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ABSTRACT

BACKGROUND AND PURPOSE: Seizures are acommon presentation in patients with brain arteriovenous malformations, but the patho-
genesis of seizures remains poorly understood. The purpose of our study was to analyze various morphologic and hemodynamic charac-
teristics of unruptured BAVMs presenting primarily with seizures and, on the basis of these, to propose a scoring system to predict seizures
in patients with BAVM:s.

MATERIALS AND METHODS: In aretrospective review of our BAVM data base from 2000 to 2009, after excluding patients with ruptured
BAVMs, we classified patients into 2 groups, those with and without seizures at presentation. Clinical, angiographic, and hemodynamic
characteristics on cerebral angiograms of all these patients were studied. The association between various angioarchitectural variables and
seizure presentation was examined, and these results were used to guide the development of criteria to predict presentation with seizures.

RESULTS: Of 1299 patients in our data base, we finally analyzed 33 patients with unruptured BAVMs with seizures and 45 patients with
unruptured AVMs without seizures. Location, fistulous component in the nidus, venous outflow stenosis, and the presence of a long pial
course of the draining vein were identified as the strongest predictors of seizures. The proposed scoring system had good predictability
of presentation with seizures.

CONCLUSIONS: Specific angioarchitectural characteristics of unruptured BAVMs may predict occurrence of seizures and may help in
targeted treatment.

ABBREVIATIONS: ACA = anterior cerebral artery; BAVM = brain arteriovenous malformation; Cl = confidence interval; OR = odds ratio; PCA = posterior cerebral

artery

B rain arteriovenous malformations are presumably congenital
vascular malformations that may present clinically with a va-
riety of symptoms, including hemorrhage, seizures, headaches,
progressive neurologic deficits, and intellectual deterioration.
Approximately one-third to one-half of patients with newly diag-
nosed previously unruptured BAVMs present with seizures.'”
One percent of unprovoked first seizures are caused by BAVMs.”
The etiology of seizures in BAVMs remains poorly understood
and cannot be explained easily by their presence alone because
similar-appearing BAVMs can present either with or without sei-
zures. While seizure manifestation in previously ruptured
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BAVMs can be explained by defects and gliosis secondary to the
intracerebral hemorrhage,>* seizure presentation in previously
unruptured BAVMs is more difficult to explain. Neocortical lo-
calization of the BAVMs, especially in the frontal and temporal
lobes, has been reported to be associated with seizure presenta-
tion.>° In addition, mass effect of the BAVM nidus or associated
venous pouches’ may be responsible for triggering seizure
activity.

Whether hemodynamic alterations caused by the often-com-
plex angioarchitecture of BAVMs play a role in seizure manifes-
tation has been a matter of debate. Large BAVM size and high flow
through the arterial feeding vessels of the BAVMs were related to
seizure susceptibility on the basis of the assumption that the large
nidus creates alow-resistance vascular bed redirecting blood away
from the surrounding brain tissue, thus creating local hypoxemia
in the adjacent brain tissue, which, in turn, may trigger gliosis and
seizure activity. This pathomechanism was referred to as “arterial
steal.”®"1° However, the actual existence of steal has been ques-
tioned because it has been difficult to demonstrate quantita-
tively.”'">'> Others have raised the possibility that seizures are



more often related to a disrupted venous
outflow pattern than to an inadequacy of
arterial blood supply.'*"'”

There are only a few studies that have

examined the association between indi-
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lacked a thorough analysis of the hemo- 33
dynamic characteristics of the BAVM.
Moreover, they did not incorporate a
control group to compare these features
in patients with BAVM who did not present with seizures. We,
therefore, analyzed multiple morphologic and hemodynamic
characteristics of the BAVMs in a consecutive series of patients,
for whom high-resolution digital subtraction angiography ex-
isted, and we correlated our findings to the patients’ clinical status
(ie, whether seizures were present). On the basis of the angio-
architectural characteristics of our patients with seizures, we
would like to propose a grading system that might be able to
identify those patients with BAVMs who may be more prone to
single seizures or to develop epilepsy. In addition, identification
of specific angioarchitectural features that are more often associ-
ated with seizures may shed light on the complex pathophysiology
of seizure occurrence in patients with unruptured BAVMs and
may, thereby, act as therapeutic targets for either surgery or em-
bolization. The proposed scoring system may help us in predict-
ing seizures in incidentally found BAVMs on the basis of their
angioarchitectural features.

