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ABSTRACT

Objectives: To determine the risk of epileptic seizures due to a brain arteriovenous malformation
(AVM) or cavernous malformation (CM).

Methods: In a prospective population-based study of new diagnoses of AVMs (n � 229) or CMs
(n � 139) in adults in Scotland in 1999–2003, we used annual medical records surveillance,
general practitioner follow-up, and patient questionnaires to quantify the risk of seizures between
clinical presentation and AVM/CM treatment, last follow-up, or death.

Results: The 5-year risk of first-ever seizure after presentation was higher for AVMs presenting
with intracranial hemorrhage or focal neurologic deficit (ICH/FND: n � 119; 23%, 95% confi-
dence interval [CI] 9%–37%) than for incidental AVMs (n � 40; 8%, 95% CI 0%–20%), CMs
presenting with ICH/FND (n � 38; 6%, 95% CI 0%–14%), or incidental CMs (n � 57; 4%, 95%
CI 0%–10%). For adults who had never experienced ICH/FND, the 5-year risk of epilepsy after
first-ever seizure was higher for CMs (n � 23; 94%, 95% CI 84%–100%) than AVMs (n � 37;
58%, 95% CI 40%–76%; p � 0.02). Among adults who never experienced ICH/FND and pre-
sented with or developed epilepsy, there was no difference in the proportions achieving 2-year
seizure freedom over 5 years between AVMs (n � 43; 45%, 95% CI 20%–70%) and CMs (n �

35; 47%, 95% CI 27%–67%).

Conclusions: AVM-related ICH confers a significantly higher risk of a first-ever seizure compared
to CMs or incidental AVMs. Adults with a CM have a high risk of epilepsy after a first-ever seizure
but achieve seizure freedom as frequently as those with epilepsy due to an AVM. Neurology®

2011;76:1548–1554

GLOSSARY
AED � antiepileptic drug; AVM � arteriovenous malformation; CI � confidence interval; CM � cavernous malformation;
FND � focal neurologic deficit; ICH � intracranial hemorrhage; IQR � interquartile range; IVM � intracranial vascular malfor-
mation; RCT � randomized controlled trial; SIVMS � Scottish IVM Study.

Intracranial vascular malformations (IVMs), which include arteriovenous malformations
(AVMs) and cavernous malformations (CMs), are the most common cause of intracerebral
hemorrhage (ICH) in young adults,1 but may also be detected following nonhemorrhagic focal
neurologic deficits (FNDs), seizures, or brain imaging performed for other reasons.2

Seizures related to CMs seem to be attributable to surrounding hemosiderin deposition
through leaky endothelial junctions.3,4 Mechanisms by which AVMs cause seizures are less
clear, but in a multivariable analysis of data from a tertiary-care cohort of 100 patients referred
for endovascular treatment (47% of whom presented with epilepsy), cortical location of the
AVM or feeder, feeding by the middle cerebral artery, absence of aneurysms, and presence of a
varix in the absence of intranidal aneurysms were all retrospectively associated with a clinical
presentation of epilepsy.5
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Available data on the future risk of epilep-
tic seizures for people diagnosed with AVMs
and CMs come from 2 studies at specialist
referral centers: the risk of a first seizure was
2.4% per person per year during prospective
follow-up of people with CMs,6 and 1.1% per
person per year in a retrospective study of
people with AVMs.7,8

In an attempt to minimize referral and se-
lection biases and maximize external validity,
we sought to establish the 5-year risks of a first
seizure, 2 or more unprovoked seizures (epi-
lepsy), and seizure freedom in a prospective
population-based study.

