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Abstract:

Background: Due to the continuing improvements in imaging technology, an increasing
number of epileptogenic small (<5mm) unruptured intracranial aneurysms (sUIA) are
being diagnosed since 2000. However, they are not systematically described and
reviewed until now.

Case description and theliterature review: We reported 2 patients with sUIA who
initially presented with complex partial seizures (CPS). Scalp e ectroencephal ography
(EEG) showed the seizures activity arising from the mesial temporal/frontal areas, but
conventional magnetic resonance imaging (MRI) scans were normal in both patients. The
diagnoses of sUIA were achieved by cerebral angiography. One of the patients was
treated as idiopathic seizure and suffered from subarachnoid hemorrhage before the final
diagnosis of sUIA. Both of the patients were treated by surgical clipping without
resection of the adjacent discolored brain tissue, and the seizures were controlled after
surgery. Furthermore, we thoroughly reviewed the relevant literature. In total, including
our cases, 5 cases were documented and analyzed to discuss the clinical characteristics,
diagnosis, underlying mechanism, treatment and prognosis of epileptogenic sUIA.
Conclusions: The seizures caused by sUIAs are most likely related to subclinical
hemorrhages. Angiograms may be helpful to identify seizures associated with sUIA in
patients with normal conventional MRI scans. For epileptogenic sUIAs with normal
preoperative MRI, clipping the aneurysm without damage to the surrounding brain tissue

may be enough to resolve this complex issue.
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Abstract:

Background: Due to the continuing improvements in imaging tebgy, an increasing
number of epileptogenic smak§mm) unruptured intracranial aneurysms (sUIA) are
being diagnosed since 2000. However, they areystéatically described and
reviewed until now.

Casedescription and theliteraturereview: We reported 2 patients with sUIA who
initially presented with complex partial seizur€Pg). Scalp electroencephalography
(EEG) showed the seizures activity arising fromrtresial temporal/frontal areas, but
conventional magnetic resonance imaging (MRI) se@r® normal in both patients. The
diagnoses of sUIA were achieved by cerebral angjggy. One of the patients was
treated as idiopathic seizure and suffered fronasadihnoid hemorrhage before the final
diagnosis of sUIA. Both of the patients were trddig surgical clipping without
resection of the adjacent discolored brain tisand,the seizures were controlled after
surgery. Furthermore, we thoroughly reviewed thevamt literature. In total, including
our cases, 5 cases were documented and analydesttss the clinical characteristics,
diagnosis, underlying mechanism, treatment andrsig of epileptogenic sUIA.
Conclusions: The seizures caused by sUIAs are most likely edlaio subclinical
hemorrhages. Angiograms may be helpful to iderd#jzures associated with sUIA in
patients with normal conventional MRI scans. Foilegpogenic sUIAs with normal
preoperative MRI, clipping the aneurysm without dge to the surrounding brain tissue

may be enough to resolve this complex issue.
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Introduction

The incidence of epilepsy in patients with unruptlimtracranial aneurysm (UIA) is
estimated about 2.9%-5.0%6: '% '°n the literature, the most frequent localizatidrihe
epileptogenic aneurysms was on the middle cereltaly (MCA), and in most case
reports, the aneurysms were large or gignt> *No epileptogenic aneurysms that were
smaller than 5 mm in diameter were reported inlitegature before 1999° Due to the
continuing improvements in imaging technology, meréasing number of epileptogenic
small €5mm) unruptured intracranial aneurysms (sUIA) amd diagnosed since
2000° Because epileptogenic sUIAs are difficult to diagmaheir prevalence is likely
underestimated, and some patients classified asdghaliopathic complex partial
seizures (CPS) treated with anticonvulsants coeldtlyisk of subarachnoid hemorrhage
(SAH). However, epileptogenic sUIAs are not systieadly described and reviewed
until now. To discuss the clinical characteristdiggnosis, underlying mechanism,
treatment and prognosis of epileptogenic sUIA, ggort 2 patients with sUIA who
presented with epilepsy, and review the relevaatdture.

Case description:

Case 1

A 48-year-old man presented to us in September 2ih3a 1-year history of CPS. The
epilepsy began with the jerking motion of the lgfper limb and culminated in a brief
loss of consciousness. Carbamazepine and valdekse to control the seizures.

