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Special article

ANGIOARCHITECTURE AND CLINICAL PRESENTATION 
OF BRAIN ARTERIOVENOUS MALFORMATIONS 

Marcio Luiz Tostes dos Santos1, Zeferino Demartini Júnior2,  
Luiz Afonso Dias Matos3, Antonio Ronaldo Spotti4, Waldir Antônio Tognola5,  
Atos Alves de Sousa6, Rosangela Minto Tostes dos Santos7

Abstract – The purpose of this study was to correlate the angioarchitecture of brain arteriovenous 
malformations (AVM) with their clinical presentation. A total of 170 patients with AVM 78 males and 92 females, 
were studied. Univariate and multivariate analyses were conducted in order to test the associations between 
morphological features and clinical presentation. The most frequent clinical presentations at diagnosis were 
hemorrhage in 89 (52%) patients, headache in 79 (46%), focal neurological deficit in 54 (32%), and seizure in 52 
(31%). According to the Spetzler-Martin classification, grade I was found in 15 patients, II in 49, III in 55, IV in 41, and 
grade V in 10 patients. AVM with small nidus size, single feeding artery and single draining vein were associated 
with hemorrhage. Hemorrhage was positively associated with Spetzler-Martin grade I and negatively with grade 
V. The association between seizure and large nidus size was positive, however negative with small nidus size.
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Angioarquitetura e apresentação clínica de malformações arteriovenosas encefálicas

Resumo – O objetivo deste estudo foi correlacionar a angioarquitetura de malformações arteriovenosas 
encefálicas (MAV) com sua apresentação clínica. Foram estudados 170 pacientes portadores de MAV, sendo 78 
do sexo feminino e 92 do masculino. Análises univariada e multivariada foram efetuadas para testar associações 
entre características morfológicas e quadro clínico. As principais formas de apresentação clínica no momento do 
diagnóstico incluíram hemorragia em 89 (52%) pacientes, cefaléia em 79 (46%), déficit focal em 54 (32%) e convulsão 
em 52 (31%). De acordo com a classificação de Spetzler e Martin, 15 pacientes tinham MAV grau I, 49 grau II, 55 grau 
III, 41 grau IV, e 10 grau V. MAV com nidus de tamanho pequeno, aferência e eferência únicas foram associados 
à hemorragia. Hemorragia foi positivamente associada com grau I e negativamente com grau V. A associação 
entre convulsão e nidus de tamanho grande foi positiva, porém negativa com nidus de tamanho pequeno. 

Palavras-chave: malformações arteriovenosas encefálicas, angioarquitetura, apresentação clínica.
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Brain arteriovenous malformations are morpholog-
ical abnormalities characterized by direct communica-
tion between arteries and veins, without interposition of 
capillary bed therefore without resistance to blood flow1. 
AVMs have three distinct components: feeding artery, ni-
dus, and draining vein. Clinical manifestations are relat-
ed with type, site and size of malformation. Hemorrhage 

is the main cause of mortality and persistent morbidity 
in patients with AVM, ranging from 30% to 86% of cas-
es2. Other clinical manifestations include seizure in 27% 
of the patients, headache in 25% and focal neurological 
deficit in 8%3-6.

Besides technological development in the last de-
cades, the physiopathology as well as the natural history 
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of AVMs remains incompletely elucidated and its treat-
ment is still a challenge to neurosurgeons. 

The purpose of this study was to morphologically 
characterize a series of brain arteriovenous malforma-
tions, trying to establish a correlation with their clinical 
presentation.

METHOD
One hundred and seventy patients with brain AVMs, admit-

ted at the Vascular and Endovascular Neurosurgery Unit of Hos-
pital de Base at São José do Rio Preto, São Paulo, Brazil, were 
studied between January, 2001, and January, 2007. Seventy-eight 
(46%) were male and 92 (54%) female, and age ranged from 1 to 
77 years (34.1±15 years) at presentation. 

This study was approved by the Research Ethics Committee 
of the São José do Rio Preto Medical School (FAMERP).

Other types of vascular malformations such as dural fistu-
la, carotid-cavernous fistula, vein of Galen malformations, an-
giomas, and telangectasias were excluded from this study7.

Hemorrhagic presentation was always confirmed by CT and/
or MR brain imaging8. The other clinical presentations were strat-
ified into seizure, focal neurological deficit, headache, or oth-
er/non-symptomatic9.