METHODS Inclusion criteria. The Scottish IVM Study
(SIVMS) is an ongoing prospective, population-based study that
uses anonymized data extracts from an ongoing National Health
Service national clinical audit of adults aged �16 years resident in
Scotland (population 5.1 million) at the time of a new IVM diagno-
sis during 1999–2003 and 2006–2010 (The Scottish Audit of In-
tracranial Vascular Malformations, www.saivms.scot.nhs.uk). The
audit identifies patients through multiple overlapping sources
of case ascertainment that include a Scotland-wide collabora-
tive network of neurologists, neurosurgeons, radiologists, and
pathologists and central registers of hospital discharges and
death certificates.9 We restricted this analysis to adults with
AVMs or CMs first diagnosed in the years 1999 –2003.
AVMs and CMs were confirmed as definite on brain imaging
studies (reviewed by our 2 study neuroradiologists) or patho-
logic examination. The modality used to establish definite
AVM diagnoses was catheter angiography in 84%, CT with
contrast enhancement or angiography in 7%, MRI in 5%,
and pathologic examination of biopsy or autopsy specimens
in 4% (of these 10 adults, 4 died of their presenting ICH, 4
had a history of epilepsy, and 2 died of a condition unrelated
to their AVM). We established definite CM diagnoses using
MRI in 96%, with reference to criteria that were similar to
those subsequently published,10 and using pathologic exami-
nation in 4% (all 5 of these adults died of a condition unre-
lated to their CM). We included adults who entered the study
because their IVM was first diagnosed as an incidental finding
at autopsy in the analysis of demographic characteristics but
not in the outcome analyses.

First presentation (inception). We classified a patient’s first
presentation as when they developed symptoms that led to an
investigation that diagnosed an AVM or CM. We defined pre-
sentation with ICH as a symptomatic event associated with evi-
dence of intracranial blood on brain imaging, CSF, or
postmortem examination.10 We defined FND as symptoms or
signs of neurologic dysfunction, referable to the anatomic site of
the IVM, but without evidence of ICH, cerebral infarction, epi-
leptic seizure (Todd paresis), or migraine.10 An incidental presen-
tation was one that could not be related to the underlying IVM.
An epileptic seizure was the initial presentation if it was not
symptomatic of a concomitant ICH, and symptomatic seizures
were defined as those that were witnessed and occurred within
24 hours of ICH onset. We reviewed all patient records, neuro-
imaging, and pathology reports and attributed seizures to the

AVM or CM if there was no better explanation for their epilepsy.
We reviewed patient records to identify prior episodes of symp-
tomatic ICH, FND, and seizures.

Follow-up. Prospective follow-up started from the date of first
presentation. We used annual surveillance of general (family)
practitioner and hospital medical records, as well as annual ques-
tionnaires to general practitioners and consenting patients, to
establish patients’ medical histories, mode of clinical presenta-
tion, events during follow-up, and antiepileptic drug (AED) pre-
scriptions. We evaluated completeness of follow-up by
comparing observed to expected follow-up using these multiple
sources.11 If the patient had no history of epileptic seizures prior
to presentation, then their first-ever seizure was the initial one
that occurred at presentation (unprovoked by ICH) or during
prospective follow-up, and we determined their development of
epilepsy as when they had their next seizure during prospective
follow-up. We evaluated 2-year seizure freedom in adults with-
out prior ICH or FND, who had epilepsy at presentation or
developed it during follow-up. If the exact day or month of a
seizure was not available, we imputed the date as the midpoint of
the month or year, respectively. We summarized the use of
AEDs according to their initiation after the first or second sei-
zure in order to account for their role as a potential effect modi-
fier. We also investigated the pattern of AED use at the end of
5-year follow-up by recording whether the patient was on mono-
therapy, polytherapy, had been withdrawn from AEDs, or had
never been treated with AEDs.

Statistical analysis. We grouped IVM locations as follows:
lobar (cerebral hemispheres), deep (limbic, thalamus, hypothala-
mus, callosal, basal ganglia, and choroidal), infratentorial (brain-
stem and cerebellum), or multiple (if the patient had evidence of
more than one IVM). We quantified the maximum linear di-
mension of the nidus of AVMs. We measured the size of CMs on
T1-weighted MRI sequences or at autopsy (if available). We
used the maximum diameter of the CM that was thought re-
sponsible for the clinical presentation in those adults with multi-
ple CMs. We used parametric statistics for between-group
comparisons when the data obeyed a normal distribution, and
nonparametric statistics when they did not. We used exact tests
when cell counts were �5. We performed survival analysis using
life tables and Kaplan-Meier statistics, starting at the date of first
presentation, and censoring on the date of interventional treat-
ment (endovascular embolization, surgical excision, or stereotac-
tic radiosurgery), date of death, or at the end of 5-year follow-up
if an event of interest did not occur. We performed univariable
comparisons using the log-rank test. We used sensitivity analyses
when appropriate. All statistical tests were 2-tailed (� � 0.05)
and performed using SPSS (version 14.0).

