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CAVERNOMAS RELACIONADOS COM EPILEPSIA 
EPIDEMIOLOGIA DENTRO DO CONTEXTO DAS EPILEPSIAS

 10–15 % DE TODAS AS MALFORMAÇÕES VASCULARES DO ENCÉFALO (Batra et al., 
2009 ) 

• EPILEPSIA É A MANIFESTAÇÃO MAIS COMUM NOS CAVERNOMAS CEREBRAIS (40% 
A 70%)  (Awad & Jabbour, 2006 ) 

 JUNTO COM OUTRAS MALFORMAÇÕES VASCULARES CCMs  respondem por 5.6 % 
DE TODOS OS CASOS DE EPILEPSIAS ASSOCIADOS A PATOLOGIAS  segundo o 
European Epilepsy Brain Bank (Blumcke, 2015).  

• 40% PODEM EVOLUIR COM EPILEPSIA FÁRMACO RESISTENTE ** 
•

  ** Ferrier CH, Aronica e, Leijten FS, Spliet wG, Boer K, van Rijen PC, van Huffelen AC (2007) electrocorticography discharge patterns in patients with a 

cavernous hemangioma and pharma- coresistent epilepsy. J Neurosurg 107:495–503. doi:10.3171/ JNS-07/09/0495  
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SUMMARY

Cerebral cavernous malformations (CCMs) are well-defined, mostly singular lesions
present in 0.4–0.9% of the population. Epileptic seizures are the most frequent symptom
in patients with CCMs and have a great impact on social function and quality of life. How-
ever, patients with CCM-related epilepsy (CRE) who undergo surgical resection achieve
postoperative seizure freedom in only about 75% of cases. This is frequently because
insufficient efforts are made to adequately define and resect the epileptogenic zone. The
Surgical Task Force of the Commission on Therapeutics of the International League
Against Epilepsy (ILAE) and invited experts reviewed the pertinent literature on CRE.
Definitions of definitive and probable CRE are suggested, and recommendations regard-
ing the diagnostic evaluation and etiology-specific management of patients with CRE are
made. Prospective trials are needed to determine when and how surgery should be done
and to define the relations of the hemosiderin rim to the epileptogenic zone.
KEY WORDS: Cavernous hemangioma, Epilepsy surgery, Etiology, Risk factors,
Outcome.
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Menzler et al., 2010), and the following risk factors for
developing CRE have been proposed:

Established risk factors

Supratentorial versus infratentorial localization. A number
of studies revealed that 0–18% of patients with infratentori-
al cavernomas as compared to 50–63% of patients with
supratentorial cavernomas present with seizures (Robinson
et al., 1993; Kim et al., 1997; Moriarity et al., 1999;
Menzler et al., 2010).

Cortical involvement versus exclusively subcortical
localization of supratentorial cavernomas. Strong evidence
supports cortical involvement as a main risk factor for epi-
lepsy: 57–70% of “superficial” supratentorial lesions as
compared to 14–20% of CCMs with “deep” supratentorial
localization were associated with epilepsy (Robinson et al.,
1993; Kim et al., 1997; Moriarity et al., 1999). Older stud-
ies included patients investigated by computed tomography
(CT) rather than MRI and could not discern whether deeply
seated CCMs were involving cortex or not. A recent study
in which all patients had MRI studies reported epilepsy in
49 of the 81 patients with CCMs involving the cortex but in
none of 17 patients with exclusively subcortical localization
(Menzler et al., 2010).

Archicortical/mesiotemporal localization versus exclusively
neocortical involvement. In one study, seizures occurred in
8 of 9 patients with a mesiotemporal/archicortical CCM as
compared to 41 of 72 patients with a neocortical CCM
(Menzler et al., 2010), supporting archicortical localization
as a risk factor for epilepsy. Casazza et al. (1996) reported
that mesiotemporal CCM occurred in 23.8% of 21 patients
with chronic epilepsy compared to 3.8% of 26 patients with
occasional seizures, suggesting that mesiotemporal CCM
are associated with more severe epilepsy.

Controversial risk factors

Lobar localization. In contrast to earlier reports (Casazza
et al., 1996), several recent studies have found no
significant correlation between the lobar localization of
cavernomas and epilepsy, especially when excluding mesio-
temporal cavernomas (Moran et al., 1999; Moriarity et al.,
1999; Menzler et al., 2010).

Number of cavernomas. Del Curling et al. (1991) reported
an estimated risk to develop seizures of 2.48% per person-
year in six patients with multiple CCMs as compared to
1.24% in patients with single CCM. In a recent prospective
population-based trial, patients with seizures were signifi-
cantly more likely to have multiple CCMs (43% vs. 6%;
odds ratio [OR] 12.7; Josephson et al., 2011). However, in
two other studies the rate of epilepsy in patients with a

single CCM (53% and 50%) was similar to that in patients
with multiple CCMs (40% and 55%; Robinson et al., 1993;
Menzler et al., 2010).

Size of the lesion and hemosiderin rim. Although Menzler
et al. (2010) observed no correlation between the presence
or size of the hemosiderin rim itself and epilepsy, a weak
relationship was detected by Moriarity et al. (1999). Two
studies found no difference in the occurrence of epilepsy as
a function of lesion size (Robinson et al., 1993; Josephson
et al., 2011), but others report a significant correlation
between CCM diameter (including the hemosiderin rim)
and the prevalence of epilepsy (Menzler et al., 2010).

Pathologyand Pathophysiology
CCMs are vascular lesions that can occur at any site

within the central nervous system (Table 1; Ferrer et al.,
2008). Histologically they are composed of closely apposed
dilated vascular channels without intervening brain paren-
chyma (Fig. 1A). Elastica van Gieson staining reveals thin
blood vessel walls containing endothelium and a collage-
nous adventitia. Calcification or even ossification can be
microscopically detected. A peripheral rim of hemosiderin-
storing macrophages is almost always present in surround-
ing tissue (Fig. 1C). The differential diagnosis distinguishes
developmental venous anomalies (DVAs), capillary tele-
angiectasias, arteriovenous malformations (AVMs), and
leptomeningeal angiomatosis (Sturge-Weber syndrome).
The lumen of cavernomas is occasionally occluded; they
generally do not fill on angiography, although small feeding
and draining vessels may be found. CCMs are assumed to

Table 1. The anatomic location of cavernomas

Localization n (%)

Frontal lobe 150 (22)
Parietal lobe 98 (14)
Temporal lobe 139 (20)
Occipital lobe 27 (4)
Multilobar 18 (3)
Total lobar 432 (63)
Basal ganglia/thalamus 27 (4)
Supratentorial not specified 93 (13)
Total supratentorial 552 (80)
Brainstema 95 (14)
Cerebellum 25 (4)
Infratentorial not specified 5 (1)
Total infratentorial 125 (18)
Orbital 2 (0)
Spinal cord 5 (1)
Otherb 6 (1)
Total 690 (100)

aIncludes medulla oblongata, pons, mesencephalon, diencephalon, pineal
gland, third ventricle, and fourth ventricle.

bCorpus callosum, extradural, and lateral ventricle. Modified from Moran
et al. (1999).
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made. Prospective trials are needed to determine when and how surgery should be done
and to define the relations of the hemosiderin rim to the epileptogenic zone.
KEY WORDS: Cavernous hemangioma, Epilepsy surgery, Etiology, Risk factors,
Outcome.
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SUMMARY

Cerebral cavernous malformations (CCMs) are well-defined, mostly singular lesions
present in 0.4–0.9% of the population. Epileptic seizures are the most frequent symptom
in patients with CCMs and have a great impact on social function and quality of life. How-
ever, patients with CCM-related epilepsy (CRE) who undergo surgical resection achieve
postoperative seizure freedom in only about 75% of cases. This is frequently because
insufficient efforts are made to adequately define and resect the epileptogenic zone. The
Surgical Task Force of the Commission on Therapeutics of the International League
Against Epilepsy (ILAE) and invited experts reviewed the pertinent literature on CRE.
Definitions of definitive and probable CRE are suggested, and recommendations regard-
ing the diagnostic evaluation and etiology-specific management of patients with CRE are
made. Prospective trials are needed to determine when and how surgery should be done
and to define the relations of the hemosiderin rim to the epileptogenic zone.
KEY WORDS: Cavernous hemangioma, Epilepsy surgery, Etiology, Risk factors,
Outcome.
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SUMMARY

Purpose: Precise outcome data about the surgical ther-
apy of cerebral cavernous malformation (CCM)–associ-
ated epilepsy is scarce regarding different epilepsy types,
surgical approach, and outcome. Long-term outcome in
patients with CCM-associated epilepsy is analyzed in a
large single-center series.
Methods: Seizure outcome data >24 months was avail-
able in 118 patients. The influence of different parameters
of preoperative workup and surgical technique was ana-
lyzed with regard to seizure outcome.
Key Findings: The study cohort comprised 76 patients
with drug-resistant epilepsy (DRE), 20 patients with
chronic epilepsy that did not meet the definition of DRE,
as well as 22 patients with sporadic seizures. Temporal
localization of CCMs predisposed to develop DRE.
Detailed epileptologic workup was performed in 85
patients; invasive monitoring was done in 23 (37%) of 76
DRE cases. In 84% of DRE casesmore extensive resections

were performed. Mean follow-up varied between 107 and
137 months for the three groups. Seizure freedom in DRE
was 88%, in chronic epilepsy 80%, and in sporadic seizures
was 91%. Longer symptom duration was associated with
worse seizure outcome. Outcome of patients who under-
went invasive monitoring was not worse. The outcome in
CCM-associated DRE can be good if more extensive
resections are used and if noninvasive and/or invasive pre-
surgical epileptologic workup is used whenever indicated.
DRE was considerably more frequent in the temporal
lobe, suggesting that temporal localization predisposes
development of DRE. Seizure freedom rates were stable
over a long period.
Significance: Surgical therapy of CCM-associated seizures
and epilepsy can be successful if different surgical tech-
niques according to presurgical evaluation are realized.
To prevent clinical worsening into DRE, surgical interven-
tion in CCM-associated epilepsymay be considered early.
KEY WORDS: Cerebral cavernous malformation, Epi-
lepsy surgery, Drug-resistant epilepsy, Outcome.

Vascular malformations in the adult brain are often
accompanied by epileptic seizures and represent a common
neurosurgical problem. Cerebral cavernous malformations
(CCMs) account for 10–15% of all vascular malformations
in the adult brain (Batra et al., 2009). The incidence of
CCMs is thought to range between 0.4% and 0.8% (Del
Curling et al., 1991). Forty percent to 70% of patients who
have supratentorial CCM present with epilepsy (Awad &
Jabbour, 2006; Ferrier et al., 2007). The risk for seizure
development is estimated between 1.5% and 2.4% per
patient and year (Del Curling et al., 1991; Moriarity et al.,
1999). CCMs do not have any intrinsic epileptogenicity.
Seizures most probably result from various effects of blood
breakdown products in the perilesional cortical area

(Kraemer & Awad, 1994; Raabe et al., 2012). The epilep-
togenicity of CCM is influenced by its localization, particu-
larly archicortical or temporal lobe localization (Menzler
et al., 2010).

Patients with symptomatic CCM may present clinically
with occasional epileptic seizures but they may also lead to
chronic or even drug-resistant epilepsy (DRE) in about
35–40% of all cases (Kondziolka et al., 1995; Porter et al.,
1997; Chang et al., 2009). Up to 4% of all DRE patients
were diagnosed with a CCM (Kuzniecky et al., 1987;
Convers et al., 1990). Singularity of CCM as well as medi-
cally controlled seizures may be positive predictors of
seizures outcome (Englot et al., 2011).

There are two main causes to consider resection of
symptomatic CCM: to prevent renewed symptomatic
hemorrhage, which can cause persistent neurologic deficits,
and to cure structural DRE. In some cases mixed recommen-
dations were given by neurosurgeons and epileptologists
weighting between epilepsy without final approval of drug
resistance against risk of renewed bleeding.
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Extended resections were subdivided into tailored resec-
tions (lesionectomy including rim and adjacent cortex),
lesionectomy including standard mesial resection (cases in
which the lesion and the hemosiderotic rim as well as amyg-
dala and hippocampus/parahippocampus were also
removed), and standard temporal lobe resections (including
classical one-third or two-third resections). Because all
senior neurosurgeons in this unit were familiar with the
principles of epilepsy surgery it was a principle to remove
the hemosiderotic rim unless the hemosiderotic rim was
involving eloquent areas. The rim was always removed
completely, even in the depth of the sulcus. Most cases have
been operated by epilepsy surgeons anyway. Therefore, this
principle was followed strictly and documented in the surgi-
cal records. T2* imaging to quantify hemosiderotic rem-
nants postoperatively was not done in most of the patients
included in this series. Type of resection was evaluated by
analysis of surgical records and in some cases by postopera-
tive MRI.