MATERIALS AND METHODS

Institutional review board approval was obtained with a waiver of
informed consent for this retrospective study. Patients were se-
lected from a single-institution data base consisting of 1299
BAVMs presenting between June 1984 and January 2010. The
data base has been collected prospectively since 1989 by a team of
neuroradiologists and neurosurgeons in a multidisciplinary
clinic. The evaluations in the data base include a detailed medical
history, full neurologic examination, and imaging findings. In this
study, we only included those patients who were entered since
2000 and in whom digital subtraction angiography was per-
formed before any form of treatment. The PACS in our institute
was only installed in the 2000, so we had to exclude patients who
were imaged before that year. Because cerebral hemorrhage can
lead to tissue damage and subsequently cause seizures, we ex-
cluded all patients with BAVMs with a history of cerebral hemor-
rhage. We classified the remainder of patients with BAVM:s into 2
groups: those with seizures and those without seizures at presen-
tation. The patients with BAVMs with no seizure at presentation
formed our control group (Fig 1). The diagnosis of the seizures in
these patients was made by our clinical team on the basis of the clin-
ical history and electrophysiologic examination. We did not further
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FIG 1. Distribution of the patients selected in our study.

subclassify the type of seizures in our patients because the number of
patients in each subcategory was very small for any meaningful con-
clusion. We retrospectively studied the clinical characteristics and
cerebral angiograms of these patients as indicated below.

Image Acquisition and Analysis
Only patients who underwent complete (bilateral internal carotid
arteries, at least 1 vertebral artery, and at least the ipsilateral ex-
ternal carotid artery) biplane DSA during their initial work-up
were included in this study. Supply from the external carotid ar-
tery may represent features of arterial steal/ischemia. Images were
acquired at a rate of 3 frames per second with contrast-injection
rates of 4 mL/s for a total of 8 mL, until the late venous phase. The
different angioarchitectural characteristics of the BAVMs were
analyzed on the basis of the anatomic characteristics such as loca-
tion and dimensions of the BAVM and the hemodynamic char-
acteristics, such as features of high flow with potential steal and
features of venous outflow obstruction and congestion (Table 1).
Most of the characteristics (venous and arterial traits, location,
and size) were selected because they may be related to the likeli-
hood of seizure occurrence by reflecting the variations in the he-
modynamic status of the BAVM or factors of cortical irritation.
The BAVMs were classified as superficially located when they
were supplied by the cortical branches of the ACA, MCA, or PCA.
They were classified as deep when they were supplied by the len-
ticulostriate or thalamostriate arteries and had no component
that reached the cortical surface. The measurements of the BAVM
were obtained by taking into consideration the magnification fac-
tor of our angiographic equipment. “Arterial dilation” was de-
fined as at leasta 50% increase in the diameter in comparison with
the arteries in the same region with no contribution to the BAVM.
“Fistulous component” of the nidus was defined as a direct tran-
sition of the artery into the vein with no intervening nidus net-
work, with a shorter transit time compared with the rest of the
BAVM (Fig 2B, -C). “Pial recruitment” or “perinidal angiogene-
sis” was identified as an indirect supply to the peripheral part of
the BAVM from the branches of the arteries other than the pri-
mary arterial supply to the BAVM (Fig 2 B, -C). “Pseudophlebitic
pattern” was defined as presence of tortuous engorged collateral
veins identified on the venous phase of the brain circulation with
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Table 1: Angioarchitectural features with significant association of seizure presentation

ratio, 16:29; mean age, 34 years; range,

BAVM Angioarchitectural
Characteristics

Association with Seizures

7-65 years) with BAVMs and without sei-

Indicators of high flow with potential steal
Significant arterial dilation
Pial recruitment/perinidal angiogenesis
Fistulous component of nidus
Intranidal aneurysm
Indicators of venous outflow obstruction and congestion
Pial long draining vein
Pseudophlebitic pattern
Venous outflow restriction draining vein
Venous ectasia