Ethical approval. The Multicenter Research Ethics Commit-
tee for Scotland approved SIVMS (MREC/98/0/48) and all
analyses were performed on anonymized extracts of a National
Health Service national audit dataset.

RESULTS We identified 368 adults first diagnosed
in 1999–2003 with a definite AVM (n � 229) or
CM (n � 139), for whom there was a total of 2,705
person-years of follow-up (median 8 years per per-
son, interquartile range [IQR] 6 –9 years) with a
median completeness of follow-up of 95% (IQR
92%–99%) on April 30, 2010.11 Although more
AVMs first presented with ICH and more CMs were
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first detected incidentally, one-quarter of both
AVMs and CMs presented with an unprovoked sei-
zure (table 1).

First seizure after presentation. For 254 adults without
any history of seizures (figure e-1 on the Neurology®

Web site at www.neurology.org), during 610 person-
years of follow-up (median 1.5 years per person, IQR
0.2–5 years), the risk of a first-ever in a lifetime un-
provoked seizure within 5 years of presentation was
significantly greater for adults with an AVM present-
ing with ICH or FND compared to adults whose
AVM had been detected incidentally (23% [95%
confidence interval (CI) 9%–37%] vs 8% [95% CI
0%–20%], p � 0.046; figure 1). The 5-year risk was
greater for adults with AVMs who had had a pro-
voked seizure at the time of their ICH or FND than

for those who had not suffered a provoked seizure at
ICH or FND onset (48% [95% CI 19%–77%] vs
20% [95% CI 6%–34%], p � 0.002). Among adults
with AVMs who presented with an ICH/FND, there
was no difference in the proportion of AVMs in lo-
bar locations between adults who developed a seizure
(12/14 [86%]) compared to those who did not (72/
105 [69%]; p � 0.2), nor was there a difference in
the proportion of ICHs with an intraparenchymal
component between adults who developed a seizure
(12/14 [86%]) compared to those who did not (74/
105 [70%]; p � 0.4).

The 5-year risk of a first seizure did not differ for
adults with CMs who presented with ICH or FND
compared to incidentally detected CMs (6% [95%
CI 0%–14%] vs 4% [95% CI 0%–10%], p � 0.6;
figure 1).

There was no difference in the 5-year risk of a
first-ever unprovoked seizure between AVMs and
CMs that presented incidentally (p � 0.4). There
was a significant difference in the 5-year risk of a
first seizure between AVMs and CMs that had pre-
sented with ICH or FND (p � 0.04). This differ-
ence remained significant when adults presenting
with a provoked seizure associated with their ICH
or FND were censored in a sensitivity analysis
(p � 0.04). There was a significant difference in
the median volume of intracerebral hemorrhage
between AVMs and CMs (16 cm3 vs 2 cm3, p �
0.001; table 1),12 but the proportion of adults with
an intraparenchymal component was greater for
CMs than AVMs (17/17 [100%] vs 90/115
[78%], p � 0.04).

Association of AVM and CM location, size, and multi-
plicity with the occurrence of seizures. We examined
the associations of AVM and CM location, their
multiplicity, and maximum linear dimension with
the first-ever occurrence of seizures at presentation or
during prospective follow-up among untreated par-
ticipants who had never had an ICH/FND. Every
AVM associated with seizures was in a lobar location,
as were 84% of the AVMs in adults who never expe-
rienced a seizure/ICH/FND, but AVMs were more
likely to involve the temporal lobe in adults with sei-
zures (43% vs 11%, OR 6.5 [95% CI 1.8–23]; table
2). Maximum AVM nidus size, whether comparing
medians (p � 0.15; table 2) or divided into tertiles
for logistic regression (p � 0.4), did not appear to
influence the likelihood of seizures. We could not
demonstrate any anatomic association between CM
location and the occurrence of seizures, even in a
sensitivity analysis attributing those with multiple
CMs (all of whom possessed at least one lobar CM)
to the lobar location category. However, CMs were
more likely to be multiple in adults with seizures