Follow-up and seizure outcome
Follow-up was obtained by seeing the patients at

3 months and 1 year after surgery. In addition, all patients,
their families and/or their general practitioners/neurologists
were contacted by phone and asked to provide information
on further seizure history and antiepileptic medication
utilizing a standardized interview. Using this strategy a
year-to-year follow-up was generated retrospectively. Sei-
zure outcome was determined using the Engel and the Inter-
national League Against Epilepsy (ILAE) classification
(Engel et al., 1987; Wieser et al., 2001). Double losers were
defined as patients who developed a new and permanent
postoperative deficit and who were not seizure free after
surgery.

Statistical analysis
Descriptive statistics (means, medians, and percentages)

were obtained. Testing of significance was assessed at
p < 0.05 using chi-square/Fisher’s exact test, Mann-Whit-
ney U-test, and Student’s t-test (SPSS version 20; IBM,
Somers, NY, U.S.A.).

Results
Demographic data

The study population comprises a total of 118 patients
(see Methods). Of this cohort, 71 patients (60%) were male.
Mean age at surgery was 38.9 years (range 20–72 years,
standard deviation [SD] 12.2 years (see Table 1).

Epilepsy type/seizure semiology
Seventy-six (76/118 = 64%) patients were classified as

having DRE, 20 (20/118 = 17%) patients had chronic
epilepsy, and 22 (22/118 = 19%) patients had sporadic sei-
zures (see Table 1). Patients with DRE had a lower mean

age of seizure onset (t-test, p = 0.001). Symptom duration
was longer in patients with DRE (t-test, p = 0.01).

Sixty-six (87%) of DRE patients had complex partial sei-
zures; 10 patients (13%) had simple partial (e.g., motor or
visual) seizures. Fifty-nine (78%) of these patients had also
generalized convulsions, 87.5% of which were secondarily
generalizing (see Table 2 for other seizure groups).

In the DRE group, six patients (8%) did also display
mesial temporal sclerosis representing a potential secondary
focus of epileptogenesis in dual pathology.

Localization of the symptomatic CCM
In the overall population, 57% had a CCM in the temporal

lobe (see Fig. 1). Regarding temporally located CCMs,
52% were located in the lateral temporal lobe and 48% in
the mesial temporal lobe structures, respectively.

Fifty-five patients (72%) with DRE had a temporal lobe
CCM. In 13 patients of the DRE group (17%), the CCM
were located in eloquent brain structures and 8 patients
(11%) harbored a CCM in noneloquent and nontemporal
brain area.

In contrast to this group of patients with DRE, a different
distribution of symptomatic CCMs was found in patients
with chronic and sporadic seizure; seven patients (35%)
with chronic epilepsy had a temporal CCM. In the sporadic
seizure group, eight patients (36%) had a temporal CCM
(see Fig. 1). Temporal localization was much more frequent
in DRE. Patients with temporal lobe CCMs are prone to
develop DRE (p = 0.01).

Table 1. Demographic data

All
patients DRE

Chronic
epilepsy

Sporadic
seizures

Total no. 118 76 20 22
M/F patients 71/47 48/28 10/10 13/9
Mean age/onset of
seizures (years)

29 24 37 36

Mean age/surgery (years) 39 40 40 36
Mean duration of
symptoms (years)

10.9 16.5 3.3 0.3

Table 2. Epilepsy/seizure semiology

DRE (%)
Chronic
epilepsy (%)

Sporadic
seizures (%)

Complex partial seizures 66/76 (87) 7/20 (35) 9/22 (38)
Other focal seizures 10/76 (13) 10/20 (45) 12/22 (50)
Generalized convulsions 59/76 (78) 10/20 (45) 17/22 (77)
Secondary generalizing
convulsions

52/59 (88) 5/10 (50) 4/17 (24)

Mesial temporal sclerosis 6/76 (8) 1/20 (5) 0
Other pathologies (tumor,
vascular, TBI)

6/76(8) 4/20 (18) 0

TBI, traumatic brain injury.
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Preoperative workup
Detailed epileptologic workup in CCM cases must estab-

lish the epileptogenic zone and its relationship to the CCM.
In 12 patients (16%) with DRE, electrophysiologic diagnos-
tics showed lack of concordance between localization of the
CCM and ictal focus. In these patients, invasive monitoring
was performed (see next section).

Detailed epileptologic workup was done in four patients
with chronic epilepsy (20%) and in one patient with spo-
radic seizures (5%), respectively.

Invasive monitoring
In 23 (28%) of 76 DRE cases, invasive EEG monitoring

was performed. In 40% of these cases functional grid map-
ping of eloquent brain areas was performed simultaneously.
None of the patients with chronic epilepsy or sporadic sei-
zures was implanted.

Statistically, invasive monitoring did not improve postop-
erative seizure outcome in the groups with more longstand-
ing types of epilepsy.

Surgical management
Microsurgery was used in all cases. Most of DRE cases

(66 cases; 87%) were operated performing extended resec-
tions. Classical one third or two third anterior temporal
lobectomy including rim and lesion was performed in 15
(26%) of 61 operations in the temporal lobe. In 7 (19%) of
37 patients with neocortical temporal CCMs, mesial struc-
tures were also removed because presurgical epileptologic
evaluation suggested their involvement. In nine cases
(12%), multiple subpial transsections (MSTs) in adjoining
functional cortex were also carried out. In DRE cases only
one patient underwent pure lesionectomy.

Eleven patients with DRE (14%) received lesionectomy
including rim. Intraoperative electrocorticography (ECoG)
was performed in three patients with DRE (4%). Neuronavi-
gation technique was used in 21% (see Fig. 2).

In the other groups of epilepsy, operative strategy was
different. In the chronic epilepsy group (n = 20), six
patients (30%) underwent extended resections. Eleven
patients (55%) underwent lesionectomy with rim and the
remaining 15% underwent pure lesionectomy (see Fig. 2).

Most patients (20 of 22 patients, 91%) with sporadic sei-
zures underwent lesionectomy including the hemosiderotic
rim (see Fig. 2). In summary, the more longstanding the
clinical symptoms of epilepsy, the more frequent are more
extensive resections.

Intraoperative electrophysiologic evaluation motor
evoked potentials/sensory evoked potentials (MEP/SEP)
was used in 11 patients (9%) to delineate functional motor
cortex or monitor motor function.

Surgical morbidity/mortality
Regarding the overall study population, 29 patients

(24.6%) developed a postoperative neurologic deficit, 8 of
which (7% of all patients) developed a permanent postoper-
ative neurologic deficit (one homonymous heminanopia,

Figure 1.
Distribution of CCMs in the
different epilepsy types is shown
here. Temporal localization was
found much more frequently in DRE
cases. (p < 0.05). Eloquent
localization was relatively common
in chronic epilepsy cases.
Epilepsia ILAE

Figure 2.
Most patients with DRE underwent extended resections (87%).
Pure lesionectomy (Lx) was carried out in a relatively large
number of patients with chronic epilepsy owing to a compara-
tively large number of CCMs located in eloquent brain regions.
Most of the patients with sporadic seizures underwent lesionec-
tomy, including complete resection of the hemosiderotic rim.
Epilepsia ILAE
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patient from center A having a CSF leak, and none from 
center B reporting any neurosurgical complications. Thus, 
the main difference between centers was that center A had 
a lower threshold to include the hippocampus and portions 
of normal-appearing temporal lobe tissue in the resection.

Seizure outcome: Follow-up seizure outcome informa-
tion is available for all patients in center A and 82 % in 
center B. Overall, 68 % of patients were seizure free after 
surgery. Seizure outcomes were uniformly favorable in the 
cohort from center B with available outcome data (N = 29): 
all patients with extratemporal resections were seizure 
free and 87 % of patients with temporal lobe resections 
achieved seizure-freedom. As such, no outcome analysis to 
identify specific prognostic indicators in this group could 
be done. On the other hand, seizure outcomes were more 
heterogeneous in the cohort from Cleveland Clinic with 
78 % seizure free at 1 post-operative year, 67 % seizure free 
at 5 years, 59 % seizure free at 10 years. The effect of vari-
ous potential outcome predictors could be, therefore, inves-
tigated in this cohort and the findings will be the focus of 
the subsequent sections. Varying outcomes across the two 
centers may be attributed to: (1) differences in the patient 
populations, as alluded to earlier, with more patients having 
multiple cavernomas and additional epilepsy risk factors in 
the Cleveland Clinic cohort; and (2) some variation in the 

surgical technique mainly in relation to the routine use of 
electrocorticography in the Porto Alegre cohort.

Seizure outcome predictors: Multivariate analysis con-
firmed three main outcome predictors: anatomical localiza-
tion of CCM, type of surgery and epilepsy duration (Table 2).

1. Epilepsy duration

The mean epilepsy duration is significantly shorter in 
patients with CCM-related epilepsy who were rendered sei-
zure free with surgery. This contrast was best observed in 
patients with extratemporal resections (mean epilepsy dura-
tion of 9.2 years in CCM patients rendered seizure free, as 
opposed to 21.4 years in those with ongoing seizures; p 
value = 0.01), in concordance with recent data highlighting 
the importance of earlier surgery for frontal lobe epilepsy, 
regardless of the pathological epileptic substrate [34]. A 
similar, but less dramatic trend was seen for temporal lobe 
CCMs (mean epilepsy duration of 15.0 years in patients 
with persistent post-operative seizures as opposed to 
11.2 years in those rendered seizure free; p = 0.29). Simi-
larly, better outcomes were observed with earlier resec-
tions for epilepsy duration cut-offs of 5 or 1 years (data not 
shown).

Fig. 3  Composite of MRI from six patients with temporal lobe 
CCMs. Case 1 shows the pre-op MRI and an intra-operative view 
illustrating the ‘yellowish’ cortex associated with the cavernoma. 

Cases 2–6 are pre- and post-op MRIs, showing the extent of the 
lesionectomies, particularly the complete removal of the hemosiderin 
ring

Acta Neuropathol (2014) 128:55–65  
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FIG. 1. Examples of sponta-
neous activity seen in neocortical
tissue adjacent to cavernous
malformations (CMs) and tumors.
A1: Examples of the spontaneous
bursting activity seen in tissue
adjacent to CMs from two patients.
A2: Examples of the bursts marked
by an asterisk in A1 at a faster time
base. In a few cells, we noted only
inhibitory activity, as shown in A3.
Inhibitory postsynaptic potentials
(IPSPs) marked by arrows. In
contrast, in tissue adjacent to tu-
mors, we noted only low-amplitude
events similar to those shown in B.
Note the difference in the scales
between A and B. Membrane
potentials (MPs) A1, −85.5 mV;
A2, −63.9 mV; A3, −54.8; B,
−79.2 mV.

distinct from the all-or-none evoked PDSs seen in the dis-
inhibited neocortex (29). Furthermore, many of the evoked
responses seen in the CM and also occasionally within
the tumor group appeared to be mediated by polysynaptic
circuits. Specifically, at stimulus intensities near action-
potential threshold, multiple components could be noted
(Fig. 2A and B2), and the responses evoked at a given stim-
ulus intensity could be variable between stimuli (Fig. 2C).
However, synaptic responses typical of cortical neurons
with a single action potential followed by a biphasic in-
hibitory postsynaptic potential (IPSP) were noted in the
majority of cells adjacent to tumors (Fig. 2B1).

Hippocampus
To assess whether the pathophysiologic characteris-

tics associated with CMs are unique to the neocortex or
whether similar changes can be observed in other regions
of the central nervous system, three CM cases with hip-
pocampal involvement were examined. In one case, the
CM had invaded the hippocampus, whereas in the remain-
ing two cases, the lesion was confined to the entorhinal
cortex. The tumor comparison group consisted of 11 cases
in which the tumor did not invade the hippocampus. In the
CM case with hippocampal invasion, 83.3% of granule
cells examined (five of six cells) exhibited a high level
of spontaneous activity (1.38 ± 0.23 Hz) consisting of
prolonged, large-amplitude events comparable to those
observed in neocortical CM cases. In two of these five
cells, however, primarily inhibitory events predominated,
as shown in Fig. 3. When extracellular field potentials

were examined in the slices from this case, spontaneous
prolonged field-potential shifts with superimposed popu-
lation spike activity were noted. These events are similar
to those previously reported in kainate-induced epileptic
rats (24,25), although to date we have never seen simi-
lar spontaneous extracellular events in hippocampal slices
from patients with either tumors or medial temporal scle-
rosis. It is interesting to note, however, that these slices
also displayed synaptic reorganization within the dentate
gyrus (e.g., mossy fiber sprouting; data not shown).