(P Value) zures and without intracranial
hemorrhages.
8]7]]25 Phi correlation analysis showed that
:00]3 there was no substantial correlation be-
0067 tween the different investigated variables.
Only venous ectasia and fistulous compo-
<.0001 nent showed a moderate level of correlation
83?)3; (correlation coefficient, 0.620).
:02]3 The angioarchitectural features with

delay in the circulation time (Fig 3B)."® The delay in the circula-
tion time was assessed qualitatively as described by Willinsky et
al." A “venous outflow stenosis” (Fig 3C) was defined as a reduc-
tion of 50% or more of the vein diameter,*® and “venous ectasia”

(Fig 3D), as a markedly ectatic vein.>'

Long course of the drain-
ing vein” was defined as longer than a 3-cm superficial course of

the draining vein.

Statistical Methods

For each angioarchitectural characteristic, sensitivity, specificity,
negative predictive value, positive predictive value, and corre-
sponding 95% confidence intervals with bootstrap methods were
calculated for diagnosis of seizures. x* and Fisher exact tests were
used to examine the association between the characteristics and
outcome, while unadjusted logistic regression analysis and boot-
strap methods were used to determine the nature and strength of
the association with seizures.

Derivation of criteria for predicting seizures was affected by
sample size, which limited the number of characteristics that
could be examined simultaneously. Multivariate analysis was re-
stricted to the 3 strongest predictors from univariate analysis so as
to maintain an even per variable ratio of approximately 10.>> Mul-
tivariate logistic regression was attempted after testing for multi-
collinearity among the selected variables by measuring the varia-
tion inflation factor. The number of patients who fit each
combination of the 3 strongest predictors was determined, and
diagnostic performance criteria of each combination and the cor-
responding 95% confidence interval were calculated with boot-
strap methods. We examined the overall scoring system by using
receiver operating characteristics analysis, calculating the area un-
der the curve and corresponding 95% confidence interval. For all
analyses, a P value < .05 was considered an indicator of a statisti-
cally significant association.

RESULTS
The distribution of the patients in our study is shown in Fig 1.
Fifteen patients from the BAVM with seizures group and 21
patients with BAVM without seizures could not be analyzed be-
cause the available DSA was either incomplete or all information
required for the angioarchitectural classification was not avail-
able. Final analysis included 33 patients (male/female ratio, 21:12;
mean age, 33 years; range, 9—66 years) with BAVM with seizures
without intracranial hemorrhages and 45 patients (male/female
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significant association with the presence of
seizures are listed in Table 1.

The association between the various angiographic character-
istics with the occurrence of seizures is summarized in Table 2.
Results indicated that all investigated angiographic characteristics
were significantly associated with outcome, the strongest one with
the long course of the pial draining vein, based on its odds ratio.

Size. BAVMs with a nidus size larger than 3 cm (n = 33) presented
significantly more often with seizures (20/33) compared with pa-
tients with BAVMs smaller than 3 cm (1 = 45, 13/45) (P = .005).

Location. To evaluate the relationship between the location of
the BAVM and seizure occurrence, we used 3 different approach-
es: superficial versus deep location, the feeding artery (MCA,
ACA, PCA, perforators), and the lobes where the BAVM was lo-
cated, taking into consideration that these 3 features are
interdependent.