In the present study, morphological variables as size (mea-
sured as maximum diameter in millimeters), eloquence of nidus 
location and laterality of the nidus, anatomic AVM location clas-
sified as lobar (cortical or subcortical), deep only (the basal gan-
glia, internal capsule, thalamus or corpus callosum), or infraten-
torial were analyzed10. The number of feeding arteries and the 
presence of associated aneurysms were also considered. Aneu-
rysms were classified as feeding artery aneurysms, intranidal an-
eurysms (both considered AVM associated), and aneurysms non-
related to blood flow to the AVM (non-associated aneurysms)9. 
The venous drainage pattern (superficial and/or deep), the lo-
cal, number and presence of stenosis or ectasias in the draining 
veins were also evaluated. The Spetzler-Martin classification was 
used to grade the AVMs10. 

Univariate and multivariate statistical models were used 
to test the associations among demographic (sex, age), clinical 
(hemorrhage, seizure, focal neurological deficit, and headache), 
and morphological features (anatomical localization; superficial, 
deep, infratentorial or supratentorial location; nidus size; number 
of feeding arteries, compartments, and draining veins; type of ve-
nous drainage; presence of stenosis, venous ectasias, and arterial 
aneurysms; Spetzler-Martin classification). Data were analyzed 
using the Minitab Statistical Software 12.22 (Minitab Inc, State 
College Pennsylvania, USA) with a significance level (p) of 0.05.

RESULTS
Predominant age at diagnosis (64%) was the fourth de-

cade. The location of the nidus was lobar in 117 (69%) pa-
tients, deep in 34 (20%), infratentorial in 16 (9%), and lo-
bar/deep in 3 (2%) (Fig 1). 

Seventy-eight of the AVMs (46%) had small nidus size 
(<3cm), 74 (43%) were middle-sized (3–6cm), and 18 (11%) 
were large (>6cm). There was 1 compartment in 135 cases 
(79%), 2 in 23 (14%), 3 in 3 (2%), more than 3 (1%) in 2, and 
not classified in 7 (4%) cases. Arterial aneurysms were di-
agnosed in 20 (12%) patients. Out of this group, 9 were 
found in AVM feeding arteries, 8 intranidal and 3 in ves-
sels non-related to AVMs.

The AVMs were fed by branches of the middle cere-
bral artery in 101 (59%) cases, by the posterior cerebral 
artery in 73 (43%) cases, and by the anterior cerebral ar-
tery in 63 (37%) cases. There was a single feeding artery 
in 20 cases (12%), multiple in 142 (83%) and not classified 
in 8 (5%). Moyamoya pattern was found in 6 (3.5%) cases. 
Superficial draining vein was observed in 76 (48%) cases, 
deep in 46 (27%), combined in 46 (27%), and not classified 
in 4 patients (2%). Single draining vein (Fig 2) occurred in 
62 (36%) patients, multiple in 105 (62%) and not classified 
in 3 (2%). Ectasias or venous aneurysms were found in 54 
(32%) patients and venous stenosis in 3 (2%). According to 
the Spetzler-Martin classification, 15 (9%) AVMs were clas-

Fig 1. AVM site in 170 patients (F: frontal; FP: fronto-parietal; FT: fron-
to-temporal; P: parietal; T: temporal; TP: temporo-parietal; TO: tem-
poro-occipital; C: cerebellar; O: occipital; PO: parietal-occipital; B: 
brain stem; D: deep). 
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sified grade I, 49 (28%) grade II, 55 (33%) grade III, 41 (24%) 
grade IV, and 10 (6%) grade V. 

The clinical presentations of this series AVMs at diag-
nosis are presented in Table. There was a statistically sig-
nificant association between hemorrhage and: small ni-
dus size (p=0.002), single feeding artery (p=0.007), single 
draining vein (p=0.003). There was negative association be-
tween large nidus size (>6cm) (p=0.002) and hemorrhage. 
No significant associations were found between hemor-
rhage and demographic variables, such as sex and age, as 
well as morphological variables, such as: deep, infraten-
torial or lobar location of the nidus; deep venous drain-
age; venous stenosis; venous ectasia; and associated aneu-
rysms. Hemorrhage was associated with Spetzler-Martin 
grade I (p=0.049), but negatively with grade V.

