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Abstract

An intracranial aneurysm would be low on the differential diagnosis of a patient presenting with behavioral or emotional
changes. Nonetheless, complex partial seizures (CPS) may cause such symptoms and result from an unruptured intracranial an-
eurysm. Failure to diagnose and treat this condition in a timely manner increases the patient’s risk of catastrophic aneurysmal
rupture. This report describes a 55-year-old woman who presented following two CPS which began with the perception of a strange
smell and culminated in a brief loss of consciousness. She had no history of seizure disorder or recent trauma. Magnetic resonance
imaging (MRI) revealed a space-occupying lesion over the right temporal lobe near the amygdala. Magnetic resonance angiography
(MRA) confirmed a 1.5-cm right middle cerebral artery aneurysm, with a dome projecting toward the amygdalohippocampal re-
gion. Following surgical ablation, the patient’s CPS were well controlled. A review of the literature is performed on this unusual

etiology and management strategies are discussed.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

In patients who present with behavioral or emotional
symptoms, the index of suspicion of an intracranial
aneurysm as the etiology is low. Complex partial sei-
zures (CPS) may cause such symptoms and can result
from unruptured intracranial aneurysms. While the
importance of early diagnosis of an unruptured aneu-
rysm is inarguable, long periods frequently elapse before
their discovery, even if they are symptomatic. This is the
result of nonspecific symptoms and inherent difficulties
in diagnostic testing.

Unruptured aneurysms that result in seizures usually
involve the middle cerebral artery (MCA), likely sec-
ondary to its location adjacent to the temporal lobe. Our
patient presented with mental status changes secondary
to CPS as the first manifestation of what was found to
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be a MCA aneurysm. The aneurysm was clipped suc-
cessfully and the patient’s seizures were well controlled
postoperatively. This demonstrated the importance of
including unruptured aneurysms in the differential di-
agnosis of patients with acute-onset behavioral changes.

2. Case report

A 55-year-old woman presented following two CPS,
which began with the perception of a strange smell and
culminated in a brief loss of consciousness. She had no
history of seizure disorder or recent trauma. Magnetic
resonance imaging (MRI) revealed a space-occupying
lesion involving the right temporal lobe near the
amygdala. There also seemed to be increasing signal
intensity surrounding the lesion, suggesting a several-
week-old subclinical hemorrhage, i.e., a small leak from
the aneurysm that did not result in obvious symptom-
atology (Figs. 1 and 2). Because MRI was suggestive of
a vascular lesion, magnetic resonance angiography
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Fig. 1. Coronal T1 magnetic resonance image demonstrating right
mesiotemporal abnormality. Increasing signal intensity surrounding
the lesion suggests a previous subclinical hemorrhage.

Fig. 2. Axial T2 magnetic resonance image demonstrating right me-
siotemporal abnormality.

(MRA) was performed and confirmed a 1.5-cm right
MCA aneurysm, with a dome projecting in the lateral,
inferior, and slightly posterior direction toward the
amygdalohippocampal region. There appeared to be
some intraluminal thrombi and the MCA gave a prox-
imal trunk, which subsequently branched into a third
M2 segment, as well as an anterior temporal branch.
Immediately after the origin of this vessel the large,
broad-based aneurysm arose.

The patient was brought to the operating room and a
distal transsylvian approach craniotomy was performed.

The aneurysm, clearly projecting in the aforementioned
direction, was pushing into the amygdaloid region. A
large arterial branch that gave rise to the aneurysm was
identified, and the third M3 branch and anterior tem-
poral artery were dissected from the neck of the aneu-
rysm, which had a quite broad base. The patient was
placed in a burst suppression coma and a temporary clip
was applied to the trunk of origin, as well as on the
anterior temporal and the M3 branches. The aneurysm
was then deflated and a curved Yasargil clip applied.
The operation concluded without incident and the pa-
tient was discharged in excellent condition, with her CPS
well controlled with carbamazapine.