Superficial-versus-Deep Location. There was no significant in-
fluence of superficial-versus-deep location on the occurrence of
seizures (P = .10), presumably due to the small number of pa-
tients with deep BAVMs (11 deep versus 67 with superficial loca-
tions). However, seizures occurred in approximately 46% of the
“superficial” group (n = 67,31/67) and in only 2 of the 11 patients
with a “deep” location (18%). Given the asymmetric distribution
of deep-versus-superficial lesions, we did not pursue this evalua-
tion further.

Feeding Artery. The feeding artery of the BAVM had a weak cor-
relation with seizure occurrence only when we evaluated MCA
involvement; if the MCA was not the feeder (n = 22), seizures
occurred in only 13.6% (3/22), whereas in patients in whom the
MCA was a feeder (n = 56), seizures were present in 53.6% (30/
56) (x*= 0.002).

Lobe. The frontal, temporal, and parietal locations of the BAVMs
were significantly associated with the occurrence of seizures with
an odds ratio of 5.00 (95% CI, 1.31-19.07) (P = .015, x?). For
subsequent analyses, we chose, therefore, “lobe” as a factor that
may determine presentation with seizures. Individual analyses for
every single lobe and for different permutations of lobes (frontal
and temporal, temporal and parietal, and so forth) were also per-
formed; however, these did not demonstrate a similar high OR.

Arterial Features. As seen in Table 2, three arterial features (fis-
tulous component, arterial dilation, and perinidal angiogenesis)
were evaluated. These 3 features indicate high flow throughput of
the AVM with subsequent perinidal hypoxemia. Of these 3 fea-



FIG 2. Features showing indicators of high flow with potential steal. A, Right frontal BAVM shows arterial dilation of the feeding artery
(arrowhead) compared with a normal middle cerebral artery branch (small arrow) and an intranidal aneurysm (broken arrow). B, Frontoparietal
BAVM shows perinidal angiogenesis (long arrows) and a fistulous component of the nidus (bold arrow). The fistulous component was further

confirmed on selective microcatheter angiography (C).

Imaiimm: 1921 :5

FIG 3. Features showing indicators of venous outflow obstruction and congestion. The venous phase of a frontoparietal BAVM shows the long
pial course of the draining vein (arrows, A) and a pseudophlebitic pattern (B). The venous phase of a different BAVM shows venous outflow

restriction of the draining vein (arrows, C) and venous ectasia (D).

Table 2: Various angioarchitectural characteristics and their association with the seizure presentation

Angiographic Univariate OR Multivariate OR

Characteristics (95% ClI)° (95% CI)© Sensitivity® Specificity® NPV? PPV?
Nidus size >3 cm 379 (147-10.86) - 61% (42-79) 71% (58-82) 71% (58-84)  61% (46-79)
Frontal, parietal, temporal 5.00 (1.50-19.07) 4.52(0.95-21.47) 91% (82-100) 33% (20-47) 83% (67-94) 50% (38-62)

NAP -
3.71(1.47-12.05) -
411(1.45-13.20) -

14.86 (5.67-66.09)  571(132-24.65)
3.08(1.21-9.25) -
6.50 (2.22-32.49) 6.71(1.99-22.56)
3.00 (1.05-13.75) -

Arterial dilation

Perinidal angiogenesis
Fistulous component
Pial long draining vein
Pseudophlebitic

Venous outflow stenosis
Venous ectasia

100% (NA)
70% (53-83)
75% (59-91)
79% (64-91)
61% (46-76)
50% (34-69)
82% (70-94)

22% (11-36)

61% (48-75)
58% (44-71)
80% (69-91)
67% (53-80)
87% (76-96)
40% (27-56)

100% (NA)
75% (61-86)
76% (62-9))
84% (72-93)
70% (56-81)
71% (58-82)
75% (58-92)

49% (37-60)
55% (40-71)
56% (42-70)
74% (60-89)
57% (40-74)
73% (55-91)
50% (37-61)

Note:—NPV indicates negative predictive value; PPV, positive predictive value; NA, not applicable.