The multivariate analysis showed that small nidus size 

(OR 5.57, 95% CI 1.55 to 20.00; p=0.008), single feeding 
artery and single draining vein (OR 6.08, 95% CI 1.64 to 
22.50; p=0.007) and single compartment (OR 2.39, 95% 
CI 1.03 to 5.56; p=0.043) were separately associated with 
hemorrhage. The combined presence of single feeding 
artery and single draining vein was significantly associ-
ated with hemorrhage (p<0.0005). In the same manner, 
the combined presence of small nidus size (OR 3.88, 95% 
CI 1.08 to 13.96; p=0.038), single feeding artery and single 
draining vein (OR 4.03, 95% CI 1.03 to 15.80; p=0.046) was 
associated with hemorrhagic presentation (p=0.005). 

Seizures were positively correlated with large and 
middle nidus size (3–6 cm and >6cm, respectively) and 
negatively with small nidus size (<3cm) (p=0.021). The 
multivariate analysis, considering age and absence of sei-
zure as constants, showed statistically significant associ-
ation (p=0.041) between seizure and middle nidus size (3 
to 6 cm) (OR 2.75, 95% CI 1.32 to 5.75; p=0.007). For AVMs 
with large nidus size (>6cm), the correlation with seizures 
was near significance limit (OR 2.67, 95% CI 0.88 to 8.09; 
p=0.082). Frontal and parietal locations as well as feed-
ing arteries from the middle cerebral artery were posi-
tively correlated with seizure (p=0.002); while the corre-
lation between occipital and cerebellar regions (p=0.017) 
and deep location (p=0.002) was negative. 

DISCUSSION
In this study, AVMs were more frequent in patients 

aged between the third and fifth decades of life. Hem-
orrhage was the most frequent clinical presentation, fol-
lowed by headache, focal neurological deficit, and seizure. 
Regarding clinical and morphological correlations, there 
was a significant association between hemorrhage and: 
grade I; small nidus size; single feeding artery; and single 
draining vein. AVMs with large nidus size were negatively 
associated with hemorrhage. There was a positive associ-
ation between seizure and large nidus size, however neg-
ative for small nidus size.

Hemorrhage is the most common clinical manifestation 

Fig 2. Angiogram of a 34-year-old female patient showing left tem-
poro-parietal AVM with single draining vein (arrows) in anteropos-
terior position [A] and in lateral view [B].

Table 1. Clinical presentations of brain arteriovenous malforma-
tions at the moment of diagnosis.

Presentation N % 

Hemorrhagic 89 52

Non-hemorrhagic 70 48

Focal neurological deficit 68 42

Seizure 52 31

Headache 79 46

Other 38 22

Non-symptomatic 11 6

N: number of occurrences.
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of AVMs6,11-14, being responsible for fatal evolution in most 
cases1,15. Our series follow these same conclusions. Some 
risk factors for hemorrhage include age9, sex12, pregnancy16, 
and hypertension15. Population-based follow-up studies 
demonstrate that, in the natural history, the risk of spon-
taneous, subarachnoid or intracerebral hemorrhage rang-
es from 2 to 6% per year3,17. The incidence of hemorrhage 
related to the location of the nidus is very controversial in 
the literature. For some authors, deep location predispos-
es to bleeding18; for others, on the contrary, hemorrhage 
is more frequent in cases of cortical location (temporal 
and occipital)19; at last, others consider the nidus loca-
tion as an inconsistent predictive factor of hemorrhage20.

In the present study, there was positive correlation be-
tween hemorrhage and small nidus size, being it negative 
for large nidus. However, once again the literature is con-
troversial, although most studies establish a relationship 
between small nidus size and hemorrhage2,8,10,21-28. At first 
it was believed that, because larger AVMs include more 
frequently the cortex, the occurrence of seizure and fo-
cal neurological deficit as symptoms could be more com-
mon29. It is possible that large or small AVM size may have 
the same risk of hemorrhage, but small lesions may cause 
less diverse symptoms (such as seizure, headache, progres-
sive motor deficit), because they usually occur in conjunc-
tion with hemorrhage4,8,25,29.

Concerning feeding arteries, Mansmann et al.24, as-
sessing 662 AVM patients, found negative association be-
tween stenosis and arterial ectasia and hemorrhage. Spe-
cific feeding arteries have also been implied as perforat-
ing arteries18,25 or originating from the vertebrobasilar sys-
tem18. In the present series, there was correlation between 
hemorrhage and number of the feeding arteries, howev-
er no correlation was found with regard to site of origin 
of these arteries. 