In cells (n = 9) from the other two CM cases in which
the lesions were localized to the entorhinal cortex, similar
spontaneous activity was not observed. There was, how-
ever, a slight increase in the frequency of low-amplitude,
smoothly decaying spontaneous events relative to that seen
in cells from patients with extrahippocampal tumors (CM,
2.9 ± 0.7 Hz; three patients, eight cells; tumor, 1.53 ±
0.2 Hz, 17 patients; 42 cells). This difference approached,
but did not reach, significance (p = 0.07). The synapti-
cally evoked responses observed in these CM cases were
comparable to those elicited in cells from patients with
temporal lobe tumors [also see Williamson (22)].

DISCUSSION

In this study the electrophysiologic properties of neu-
rons were examined in cortical tissue adjacent to glial
tumors and CMs; tissue was resected from patients in an
attempt to curtail their seizure activity. Both of these forms
of lesions were associated with seizures, but relatively
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tissue adjacent to cavernous
malformations (CMs) and tumors.
A1: Examples of the spontaneous
bursting activity seen in tissue
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by an asterisk in A1 at a faster time
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Hippocampus
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pocampal involvement were examined. In one case, the
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cells examined (five of six cells) exhibited a high level
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cells, however, primarily inhibitory events predominated,
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ever, a slight increase in the frequency of low-amplitude,
smoothly decaying spontaneous events relative to that seen
in cells from patients with extrahippocampal tumors (CM,
2.9 ± 0.7 Hz; three patients, eight cells; tumor, 1.53 ±
0.2 Hz, 17 patients; 42 cells). This difference approached,
but did not reach, significance (p = 0.07). The synapti-
cally evoked responses observed in these CM cases were
comparable to those elicited in cells from patients with
temporal lobe tumors [also see Williamson (22)].

DISCUSSION

In this study the electrophysiologic properties of neu-
rons were examined in cortical tissue adjacent to glial
tumors and CMs; tissue was resected from patients in an
attempt to curtail their seizure activity. Both of these forms
of lesions were associated with seizures, but relatively
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Summary: Purpose: Focal neocortical seizures can be associ-
ated with a number of specific pathologies including supratento-
rial tumors and cavernous malformations (CMs), both of which
are highly epileptogenic.

Methods: To begin to address the question of whether these
lesions have different mechanisms of epileptogenesis, we used
intracellular recordings from neurons adjacent to intracerebral
neoplasms and cerebral CMs. Developmental anomalies were
not included in this study.

Results: Neurons adjacent to CMs had a greater propensity to
show large (>5 mV), complex spontaneous synaptic events than
did neurons neighboring neoplastic substrates (50 vs. 4.7% of
cells and 75 and 8% of patients, respectively; p < 0.004; p <

0.05). Both spontaneous excitatory and inhibitory events were
noted. In contrast, in tissue adjacent to tumors, low-amplitude
(<3 mV) spontaneous excitatory activity predominated. Neu-
rons neighboring CMs also exhibited more excitable responses
to synaptic stimulation, with multiple action potentials riding
on prolonged excitatory postsynaptic potentials (EPSPs) being
evoked in 71% of these cells, versus 32% of cells from the tumor
group; p < 0.05. In studies using hippocampal tissue, we noted a
similar pattern of spontaneous activity in tissue adjacent to CMs.

Conclusions: These data suggest that CMs may induce seizure
activity via a different pathophysiologic mechanism(s) than glial
tumors. Key Words: Focal neocortical seizures—Cavernous
malformations—Epileptogenesis.

Focal human neocortical epilepsy can be associated
with a wide variety of pathologies including develop-
mental anomalies, tumors, vascular malformations, and
regions of gliosis (1). Numerous studies have used intra-
cellular recording techniques to examine the electrophys-
iologic properties of cells in neocortical tissue resected
from epilepsy patients for seizure control, and in general,
few abnormalities have been reported (2–4). However, re-
cent field potential studies have described low-amplitude,
anticonvulsant-sensitive spontaneous events in 40% of
slices from the majority of patients with intractable neo-
cortical epilepsy. This activity was usually quite limited
spatially, suggesting that the focal abnormalities involve
limited neural circuitry under normal conditions (5,6).
Even though most of these studies have not reported any
obvious difference in the physiologic properties between
the different epileptogenic substrates, it remains unclear
whether different pathophysiologic mechanisms can un-
derlie the seizure activity, because most studies have in-
cluded a wide variety of pathologies in their sample popu-
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lation. This issue is additionally confounded by a relative
paucity of animal models for lesional (vs. developmental)
epilepsy, thus dictating the need for comparative studies
on tissue resected from epilepsy patients with different
underlying etiologies. In this study we compared tissue
from two common lesional epilepsies, cavernous malfor-
mations, and glial tumors.

Intracranial cavernous malformations (CMs) are char-
acterized by abnormally dilated vascular cavities within
the central nervous system that are surrounded by a sin-
gle vessel wall and are filled with blood. The underlying
pathology appears to be the failure of cerebral capillaries
to form tight junctions, which allows chronic slow bleed-
ing into the surrounding brain parenchyma (7,8). Recent
studies have shown that CMs, especially in the American
Hispanic community, are associated with a mutation in
KRIT1, a microtubule-associated protein (9,10).

Magnetic resonance imaging (MRI) and autopsy studies
have revealed that CMs are quite common and may exist
in ≤0.5% of the population (8,11). However, the majority
of these vascular lesions are clinically silent and are asso-
ciated with symptomatic disease in an estimated 20% of
affected individuals (12,13). Patients with symptomatic
CMs often have recurrent seizures, possibly because of
the toxic effects of iron deposition (usually in the form of
hemosiderin after hemorrhage) over time (14,15).
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Figure  1  Schematic  diagram  of  SEEG  electrodes  placement  on  a  lateral  view  the  brain  for  the  six  patients.  For  each  patient,  MRI
showing the  cavernoma  (surrounded  by  green  dotted  line)  and  reconstruction  of  the  electrode  trajectory  from  post-implantation
MRI or  CT-scan/MRI  fusion  is  indicated.  (For  interpretation  of  the  references  to  colour  in  this  figure  legend,  the  reader  is  referred
to the  web  version  of  this  article.)

case  (Table  1).  In  each  cases  however,  there  was  at  least
one  electrode  placed  in  the  perilesional  region  (Fig.  1).
Finally,  MRI  was  performed  to  accurately  check  the  anatom-
ical  location  of  each  contact  along  the  electrode  trajectory.
Intracerebral  EEG  signals  were  recorded  on  a  128  channels
DeltamedTM/Natus  system.  They  were  sampled  at  512  Hz
and  recorded  on  a  hard  disk  (16  bits/sample)  using  no  digital
filter.

Signal  analysis  using  the  epileptogenicity  index  (EI)

Recently,  we  proposed  a  method  for  quantifying  the  epilep-
togenicity  of  brain  structures  in  patients  explored  with
depth  electrodes  and  SEEG  (Bartolomei  et  al.,  2008,  2010).  It
is  based  on  the  determination  of  the  ‘epileptogenicity  index’
(EI)  that  combines  both  spectral  and  temporal  parameters
related  to  the  propensity  of  a  brain  area  to  generate  rapid

discharges  (fast  oscillations)  and  the  time  for  this  area  to
become  involved  in  the  seizure  process.  Indeed,  it  is  gen-
erally  accepted  that  high  frequency  oscillations  and  delay
of  involvement  are  relevant  indicators  of  the  epileptogenic
nature  of  the  recorded  underlying  neuronal  systems.

The  EI  is  a  normalized  quantity,  ranging  from  0  to  1,  com-
puted  from  SEEG  recorded  signals  (see  (Bartolomei  et  al.,
2008)  for  a  more  detailed  description).  A  two  steps  proce-
dure  is  used  for  its  estimation:  first,  over  a sliding  window,
the  signal  energy  ratio  (ER)  is  computed,  between  high  (ˇ
(12.4—24  Hz)  and  !  (24—90  Hz))  and  low  ("  (3.4—7.4  Hz)  and
˛  (7.4—12.4  Hz))  frequency  bands  of  the  EEG;  second,  we
detect  change-points  in  the  ER[n]  quantity  which  is  sensi-
tive  to  frequency  changes  in  the  signal.  In  particular,  we
use  an  optimal  algorithm  (‘‘cumulative  sum  algorithm’’  or
‘‘CUSUM’’)  to  automatically  determine  the  time  instant
when  ER[n]  increases,  i.e.  when  "—˛  activity  (that  is  pre-
dominant  in  background  SEEG  signals)  changes  into  ˇ—!
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Summary  The  relationship  between  epileptogenic  lesions  and  the  extension  of  epilepto-
genicity is  a  major  challenge  in  presurgical  evaluation  of  drug  resistant  epilepsies.  In  this  study,
we aimed  at  quantifying  the  epileptogenic  properties  of  brain  structures  explored  by  depth
electrodes  in  patients  investigated  by  stereoelectroencephalography  (SEEG)  and  suffering  from
focal drug-resistant  epilepsy  associated  with  cavernous  angioma  (CA).  Epileptogenicity  of  the
perilesional  region  and  distant  brain  areas  was  calculated  according  to  the  ‘‘epileptogenicity
index’’ (EI),  a  technique  that  allows  mathematical  quantification  of  rapid  discharges  at  seizure
onset taking  into  account  the  time  at  which  the  discharge  occurs.  Thirteen  seizures  from  6
patients were  studied.

Abbreviations: Am, amygdala; Hip, hippocampus; iTp, internal temporopolar cortex; eTP, external temporopolar cortex; EC, entorhinal
cortex; PRh, perirhinal cortex; TBa, anterior temporobasal cortex; TBp, posterior temporobasal cortex; MTGa, anterior part of middle
temporal gyrus; MTGp, posterior part of middle temporal gyrus; PHC, parahippocampal cortex; STG, superior temporal gyrus; SMA, supple-
mentary motor area; BA6, premotor lateral cortex; OPF, frontal operculum; OFC, orbitofrontal cortex; PFC(F3), prefrontal cortex, inferior
frontal gyrus; PFC (F2), prefrontal cortex, middle frontal gyrus; GC32, cingulate gyrus area 32; CG24, cingulate gyrus area 24; Rol, rolandic
cortex superior(s) or inferior (i) parts; FUS, fusiform gyrus; OC, occipital region; Ins, insular cortex; IPL, inferior parietal lobule; pOP, parietal
operculum.
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Figure  2  Figure  illustrates  the  estimation  of  EI  in  patient  P4.  (a)  Schematic  diagram  of  SEEG  electrodes  placement  on  a  lateral
view the  brain  A:  electrode  exploring  the  amygdala  (medial  leads)  and  the  anterior  part  of  the  middle  temporal  gyrus  (MTG)  (lateral
leads) B:  electrode  exploring  the  anterior  hippocampus  (medial  leads)  and  the  mid  part  of  MTG  (lateral  leads);  TP:  electrode
exploring the  temporal  pole;  H:  electrode  exploring  the  insula  (medial  leads)  and  the  anterior  part  of  the  superior  temporal  gyrus
(STG) (lateral  leads)  OF:  electrode  exploring  the  frontal  operculum(external  leads)  and  the  anterior  insula  (internal  leads);  OP:
electrode exploring  the  parietal  operculum(external  leads)  and  the  posterior  insula  (internal  leads);  Cc:  electrode  exploring  the
frontal premotor  cortex  (external  leads)  and  the  cingulate  gyrus  (internal  leads),  Cr:  electrode  exploring  the  prefrontal  cortex,  OR:
electrode exploring  the  prefrontal  cortex  (superior  leads)  and  the  orbitofrontal  cortex  (inferior  leads).  Dashed  circle  indicates  the
location of  the  cavernoma  in  the  anterior  insular  cortex  (close  to  the  internal  leads  of  the  electrode  OF).  (b)  SEEG  signal  at  the
onset of  a  seizure  involving  different  selected  bipolar  traces.  (c)  Corresponding  increase  in  energy  ratio  (ER[n]  which  represent  the
ratio between  high  frequencies  and  low  frequencies)  is  shown  in  the  selected  SEEG  signals.  Each  channel  discloses  variations  of  the
ER[n]. The  Page-Hinkley  algorithm  provides  detection  times  (vertical  red  bars)  for  each  channel  if  involved  in  the  generation  of  a
rapid discharge.  (d)  EI  values  quoted  on  web  chart  demonstrating  maximal  epileptogenicity  in  the  temporal  lobe.

activity  (that  is  predominant  in  SEEG  signals  during  rapid
discharges).

