atrophy, seen 

Table 1: Classification of Seizures and Location of the AVMs 

TYPE OF SEIZURE 

LOCATION NO. OF CASES PARTIAL GENERALIZED 

Elementary Complex Secondarily Primarily 

3 5 5 

1 

1 

7 6 

Frontal 

Fronto-Parietal 
Parietal 

Temporal 

Temporoparietal 
Temporo-Occipital 

13 
2 
2 
8 
1 
1 

27 

7 
1 
2 
3 

1 
14 10 

1 
13 

Table 2: Physical Findings on Examination 

FINDING 
NO. OF 
CASES 

NO. OF ABNORMAL 
PLAIN CT SCANS 

SIZE OF THE AVM 
SMALL LARGE 

Normal Examination 14 
Cranio-Cervical Bruit 3 

Poor Intellectual Function 2 

Negative Hemispheric Signs 7 

Hemiatrophy 2 
Dysphasia 2 
Homonymous Hemianopia 3 
Facial Asymmetry 4 
Hemiparesis 2 
Hemi-Hyperreflexia 2 

Ataxia 2 

13 
2 
2 
4 
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Table 3: CT Findings in 27 Cases of Epilepsy from Cerebral AVMs 

Figure 1 — CT scan demonstrating a large, 
enhancing high density lesion in the left frontal 
lobe (a), associated with an abnormal blood ves­
sel (b), and corresponding angiogram (c), 
demonstrating a large arteriovenous malforma­
tion and enlarged feeding artery. 

CT FINDING 

Normal plain CT scan 

High density lesion without a mass effect 

High density lesion with a mass effect 

Low density lesion without a mass effect 

Enlarged ipsilateral ventricle 
or sylvian fissure 

Diffuse ventricular enlargement 

Enhancement with infusion 

Demonstration of an abnormal vessel 

SIZE OF THE AVM 
NO. OF CASES 

4 
13 
2 
3 

7 
3 

15 of 19 

6 of 19 

Table 4: CT Findings in 6 Cases of Angiogra 

CT FINDING 

Normal CT scan 

High density lesion 

Low density lesion 

SMALL 

1 
2 

2 

2 

3 of 7 

0 o f 7 

LARGE 

3 
11 
2 
1 

5 
3 

12 of 12 

6 of 12 

phically Occult AVMs 

NO. OF CASES 

Ipsilateral ventricular enlargement 

Ipsilateral ventricular compression 

Enhancement with infusion 

1 
4 
1 
1 
1 

2 of 5 

as enlargement of the ipsilateral ventricle or Sylvian fissure 
or as diffuse non-obstructive ventricular enlargement, were 
seen in ten cases. Vascular enhancement was seen in three 
of the seven small and in all of the twelve large lesions sub­
mitted to CT scanning after intravenous infusion of contrast 
material. An abnormal blood vessel was demonstrated in six 
of twelve large lesions following infusion studies (Figure 1). 

The non-infused CT scan was abnormal in all but one of 
the angiographically occult AVMs, and demonstrated a 
high or low density lesion often interpreted as a glioma. 
(Table 4). In the sixth angiographically occult case the CT 
scan also was normal. The small AVM was discovered at 
the time of histological examination of the temporal lobe 

removed for the surgical treatment of medically intractable 
seizures. Vascular enhancement was seen in two of the 
angiographically occult lesions, thereby demonstrating their 
vascular nature where angiography had failed to do so. 

The diagnosis of AVM was confirmed by histological ex­
amination in all sixteen cases operated on. In seven cases, 
focal areas of hemosiderin deposition were noted in the 
walls of the abnormal blood vessels, in the parenchyma of 
the surrounding brain or in associated macrophages; in two 
of these cases there was other histological evidence sug­
gestive of a remote intracranial hemorrhage. All but two of 
the angiographically occult AVMs showed extensive throm­
bosis and focal hemosiderin deposition. 
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DISCUSSION 
Most of the lesions in this series were greater than 2 cm 

