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Summary

Despite recent literature advocating the surgical removal of symp-
tomatic Cavernous Angiomas (CA), even in critical brain areas, very few
observations of insular CA surgery have been described, particularly in
the left hemisphere. We report the case of a successful resection of a CA
located in the dominant insula, using both neuronavigation and intra-
operative functional mapping.

This 33-year-old right-handed man harbored a left insular CA,
revealed by generalized seizures following a bleed confirmed on MRI.
The preoperative examination was normal.

A stereotactic-guided surgery was performed under local anesthesia,
with intra-operative functional mapping using direct cortico-subcortical
electrical stimulation in the awake patient — allowing the surgeon to
achieve total resection of both CA and pericavernomatous gliosis, as
shown on repeated postoperative MRIs. There was no postsurgical def-
icit, nor any seizure without treatment (follow-up: 4.5 years). The diag-
nosis of CA was confirmed by histological examination.

Taking account of the risk of morbidity due to the natural history
of CA, particularly in eloquent brain regions, we suggest to routinely
consider the possibility of a surgical treatment in cases of symptomatic
(left dominant) insular CA, using combined intra-operative anatomical
and physiological localization methods.
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Introduction

Very few authors have reported the surgical resection
of an insular CA, since to our knowledge, only 23 cases
were found in the literature [3, 5, 7, 8, 16, 18, 19].
Among them, only 5 CA involved the left insula, with
a post-operative aphasia and hemiplegia in one case, and
residual seizures in the other [3].

Here, we report the case of a CA located in the left
dominant insula, presenting with seizures due to a bleed,

and we describe the combination of the use of neuronav-
igation and intra-operative functional mapping in the
awake patient — allowing a complete resection without
any postoperative deficit nor any seizures with 4.5 years
of follow-up to be achieved.

Case report

History

A 33-year-old right-handed (490 at the Edinburg task) man without
any disease presented with a generalized seizure in October 1999, with
loss of consciousness and a head injury. After two days of confusion, the
patient recovered to a normal neurological status. At that time, the
Minimal Mental Status (MMS) was 30/30.

The initial CT scan showed a right subarachnoid hemorrhage, due to
the head injury, and also a small left insular hematoma, leading to an
MRI. A lesion measuring around 7 mm of diameter was confirmed within
the left anterior insular lobe, with MRI characteristics consistent with the
diagnosis of CA which recently bled — i.e. Type I in the classification of
Zabramski, with hyperintensity on T1-, T2, and also FLAIR-weighted
images (Fig. 1). It is to be noted that the angio-MRI was normal.

Taking into account the risk of rebleeding, and with the aim to minimize
the risk of new seizures, surgical resection was proposed to the patient.
Due to the location of the CA within the left insula, e.g. in a region known
to play a major role in language [11], it was decided to conduct the surgery
under local anesthesia with intra-operative functional mapping.

Surgical procedure

Surgery was conducted under local anesthesia in a lateral position,
using a method previously described by the authors [12]. Briefly, after
the fashioning of a fronto-pterional boneflap and the dura mater opening,
a first electrical language mapping was performed at the level of the fron-
tal operculum (Broca’s area) in order to define the optimal parameters
of stimulations. We used a 5 mm spaced-tips bipolar probe delivering a
biphasic current (pulse frequency of 60 Hz, single pulse duration of 1 ms,
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Fig. 1. Preoperative FLAIR-weighted MRI, showing a right sub-
arachnoid hemorrhage due to the head injury (during the generalized
seizure), and a small left anterior insular hematoma, consistent with the
diagnosis of a CA which recently bled

Ojemann Cortical Stimulator, Radionics, Inc., Burlington, MA), allow-
ing speech arrest during a counting task with an intensity of 5mA.
Then, the Sylvian fissure was opened under the operating microscope,
following an approach defined on the pre-operative 3D MRI, and
integrated into the intra-operative neurosurgical stereotactic database
(Surgiscope stereotactic image-guided system, Elekta). The CA was
not visible at the level of the insular surface. Consequently, stimulations
were again performed, with functional mapping of the insular cortex
during naming tasks: a language site eliciting anomia during stimulation
was identified, located 1 cm behind and above the entry point shown by
the neuronavigation. There was no speech disturbance induced by stim-
ulation at this entry point, and a corticotomy was performed at this level
(between the Sylvian branches), allowing the surgeon to find and then
remove the CA. To attempt to remove the pericavernomatous gliosis,
because the boundaries were unclear between this gliosis and the normal

Fig. 2. Postoperative FLAIR-weighted MRI, performed 2 years after
the surgery, showing a total resection of the lesion. The patient had a
normal examination and returned to a normal life. The diagnosis of CA
was confirmed on histological examination
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neural tissue, direct subcortical electrical stimulation was used in the
patient who continued to perform naming tasks: a deep stimulation
generated a disruption of naming, and thus determined the limit of the
surgical removal using functional boundaries.

Postoperative course

The postoperative course was uneventful. There was no deficit, even
transitorily, particularly concerning language. The MMS was 30/30.

Histological examination clearly confirmed the diagnosis of CA.

The patient returned home 5 days after surgery, and to a normal
socioprofessional life 1 month later (physiotherapist). The anti-epileptic
drugs were stopped at the third month, without any seizure during a 4.5
year of follow-up. The delayed postoperative MRIs at one and 2 years
confirmed the complete resection of the CA (Fig. 2).

Discussion

In the present report, we applied the combined meth-
odologies of neuronavigation and intra-operative electri-
cal language mapping to the resection of a CA located in
the dominant insula.