#Numbers in parentheses correspond to 95% confidence intervals for that diagnostic performance measure.
®No OR can be given for arterial dilation because zero patients with arterial dilation had no seizure presentation.
€ All confidence intervals were generated via bootstrapping, except for those from multivariate analysis.

tures, the presence of a fistulous component had the strongest
association with seizure occurrence and was, therefore, chosen for
subsequent scoring: In 43 patients with fistulous components, 24
(56%) presented with seizures, whereas in 34 patients without a
fistulous component, only 8 (23.5%) presented with seizures.

Venous Features. Of the 4 investigated venous features (long pial
course of the draining vein, pseudophlebitic pattern, venous out-

flow stenosis, and venous ectasia), 2 (long pial course of the drain-
ing vein and venous outflow restriction) demonstrated an OR of
>4 (Table 2). The long pial course of the draining vein was the
most significant marker for the occurrence of seizures: It was
present in 35 patients, 26 of whom (74.3%) presented with sei-
zures. If the long pial course of the draining vein was not present
(n = 43 patients), seizures were only present in 7 patients
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Table 3: Proposed scoring system

Parameter Score
Venous outflow restriction 1
Location 1
Long pial draining vein 1

(16.3%), indicating a high predictive value of this angioarchitec-
tural feature in our patient cohort. We showed that the other 3
investigated factors (venous ectasia, venous outflow stenosis, and
pseudophlebitic pattern) were not related to the long pial course
of the draining vein and demonstrated venous characteristics that
indicated high inflow and reduced outflow out of the venous sys-
tem. The venous outflow stenosis was the second best predictor of
seizure presentation. In 22 patients with this feature, 16 (73%)
presented with seizures. If it was not present (n = 55 patients),
seizures were only present in 16 patients (29%), indicating a high
predictive value of this angioarchitectural feature in our patient
cohort.

Multivariate analysis of the 3 strongest predictors from uni-
variate analysis (venous outflow stenosis, long pial draining vein,
and location of BAVM) showed high ORs of 6.71, 5.71, and 4.52,
respectively.

Proposed Scoring

We included the 3 strongest predictors to establish a grading scale
(Table 3). Venous outflow stenosis, long pial draining vein, and
location of BAVM were given a score of 1. This resulted in a
scoring system of 0—3 points.

This scoring system was a predictive model for our individual
patients as outlined in Table 4. The area under the curve for this
variable was 0.841 (95% CI, 0.749—-0.933) (Fig 4). The score of 0
had very high sensitivity and negative predictive value, whereas
the score of 3 had a high specificity and positive predictive value in
our group of patients. A threshold of 2 showed very good overall
diagnostic performance.

DISCUSSION
Crawford et al*® studied various clinical factors such as age of the
patient, presence of hemorrhage, and other neurologic symptoms
predisposing to the development of seizures in patients with a
BAVM. They found that the younger the patient was at diagnosis,
the more likely he or she was to develop seizures on follow-up.
Patients with hemorrhage had the greatest risk of developing sei-
zures in their series. Only a few articles have exclusively studied
the angioarchitectural characteristics of BAVMs associated with
clinical presentation of seizures.”'® Our experience showed that
certain angioarchitectural characteristics are more often associ-
ated with seizure presentation. These include cortical location;
features indicative of high flow such as the presence of a fistulous
component in the nidus and perinidal angiogenesis; and features
indicative of venous congestion, such as a long pial course of the
draining vein, pseudophlebitic pattern, and venous outflow
stenosis.

To identify angioarchitectural characteristics primarily related
to seizures, one must study patients who present primarily with
seizures without associated cerebral hemorrhage. It is also impor-
tant to study whether these angiographic characteristics are un-
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common in patients without seizures. This research will help to
identify the clinical presentation of seizures based solely on
angioarchitecture.

We found multiple significant factors concerning the relation-
ship of BAVMs to the occurrence of seizures, including size, loca-
tion, and arterial and venous features.