3. Discussion
3.1. Presentation of unruptured intracerebral aneurysms

Although intracerebral aneurysms commonly come
to the attention of the neurosurgeon when they hemor-
rhage, a significant proportion of unruptured aneurysms
go undetected. These are usually diagnosed incidentally
or when they produce nonspecific symptoms, and weeks
to years may elapse before diagnosis [1]. Often, seizures
are the first presenting feature of unruptured intracra-
nial aneurysms, and a significant number of patients
who suffer subarachnoid hemorrhage (SAH) have been
previously diagnosed with epilepsy [1-3]. A study in
1980 [4] reported on 38 intracranial aneurysm cases that
became apparent by nonhemorrhagic signs and symp-
toms. In 31 of 38 cases, the aneurysm was directly re-
lated to the clinical manifestation. Two of these cases
presented with seizures. In 1999, two patients were re-
ported who had seizures as a presenting feature of un-
ruptured intracranial aneurysms in which the seizures
became well controlled after surgical ablation of the
aneurysm [5]. In 1966 a 2-year-old girl was reported with
an unruptured posterior cerebral artery aneurysm that
presented with seizures [6]. Following pterional crani-
otomy and clipping of the aneurysm, the seizures be-
came well controlled.

3.2. Complex partial seizures

Complex partial seizures are characterized by a
change in alertness or awareness, with behavioral or
emotional symptoms and the temporary loss of memory.
They can have motor, sensory, somatosensory, auto-
nomic, or psychic components and are prevalent in ap-
proximately 1-5 of 1000 people. A rare cause of these
seizures is unruptured cerebral aneurysm (Tables 1 and
2). CPS can present with psychiatric symptoms such as
schizophrenic behavior [7-13]. In 1996 there was a re-
port of a patient who was arrested for attempted rape
and confessed to the act, but claimed partial amnesia



Table 1
Unruptured intracranial aneurysms presenting with CPS
Author(s) No. of Agelsex Size Location Proposed Treatment Seizure Seizure type Evidence of Duration of
aneurysms mechanism* resolution bleeding® symptoms
Whittle et al. 1 S0/F Giant L MCA Compression, Clipping/ Complete CPS Yes 10-15 years
[14] subclinical decompression
hemorrhage
1 52/IM Giant L MCA Compression Clipping/ Complete CPS, GTC No 8 years
decompression
2 59/M Giant 5mm L MCA Compression Wrapping No resolution  CPS, TIAs No 4 years
L ACom
2 48/F Giant small R MCA Compression Wrapping No resolution  CPS, focal Yes 7 years
R MCA Seizures
Yacubian et al. 1 30/M Giant R PCA Compression, Selective Complete CPS, GTC Yes 12 years
[28] partially amygdalohip-
thrombosed pocampectomy,
giant aneurysm PCA occlusion
Tanaka et al. 1 2/F 15 x 8 mm R MCA Compression, Spontaneously Complete CPS No 4 months
[17] subclinical thrombosed
hemorrhage,
thromboembolism
Stewart et al. 1 40/M 12 x 20 mm L MCA Compression, Wrapping then Yes CPS, motor No 8 months
[38] thromboembolism  clipping seizure
Bull [25] 1 Giant None CPS 4 years
1 Giant None CPS 5 years
1 Giant None CPS 12 years
Kamrin [20] 1 45/M >lcm R MCA Compression R temporal Yes CPS, GTC No 1.5 years
lobectomy
Locksley et al. 1 ACA
[16]
1 PCA
1 PCA
1 MCA
Currie et al. [48] 1 MCA CPS
Miyagi et al. 1 Giant MCA Excision of Complete CPS
[49] aneurysm
Huang et al. [6] 1 2/F PCA Compression Clipping Well controlled CPS, GTC Yes 6 months
Merva et al. [50] 1 57IM Giant R PCoA Subclinical Clipping Well controlled CPS, GTC Yes 9 years
hemorrhage
Frankel and 1 49/M 4cm R MCA Compression Surgical Poor control CPS, GTC 3 years
Alpers [51] ligation
1 8§ mm L MCA None CPS No 6 months
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5 months