These  two  steps  allow  for  the  computation  of  the  epilep-
togenicity  index  EIi from  the  SEEG  signal  si recorded  from
brain  structure  Si:

EIi = 1
Ndi

−  N0 +  !

Ndi
+H∑

n=Ndi

ER[n],  !  >  0

where  N0 is  the  time  instant  corresponding  to  seizure  onset
(defined  hereafter),  Ndi

is  the  detection  time  in  signal  si

recorded  from  structure  Si and  H  is  the  duration  over  which
ER[n]  is  integrated.  Parameter  !  accounts  for  the  particular
where  Si is  the  first  structure  that  generates  the  fast  activity
(Ndi

=  N0, seizure  onset)  and  avoids  division  by  zero.  It  was
arbitrarily  set  to  1.  Parameter  H  was  set  to  be  equal  to  5  s
as  previously  defined  to  detect  the  onset  of  rapid  discharges
(Bartolomei  et  al.,  2008).  In  practice,  we  use  a  semi-
automatic  approach:  using  a  handy  graphical  user  interface,
the  user  can  easily  inspect  and  validate  automatically

detected  change  points  indicating  the  accurate  onset  of
rapid  discharges.  From  this  validation  performed  on  a
‘‘structure-by-structure’’  basis,  the  EI  is  then  computed.

Finally,  in  order  to  obtain  a  normalized  value  ranging
from  0  (no  epileptogenicity)  to  1  (maximal  epileptogenic-
ity)  for  considered  structures  Si, EIi values  were  divided  by
the  maximal  value  obtained  in  each  patient.  In  the  sequel,
normalized  EIi values  are  simply  denoted  by  ‘‘EI  values’’  (see
Figs.  2  and  4).

For  all  selected  patients  EI  was  calculated  from  bipolar
signals  recorded  from  different  explored  brain  regions.  We
have  selected  contacts  localized  in  the  gray  matter  and  rep-
resentative  of  the  different  anatomical  structures  sampled
in  each  patient  (Fig.  4).

Results

Clinical  and  SEEG  data

Six  patients  with  drug  resistant  focal  epilepsies  (four  men,
two  women)  associated  with  cavernoma  were  included  in
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Table 1  Overall characteristics of the study population

* Of these 42 temporal lobe cases, 33 (85 %) had normal hippocampus on pre-operative MRI
a  These patients had a lesionectomy with removal of the hemosiderin ring and resection of the hippocampus in its entirety, but limited neocorti-
cal resection

Clinical characteristics

Center A (N = 60) Center B (N = 35) Combined (N = 95) p value

Gender (N male, %) 34 (56 %) 11 (44 %) 45 (52 %) 0.32

Mean age at seizure onset in years (range; SD) 25.7 (4–65; 13.3) 22.5 (2–47; 12.3) 24.5 (2–65; 23) 0.23

Mean epilepsy duration in years (range; SD) 12.7 (0.5–41; 10.9) 13.8 (1–43; 11.64) 13.1 (0.5–43; 11) 0.53

Mean age at surgery in years (range; SD) 38 (11–70; 12.4) 36 (7–57; 10.9) 37.4 (7–70; 38) 0.40

Mean number of lesions (range; SD) 1.1 (1–3; 0.3) 1 (1–1) 1.04 (1–3; 1) 0.15

N of patients failing 2 or more AEDs 54 (89 %) –

Mean follow-up duration in years (range; SD) 3.4 (0.5–13.8; 3.3) 7.9 (0.5–13; 3.1) 4.6 (0.5–13.8; 3.7) <0.0001*

Other epilepsy risk factors

 Head trauma 15 (25 %) 0 15 0.004*

 Family history of epilepsy 11 (19 %) 0 11 0.004*

Anatomical characteristics

 Localization 0.06

  Temporal lobe (N, %)* 42 (70 %) 25 (71 %) 67 (71 %)

  Frontal lobe (N, %) 12 (20 %) 4 (11 %) 16 (17 %)

  Insula (N, %) 4 (7 %) 4 (11 %) 8 (8 %)

  Rolandic/parietal lobe (N, %) 2 (3 %) 2 (5 %) 4 (4 %)

Surgery characteristics

 Type of resection 0.14

  Lesionectomy (N, %) 36 (60 %) 30 (86 %) 66 (69 %)

  Lobectomy (N, %) 24 (40 %) 5a (14 %) 29 (31 %)

 Use of invasive EEG <0.0001*

  Intra-operative electrocorticography (N) 7 20 27 (28 %)

Fig. 2  Pre-op MRI, intra-operative views and post-op MRI of a patient with left posterior temporal CCM. Note: complete resection of the lesion 
and the abnormal adjacent cortex
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mainly related to the ideal timing and extent of surgery. 
Further research is needed to define the best surgical strate-
gies in patients with temporal lobe CCMs and structurally 
normal hippocampi.

Keywords Cerebral cavernous malformation · CCM · 
Seizure outcome · Lesionectomy · Lobectomy · Epilepsy 
surgery

Introduction

Cerebral cavernous malformations (CCMs), also known as 
cavernomas, cavernous angiomas or cavernous hemangio-
mas, occur in 0.1–0.5 % of the population and constitute 
5–10 % of all brain and spine vascular malformations [1, 2, 
17, 28]. Together with other vascular malformations, CCMs 
represent up to 5.6 % of all epilepsy-associated pathologies 
in the European Epilepsy Brain Bank, the largest reposi-
tory of brain specimens collected to date in patients under-
going resective surgery for intractable epilepsy (Blumcke, 
personal communication). The clinical characteristics 
of CCMs are well described [2, 3, 19, 21, 24, 28]; how-
ever, the ideal treatment remains ill-defined. A recent spe-
cial report by The Surgical Task Force of the International 
League against Epilepsy provides some empirical manage-
ment recommendations, but acknowledges the wide vari-
ability and significant limitations in the data used to derive 
these suggestions [33]. Particularly challenging areas of 
uncertainty currently include the timing and extent of surgi-
cal resection, as well as the ideal work-up and treatment of 
CCMs in the temporal lobe when the hippocampus “looks” 
structurally normal on magnetic resonance imaging [14, 
38, 39]. We advance in this manuscript a comprehensive 
overview of the pathological findings, clinical presentation, 

Abstract Cavernous cerebral malformations (CCMs) 
are a well-defined epilepsy-associated pathology. They 
represent lesions/conglomerates of abnormally configured 
vessels leading to seizures either as a result of physiologi-
cal changes affecting the cerebral cortex immediately sur-
rounding the CCM (an epileptogenic mechanism that is 
relevant for both temporal and extratemporal lesions), or 
as a result of promoting epileptogenicity in remote but 
anatomo-functionally connected brain regions (a mecha-
nism that is particularly relevant for temporal lobe lesions). 
This review details the pathological findings in CCMs 
and discusses the mechanisms of epileptogenicity in this 
context. The bulk of the review will focus on therapeutic 
strategies. Medical therapy using antiepileptic drugs is rec-
ommended as a first-line therapy, but surgical removal of 
the CCM with the surrounding cortex should be pursued 
if seizures prove to be drug resistant. Early timing of the 
resection and complete removal of any associated epilep-
tic pathology are critical for best outcomes. In addition to 
reviewing the available data from prior series, we present 
original research from two specialized epilepsy centers tar-
geted at answering particularly pressing clinical questions 
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Table 1  Overall characteristics of the study population

* Of these 42 temporal lobe cases, 33 (85 %) had normal hippocampus on pre-operative MRI
a  These patients had a lesionectomy with removal of the hemosiderin ring and resection of the hippocampus in its entirety, but limited neocorti-
cal resection

Clinical characteristics

Center A (N = 60) Center B (N = 35) Combined (N = 95) p value

Gender (N male, %) 34 (56 %) 11 (44 %) 45 (52 %) 0.32

Mean age at seizure onset in years (range; SD) 25.7 (4–65; 13.3) 22.5 (2–47; 12.3) 24.5 (2–65; 23) 0.23

Mean epilepsy duration in years (range; SD) 12.7 (0.5–41; 10.9) 13.8 (1–43; 11.64) 13.1 (0.5–43; 11) 0.53

Mean age at surgery in years (range; SD) 38 (11–70; 12.4) 36 (7–57; 10.9) 37.4 (7–70; 38) 0.40

Mean number of lesions (range; SD) 1.1 (1–3; 0.3) 1 (1–1) 1.04 (1–3; 1) 0.15

N of patients failing 2 or more AEDs 54 (89 %) –

Mean follow-up duration in years (range; SD) 3.4 (0.5–13.8; 3.3) 7.9 (0.5–13; 3.1) 4.6 (0.5–13.8; 3.7) <0.0001*

Other epilepsy risk factors

 Head trauma 15 (25 %) 0 15 0.004*

 Family history of epilepsy 11 (19 %) 0 11 0.004*

Anatomical characteristics

 Localization 0.06

  Temporal lobe (N, %)* 42 (70 %) 25 (71 %) 67 (71 %)

  Frontal lobe (N, %) 12 (20 %) 4 (11 %) 16 (17 %)

  Insula (N, %) 4 (7 %) 4 (11 %) 8 (8 %)

  Rolandic/parietal lobe (N, %) 2 (3 %) 2 (5 %) 4 (4 %)

Surgery characteristics

 Type of resection 0.14

  Lesionectomy (N, %) 36 (60 %) 30 (86 %) 66 (69 %)

  Lobectomy (N, %) 24 (40 %) 5a (14 %) 29 (31 %)

 Use of invasive EEG <0.0001*

  Intra-operative electrocorticography (N) 7 20 27 (28 %)

Fig. 2  Pre-op MRI, intra-operative views and post-op MRI of a patient with left posterior temporal CCM. Note: complete resection of the lesion 
and the abnormal adjacent cortex
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GENOTIPO CCM E GENES CANDIDATOS 
Brain Vascular Malformation Consortium (BVMC) 

. 190 Hispanicos genotipados 

. 817.810 SNPs  

. 56 Genes candidatos: 

. Vias inflamação/resposta imune 

. Malformações vasculares 

. Inflamação ou resposta imune  
    (T, B, monócitos e macrófagos) 
. 830 SNPs analisados para associação  
com marcadores de gravidade 
 da doença por CCM1

Current Management of Incidental and Asymptomatic Cerebrovascular Lesions 2019

CCM Genotyping and Candidate Genes

§ Genotype data for 190 Hispanic CCM1 patients  
- 817,810 SNPs (Affymetrix Axiom® Genome-Wide LAT-1 Human Array)

- 56 candidate genes: 

§ Inflammatory/immune response pathways

§ Brain vascular malformations

§ Inflammatory or immune cells (T, B, monocytes, macrophages)

§ 830 SNPs analyzed for association with markers of CCM1 disease 
severity

Brain Vascular Malformation Consortium (BVMC)
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Introduction
Cavernous angiomas (CAs), also known as cerebral cavernous malformations or cavernomas, are a common 
neurovascular pathology affecting 0.3%–0.9% of  the population, predisposing patients to a lifetime risk of  
stroke, seizures, and consequent disability related to lesional hemorrhage (1, 2). CA with recent symptom-
atic hemorrhage (CASH) is an important event defined by evidence of  new bleeding on diagnostic imaging, 
with new attributable neurological symptoms (1). Based on a systematic review of  studies with no selection 
criteria, the risk of  first symptomatic hemorrhage has been estimated at 0.4%–2.4% per year, with the higher 
estimate in brainstem lesions (1, 2). Once a patient experiences an initial symptomatic hemorrhage, the risk 
of  rebleeding increases more than 10-fold, to 3.8%–29.5% per year (1). It would be desirable to develop a 

BACKGROUND. Cerebral cavernous angiomas (CAs) with a symptomatic hemorrhage (CASH) have a 
high risk of recurrent hemorrhage and serious morbidity.

METHODS. Eighteen plasma molecules with mechanistic roles in CA pathobiology were 
investigated in 114 patients and 12 healthy subjects. The diagnostic biomarker of a CASH in the 
prior year was derived as that minimizing the Akaike information criterion and validated using 
machine learning, and was compared with the prognostic CASH biomarker predicting bleeding in 
the subsequent year. Biomarkers were longitudinally followed in a subset of cases. The biomarkers 
were queried in the lesional neurovascular unit (NVU) transcriptome and in plasma miRNAs from 
CASH and non-CASH patients.