Computer-assisted stereotactic techniques, allowing
the surgeon to determine the exact location of the CA
intra-operatively, with minimal manipulation of healthy
cerebral tissue, were previously described as increasing
the safety and accuracy of microsurgical exposure
of lesions located in deep and/or eloquent regions
[4, 20]. In our case, the image-guided system showed
where the insular corticotomy should be performed,
since the CA did not reach the surface (despite a pre-
operative MRI which seemed to indicate this). The pro-
blem of brain shift was solved by the fact that the patient
was in a lateral position, with an horizontal head: in case
of a loss of cerebrospinal fluid during the opening of the
Sylvian fissure, the brain goes down only in one direc-
tion — thus with stereotactic guidance still reliable.

In addition, intra-operative electrical stimulations, a
precise and reliable method of real-time functional map-
ping as demonstrated for tumor surgery [2, 12], and
already used during surgery of CA located in non-insular
cortico-subcortical supra- and infra-tentorial eloquent
regions [10, 14, 17], allowed us to identify the insular
sites essential for language:

— before the corticotomy, we checked if the entry point
determined by the neuronavigation was a functional
site or not. Thus, if we would have encountered a
speech sensitive area as the predetermined < optimal
point of entry>>, we would have modified this entry
point on the basis of the results of the functional
mapping — i.e. we would have performed a corti-
cotomy at the level where stimulations would have
elicited no language disturbances;
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— then at the end of the CA resection, to attempt to
remove the pericavernomatous heamosiderin gliotic
rim according to functional boundaries. Indeed, this
gliosis is known first to contain potential associated
telangiectasias or microscopic satellite cavernoma-
tous lesions carrying a risk of rebleeding [1, 9]. The
removal of the surrounding yellow-stained brain tis-
sue containing hemosiderin and therefore iron, seems
to improve the control of seizures [4]. Moreover, in
the particular case of insular lesions, frequently asso-
ciated with intractable seizures, the most complete
resection possible is mandatory to decrease the risk
of chronic residual epilepsy [13].

It is to be noted that there was no pain induced in
this patient. Indeed, we avoided touching the insular
branches of the middle cerebral artery during cortical
stimulations. Then, we performed a subpial resection,
i.e. without direct contact with these vessels.

Due to the implementation of these methodologies of
anatomical and physiological localization, we performed
a complete removal of the CA plus its gliotic rim, as
demonstrated on repeated MRIs, without any postopera-
tive worsening, nor any seizures despite the early stop-
ping of anti-epileptic treatment. The patient returned to a
normal socioprofessional life, with a 4.5 year seizure
free of follow-up.

Conclusion

In conclusion, although surgical treatment of symp-
tomatic CA still remains controversial when the lesion
is located in critical brain structures, the risk of mor-
bidity due to the natural history of this malformation
is nevertheless higher precisely because the CA is
situated in eloquent and/or deep regions [15]. Thus,
< preventive>> surgery appears particularly justified in
these cases, since an optimal efficacy can be achieved
[6]. On the other hand, if surgical resection is decid-
ed, it seems currently advisable to use both intra-
operative neuronavigation and electrophysiological
mapping, in order to increase the ratio Benefit/Risk—
i.e. to maximize the quality of CA removal while
minimizing the risk of neurological sequelae. Conse-
quently, in the specific cases of symptomatic (left
dominant) insular CA, taking account of the recent
better understanding of the pathophysiology of this
«fifth lobe>, we advocate careful consideration of
the possibility of an extensive surgical resection using
combined modern technologies, particularly in young
patients.
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Comments

The authors describe a 33 year old patient who presented with
seizures and was found to have a left insular cavernous malformation.
They elected to proceed with surgical resection of the lesion under
stereotactic guidance with speech area mapping with the patient
awake. This technique has been used by a number of authors to resect
a variety of tumours and malformations in the insular region.

C. S. Ogilvy
Massachusetts

The authors are to be congratulated on their excellent description
of an interesting patient with a left insular cavernoma presenting
with seizures. They rightly stress the need for optimal adjunct to
high-level microsurgical procedures, and they achieve an excellent
result.

H. M. Mehdorn
Kiel

The authors report the surgical removal of a small cavernous angioma
located in the anterior portion of the left (dominant) insula in a 33 year-
old patient using both neuronavigation and awake surgery with language
monitoring. The lesion was totally removed including the surrounding
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haemosiderin stained gliosis and the patient experienced no additional
morbidity. The authors recommend to consider the combined use of
intraoperative anatomical (neuronavigational) and physiological (func-
tional brain mapping) localization methods in the specific cases of
symptomatic left dominant insular cavernomas. By emphasizing the
importance of modern neurosurgical localization methods, the authors
provide an important contribution to the pertinent literature. I congratu-
late the authors for this good outcome, but I wish to add a few more
points. Even though this lesion was not visible on the surface of the
insula, its subpial location in the anterior part of the insula was clearly
demonstrated on preoperative MRI. A straight-line approach through the
anterior sylvian fissure leads exactly to the target point, allowing for
almost no alternative choice. In my experience, the site of insular inci-
sion is greatly influenced by the local anatomical situation in addition to
the exact location of the cavernoma. Particularly the vascular pattern, for
instance of deep sylvian veins, plays an important role. Practically, the
number of entry points into the insula is very limited in each specific
case, leaving the surgeon with very few alternative choices, which in
turn may reduce the value of the insular cortical mapping. In the cases I
have treated surgically so far, including several left-sided subinsular
cavernomas, I always kept the incision to a minimum even in larger
lesions than the present one. As we have previously described (Ref. [18]
of this case report), our surgical approach was different in lesions located
within the posterior insula.
H. Bertalanffy
Marburg
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