Yes

CPS

Complete

Clipping

Small L MCA Subclinical

52/M

1

Sengupta et al.

hemorrhage
Subclinical

(18]

30 years

Yes

Complete CPS

Clipping and
excision

Large R MCA

56/F

hemorrhage

6 months

Large R MCA Compression Clipping Complete CPS Yes

49/F

1

Mizobuchi

et al. [52]
Pasqualin et al.

9 years

No

Complete CPS

Clipping and
excision

Giant R MCA Compression

31/F

1

[21]

Sahs et al. [43]
Provenzale

CPS

1 day

CPS, secondary No

10 mm L ICA Compression, Clipping Complete
generalization

65/M

1

local gliosis

et al. [47]

#Mechanism proposed by author.

®Evidence of bleeding such as hemosiderin deposits and CT/MRI signs.
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and had no explanation for the offense. A witness had
seen the subject shortly before the event in “a poor state
of orientation.” Three months following the subject’s
conviction, he suffered a massive SAH from an anterior
communicating artery aneurysm [13]. Whittle et al. [14]
described four patients who experienced partial epileptic
seizures for several years that were the result of giant
cerebral aneurysms of the MCA. None of the patients
had any history of SAH. The author reported operative
findings of medial temporal and subfrontal cortex
compression, infarction of the superior temporal gyrus,
and evidence of previous subclinical aneurysmal hem-
orrhage. Two of the patients had resolution of seizures
with clipping of the aneurysm and resultant decom-
pression of the adjacent temporal lobe. The remaining
two patients’ aneurysms could only be wrapped, and
their seizures continued postoperatively and responded
poorly to anticonvulsant medications.

3.3. Location

MCA aneurysms seem to be the most commonly in-
volved with seizures [15,16]. This is likely due to the
proximity of the arteries to the temporal lobe. Another
possible explanation for the higher incidence of seizures
related to unruptured MCA aneurysms could be that
posterior cerebral artery (PCA) aneurysms may be di-
agnosed earlier secondary to focal symptoms or preco-
cious hemorrhage. Raps et al. [1] found that aneurysms
of the internal carotid artery and posterior circulation
(including the PCA) were more likely to cause focal
symptoms from mass effect than were anterior cerebral
artery (ACA) and MCA aneurysms.