RESULTS. The diagnostic CASH biomarker included a weighted combination of soluble CD14 
(sCD14), VEGF, C-reactive protein (CRP), and IL-10 distinguishing CASH patients with 76% 
sensitivity and 80% specificity (P = 0.0003). The prognostic CASH biomarker (sCD14, VEGF, IL-1ȕ, 
and sROBO-4) was confirmed to predict a bleed in the subsequent year with 83% sensitivity and 
93% specificity (P = 0.001). Genes associated with diagnostic and prognostic CASH biomarkers 
were di!erentially expressed in CASH lesional NVUs. Thirteen plasma miRNAs were di!erentially 
expressed between CASH and non-CASH patients.

CONCLUSION. Shared and unique biomarkers of recent symptomatic hemorrhage and of future 
bleeding in CA are mechanistically linked to lesional transcriptome and miRNA. The biomarkers 
may be applied for risk stratification in clinical trials and developed as a tool in clinical practice.

FUNDING. NIH, William and Judith Davis Fund in Neurovascular Surgery Research, Be Brave 
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SENSIBILIDADE 76% 
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PROGNÓSTICO 
sCD14, VEGF, IL1-BETA , 

sROBO-4  

SENSIBILIDADE 83% 
ESPECIFICIDADE 93%
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Cerebral cavernous malformations (CCMs) are a common 
cerebrovascular pathology predisposing 0.5% of the pop-

ulation, predisposing to a lifetime risk of intracerebral hemor-
rhage, seizures, and progressive focal neurological deficits.1,2 A 
sporadic form of the disease, with solitary lesions, accounts for 

almost two thirds of cases, whereas a familial form manifests 
multifocal lesions developing throughout the patient’s life-
time in different regions of the brain. The familial phenotype 
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Rationale: The clinical course of cerebral cavernous malformations is highly unpredictable, with few cross-sectional 
studies correlating proinflammatory genotypes and plasma biomarkers with prior disease severity.

Objective: We hypothesize that a panel of 24 candidate plasma biomarkers, with a reported role in the physiopathology 
of cerebral cavernous malformations, may predict subsequent clinically relevant disease activity.

Methods and Results: Plasma biomarkers were assessed in nonfasting peripheral venous blood collected from 
consecutive cerebral cavernous malformation subjects followed for 1 year after initial sample collection. A first cohort 
(N=49) was used to define the best model of biomarker level combinations to predict a subsequent symptomatic lesional 
hemorrhagic expansion within a year after the blood sample. We generated the receiver operating characteristic 
curves and area under the curve for each biomarker individually and each weighted linear combination of relevant 
biomarkers. The best model to predict lesional activity was selected as that minimizing the Akaike information 
criterion. In this cohort, 11 subjects experienced symptomatic lesional hemorrhagic expansion (5 bleeds and 10 lesional 
growths) within a year after the blood draw. Subjects had lower soluble CD14 (cluster of differentiation 14; P=0.05), 
IL (interleukin)-6 (P=0.04), and VEGF (vascular endothelial growth factor; P=0.0003) levels along with higher plasma 
levels of IL-1β (P=0.008) and soluble ROBO4 (roundabout guidance receptor 4; P=0.03). Among the 31 weighted linear 
combinations of these 5 biomarkers, the best model (with the lowest Akaike information criterion value, 25.3) was the 
weighted linear combination including soluble CD14, IL-1β, VEGF, and soluble ROBO4, predicting a symptomatic 
hemorrhagic expansion with a sensitivity of 86% and specificity of 88% (area under the curve, 0.90; P<0.0001). 
We then validated our best model in the second sequential independent cohort (N=28).

Conclusions: This is the first study reporting a predictive association between plasma biomarkers and subsequent 
cerebral cavernous malformation disease clinical activity. This may be applied in clinical prognostication and 
stratification of cases in clinical trials.   (Circ Res. 2018;122:1716-1721. DOI: 10.1161/CIRCRESAHA.118.312680.)

Key Words: biomarkers ◼ cerebrovascular disorders ◼ hemangioma, cavernous, central nervous system  
◼ ROC curve ◼ stroke

Plasma Biomarkers of Inflammation and Angiogenesis 
Predict Cerebral Cavernous Malformation Symptomatic 

Hemorrhage or Lesional Growth
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Results
Demographic and CCM Lesion Characteristics
In the first cohort (group 1 algorithm definition), 11 of the 
49 subjects manifested a hemorrhagic expansion. One subject 
experienced a new symptomatic hemorrhage from a known 
CCM per adjudicated criteria,12 5 developed lesional growth 
by >3 mm diameter on T2-weighted magnetic resonance imag-
ing sequences, and 5 had both symptomatic hemorrhage and 
lesional growth during the subsequent year after biomarker 
collection.2,10 Thirty-eight subjects (78%) did not experience 
any change in CCM lesions during the same period and were 
defined as stable.

In the second cohort (group 2 algorithm testing), 7 of the 
28 subjects experienced hemorrhagic expansion as described 
previously (2 subjects experienced a new symptomatic hem-
orrhage; 3, a lesional growth; and 2, both) within 1 year after 
biomarker collection.

Among the familial cohort, 8 subjects developed new 
lesions on the most sensitive magnetic resonance imaging 
susceptibility–weighted imaging. Cases with hemorrhagic ex-
pansion had higher T2-weighted (P=0.001) and total (P=0.002) 
lesion counts and nonsignificant trends toward higher preva-
lence of brain stem lesion location and recent symptomatic 
hemorrhage in the prior year. There were no significant dif-
ferences in the age, sex, or mean follow-up time between the 
stable subjects and the ones who experienced a hemorrhagic 
expansion within the year after the blood sample. However, 
the cohort of familial cases that developed new lesions within 
a year was older than familial patients that did not (P=0.02).

Soluble CD14 (cluster of differentiation 14; sCD14), 
VEGF (vascular endothelial growth factor), and IL (interleu-
kin)-6 plasma levels were lower, whereas IL-1β and soluble 
ROBO4 (roundabout guidance receptor 4; sROBO4) were 
higher in subjects who experienced clinical lesional activity 
within the year after the initial blood sample.

After correction for batch effect when appropriate, sub-
jects experiencing a hemorrhagic expansion showed lower 

plasma levels of sCD14 (P=0.05), IL-6 (P=0.04), and VEGF 
(P=0.0003), along with higher IL-1β (P=0.008) and sROBO4 
(P=0.03) plasma levels (Online Figure II). There were no 
potential confounders affecting the plasma levels of the 24 
biomarkers, such as age of enrollment, phenotype (solitary/
sporadic or multifocal/familial), genotype (sporadic, CCM1, 
CCM2, or CCM3), or sex (male or female). In addition, plas-
ma levels of these biomarkers were not associated with brain 
stem lesion location or symptomatic bleed within the preced-
ing year, known risk factors of lesional activity.4 We did not 
identify significant association between the formation of new 
CCMs and the plasma levels of any of the selected biomarkers 
in the familial cohort.

The combination of sCD14, IL-1β, VEGF, and sROBO4 is 
the best predictor of a future lesional activity.

The receiver operating characteristic curves for sCD14 
(area under the curve [AUC], 0.68; P=0.04) and IL-6 (AUC, 
0.66; P=0.007) showed poor accuracy. The accuracies to pre-
dict lesional activity were considered as fair for sROBO4 
(AUC, 0.76; P=0.004) and VEGF (AUC, 0.77; P=0.01), 
whereas it was good for IL-1β (AUC, 0.82; P=0.0003; Online 
Figure II). Further analysis showed that among the 31 possible 
weighted linear combinations of these 5 biomarkers, the best 
model (Equation 1) defined by the lowest Akaike information 
criterion value (Akaike information criterion, 25.3; Figure 
[A]) was achieved by combining sCD14, IL-1β, VEGF, and 
sROBO4 (AUC, 0.90; P<0.0001).

− × × − ×
×
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The receiver operating characteristic analysis differenti-
ated subjects who experienced a lesional hemorrhagic ex-
pansion from stable subjects with a sensitivity of 86% and 
specificity of 88% (Figure [B]). Further analysis showed 
that the mean estimated combination value (Equation 1) was 
5-fold higher (P<0.0001) in subjects who experienced hem-
orrhagic expansion (mean estimated value, 1.67±1.13) within 
the following year compared with subjects who remained 

Figure. The linear combination, including soluble CD14 (soluble cluster of differentiation 14; sCD14), IL (interleukin)-1β, VEGF 
(vascular endothelial growth factor), and soluble ROBO4 (roundabout guidance receptor 4; sROBO4), was the best predictor of 
future lesional activity within 1 y. A, Each colored square represents an optimal weighted combination of biomarkers with its associated 
Akaike information criterion (AIC) value. The lowest AIC value (25.3) was achieved with −0.135×[sCD14]+7.73×[IL-1β]−0.775×[VEGF]+0
.658×[sROBO4]. B, The receiver operating characteristic curve generated for the best linear combination was able to predict a clinical 
lesional activity within a year (±30 d; area under the curve [AUC], 0.90; P=0.0001) with a sensitivity of 86% and speci#city of 88%. C, 
The mean estimated combination value was 5-fold higher in subjects who experienced a hemorrhagic expansion than stable cases 
(P<0.0001).

sCD14, IL-1β, sRO- BO4, VEGF, IL-6  
significativa diferença nos pacientes  
CCM com evento em 1 ano 

O DESFECHO DOS ESTUDOS DE BIOMARCADORES FORAM PARA CASH 
BIOMARCADORES IMUNOLÓGICOS SEMELHANTES EM EPILEPSIAS 



q Mesial temporal lobe epilepsy with 
hippocampal sclerosis (TLE-HS) is a 
frequent condition within the 
pharmacoresistant group of epilepsies 
classified as a syndrome with clinical, 
electroencephalographic, genetic and 
immunological features (Berg, 2009; 
Vezzani et al., 2011). 

NEUROINFLAMAÇÃO NAS EPILEPSIAS
QUAIS AS IMPLICAÇÕES TERAPÊUTICAS?

q The release of inflammatory cytokines in 
mesial structures may acGvate mechanisms 
associated with prolonged epilepGc seizure 
and neuronal damage (Balosso et al., 2009), 
and also neurogenesis, neuroplasGcity and 
synapGc reorganizaGon (Jankowsky and 
PaKerson, 2001; Vezzani et al., 2011).

Dimitris N. Xanthos and Jürgen Sandkühler,  Neurogenic neuroinflamma;on: inflammatory CNS reac;ons in
response to neuronal ac;vity. NATURE REVIEWS | NEUROSCIENCE Volume 14, January 2014 







Dimitris N. Xanthos and Jürgen Sandkühler,  Neurogenic neuroinflammation: inflammatory CNS reactions in 
response to neuronal activity.  NATURE REVIEWS | NEUROSCIENCE Volume 14, January 2014  

NEURÔNIOS AO REDOR DO CCM APRESENTAM RESPOSTA EXCITATÓRIA MAIOR 
À ESTIMULAÇÃO SINÁPTICA, COM MÚLTIPLOS POTENCIAS DE AÇÃO EM 

SURTOS OU POTENCIAS PÓS SINÁPTICOS EXCITATÓRIOS PROLONGADOS

Astrocitos têm papel importante na epileptogênese  possivelmente por sua interação com a liberação de 
neurotransmissores excitatórios  (Seifert et al., 2006)  1416 A. WILLIAMSON ET AL.
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FIG. 1. Examples of sponta-
neous activity seen in neocortical
tissue adjacent to cavernous
malformations (CMs) and tumors.
A1: Examples of the spontaneous
bursting activity seen in tissue
adjacent to CMs from two patients.
A2: Examples of the bursts marked
by an asterisk in A1 at a faster time
base. In a few cells, we noted only
inhibitory activity, as shown in A3.
Inhibitory postsynaptic potentials
(IPSPs) marked by arrows. In
contrast, in tissue adjacent to tu-
mors, we noted only low-amplitude
events similar to those shown in B.
Note the difference in the scales
between A and B. Membrane
potentials (MPs) A1, −85.5 mV;
A2, −63.9 mV; A3, −54.8; B,
−79.2 mV.

distinct from the all-or-none evoked PDSs seen in the dis-
inhibited neocortex (29). Furthermore, many of the evoked
responses seen in the CM and also occasionally within
the tumor group appeared to be mediated by polysynaptic
circuits. Specifically, at stimulus intensities near action-
potential threshold, multiple components could be noted
(Fig. 2A and B2), and the responses evoked at a given stim-
ulus intensity could be variable between stimuli (Fig. 2C).
However, synaptic responses typical of cortical neurons
with a single action potential followed by a biphasic in-
hibitory postsynaptic potential (IPSP) were noted in the
majority of cells adjacent to tumors (Fig. 2B1).