General and neurological examinations were norasalyere basic preoperative
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laboratory tests. The past history was not sigaific Scalp electroencephalography (EEG)
showed frequent burst of sharp waves over therieftial temporal lobe indicating
seizure activity arising from this area. MRI scarese normal and volumetric
measurements did not reveal any significant asymynhbettween left and right
hippocampal structures (Fig. 1 A, B). But preopgesatomputed tomography
angiography (CTA) revealed a small aneurysm (3nuzated at C1 segment of left
internal carotid artery (Fig.1 C, D). After caretidnsideration and patient counseling, a
decision to treat both conditions was reached. jeftional craniotomy was performed

to clip the Aneurysm. During surgery, the medi&tl femporal lobe adjacent to the
aneurysm was seen to have a yellowish hue, whickupposed to be an evidence of
hemorrhagic products to indicate prior subclintvamorrhages. Considering the normal
preoperative MRI scans, the small lesion was clipged the adjacent brain tissue was
not resected (Fig. 2 A, B). Postoperative comptetbgraphy (CT) scan was normal
(Fig.1 E, F). The patient had an uneventful posrafive recovery and got seizure free
without antiepileptic drug (AED) 6 months after geiry.

Case 2:

A 28-year-old man presented at our emergency depattin June 2011 with an episode
of severe headache. Emergent CT scans showedrartraichematoma located at anterior
longitudinal fissure (Fig. 3 A). General and neagital examinations were within

normal limits. Past history was significant for @year-history of CPS, which was

controlled by valproate and carbamazepine. Workejuded CT, MRI and EEG had
5
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been performed 10 years ago. Ictal and intericiab Eevealed a right anterior temporal
and inferior frontal lobe origin of his seizureuutBJVRI scans were normal and
volumetric measurements did not reveal any sigaifi@symmetry between left and right
hippocampal. Emergent CTA showed a dilation ofdtejunction between the left
anterior cerebral artery (ACA) and the anterior cmmicating artery (ACoA) (Fig. 3 B).
Preoperative digital subtraction angiography (D&&ntified the dilation as a small
ACOoA aneurysm (2mm) (Fig. 3 C, D). Left pterionghiiotomy was performed to clip
the aneurysm. After evacuation of the hematomactipding of the aneurysm, we found
the mesial temporal lobe and inferior frontal latere discolored (Fig. 2 C, D), which
we speculated to be a reaction to the previous pymatic and symptomatic
hemorrhages. Considering the normal preoperativé dd&ns, the adjacent brain tissues
were preserved. The patient had an unremarkabtegeErative course and was
discharged home in good condition. Postoperative@I CTA revealed complete
obliteration of the aneurysm (Fig.3 E, F). Aftey&ars of follow-up, the patient has
achieved seizure free and weaned off anti-convuldrags.

Discussion

Clinical characteristics

A thorough review of the literature orf Pubmed was performed on this unusual
etiology. Five cases with small epileptogenic agsmns £€5mm) including ours were
documented and none of them were reported befd@ able 1). The mean age of the

patients at diagnosis was 44.2+13.2 years. Setypeeof most of the patients was CPS
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and only one patient noticed a musical hallucima{ample partial seizure SPS).
Seizures preceded discovery of the sUIA from 1Qgédars in these patients, and during
those intervals 1 patient suffered from SAH andzemts were misdiagnosed as
idiopathic seizures. The aneurysm was situatedhenlistal internal carotid artery (ICA)
(C1 segment) in 2 patients, localized at the AGoA patients, at the posterior
communicating artery (PCoA) in 1 patient, and atpbsterior cerebral artery (PCA) in
the other one patient (Fig. 4). Only 1 of the sWas diagnosed by conventional MRI, 2
of them were discovered by angiography (CTA/DSAhylspecial MRI scans (Thin

MRI), and the other one was incidentally discovetadng operation.