Size. Size was significantly associated with the occurrence of sei-
zures. Other studies have shown that large and medium nidus
sizes (3—6 cm and >6 cm, respectively) were positively correlated
with seizure occurrence, whereas small nidus size (<3 cm) was
negatively correlated with presentation with seizures.'® A large
BAVM may be more likely to present with seizures because the
overall “sump effect” of the BAVM may be more prominent,
compared with a small BAVM. Seizure occurrence may also be
related to the larger volume of tissue in the circumferential vicin-
ity of the BAVM, with a higher likelihood of affecting a potentially
ictogenic zone, or it may be due to a more widespread hypoxemia.
Holohemispheric brain BAVMs (so-called cerebral proliferative
angiopathy) typically present with seizures. Perfusion studies per-
formed in patients with cerebral proliferative angiopathy were
able to demonstrate a widespread hypoperfusion distant from
affected brain tissue, indicating hypoxemia in previously healthy
brain tissue with subsequent gliosis.**

Location. We presume that frontal, temporal, or parietal location
of the BAVM compared with deep-seated, infratentorial, or oc-
cipital BAVMs is associated with seizure occurrence because some
type of cortical involvement is necessary to produce seizures.
Deeply located BAVMs may present with seizure due to the inter-
ference of the venous drainage of mesial temporal lobe structures.
Because the MCA is involved in the supply of frontal, parietal, and
temporal lobes, the MCA feeder is also significantly associated
with seizures.

Similar results have been shown in other studies. Frontal and
parietal locations as well as feeding arteries from the MCA have
been shown to be positively correlated with seizure occurrence,
while the correlation between the occipital and cerebellar regions

and deep location have been shown to be negative.”*'®

Arterial Flow. Factors related to high flow such as dilation of the
feeding artery and a fistulous component in the nidus can give rise
to relative arterial functional steal in the region of the nidus. This

8-10 and has been

has been described in the literature in the past
demonstrated in perfusion studies.>>>°® This arterial steal with
subsequent local hypoxemia may lead to an increased perinidal
angiogenesis with blood being rerouted from the normal brain
tissue due to the sump effect of the BAVM. Hypoxemia leads to an
increased activity of the vascular endothelial growth factor trig-
gered by the hypoxemia inducible factor (a and b). The subse-
quent perinidal angiogenesis, in turn, extends the area of func-
tional arterial steal to the adjacent cortex, resulting in a larger area
of cortex being hypoxemic. Chronic hypoxemia can lead to glio-
sis, which, in turn, may trigger epileptic activity.”'"'* The fistula
may also be a marker for greater venous hypertension due to
greater bulk flow into the draining vein.

Venous Congestion. Venous congestion of normal brain tissue
can be due to an increased inflow into the venous system (such as



Table 4: Diagnostic performance of the scoring system®

be similar to resistance of flow for a laminar

Seizures flow (which may not be the case in
Score No (n = 45) Yes (n = 33) Sensitivity Specificity NPV PPV  BAVMs), which is directly proportional to
0 3 1 97% 29% 93% 49%  thelength of the vessel and inversely related
=] 32 31 to the radius of the vessel to the fourth
<2 39 L 66% 87% 8% 78%  power.
=
;i 42 zzz; -y 98% 1% 80% Mass effect is a rare pathomechar.lism
=3 1 4 that may result from large venous ectasia or

Note:—NPV indicates negative predictive value; PPV, positive predictive value.
2 A threshold of 2 has very good overall diagnostic performance.
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FIG 4. Receiver operating characteristic analysis curve for the scoring
system, which showed an area under the curve of 0.841.