in diameter. This likely reflects the increased probability of 
hemorrhage from smaller lesions and the tendency of larger 
ones to present with epilepsy (Gerlach, 1969; Mingrino 
1978). Although all patients with a history suggestive of an 
intracranial hemorrhage were excluded from study, the 
finding of focal hemosiderin deposition in seven cases raises 
the possibility of a subclinical or unrecognized intracranial 
hemorrhage. Other histological evidence suggestive of 
remote hemorrhage was, however, found in only two of 
these patients. In the other five, it may be that the focal 
hemosiderin deposition resulted from diapedesis of red 
blood cells through abnormally permeable blood vessels. 
Altered permeability of the abnormal blood vessels of 
cerebral AVMs, cavernous hemangiomas, and of the blood 
vessels associated with subacute necrotic myelopathy (Foix-
Alajouanine syndrome) has recently been demonstrated 
(Krieger et al, 1982). Three patients with mild negative 
hemispheric signs and four with atrophic changes on CT 
scanning had focal hemosiderin deposition. In the other 
patients with clinical signs and/or with a CT scan sug­
gestive of an atrophic process, these findings may be related 
to the presence of chronic cerebral ischemia resulting from 
shunting of blood, within the AVM, away from the adjacent 
brain. The existence of such a phenomenon accompanying 
a cerebral AVM, and its reversal with obliteration of the 
arteriovenous fistula at the time of operation, has been 
demonstrated by Feindel and co-workers (Feindel et al, 
1977). Recently, with positron emission tomography (PET) 
scanning, it has been possible to identify two groups of 
AVMs; those with a high shunt flow and regional cerebral 
"steal" involving the cortex and subcortical zone, and those 
with minimal or moderate shunting and a periangiomatous 
steal (Feindel et al, 1981). 

There was good correlation between the location of the 
lesion and the type of seizures encountered. Complex symp­
toms in the form of rage attacks, feelings of fear and panic 
and bouts of uncontrollable laughter, however, were seen in 
three patients with a frontal AVM. In two of these cases 
simple symptoms and secondary generalization were also 
seen as part of the clinical picture. 

Angiography failed to demonstrate six histologically veri­
fied AVMs. In this angiographically occult group, the most 
common angiographic abnormality was a hypovascular 
mass. CT scanning was abnormal in all but one of these 
cases and showed vascular enhancement in 2 of 5 cases 
thereby demonstrating the vascular nature of the lesions 
where angiography had failed to do so. The occurrence of 
angiographically occult AVMs has been recognized with in­
creasing frequency since the advent of CT scanning 
(Becker, 1979; Bell et al, 1978; Leblanc and Ethier, 1981). 
Histologically, they often show marked thrombosis and 
focal hemosiderin deposition (Leblanc and Ethier, 1981). 

CT scanning is useful in the investigation of patients with 
epilepsy. A cerebral arteriovenous malformation is 
suspected in an epileptic when a high or low density enhanc­
ing lesion is associated with signs of cerebral atrophy in the 
form of enlargement of the ipsilateral ventricle or Sylvian 
fissure or diffuse ventricular enlargement in the absence of 
obstruction. This is especially so if an abnormal blood ves­

sel is demonstrated with the infusion study. (Figure 1). The 
CT appearance is helpful in differentiating AVMs from 
cerebral tumours which often have a mass effect. As 
previously noted by McRea, however, and as was the case 
in two of our patients, the angiomatous mass itself can in­
dent the contour of the ipsilateral ventricle (McRea and 
Valentino, 1958). 

A special problem arises in the case of patients with 
epilepsy from an AVM that has not bled whose angiogram 
fails to demonstrate a lesion and in whom the CT scan is 
normal or demonstrates only indirect evidence of an AVM. 
Operation in these patients is performed for the surgical 
treatment of medically intractable seizures, the site of 
operation being determined by our usual criteria. (Mc-
Naughton and Rasmussen, 1975). In these cases, the 
diagnosis of AVM is made postoperatively by the 
histological examination of the surgical specimen composed 
of the AVM and associated epileptogenic brain tissue. 

Nearly seventy per cent of patients with epilepsy from a 
cerebral vascular malformation in whom the vascular 
malformation and associated epileptogenic brain tissue can 
be excised will remain seizure-free or nearly so (Rasmussen, 
1974). At the same time, protection against a future hemor­
rhage is assured. It is hoped that CT scanning will lead to 
the earlier diagnosis and treatment of cerebral arteriovenous 
malformations. 
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