Hippocampus
To assess whether the pathophysiologic characteris-

tics associated with CMs are unique to the neocortex or
whether similar changes can be observed in other regions
of the central nervous system, three CM cases with hip-
pocampal involvement were examined. In one case, the
CM had invaded the hippocampus, whereas in the remain-
ing two cases, the lesion was confined to the entorhinal
cortex. The tumor comparison group consisted of 11 cases
in which the tumor did not invade the hippocampus. In the
CM case with hippocampal invasion, 83.3% of granule
cells examined (five of six cells) exhibited a high level
of spontaneous activity (1.38 ± 0.23 Hz) consisting of
prolonged, large-amplitude events comparable to those
observed in neocortical CM cases. In two of these five
cells, however, primarily inhibitory events predominated,
as shown in Fig. 3. When extracellular field potentials

were examined in the slices from this case, spontaneous
prolonged field-potential shifts with superimposed popu-
lation spike activity were noted. These events are similar
to those previously reported in kainate-induced epileptic
rats (24,25), although to date we have never seen simi-
lar spontaneous extracellular events in hippocampal slices
from patients with either tumors or medial temporal scle-
rosis. It is interesting to note, however, that these slices
also displayed synaptic reorganization within the dentate
gyrus (e.g., mossy fiber sprouting; data not shown).

In cells (n = 9) from the other two CM cases in which
the lesions were localized to the entorhinal cortex, similar
spontaneous activity was not observed. There was, how-
ever, a slight increase in the frequency of low-amplitude,
smoothly decaying spontaneous events relative to that seen
in cells from patients with extrahippocampal tumors (CM,
2.9 ± 0.7 Hz; three patients, eight cells; tumor, 1.53 ±
0.2 Hz, 17 patients; 42 cells). This difference approached,
but did not reach, significance (p = 0.07). The synapti-
cally evoked responses observed in these CM cases were
comparable to those elicited in cells from patients with
temporal lobe tumors [also see Williamson (22)].

DISCUSSION

In this study the electrophysiologic properties of neu-
rons were examined in cortical tissue adjacent to glial
tumors and CMs; tissue was resected from patients in an
attempt to curtail their seizure activity. Both of these forms
of lesions were associated with seizures, but relatively
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CCM and the microbiome
Genetic and/or environmental factors can modulate variability in disease

Endothelial TLR4 and the microbiome 
drive cerebral cavernous malformations
Alan T. Tang1, Jaesung P. Choi2, Jonathan J. Kotzin3,4, Yiqing Yang1, Courtney C. Hong1, Nicholas Hobson5, Romuald Girard5, 
Hussein A. Zeineddine5, Rhonda Lightle5, Thomas Moore5, Ying Cao5, Robert Shenkar5, Mei Chen1, Patricia Mericko1, 
Jisheng Yang1, Li Li1, Ceylan Tanes6, Dmytro Kobuley4,7, Urmo Võsa8, Kevin J. Whitehead9, Dean Y. Li9, Lude Franke8, 
Blaine Hart10, Markus Schwaninger11, Jorge Henao-Mejia3,4,12, Leslie Morrison10, Helen Kim13, Issam A. Awad5, 
Xiangjian Zheng2,14,15 & Mark L. Kahn1

Cerebral cavernous malformations (CCMs) are a cause of stroke and seizure for which no effective medical therapies 
yet exist. CCMs arise from the loss of an adaptor complex that negatively regulates MEKK3–KLF2/4 signalling in brain 
endothelial cells, but upstream activators of this disease pathway have yet to be identified. Here we identify endothelial 
Toll-like receptor 4 (TLR4) and the gut microbiome as critical stimulants of CCM formation. Activation of TLR4 by 
Gram-negative bacteria or lipopolysaccharide accelerates CCM formation, and genetic or pharmacologic blockade of 
TLR4 signalling prevents CCM formation in mice. Polymorphisms that increase expression of the TLR4 gene or the gene 
encoding its co-receptor CD14 are associated with higher CCM lesion burden in humans. Germ-free mice are protected 
from CCM formation, and a single course of antibiotics permanently alters CCM susceptibility in mice. These studies 
identify unexpected roles for the microbiome and innate immune signalling in the pathogenesis of a cerebrovascular 
disease, as well as strategies for its treatment.
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Abstract
AIM
To investigate whether patients with refractory epilepsy 
and healthy infants differ in gut microbiota (GM), and 
how ketogenic diet (KD) alters GM.

METHODS
A total of 14 epileptic and 30 healthy infants were 
recruited and seizure frequencies were recorded. Stool 
samples were collected for 16S rDNA sequencing using 
the Illumina Miseq platform. The composition of GM in 
each sample was analyzed with MOTHUR, and inter-
group comparison was conducted by R software.

RESULTS
After being on KD treatment for a week, 64% of epileptic 
infants showed an obvious improvement, with a 50% 
decrease in seizure frequency. GM structure in epileptic 
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MANEJO COM DAE VERSUS CIRURGIA 
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!O controle das crises em 1 ano, com DAE, em 
pacientes com CCM/CRE (64,7%) foi 
semelhante aos de pacientes com Epilepsia 
recém diagnosticadas 

!Falha após 2 DAE - investigar possível indicação 
de tratamento cirúrgico 

!CRE TEMPORAL- falha na 1a. DAE considerar 
cirurgia - fator preditivo de maior risco de falha 
(p=0.01)
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A B S T R A C T

Purpose: The study was conducted to assess the long-term outcome of antiepileptic drug (AED) treatment
in drug-naïve patients with cavernous malformation (CM) related epilepsy (CRE).
Method: This is a retrospective, single-center, long-term observational study of 34 patients with
previously untreated seizures related to CM. All patients were followed-up for at least two years. Drug
resistant epilepsy (DRE) was defined as two or more seizures per year after trial of two appropriate AEDs.
Patients who had only one seizure during the previous one year were assigned as “epilepsy with rare
seizures (ERSs)”.
Results: Terminal 1-year seizure remission (1-YTR) was achieved in 22 (64.7%) patients, nine (26.5%)
patients were diagnosed as DRE, and three (8.8%) patients were as ERSs. 1-YTR was achieved in 18 (52.9%)
patients by the first drug regimen and in additional four (11.8%) patients by the second drug regimen.
None of nine patients who failed to first two drug regimens did achieve 1-YTR. The location of CM in the
temporal lobe was the only prognostic factor predicting a poor seizure outcome (p = 0.012).
Conclusion: The outcome of AEDs therapy in patients who were presented with new onset of CRE was
quite comparable with that of patients with newly diagnosed epilepsy. Failure to achieve seizure-free
after adequate trials of two AEDs seems appropriate as the criteria for their referral to surgical treatment.
For patients with temporal lobe CRE, earlier presurgical evaluation may be considered justifiable once
they failed to an adequate trial of the first drug.

© 2016 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Cavernous malformation (CM) is the second most common
type of vascular malformation. An epileptic seizure is the most
common presenting symptom of CM, which is followed by focal
neurological deficits, acute hemorrhage, and headache [1].

Supratentorial location, cortical involvement and archicortical
and mesiotemporal location are established risk factors of CM-
related epilepsy (CRE) [2].

A prospective population-based registry reported that 5-year
risk of first-ever seizure after the presentation of incidental CM
was 4%, while 5-year risk of epilepsy (or second seizure) after
first-ever seizure in patients with CM was 94%, which has
provided a strong evidence for starting antiepileptic drug (AED)
therapy in patients with a single seizure related to CM [3]. In this
study, 2-year seizure remission (YR) rate by AED therapy at 5-year
follow-up period was 47%, which was lower than the 2-year
seizure remission rate (68%) in a community based study [4]. On
the other hand, a large outpatient clinic database found that the
seizure-free rate (SFR) in patients with vascular malformation
related epilepsy was 50%, which was better than that of patients
with normal magnetic resonance image (MRI) (42%), due to head
trauma (30%), cortical dysplasia (24%), and hippocampal sclerosis
(11%) [5]. However, long-term outcomes of AED therapy in a pure

Abbreviations: CM, cavernous malformation; CRE, CM-related epilepsy; AED,
antiepileptic drug; 1-YTR, terminal 1 year remission; YR, year seizure remission;
SFR, seizure-free rate; MRI, magnetic resonance image; ILAE, International League
Against Epilepsy; DRE, drug resistant epilepsy; EEG, electroencephalography; ERSs,
epilepsy with rare seizures; GP, good prognosis; PP, poor prognosis; IED,
interictalepileptiform discharges; CBZ, carbamazepine; LTG, lamotrigine; VPA,
valproate; RCT, randomized controlled trial; TLE, temporal lobe epilepsy; MTLE,
mesial TLE; HS, hippocampal sclerosis.
* Corresponding author at: Department of Neurology, Inje University College of

Medicine, 875 Haeundae-ro, Haeundae-gu, Busan, Republic of Korea.
Fax: +82 51 797 1196.

E-mail address: bilee@paik.ac.kr (B.I. Lee).
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SUMMARY

Purpose: The recent ‘‘Report of the ILAE Commission on
Classification and Terminology’’ recommends an epilepsy
classification that gives more emphasis to the underlying
structural or metabolic cause rather than to the localiza-
tion of the epileptogenic zone. The aim of the present
study was to investigate differences in clinical features,
treatment response, and prognosis in patients with mesial
temporal lobe epilepsy (MTLE) caused by hippocampal
sclerosis (MTLE-HS) or singular mesiotemporal caverno-
mas (MTLE-C) in order to evaluate the impact of underly-
ing pathology on the course of the disease while
controlling for localization.
Methods: Age at onset, age at surgery, seizure frequency
and semiology, pharmacoresistance, psychiatric comor-
bidities, memory deficits, or initial precipitating insults
(e.g., febrile seizures, traumatic brain injury, infection of

the central nervous system, birth complications) as well
as postoperative outcome were compared in eleven
patients with MTLE-C and 33 patients with MTLE-HS
using nonparametric statistical methods.
Key Findings: The postoperative outcome was signifi-
cantly better in patients with MTLE-C, even after control-
ling for preoperative epilepsy duration. Patients with
MTLE-HS more frequently were drug resistant (88% vs.
36%) and more often presented with an initial precipitat-
ing insult (70% vs. 27%) and with automotor seizures (79%
vs. 46%).
Significance: The results suggest that patients with MTLE-
C show a more favorable postoperative outcome, support-
ing the commission’s suggestion to put more emphasis on
the underlying cause in future epilepsy classifications.
KEY WORDS: Cavernoma, Hippocampal sclerosis,
Mesiotemporal lobe epilepsy, Vascular lesions, Epileptog-
enicity.

The classification and terminology for epilepsies (Com-
mission, 1989) classifies focal epilepsies as either idiopathic
focal epilepsies or symptomatic focal epilepsies, the latter
being further classified according to the presumed localiza-
tion of the epileptogenic zone (e.g., temporal lobe epilepsy,
frontal lobe epilepsy, and so on). However, the recently pub-
lished report of the International League Against Epilepsy
(ILAE) Commission on Classification and Terminology
recommends a classification that puts more emphasis on the

underlying structural or metabolic cause of focal epilepsies
rather than concentrating on the localization (Berg et al.,
2010).