is present in fistulous lesions) or to a reduced outflow. The re-
duced outflow can be further subdivided into a functional and an
anatomic obstruction, with the latter being related often to sec-
ondarily acquired venous stenosis. The functional outflow ob-
struction is related to a shared venous outflow of normal brain
and the BAVM. Due to arterialization of the draining vein, drain-
age of normal brain tissue will be impaired and the amount of
tissue impaired by the arterialization will depend on the length of
the course of the draining veins over unaffected brain. Venous conges-
tion may be accompanied by a cognitive decline or seizures.">'”>*
From an imaging point of view, the pseudophlebitic pattern (in-
creased tortuosity of pial veins) is a direct reflection of venous
congestion.'” Other signs include delayed venous return of nor-
mal brain, venous rerouting, and secondary recruitment of pial
superficial veins. Even if signs of venous congestion are not pres-
ent, a long pial course of the draining vein may indicate that ve-
nous drainage stenosis is present over a large area, increasing the
risk of venous congestion and subsequent seizures.

Conversely, a short vein that drains almost directly into a dural
sinus is unlikely to interfere with the normal brain drainage. The
presence of a long pial draining vein may indicate a secondarily
acquired phenomenon after progressive stenosis and occlusion of
the primary (presumably shorter) draining vein. In our study, the
presence of the long draining vein seemed to be the most signifi-
cant factor associated with seizures (odds ratio of 14.86). This may

the nidus proper compressing critical struc-
tures, and it may lead to seizures, neuro-
logic deficits, and even hydrocephalus.”®
The presence of venous ectasia was also found to be significantly
associated with seizures.

These results indicate that the factors reflecting venous con-
gestion are more significantly associated with seizures compared
with the factors reflecting high flow and arterial steal. The venous
congestion is likely the final common pathway in the ictogenesis
in patients with BAVMs.

The decision to surgically treat potentially epileptogenic un-
ruptured BAVM s is still a subject of controversy.*>*° Some re-

ports®! 3

suggest that BAVM surgery allows good control of the
seizure disorder. Treatment of such malformations is supposed to
decrease the spontaneous risk associated with the malformation
and/or cure the symptoms. Better understanding of specific mor-
phologic factors associated with seizure occurrence could further
help in understanding the angioarchitectural characteristics re-
sponsible for this symptom. These characteristics could then be-
come therapeutic targets for either surgery or embolization.

The proposed scoring system is a potential first step in this
direction because it may be helpful in predicting a higher risk of
developing seizures in a patient with BAVM on the basis of the
individual BAVM angioarchitecture which may, once validated in
a prospective fashion on a different, larger population of patients,
also guide therapeutic decision-making. Our study identifies cer-
tain key predictors (pial long draining vein, venous outflow ste-
nosis, and location) and examines them in combination, which
can guide future studies.

Limitations. This was a retrospective study with a small sample
size with its associated problems concerning statistical signifi-
cance. Exclusion of a number of patients due to nonavailability of
complete angiograms in the retrospective analysis of our data base
makes the selection bias inevitable. In addition, we did not at-
tempt to further subclassify our patients with regard to the type of
seizures, frequency of seizures, and drug response and seizure
control, to avoid even smaller sample sizes, leading subsequently
to lowered statistical significance. Our study is far beyond ad-
dressing the complex pathophysiology of inducing a single seizure
(ictogenesis) versus the pathomechanisms leading to recurrent
seizures (epileptogenesis). However, we hope that our findings
will contribute to the puzzle of both conditions going along with
a lowered seizure threshold.

CONCLUSIONS

This study highlights various morphologic and hemodynamic
characteristics of unruptured BAVMs that were associated with
presentation with seizures. This may help in understanding the
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pathomechanism of seizure occurrence in this patient population

and may thereby act as a therapeutic target for either surgery or

embolization. The proposed scoring system may help us in pre-

dicting seizures in incidentally found BAVMs on the basis of their

angioarchitectural features.

Disclosures: Bernhard Pohlmann-Eden—UNRELATED: Consultancy: UCB Pharma;*
Payment for Lectures (including service on Speakers Bureaus): UCB Pharma. *Money
paid to the institution.
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