Tanaka et al. [17] reported a 20-month-old girl with
an unruptured right MCA aneurysm who initially pre-
sented with CPS. This saccular aneurysm was not trea-
ted and the right MCA spontaneously thrombosed
within 3 months, causing no neurological deficits. The
patient’s seizures were controlled using anticonvulsant
medications. The author postulated mechanisms of di-
rect pressure effect, subclinical hemorrhage, and ische-
mia from thromboembolism as the cause of the seizures.
Sengupta et al. [18] reported six cases of seizures related
to unruptured aneurysms. These seizures occurred any-
where from 1 day to 30 years prior to discovery of the
aneurysms, and all of the aneurysms involved the MCA.
Of these patients, one had CPS and another psychic
seizures. The seizures completely resolved in five of the
patients who were treated with operative ablation of the
aneurysm (they did remain on postoperative anticon-
vulsant medications). The only patient not to be oper-
ated on expired within 6 months secondary to a SAH.
McCulloch and Ashworth [19] reported two cases of
unruptured cerebral aneurysms presenting with tempo-
ral lobe epileptic attacks. In both of these cases the
aneurysms were large and of the MCA. The authors
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Table 2
Unruptured intracranial aneurysms presenting with seizures
Author No. of Agelsex  Size Location Proposed Treatment Seizure Seizure type Evidence of Duration of
aneurysms mechanism?* resolution bleeding® symptoms
Provenzale et al. 1 39/M 12mm R PCoA Compression, Clipping Complete Olfactory Yes Longstanding
[47] subclinical hem- hallucinations
orrhage
Raps et al. [1] 1 Large to giant Seizure
1 Large to giant Seizure
1 Large to giant Seizure
Daly [53] 1 Uncinate fits
Jomin et al. [54] 1 Seizure
1 Seizure
1 Seizure
1 Seizure
Hook and 1 11/F lcm MCA None Uncinate
Norlen [55]
1 24/F lcm L MCA Ligation Complete Visceral, aphasic
Allegre and 1 Uncinate
Vogouroux [56]
Walton [57] 1 None Uncinate 3 months
McCulloch and 1 41/F 4 x1.8cm R MCA Excision of Complete GTC No 5 months
Ashworth aneurysm
(1982) [19]
1 47 M 2.5cm R MCA None GTC No 14 years
Sengupta et al. [18] 1 57/F Large L MCA Subclinical Clipping Complete Vertiginous Yes 1 year
hemorrhage seizure
1 15/M Large R MCA Subclinical Clipping Complete GTC Yes 2 months
hemorrhage
1 42/M Large L MCA Subclinical Ligation Complete GTC Yes 1 day
hemorrhage
1 43/M Large R MCA Subclinical None GTC Yes 1 year
hemorrhage
Liang-fu and 1 Giant MCA Seizure
Da-jie [30]
1 Giant MCA Seizure
Oka et al. [58] 1 Large Autothrombo- Seizure
sed
Ellamushi et al. [5] 1 Surgical ablation Well Controlled
1 Surgical ablation Well controlled
Kamrin [20] 1 48/F >1lcm R MCA Compression Clipping Decreased Uncinate, GTC, No 1 year
frequency auditory
2 S3/F 2x lem, R MCA Compression Excision Decreased Uncinate, No 10 years
I x1lecm R MCA frequency auditory
1 33M 4 x 5cm R MCA Compression Surgical ablation Yes Uncinate, visual No 1 year
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6 years
years
years

1 month
8 months
36 months

No
No
Yes
No

seizure, GTC
Transient neuro

Transient neuro
deficits

Transient neuro
Deficits

Autonomic
deficits

Complete
Yes

Surgical ablation
Surgical ablation

None
Clipping
Clipping
None

hemorrhage
hemorrhage,
thromboemboli

Aneurysmal
L Carotid siphon Subclinical

emboli
R Ant choroidal Thromboemboli

R PCoAR MCA Subclinical

Basilar apex

MCA
MCA
MCA

Giant
Giant
Giant

3 x 4mm
3 x 4mm,
4 x 4mm
14 x 19 mm

60/F
34/F
39/F
71/F

1
1

®Evidence of bleeding such as hemosiderin deposits or CT/MRI signs.

#Mechanism proposed by author.

Morley and Barr
[23]

Leibrock et al. [31] 1
Stewart RM [38]

Case Report | Epilepsy & Behavior 5 (2004) 420-428 425

clipped the aneurysm in one of the patients, and her
seizures resolved. The second patient was not treated
operatively and expired approximately 10 years later, at
the age of 64 years, of unrelated causes. Together
Kamrin [20], McCulloch and Ashworth [19], and Pas-
qualin et al. [21] reported 13 patients with epilepsy sec-
ondary to unruptured MCA aneurysms.