Earlier studies find evidence that the course and progno-
sis of focal epilepsies depend on the detection of magnetic
resonance imaging (MRI) lesions (Kuzniecky et al., 1993;
Berkovic et al., 1995; Radhakrishnan et al., 1998; Semah
et al., 1998; Jeong et al., 1999; Stephen et al., 2001; Jutila
et al., 2002; Semah & Ryvlin, 2005; Kanner et al., 2009).
On the other hand, there are also findings that suggest an
influence of localization of the epileptogenic zone (Cohen-
Gadol et al., 2006; Menzler et al., 2010). The aim of the
present study was to investigate the correlation of the under-
lying cause with clinical features, treatment response, and
prognosis in two patient groups, both with MTLE but
caused by different etiologies, thus controlling for the
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controlling for localization.
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(e.g., febrile seizures, traumatic brain injury, infection of

the central nervous system, birth complications) as well
as postoperative outcome were compared in eleven
patients with MTLE-C and 33 patients with MTLE-HS
using nonparametric statistical methods.
Key Findings: The postoperative outcome was signifi-
cantly better in patients with MTLE-C, even after control-
ling for preoperative epilepsy duration. Patients with
MTLE-HS more frequently were drug resistant (88% vs.
36%) and more often presented with an initial precipitat-
ing insult (70% vs. 27%) and with automotor seizures (79%
vs. 46%).
Significance: The results suggest that patients with MTLE-
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ing the commission’s suggestion to put more emphasis on
the underlying cause in future epilepsy classifications.
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The classification and terminology for epilepsies (Com-
mission, 1989) classifies focal epilepsies as either idiopathic
focal epilepsies or symptomatic focal epilepsies, the latter
being further classified according to the presumed localiza-
tion of the epileptogenic zone (e.g., temporal lobe epilepsy,
frontal lobe epilepsy, and so on). However, the recently pub-
lished report of the International League Against Epilepsy
(ILAE) Commission on Classification and Terminology
recommends a classification that puts more emphasis on the

underlying structural or metabolic cause of focal epilepsies
rather than concentrating on the localization (Berg et al.,
2010).

Earlier studies find evidence that the course and progno-
sis of focal epilepsies depend on the detection of magnetic
resonance imaging (MRI) lesions (Kuzniecky et al., 1993;
Berkovic et al., 1995; Radhakrishnan et al., 1998; Semah
et al., 1998; Jeong et al., 1999; Stephen et al., 2001; Jutila
et al., 2002; Semah & Ryvlin, 2005; Kanner et al., 2009).
On the other hand, there are also findings that suggest an
influence of localization of the epileptogenic zone (Cohen-
Gadol et al., 2006; Menzler et al., 2010). The aim of the
present study was to investigate the correlation of the under-
lying cause with clinical features, treatment response, and
prognosis in two patient groups, both with MTLE but
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14 € 12 years in the MTLE-HS group versus 23 € 19 years
in the MTLE-C group. At the time of operation, patients
with HS were 36 € 14 years and patients with cavernomas
31 € 17 years old, resulting in a significantly different
duration of epilepsy of 23 € 14 years in patients with HS
and 9 € 9 years in patients with cavernomas between the
onset of epilepsy and neurosurgery (p = 0.003).

There was a significant effect of the underlying pathology
on the outcome using the Engel classification [patients with
MTLE-HS (Engel class: number of patients): Ia: 14; Ib: 5;
Ic: 2; Id: 2; IIa: 2; IIb: 4; IIIa: 3; IVb: 1; versus patients with
MTLE-C: Ia: 9; Ib: 1; IIa: 1; p = 0.042] and a trend toward a
higher rate of seizure-free patients in the group of patients
with MTLE-C [MTLE-HS group Ia: 42% (I: 70%) versus
MTLE-C: Ia: 82% (I: 91%), p = 0.053, Fig. 1] at latest
follow-up. The mean time of follow-up was 35 € 24
months (MTLE-HS) versus 30 € 30 months (MTLE-C,
p = 0.419).

Multivariate analysis using a general linear model includ-
ing age at surgery, age at onset of epilepsy, and duration of
epilepsy at operation as covariates still revealed a signifi-
cant better postoperative outcome in patients with MTLE-C
(p = 0.032). Post hoc analysis revealed that this effect was
present for seizure freedom (Engel Ia) at latest follow-up
(p = 0.029, Table 2) as well as the overall outcome using
the Engel classification (p = 0.019) at 1-year follow-up.

As far as the clinical presentation is concerned, patients
with MTLE-HS were more often drug resistant than patients
with MTLE-C (88% vs. 36%, p = 0.001), more often pre-

sented with automotor seizures (79% vs. 46%, p = 0.038),
and more frequently had a history of an IPI (70% vs. 27%,
p = 0.014) even though there was no significant difference
for each individual IPI (p > 0.05). In patients with a history
of an IPI, there was no significant difference in latent period
duration (p = 0.666). Patients with MTLE-HS tended to
have a higher seizure frequency (6.5 vs. 0.8 seizures/month,
p = 0.066). There were other clinically relevant but statisti-
cally not significant effects on seizure semiology, psychiat-
ric comorbidity, and cognitive deficits. Patients with
MTLE-HS more often presented with epigastric aura (58%
vs. 27%, p = 0.165), or other auras (46% vs. 27%,
p = 0.052), and more often had psychiatric comorbidities
(27% vs. 9%, p = 0.551). Forty-two percent of patients with
MTLE-HS and 27% of patients with MTLE-C reported

Figure 1.
Clinical presentation and course of
the disease in patients with mesio-
temporal lobe epilepsy due to HS or
cavernoma. The significant differ-
ences shown suggest an impact of
etiology on drug response, postop-
erative outcome, the frequency of
IPIs, and seizures semiology in
MTLE. MTLE-C, mesiotemporal
lobe epilepsy due to cavernoma;
MTLE-HS, mesiotemporal lobe epi-
lepsy due to hippocampal sclerosis;
GTCS, generalized tonic–clonic sei-
zure; IPI, initial precipitating insult;
*p < 0.05.
Epilepsia ILAE

Table 2. MANCOVA for outcome after surgery,
Engel classification

MTLE-HS MTLE-C p-Value

Outcome
Engel at 1-year
follow-up

Mean 2.6 (±3.0) Mean 1.2 (±0.4) 0.019

Seizure-free at
latest follow-up

42% 82% 0.029

mean (±SD).
Covariates are age at surgery, age at onset of epilepsy, and time interval

between onset of epilepsy and operation for the two patient groups.
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the limbic network and 11 were outside. One patient did 
not have enough information to be included in either 
group. Two patients out of 6 (33 %) had seizure recur-
rence in the group that had CCMs localized within the 
limbic network as opposed to 2 out of 11 (18 %) from 
the group that did not have limbic network involvement. 
These numbers suggest that post-operative seizure out-
come is poorer in extratemporal CCMs if they are located 
within the limbic network. This conclusion should, how-
ever, be made cautiously given the small numbers ana-
lyzed, and the small numbers eventually included in spe-
cific subgroup analyses.

Recommended surgical treatment algorithm

Recognizing the inherent limitations of the available and 
exclusively retrospective treatment data, we propose the 
surgical treatment algorithm illustrated in Fig. 5 below.

This algorithm synthesizes the available data to pro-
vide a practical management approach and highlight areas 
of additional needed research. Points of divergence in the 
decision tree are derived from easily ascertainable key 
determinants of seizure outcome, and the final endpoints 
represent the two currently available major surgical treat-
ment options: lesionectomy vs. lobectomy. The basic prem-
ises are the following:

1. The various mechanisms of epileptogenicity, and there-
fore surgical outcome determinants contribute differen-
tially to extratemporal vs. temporal lobe lesions, with 
remote or secondary epileptogenesis being less rel-
evant for extratemporal CCMs. Seizure-freedom, thus, 
mainly depends on the complete removal of the CCM 

Table 3  The implications of the extent of temporal lobe resection in relation to seizure outcomes in the context of both “short” and “long” epi-
lepsy duration

The results are shown with cut-offs of either 1 or 5 years
a  The analysis of 1-year cut-off could only be done with one center, since all patients included in center B had a longer epilepsy duration

Temporal lobe surgery Seizure free Recurrent seizures p value Seizure free Recurrent seizures p value

Epilepsy duration ≤1 year >1 year

Center Aa

 Type of surgery

  Lesionectomy 1 (100 %) 0 (0 %) 0.41 5 (29 %) 12 (71 %) 0.003

  Lobectomy 2 (67 %) 1 (33 %) 16 (76 %) 5 (24 %)

Epilepsy duration ≤5 year >5 years

Center A

 Type of surgery

  Lesionectomy 4 (57 %) 3 (43 %) 0.46 2 (18 %) 9 (82 %) 0.003

  Lobectomy 6 (75 %) 2 (25 %) 12 (75 %) 4 (25 %)

Center B

 Lesionectomy 4 0 NA 9 (90 %) 1 (10 %) 0.43

 Lobectomy 0 0 3 (75 %) 1 (10 %)

Combined data

 Lesionectomy 8 (73 %) 3 (27 %) 0.91 11 (52 %) 10 (48 %) 0.13

 Lobectomy 6 (75 %) 2 (25 %) 15 (75 %) 5 (25 %)

Fig. 5  Decision tree guiding the extent of surgical resection in the 
treatment of a CCM based on available key surgical outcome deter-
minants including anatomic localization, epilepsy duration and 
associated pathology. Dotted lines represent areas in need of further 
research
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mainly related to the ideal timing and extent of surgery. 
Further research is needed to define the best surgical strate-
gies in patients with temporal lobe CCMs and structurally 
normal hippocampi.

Keywords Cerebral cavernous malformation · CCM · 
Seizure outcome · Lesionectomy · Lobectomy · Epilepsy 
surgery

Introduction

Cerebral cavernous malformations (CCMs), also known as 
cavernomas, cavernous angiomas or cavernous hemangio-
mas, occur in 0.1–0.5 % of the population and constitute 
5–10 % of all brain and spine vascular malformations [1, 2, 
17, 28]. Together with other vascular malformations, CCMs 
represent up to 5.6 % of all epilepsy-associated pathologies 
in the European Epilepsy Brain Bank, the largest reposi-
tory of brain specimens collected to date in patients under-
going resective surgery for intractable epilepsy (Blumcke, 
personal communication). The clinical characteristics 
of CCMs are well described [2, 3, 19, 21, 24, 28]; how-
ever, the ideal treatment remains ill-defined. A recent spe-
cial report by The Surgical Task Force of the International 
League against Epilepsy provides some empirical manage-
ment recommendations, but acknowledges the wide vari-
ability and significant limitations in the data used to derive 
these suggestions [33]. Particularly challenging areas of 
uncertainty currently include the timing and extent of surgi-
cal resection, as well as the ideal work-up and treatment of 
CCMs in the temporal lobe when the hippocampus “looks” 
structurally normal on magnetic resonance imaging [14, 
38, 39]. We advance in this manuscript a comprehensive 
overview of the pathological findings, clinical presentation, 

Abstract Cavernous cerebral malformations (CCMs) 
are a well-defined epilepsy-associated pathology. They 
represent lesions/conglomerates of abnormally configured 
vessels leading to seizures either as a result of physiologi-
cal changes affecting the cerebral cortex immediately sur-
rounding the CCM (an epileptogenic mechanism that is 
relevant for both temporal and extratemporal lesions), or 
as a result of promoting epileptogenicity in remote but 
anatomo-functionally connected brain regions (a mecha-
nism that is particularly relevant for temporal lobe lesions). 
This review details the pathological findings in CCMs 
and discusses the mechanisms of epileptogenicity in this 
context. The bulk of the review will focus on therapeutic 
strategies. Medical therapy using antiepileptic drugs is rec-
ommended as a first-line therapy, but surgical removal of 
the CCM with the surrounding cortex should be pursued 
if seizures prove to be drug resistant. Early timing of the 
resection and complete removal of any associated epilep-
tic pathology are critical for best outcomes. In addition to 
reviewing the available data from prior series, we present 
original research from two specialized epilepsy centers tar-
geted at answering particularly pressing clinical questions 
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The Role of Hemosiderin Excision in Seizure
Outcome in Cerebral Cavernous
Malformation Surgery: A Systematic Review
and Meta-Analysis
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Hangzhou, the People’s Republic of China
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Abstract

Background and Purpose
Whether the excision of hemosiderin surrounding cerebral cavernous malformations
(CCMs) is necessary to achieve a seizure-free result has been the subject of debate. Here,
we report a systematic review of related literature up to Jan 1, 2015 including 594 patients
to assess the effect of hemosiderin excision on seizure outcome in patients with CCMs by
meta-analysis.

Methods
Ten studies comparing extended hemosiderin excision with only lesion resection were iden-
tified by searching the English-language literature. Meta-analyses, subgroup analyses and
sensitivity analysis were conducted to determine the association between hemosiderin
excision and seizure outcome after surgery.