Diagnosis

Diagnosis of epilepsy caused by sUIA is diffictflthat is reconfirmed by the long
duration of epileptic symptoms (1-10 years) andxpeeted SAH or misdiagnoses in this
literature review study. The difficulties in diagsi® may be owing to two reasons as
follows: First, cerebral aneurysms are not gengrahsidered in the differential
diagnosis of lesions causing seizufesIn the literature, the most frequent causes of
seizures are concluded as cerebrovascular dis82&# 1developmental disorders 5.5 %,
head trauma 4.1 %, brain tumors 3.6%, central nerggstem infection 2.6%,
degenerative diseases 1.8%, and for the remaiidh§o(of the cases) the etiology are
unknow Second, the small aneurysms with diameter lebs@r 5mm is often invisible
or ignored on conventional MRI scans. MRI has iassgl the sensitivity for the detection

of focal cerebral pathology and vascular abnormeslifThus, it has replaced cranial CT
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scan as the imaging modality of choice in epilepsjowever, in this study, conventional
MRI detected only one sUIA in 5 cases. Thus, calelmgiography may be necessary to
identify and confirm the small vascular diseasescdiise seizures resulting from small
aneurysms are difficult to diagnose, their prevedeis likely underestimated and some
patients classified as having idiopathic CPS tekatith anticonvulsants could be at risk
of SAH (such as case 2)Based on our results and the literatures, wegmtard some
suggestions for diagnosis in this kind of challeggpatients as follows: 1). In patients
with CPS or SPS arising from the mesiotemporal araaferior frontal area, UIA should
be included in the differential diagnosis. 2). Asggams may be helpful to identify
seizures associated with sUIA in patients with redroonventional MRI scans.

M echanism of the epilepsy

In our cases, seizures were supposed to be dhe 81JIA. This hypothesis was
supported by the correlation between localizatibthe aneurysm and epileptic focus
determined by EEG, and by the seizure controlliithaut damage to brain tissues
adjacent to aneurysms and without anticonvulsarggafter surgery. Based on the low
seizure threshold of mesial temporal lobe strustuseveral mechanisms have been
postulated to explain the seizures caused by BfA” ® *3\e concluded as follows: 1)
direct cortical compression by the UIA2) pulsatile aneurysmal wall against the briin,
3) emboli from distant cerebral aneurysms travgltimother parts of the braih° 4) the
calcified walls of the aneurysms acted as hamarsoh® hemosiderin deposition and

gliosis caused by subclinical SAHFor sUIAs, lesions are too small to cause anyctlire
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compression or intermittent pulsatile compressiamthe other hand, the calcified wall
and intraluminal thrombus are uncommon in smalliaysms. Thus, the seizures caused
by sUIAs are most likely related to subclinical leerhages, which were supported by
intraoperative findings of yellowish hue and blgwdducts of adjacent brain tissue in
our cases.

Treatment and prognosis:

In this cohort of patients with epileptogenic sUJA#H cases were surgically treated. In
the literature, clipping of the UIAs and resectafrthe adjacent abnormal brain tissue are
proposed to control the seizures and to preventskef bleeding (Patient 3 and 5)%

9 However, in our cases, only clipping of aneurysaswerformed and surrounding
brain tissues were preserved. As we have mentibetxe, the seizures associated with
sUIAs were most likely related to subclinical henhaiges, which repeatedly irritated the
surrounding brain tissues. Elimination of the subchl hemorrhages by aneurysm
clipping may be enough to control the seizurestt@mother hand, considering the
normal preoperative MRI scans and the risk of ngsyohologic sequelae after resection
of a healthy mesial temporal lobe and hippocamesisecially with regard to memory
function, the adjacent brain tissues were not tesleés expected, the seizures were
resolved after surgery without AEDs (Table 1). Thue postulated that, for
epileptogenic sUIAs with normal preoperative MRipping the aneurysm without
damage to the surrounding brain tissue may be déntmugesolve this complex issue. In

clinical practice, neurosurgeons are now oftendagith the dilemma of whether to treat
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sUIA with surgical clipping or to manage them withdovascular embolizatiot?: *°
Considering the subclinical SAH and irritation ¢ddd products may be the prominent
mechanism of seizures, endovascular embolizati@pibdptogenic sUIAs to prevent
further blood leak might be an alternative methmttéat. However, when considering
this treatment option in patients with aneurysratesl seizures, several factors must be
taken into consideration. The aneurysm must be ablerto endovascular coiling from a
morphologic and anatomic standpoihf: °But, till now, we have no knowledge of a
documented case of sUIA associated with epilepatyiths been successfully treated by
the use of endovascular embolization. A largeresas needed to get a clearer picture of
the effects of such a treatment.