Table 1 Baseline clinical characteristics of 368 patients with a new
diagnosis of an arteriovenous malformation (AVM) or cavernous
malformation (CM)

AVM (n � 229) CM (n � 139)

Median age at presentation, y 47 41

Female, n (%) 102 (45) 80 (57)

Presentation, n (%)

Incidental 48 (21) 66 (48)

Hemorrhage 115 (50) 17 (12)

Symptomatic seizure 15 (13) 2 (12)

Seizures 56 (25) 35 (25)

First-ever in a lifetime seizure 32 (57) 21 (60)

Epilepsy at presentation 24 (43) 14 (40)

Focal neurologic deficit 10 (4) 21 (15)

IVM location, n (%)

Right hemisphere 115 (50) 65 (46)

Left hemisphere 104 (46) 59 (42)

Midline 10 (4) 16 (12)

Lobar 184 (80) 83 (60)

Deep 22 (10) 17 (12)

Infratentorial 23 (10) 32 (23)

Multiple 0 (0) 24 (17)

Intracranial hemorrhage

Intracerebral hemorrhage

Median volume, cm3 (IQR) 16 (5–42) 2 (1–4)

Lobar 66 (57) 17 (100)

Deepa 10 (9) 0 (0)

Infratentorial 14 (12) 0 (0)

Pure SAH 6 (5) 0 (0)

Pure IVH 11 (10) 0 (0)

IVH and SAH 7 (6) 0 (0)

SDH 1 (1) 0 (0)

Abbreviations: IQR � interquartile range; IVH � intraventricular hemorrhage; SAH � sub-
arachnoid hemorrhage; SDH � subdural hematoma.
a Basal ganglia, choroid plexus, hypothalamus, thalamus, limbic structures, and insula.
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(43% vs 6%, OR 12.5 [95% CI 2.9–53], table 2).
Maximum CM linear dimension, whether compar-
ing medians (p � 0.66; table 2) or divided into ter-
tiles in a multivariable logistic regression analysis also
involving CM location (p � 0.6), did not appear to
influence the likelihood of seizures.

Epilepsy. For 23 adults with a CM and 37 adults
with an AVM without any history of ICH/FND (fig-

ure e-2), who had a first-ever in a lifetime seizure at
presentation or during prospective follow-up, the
5-year risk of developing epilepsy over 60 person-
years of follow-up after their first-ever seizure (me-
dian 0.5 years per person, IQR 0.3–0.8 years) was
58% (95% CI 40%–76%) for AVMs and 94% (95%
CI 84%–100%) for CMs (p � 0.02; figure 2). The
low median duration of follow-up is explained by the
large number of outcomes in the first year after pre-
sentation (figure 2). There was no difference in the
proportion of AVMs (37/37 [100%]) and CMs
(21/23 [91%]; p � 0.14) that were in lobar loca-
tions. A greater proportion of patients with AVMs
were started on an AED after a first seizure but this
difference was not significant (24/37 [65%] AVMs
vs 10/23 [44%] CMs; p � 0.10). The numbers of
outcome events precluded a reliable analysis of the
risk of epilepsy following a symptomatic or delayed
seizure after presenting with ICH/FND.

Two-year seizure freedom. For adults without any his-
tory of ICH/FND, who presented with established
epilepsy (table 1; analysis started at presentation) or
developed epilepsy during follow-up (figure 2; analy-
sis started at the diagnosis of epilepsy), during 193
person-years of follow-up the chance of achieving
2-year seizure freedom was similar for the 43 adults
with an AVM and for the 35 adults with a CM (45%
[95% CI 20%–70%] vs 47% [95% CI 27%–67%],
p � 0.8; figures 3 and e-3). The chances of achieving
2-year seizure freedom remained similar in a sensitiv-
ity analysis restricted to adults with a prospective di-
agnosis of epilepsy (p � 0.9). Most adults with
epilepsy were prescribed AEDs (39/43 [91%] AVMs
vs 34/35 [97%] CMs), but by the end of follow-up signif-
icantly more with CMs were prescribed polytherapy
(16/35 [46%] vs 6/43 [14%] AVMs; p � 0.02).