The rate of AVM associated with arterial aneurysms  
in the literature varies from 4 to 58%2,18,30-32, and that 
seems to be related to the counting of infundibular dil-
atations as aneurysms27. In several series, presence and 
number of aneurysms in feeding arteries was signifi-
cantly greater in AVM patients with hemorrhage, mainly 
subarachnoid2,18,26,31. However, other authors did not confirm  
this association8,23,32. In the present study, it is not possi-
ble to correlate the presence of arterial aneurysms with 
hemorrhage related to the AVM.

Several researchers emphasize the importance of the 
venous drainage in the pathophysiology of cerebral hemor-
rhage. Deep drainage frequently has been demonstrated to 
be a factor that increases the risk of hemorrhage9,12,18,25,27. This 
may be due to the fact that many AVMs with deep drain-
age are distant from the cortex, decreasing the occurrence 
of seizure25. Other factors were associated to AVM rupture, 
such as ectasia, due to the venous hypertension, venous re-

cruitment, venous stenosis, number of draining veins, and 
turbulent flow leading to thrombosis23,27,33,34. In this study, 
there was no association between deep and/or superficial 
drainage and hemorrhage. However, in accordance with the 
results obtained by Stefani et al.2, there was correlation be-
tween single draining vein and hemorrhage. In spite of that, 
the cause-effect relationship between number of draining 
veins and bleeding seems to be complicated by the fact that 
small AVMs have few drainage veins25. Nevertheless, Kad-
er et al.23, analyzing 449 patients, considered that drainage 
and size may be independent risk factors of hemorrhage. In 
the present study, there was statistical significance for both 
variables, in the separate and in the combined analyses.

AVMs are initially manifested by seizure in 15 to 47% 
of the cases8,9,12,18-20,23-25,27, but more precisely in 20 to 30% 
of the cases, as the results found in this paper. Turjman et 
al.35 identified 6 angioarchitectural AVM factors associat-
ed to seizure: cortical location, feeding by the middle ce-
rebral artery, feeding by cortical artery, absence of aneu-
rysm, presence of venous ectasia, and association of ecta-
sic vein in the absence of arterial aneurysm. In the pres-
ent study, there was association between seizure and: cor-
tical location; and feeding artery of the middle cerebral 
artery. Superficial and large (>6 cm) AVMs, located in the 
temporal6, frontal19 or parietal36 lobes were also associ-
ated with seizure. In this series, there was correlation be-
tween seizure and frontal and parietal AVMs, but no sta-
tistical significance for temporal AVMs. Seizures may re-
sult from mass effect with cortical irritation, alterations 
of flow leading to deviation of blood flow, ischemia and 
neuronal lesion or microscopic hemorrhage and gliosis37,38. 
In our series, there was a negative association between 
seizure and small size AVMs, but a significant association 
between middle size AVMs and epilepsy, and bordering 
statistical significance in cases of AVMs larger than 6 cm. 

Headaches are common complaints in AVM patients, 
being it the second most frequent clinical presentation in 
this series with relevant association with hemorrhage, sim-
ilar to the picture of ruptured cerebral aneurysms. Consid-
ering headaches as the only clinical manifestation, there 
was similar incidence to the encountered in the literature, 
which ranges from 5 to 15%8,12,20,23,25-27. 

Progressive neurological dysfunction in AVM patients, 
including cognitive deficit, is usually related to hypoper-
fusion and consequent brain ischemia. It can also be relat-
ed, in some cases, to small recurrent hemorrhages, mass 
effect, or hydrocephalia39. This series presents a rate of 
9% of focal neurological deficit in unruptured AVMs, very 
similar to the less than 10% found in the literature4,5,26,40. 

The results obtained in this study suggest that AVMs 
with small nidus, single feeding artery and single draining 
vein are associated to hemorrhagic presentation. With re-
gard to morphological features, the presence of a single 



Arq Neuropsiquiatr 2009;67(2-A)

320

Brain arteriovenous malformations 
Santos et al.

compartment appeared as a separate risk factor for hem-
orrhage. Hemorrhage was positively associated with Spet-
zler-Martin grade I and negatively with grade V. There was 
no significant correlation between aneurysm and hemor-
rhage. The relation between seizure and large nidus size 
was positive, however negative for small nidus size.
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