Conclusions:

The seizures caused by sUIAs are most likely réledesubclinical hemorrhages.
Angiograms may be helpful to identify seizures asged with sUIA in patients with
normal conventional MRI scans.. For epileptogetltAs with normal preoperative MRI,
clipping the aneurysm without damage to the sumlmgbrain tissue may be enough to
resolve this complex issue.
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Figure L egend:

Fig. 1: Neuroimaging findings of case 1. Conventional M&drss were normal (A, B).
Preoperative CTA revealed a small aneurysm (3mogtéml at C1 segment of left

internal carotid artery (C, D). Postoperative Carscwere normal (E, F).

Fig. 2: Intraoperative pictures of our cases (A Bridr patient 1, C and D for patient 2)
to illustrate the angioarchitectures and surroug@tnuctures of the small aneurysms. An,
aneurysm; C1, C1 segment of internal carotid artefy, optic nerve; ACoA, anterior
communicating artery; A1, Al segment of the antecerebral artery; A2, A2 segment of
the anterior cerebral artery; FL, frontal lobe.

Fig. 3: Neuroimaging findings of case 2. Emergent CT ss&osved intracranial
hematoma located at anterior longitudinal fisséfe CTA showed a dilation of the
conjunction between the left ACA and the ACoA (Bijeoperative DSA identified the
dilation as a small ACoA aneurysm (2mm) (C, D).tBpsrative CT and CTA revealed
complete obliteration of the aneurysm (E, F).

Fig. 4. In this cohort of patients, the aneurysm was s#tladbn the distal ICA (C1
segment) in 2 patients, localized at the ACoOA ipatients, at the PCoA in 1 patient, and

at the PCA in the other one patient.
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Table 1: Literature review of small unruptured intracranial aneurysms (1cm) initially presenting with seizures.

Authors | Year | No | Age | Sex | Seizure DoS | MD | Locat | Sze | DM Treat- | Epi-focus | Prognosis | Postulated
(Y) Type or ion (mm) ment mechanism
(EEG) SAH
This 2016 |1 |48 M CPS 1Y |No |RICA |3 CTA | Clip | Untreat-ed | Resolved | Subclinical
study (focus) hemorrhage
2 |28 M CPS 10Y | SAH | ACoA | 2 CTA/ | Clip | Untreat-ed | Resolved | Subclinical
(focus) DSA hemorrhage
LadSP | 2012 | 3 34 -- CPS 4Y |MD |R 5 Intra- | Clip Resected | Resolved | Incidental
etal. (focus) PCA op An
Kamali | 2004 | 4 |50 M CPS 3Y |[No |[R 5-6 MRI | Clip |-- Seizure --
AW (negative) PCoA
etal.
Boberts | 2001 |5 | 61 F musical 3Y |MD |R 5 Thin | Clip | Resected | Resolved | Gliosis
DL hallucinati ICA MRI
etd. -on
(focus)

EEG, eectroencephalogram; DoS, duration of epileptic symptoms, MD, misdiagnosis, SAH, subarachnoid hemorrhage; DM,
diagnostic methods discovered the sUIAs;, CTA, computed tomography angiography; DSA, digital subtraction angiography; MRI,
magnetic resonance imaging; Epi-focus: epileptogenic focus determined on preoperative EEG; CPS, complex partiad seizure; ICA,
internal carotid artery; ACoA, anterior communicating artery; PCA, posterior cerebral artery; PCoOA, posterior communicating artery; -

--, not available.
















1. We reported 2 patients with small (<5mm) unruptured intracranial aneurysms
(sUIA) who initialy presented with epilepsy, and reviewed the relevant literature.
Epileptogenic sUIAs are uncommon and not systematically described and reviewed
until now.

2. Literature review shows angiogram may be necessary to exclude sUIA even in
patients with normal conventional MRI before the diagnosis of idiopathic seizure.

3. Our cases indicate that clipping the aneurysm without damage to the surrounding
brain tissue may be enough to resolve this complex issue in patients with normal

preoperative MRI.
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