Figure 1 Five-year risk of a first-ever unprovoked seizure

The 5-year risk of a first-ever unprovoked seizure for adults with an arteriovenous malfor-
mation (AVM) or cavernous malformation (CM), who had no prior history of seizures. Analy-
ses are stratified by whether the CM or AVM was an incidental discovery or whether it was
diagnosed because of an intracerebral hemorrhage or focal neurologic deficit (ICH/FND).
Seizure outcome was statistically significantly different only when comparing AVM pre-
senting with ICH/FND to either CM presenting with ICH/FND (p � 0.04) or AVM detected
incidentally (p � 0.046).

Table 2 Comparison of the anatomic location and maximum diameter of intracranial vascular malformations according to whether or not
they were associated with an unprovoked seizure at presentation or during prospective follow-upa

Arteriovenous malformations Cavernous malformations

No seizure
(n � 38)

Seizures
(n � 30)

OR (95% CI), or p value
for comparison

No seizure
(n � 53)

Seizures
(n � 21)

OR (95% CI), or p value
for comparison

Lobar 32 (84) 30 (100) — 32 (60) 10 (48) 0.6 (0.2–1.7)

Temporal 4 (11) 13 (43) 6.5 (1.8–23) 8 (15) 4 (19) 1.3 (0.4–5.0)

Deep 3 (8) 0 — 7 (13) 2 (9)b 0.7 (0.1–3.6)

Infratentorial 3 (8) 0 — 11 (21) 0 —

Multiple 0 0 — 3 (6) 9 (43) 12.5 (2.9–53)

Median maximum diameter (IQR), mm 20 (16–40) 30 (20–40) p � 0.15 10 (10–16) 12 (10–20) p � 0.66

Abbreviation: IQR � interquartile range.
a We restricted the analysis to adults who had never had a seizure or intracranial hemorrhage before their first-ever seizure. Odds ratios (OR) and their
95% confidence intervals (95% CI) compare the frequency of the location in the “seizures” group to its frequency in the “no seizure” group, and incalculable
ORs are left blank.
b One adult had a midline hypothalamic cavernous malformation and the other had a left-sided limbic cavernous malformation.
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DISCUSSION In this prospective, population-based
cohort study, the risk of a first seizure was higher for
adults with an AVM who had presented with an ICH
or FND compared to those with incidentally de-
tected AVMs, and compared to all modes of CM
presentation (figure 1). In adults without prior ICH
or FND, we found that AVMs in the temporal lobe

were more frequent in adults with epileptic seizures,
although this was not the case for CMs, which were
more frequently multiple in adults with epileptic sei-
zures (table 2).

The risk of developing an epileptic seizure after an
incidental CM diagnosis was low (0.9% per person-
year, annualized over 5 years) and after an incidental
AVM diagnosis it was similar (2% per person-year,
annualized over 5 years); these risks do not appear to
support the prescription of prophylactic AEDs. The
increased risk after AVM-related ICH/FND may be
explained by intracerebral hemorrhages—which are
known to predispose to seizures13,14—being larger
when caused by AVMs than CMs.12 However, while
there is no evidence to support the prescription of
prophylactic AEDs after ICH,15 further study of
their effects on the subsequent risk of epilepsy in
adults with a provoked seizure secondary to AVM-
ICH are warranted, ideally in randomized controlled
trials (RCTs).