3.4. Size

The probability of CPS related to unruptured intra-
cranial aneurysms increases with size [22]. Giant aneu-
rysms, defined as being greater than 2.5cm in diameter,
account for approximately 5% of all verified intracranial
aneurysms [21,23,24]. Because of their size more are
detected before hemorrhage. They often present with
transient ischemic attacks (TIA), dementia, or seizures
[23-26]. Their mass effect could result in direct com-
pression of the adjacent cortex [18,27], which can lead to
injury, and sclerotic changes. These changes could be-
come seizure foci, especially if the temporal lobe is in-
volved. In a case of intractable CPS associated with a
giant right PCA aneurysm reported by Yacubian et al.
[28], neuropathologic findings demonstrated severe
neuronal loss, gliosis, and an abundance of macro-
phages with hemosiderin. This damage was similar to
that reported by Fried et al. [29] in patients with me-
siotemporal lesions. While the mass effect associated
with larger aneurysms contributes to the initiation of
seizures, the etiology is likely multifactorial. Seizures
from unruptured MCA aneurysms may also be the re-
sult of local irritation secondary to the pulsatile aneu-
rysmal wall against the brain or from hamartomatous
changes in local tissue. If an aneurysm becomes
thrombosed, the walls can become calcified, causing ir-
ritation of the underlying cortex [18,30]. Another ex-
planation for these seizures could be small hemorrhages
resulting in adjacent cortex damage and glial scarring,
which could develop into an epileptic focus. The intra-
operative evidence of hemorrhage by-products in some
patients supports this theory, as does an increasing sig-
nal around the aneurysm on MRI, as observed in our
patient. Another possible cause of this condition is is-
chemic degeneration of the temporal lobe secondary to
thromboemboli produced by the unruptured aneurysm
[31-38].

3.5. Diagnosis

The diagnosis of an unruptured intracerebral aneu-
rysm is difficult if it is asymptomatic or causes nonspecific
symptoms. Nonetheless, the advantages of early diagno-
sis are underscored by the low morbidity and mortality
enjoyed today for surgical repair prior to hemorrhage.
If undetected, the mortality approaches 25% after the
aneurysm’s first rupture, with 50% morbidity for patients
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who survive [39]. The importance of adequate diagnostic
evaluation of this population is increased if one realizes
that many patients in seizure clinics likely harbor un-
ruptured intracranial aneurysms [32,33,40]. Because
seizures resulting from these aneurysms are difficult to
diagnose, their prevalence is likely underestimated and
some patients classified as having idiopathic CPS treated
with anticonvulsants [41] could be at risk of SAH. MRI
has and will continue to be an important imaging
technique in patients with new-onset seizures. Deposits
of hemosiderin or gliosis may identify local subclinical
hemorrhage. Perianeurysmal hyperintense T2 signal at-
tributed to edema has previously been reported by Atlas
et al. [42]. Infarctions secondary to emboli may also
reveal themselves on MRI. MRI findings suggestive of a
vascular lesion should prompt further studies, such as
MRA and four-vessel digital subtraction angiography
(DSA). It has been reported that 30-40% of aneurysms
larger than 15 mm exhibit thrombosis, as do 10-15% of
smaller aneurysms [20]. As MRA and computed to-
mography angiography (CTA) do not rely on flow to the
extent that DSA does, the former tests may be prefera-
ble during an initial vascular lesion workup, which often
includes thrombosed lesions.

3.6. Prognosis

It is unequivocal that the prognosis of aneurysm
patients diagnosed and treated before rupture is much
better than that of those who hemorrhage before treat-
ment. It is possible that in some patients, seizures may
be a sentinel event to a major hemorrhage. As men-
tioned above, fatal SAH shortly after three patients with
giant aneurysms presented with seizures has been re-
ported [18,26]. Sahs et al. [43] reported seizures in 95 of
2621 patients who later suffered SAH.

This patient population’s prognosis in relationship to
seizure control, however, is less predictable. Using the
above-mentioned mechanisms of seizure focus origin,
the prognosis of individual patients seizure control may
be predicted. Signs of hemorrhage around the aneurysm
worsen the prognosis of intractable or poorly controlled
seizures secondary to permanent cortical damage. Signs
of infarction likewise increase the possibility of difficult
seizure control. These patients might require resection of
the damaged tissue in addition to aneurysmal oblitera-
tion. If only compression is suspected, favorable seizure
control following direct surgical obliteration might be
expected.