For those with a first seizure who were unaffected
by prior ICH or FND, the 5-year risk of epilepsy was
higher for adults with CMs than AVMs. Immediate
AED prescription after a first seizure or early epilepsy
increases the time to first and second seizure recur-
rence and reduces the time to 2-year seizure freedom
but does not affect seizure freedom at 5 years.16

Therefore, AED prescribing patterns in Scotland
might have influenced the observed risks of epilepsy
after a first seizure, and similar data from other pop-
ulations would help to indicate the generalizability of
our findings. The risk of progressing to epilepsy was
higher for CMs than for a composite group of pa-
tients with a first-ever seizure in a recent trial of
AEDs for unprovoked seizures.16 Although guide-
lines do not suggest starting an AED for every patient
after a first tonic-clonic seizure if brain imaging
shows an underlying lesion,17 the high risk of epi-
lepsy, concentrated in the first year after a first sei-
zure, suggests that prescribing AEDs for adults with a
first-ever seizure due to a CM may be warranted.
Our data suggest that adults with epilepsy due to a
CM or AVM have a similar chance of achieving
2-year seizure freedom but that this chance is lower
than that reported for people with cryptogenic epi-
lepsy (on whom there are few data on 2-year seizure
freedom).18

In this prospective population-based study of the
natural history of epileptic seizures after a new diagnosis
of an AVM or CM, we used multiple overlapping
sources of case ascertainment and follow-up was com-
prehensive (median completeness of follow-up was
97% for AVMs and 96% for CMs). The population-
based design of our study sought to avoid any selection
bias on the basis of participants’ symptoms or feasibility

Figure 2 Five-year risk of developing epilepsy after a first-ever
unprovoked seizure

The 5-year risk of developing epilepsy in patients with an arteriovenous malformation
(AVM; solid line) or cavernous malformation (CM; broken line) following a first-ever seizure.

Figure 3 Chance of achieving 2-year seizure freedom for adults over 5
years follow-up

The chance of achieving 2-year seizure freedom for adults with epilepsy due to an arterio-
venous malformation (AVM; solid line) or cavernous malformation (CM; broken line).
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of treatment. We have provided estimates of 2-year sei-
zure freedom, which is a more robust outcome than
1-year seizure freedom and is more relevant to clinical
practice since AEDs tend not to be withdrawn until a
patient is at least 2 years seizure-free.19

Largely because of the logistical and financial con-
straints upon studying a geographically dispersed
population, we relied on clinicians’ evaluations in pa-
tients’ medical records as well as questionnaire data,
rather than scheduled study visits, and therefore may
have missed some events. We extensively reviewed
medical records and general practitioner notes to de-
termine a prepresentation history of epilepsy, and
thereby tried to minimize the risk of misclassifying
an adult with either epilepsy or a first-ever in a life-
time seizure. Reporting bias may have existed among
patients with a longstanding history of epilepsy, who
may be less inclined to present to medical attention,
although we tried to mitigate this by using a more
robust, 2-year seizure freedom outcome. The crude
detection rate of AVMs in the first 2 years of our
study in Scotland was not significantly different from
the pooled detection rate in a recent meta-
analysis,20,21 and our detection rate of CMs was
higher than in the one previous population-based
study (conducted in the era before MRI was widely
available).20,22

Our estimates of the risk of first-seizure over 5
years after incidental diagnoses of CMs (4%, 95% CI
0%–10%) and AVMs (8%, 95% CI 0%–20%) com-
pare to previous studies’ findings of 2.4% per person-
year6 and 1.1% per person-year,7,8 respectively.
However, we are likely to have underascertained inci-
dental CMs, given their known prevalence on MRI
in neurologically asymptomatic people,2 which may
have overestimated the risk of first-ever seizure
among incidental CMs.

Further recruitment and follow-up will improve
the precision of our current estimates, and obtain suf-
ficient numbers of outcomes to investigate factors pre-
dictive of first seizures, epilepsy, and seizure freedom.
Previous data have suggested that patients with an
AVM affected by epileptic seizures tend to be
younger,8,23 but influences on CMs are unknown.
Retrospective, uncontrolled studies of pure CM
lesionectomy,24-27 extended CM lesionectomy,28,29 and
multimodality AVM treatment for patients with epi-
lepsy have all shown welcome improvements in seizure
control.30 However, it will be important to determine
whether interventional treatment of CMs and AVMs
influences the risk of a first seizure or developing epi-
lepsy in hospital- and population-based studies as well
as in RCTs (such as ARUBA, www.arubastudy.org,
ISRCTN 44013133).
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