3.7. Treatment

The goal in the management of patients with un-
ruptured intracranial aneurysm-induced seizures is
elimination of the aneurysm and seizure foci through
either endovascular coiling or clipping, with resection of

abnormal tissue, if necessary. In this patient population
obliteration of the aneurysm serves two purposes: it can
be used to control seizures and to prevent a future SAH.
The results with respect to control of seizures are usually
remarkable. The majority of patients whose aneurysms
are corrected by direct surgical clipping seem to remain
seizure-free. Some studies have reported that wrapping
or other indirect methods of correction are not as ef-
fective in controlling seizures as direct methods such as
clipping and aneurysmectomy [25,26].

Since the favorable outcomes were reported for the
endovascular management of ruptured intracranial an-
eurysms during the International Subarachnoid Aneu-
rysm Trial (ISAT) [44], this treatment has become an
important option. Several retrospective analyses have
found that patients who undergo this less invasive
treatment for unruptured aneurysms have shorter hos-
pital stays and shorter recovery times compared those
who undergo traditional surgery [45,46]. When consid-
ering this treatment option in patients with aneurysm-
related seizures, several factors must be taken into
consideration. Basic endovascular qualifications for
treatment must be satisfied. The aneurysm must be
amenable to endovascular coiling from a morphologic
and anatomic standpoint (i.e., Does it have an appro-
priate dome-to-neck ratio for coil placement and is it
reachable by an endovascular catheter?). The patient
described in this report was disqualified from endovas-
cular treatment based on the broad neck of the aneu-
rysm. Factors specific to seizure-producing aneurysms
must also be addressed. It is likely that larger aneurysms
precipitate seizure activity secondary to mass effect.
Craniotomy with clipping and/or aneurysmectomy
would be more likely to reduce this effect. Aneurysm
patients who present with seizures should be examined
for peri-aneurysmal MRI signal abnormalities [47]. Such
an abnormality would strengthen the argument that
permanent cortical changes related to the aneurysm are
the precipitant of the seizure. This subset of patients
may require not only craniotomy for clipping but also
possible resection of abnormal tissue.

4. Conclusion

In summary, we are reminded that unruptured cere-
bral aneurysms, commonly involving the MCA, should
be taken into consideration in the differential diagnosis
of a patient presenting with new-onset mental status
changes or seizures of unknown etiology. These seizures
could be the result of several aneurysmal complications
including subclinical hemorrhage, a thromboembolic or
blood flow-related ischemic process, local irritation, and
a direct mass effect on the adjacent brain tissue.

The diagnosis of an unruptured intracerebral aneu-
rysm is difficult owing to no or nonspecific symptoms,
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and weeks to years may elapse before its discovery. The
importance of early diagnosis is reinforced by the ob-
servation that in some patients, seizures may be a sen-
tinel event to a major hemorrhage. Obviously, the
prognosis of patients with aneurysms discovered before
rupture is much better than that of patients who hem-
orrhage.

MRI can identify signs of subclinical hemorrhage or
local irritation such as deposits of hemosiderin and gli-
osis. Infarctions secondary to emboli may also reveal
themselves on MRI. If there is the suggestion of a vas-
cular lesion during the initial workup of a patient with
new-onset seizures, some type of angiography should be
performed. Because a significant number of larger an-
eurysms thrombose, MRA, or CTA may be superior to
DSA. Signs of hemorrhage or infarction around the
aneurysm increase the likelihood that resection of the
damaged tissue, in addition to aneurysmal obliteration,
will be required for seizure control.

If the aneurysm is discovered before rupture, the
obvious treatment of choice is elimination or repair
prior to hemorrhage. This can be accomplished through
either endovascular coiling or clipping with resection of
abnormal tissue, if necessary. In addition to eliminating
the risk of hemorrhage, eradication of the aneurysm
usually provides excellent control or elimination of the
patient’s seizures.
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