Results
Seizure outcome was significantly improved in the patients who underwent an extended
excision of the surrounding hemosiderin (OR, 0.62; 95% CI: 0.42–0.91; P = 0.01). In sub-
group analysis, studies from Asia (OR, 0.42; 95% CI: 0.25–0.71; P = 0.001), male-majority
(female ratio < 50%) studies (OR, 0.56; 95% CI: 0.33–0.96; P = 0.04), low occurrence rate
of multiple CCMs (OR, 0.37; 95% CI: 0.20–0.71; P = 0.003), cohort studies (OR, 0.44; 95%
CI: 0.28–0.68; P = 0.78), longer duration of seizure symptoms (> 1 year) before surgery
(OR, 0.43; 95% CI: 0.22–0.84; P = 0.01), lesion diameter > 2 cm (OR, 0.41; 95% CI: 0.19–
0.87; P = 0.02) and short-term (< 3 years) follow-up (OR, 0.48; 95% CI: 0.29–0.80; P =
0.005) tended to correlate with a significantly favorable outcome.
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Conclusion
Patients who underwent extended surrounding hemosiderin excision could exhibit signifi-
cantly improved seizure outcomes compared to patients without hemosiderin excision.
However, further well-designed prospective multiple-center RCT studies are still needed.

Introduction
Seizures are the most common frequent clinical symptom caused by cerebral cavernous mal-
formations (CCMs), presenting in 23%-79% of CCM patients [1–3]. Among these patients,
approximately 40% of individuals progress to medically refractory epilepsy, which can dramat-
ically decrease quality of life due to various disabilities [4]. Although the remaining 60% of
patients with CCMmay benefit from antiepileptic drugs (AEDs), they usually suffer the unfa-
vorable side effects of AEDs [5, 6]. Currently, it is widely accepted that the surgical resection of
CCMs is the best treatment strategy for patients with medically refractory epilepsy [7–10].
CCMs are often surrounded by hemosiderin, which has been suggested to produce seizures
[11–13]. However, whether the excision of hemosiderin surrounding CCMs is necessary to
achieve a seizure-free result has been under debate [14].

Some articles analyzing various predictors of seizure freedom in the surgical treatment of
CCMs have been published, but none have specifically focused on hemosiderin excision alone.
Among these clinical reports, some supported the idea that extended resection of hemosiderin
might improve short-term or long-term seizure outcomes [15–18], but others showed no sig-
nificant differences between the excision of the hemosiderin along with the lesion and resection
of the cavernoma only [19–21]. Given these contradictory reports and the theoretical potential
for additional morbidity with extended cortical resection, it is important to systematically eval-
uate the role of hemosiderin in CCM surgery for clinical treatment [14].

Here, we report a systematic review of related literature up to Jan 1, 2015. Our purposes are
as follows: (1) to assess the effect of hemosiderin excision on seizure outcome in patients with
CCMs by meta-analysis; (2) to identify the factors influencing our result using subgroup analy-
sis; and (3) to provide some evidence for clinical decision-making.

Methods
This meta-analysis was performed in accordance with the PRISMA 2009 checklist. (data in S1
Checklist)

1. Search strategy and study identification
Appropriate studies relevant to the effect of hemosiderin excision on seizure outcome in
patients with CCM surgery were identified by searching online databases: PubMed, Web of Sci-
ence and EBSCO. The following key words were used and connected by Boolean logic opera-
tors: “cavernous hemangioma”, “cavernous angioma”, “angiocavernoma”, “hemangioma”,
“cavernous”, “hemosiderin ring”, “hemosiderin”, “epilepsy”, “seizure”, “surgery”. Searches
were restricted to the English-language literature but were not limited with regard to the publi-
cation year. Three authors (Di Ruan, Xiao-Bo Yu and Sudeep Shrestha) were independently
responsible for checking and selecting articles, with disagreements settled by the senior authors
(Lin Wang and Gao Chen). Reference lists in the identified publications were also examined to
find additional studies.

Hemosiderin Excision and Seizure Outcome
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SHORT REVIEW

Should we resect peri-lesional hemosiderin deposits
when performing lesionectomy in patients
with cavernoma-related epilepsy (CRE)?

P. Dammann1,2 & C. Schaller2 & U. Sure1

Received: 24 October 2016 /Accepted: 28 October 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract In this review, the authors perform a database
search and summarize and discuss all eligible studies that
provide (subgroup) analysis of the postoperative seizure out-
come of patients with cavernoma-related epilepsy undergoing
sole lesionectomy or lesionectomy including the hemosiderin
rim. Based on the currently available data, the authors con-
clude that if surgical treatment of cavernoma-related epilepsy
is performed, the peri-lesional hemosiderin should be
resected. However, cases of eloquent or multiple localization
or widespread hemosiderin deposit in which a complete resec-
tion is challenging should undergo a specific preoperative
work-up.

Keywords Cavernoma . CCM . Epilepsy . CRE .

Hemosiderin . Cavernousmalformation

Introduction

Patients with supratentorial cerebral cavernous malformations
(CCMs) frequently develop epileptic seizures, occurring in
approximately 25% of symptomatic cases [1]. Most of these
foremost young patients develop a cavernoma-related epilep-
sy (CRE) [11]. While the proper indication for a surgical treat-
ment is still a matter of debate, multiple clinical series have

shown excellent postoperative seizure outcome in new onset
as well as chronic or drug-resistant CRE [17]. However, the
question remains if, in the case of a surgical treatment, the
extent of resection should go beyond the CCM lesion itself
and include the peri-lesional hemosiderin deposits caused by
the lesions’ previous micro-hemorrhages. The potential
epileptogenicity of the hemosiderin deposits, a topic initially
raised by Steiger et al. in 1987 [24], has meanwhile frequently
been discussed [7, 17, 18]. There exists a preliminary recom-
mendation by the Surgical Task Force of the ILAE
Commission on Therapeutic Strategies to remove the hemo-
siderin deposits [17].

In this short review, we summarize the previous literature
addressing this question and draw a conclusion in the light of
our current knowledge.

Material and methods

The PUBMED database was searched for publications from
1990 to the present using MeSH terms Bcavernoma,^
Bcavernous malformation,^ Bcavernous hemangioma,^
Bepilepsy,^ and Bseizures^. Searches were restricted to
English-language literature. The authors checked and selected
all articles according to the below described inclusion criteria.
References in each included study were checked to find addi-
tional relevant studies.

Inclusion criteria

We included the followings studies: (1) series of at least 10
patients with CRE, (2) studies comparing seizure outcome in
Blesionectomy − hemosiderin^ and Blesionectomy +
hemosiderin^ subgroups, (3) seizure outcome measured ac-
cording to Engel [6] or ILAE [30] classification, and (4)

* P. Dammann
philipp.dammann@uk-essen.de

1 Department of Neurosurgery, University Hospital Essen,
Hufelandstrasse 55, 45121 Essen, Germany

2 Department of Neurosurgery, University Hospital Geneva,
Geneva, Switzerland
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DEPÓSITO DE HEMOSSIDERINA É MAIS UM INDICADOR DO DANO OCORRIDO DO 
QUE UM FATOR CAUSAL DE MAIOR CONTRIBUIÇÃO PARA EPILEPTOGÊNESE…



CAVERNOMA E EPILEPSIA
(118)

LESIONECTOMIA
Hemossiderna SEM  ou
INCOMPLETA  ressecção

LESIONECTOMIA
Ressecção depósito

hemossiderina e 
adjacente córtex

LESIONECTOMIA 
AMIGADLO 

HIPOCAMPECTOMIA

LOBECTOMIA TEMPORAL 
(1/3 OU 2/3 RESSECÇÃO)

76 FÁRMACO RESISTENTE
20 EPILEPSIA CRÔNICA

22 CRISES ESPORÁDICAS

INFLUÊNCIA DE PARÂMETROS PRÉ OPERATÓRIOS NAS 
EPILEPSIAS ASSOCIADAS À CCM

Belie et al., Surgical management and long-term seizure outcome after epilepsy surgery for different types of epilepsy associated with cerebral cavernous malformationsEpilepsia, 
54(9):1699–1706, 2013

location, lesion size, follow-up time, study design) showed no
significant differences in between the two groups with male
majority (>50%), Asian area studies, low multiple CCM oc-
currence (<20%), and study type: cohort study tending to cor-
relate with a more favorable outcome in the hemosiderin re-
section group.

Discussion

We see several limitations in the answering of our ques-
tion. A main problem is the overall quality of the avail-
able studies. Being of retrospective nature, nearly all
studies include and analyze very heterogeneous patient
cohorts (CCM lesion number, CCM location, hemosider-
in location, epilepsy type and duration, etc.). In addition,
the criteria how to define CRE is variable among most
studies (preoperative EEG, etc.). Another major problem
is the inhomogeneous and oftentimes not specified post-
operative antiepileptic drug (AED) treatment strategy,
which can also be regarded as a strong potential con-
founder of postoperative outcome assessment. One spe-
cific problem is the lack of MRI treatment control in
most studies. The sole intention to resect peri-lesional
hemosiderin deposits does not necessarily lead to a com-
plete resection (Fig. 1c, d). Therefore, we believe that the
data of all studies lacking postoperative MRI control are
not eligible for further analysis and interpretation in this
regard at all.

Of course, these Bquality issues^ of the available clinical
studies, which have been discussed before [27], also affect the
value of all consecutive systematic reviews and meta-analyses.

In the shade of these assumptions, it is consequent to draw
the conclusion that a prospective trial is needed in order to
evaluate the value of a surgical treatment (subgroup:
lesionectomy with/without hemosiderin deposits) versus a

conservative treatment of CRE in general, including a clear
definition of CRE, postoperative MRI controls (with defined
protocols), a defined AED treatment algorithm, and a long-
term follow-up. In this algorithm, the rare cases suffering from
a severe hemosiderin Binfiltration^ of the surrounding tissue in
an eloquent localization and cases with multiple (possibly
familial) cavernomas [12, 15, 16, 28] or dual pathologies
should be considered, since additional biological (genetic)
factors might influence the long-term outcome for these pa-
tient groups.

Beyond the rim

In selected cases of temporal lobe CRE, namely in drug-
resistant CRE and temporo-mesial CRE, some authors argue
for extended resections (e.g., anterior temporal lobectomy) to
resect all epileptogenic cortex.

Shan et al. [20] retrospectively analyzed a series of 52
patients with temporal lobe CRE. They found that sei-
zure outcome was better in a subgroup of patients where
electrocorticogram (ECoG) guidance was used, and ex-
tended resections were performed if spike discharges
were noted beyond lesion and hemosiderin rim. In these
cases, additional hippocampal sclerosis was diagnosed in
all cases retrospectively. Yeon et al. [31] found in a
restrospective study of 60 cases that patients with
drug-resistant CRE and temporo-mesial CCMs achieved
better postoperative seizure outcome with extended re-
sections compared to those undergoing lesionectomy
plus hemosiderin rim alone.

Similar observations have been made by van Gompel et al.
[25]. Although it is not a proven concept, it seems advisable
that patients with drug-resistant CRE should undergo a thor-
ough preoperative testing to localize the complete epilepto-
genic network [19]. In some cases, extended resection may
result in better seizure outcome.

a b 

c 

e 

d 

Fig. 1 T2-weighted MR images.
a and c show a typical CCM with
a small hemosiderin rim.
Postoperative images show a b
complete and d incomplete
resection of the hemosiderin
deposits. Arrows indicate the
residual hemosiderin. e shows a
CCM in eloquent localization
with large surrounding
hemosiderin deposits
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location, lesion size, follow-up time, study design) showed no
significant differences in between the two groups with male
majority (>50%), Asian area studies, low multiple CCM oc-
currence (<20%), and study type: cohort study tending to cor-
relate with a more favorable outcome in the hemosiderin re-
section group.

Discussion

We see several limitations in the answering of our ques-
tion. A main problem is the overall quality of the avail-
able studies. Being of retrospective nature, nearly all
studies include and analyze very heterogeneous patient
cohorts (CCM lesion number, CCM location, hemosider-
in location, epilepsy type and duration, etc.). In addition,
the criteria how to define CRE is variable among most
studies (preoperative EEG, etc.). Another major problem
is the inhomogeneous and oftentimes not specified post-
operative antiepileptic drug (AED) treatment strategy,
which can also be regarded as a strong potential con-
founder of postoperative outcome assessment. One spe-
cific problem is the lack of MRI treatment control in
most studies. The sole intention to resect peri-lesional
hemosiderin deposits does not necessarily lead to a com-
plete resection (Fig. 1c, d). Therefore, we believe that the
data of all studies lacking postoperative MRI control are
not eligible for further analysis and interpretation in this
regard at all.

Of course, these Bquality issues^ of the available clinical
studies, which have been discussed before [27], also affect the
value of all consecutive systematic reviews and meta-analyses.

In the shade of these assumptions, it is consequent to draw
the conclusion that a prospective trial is needed in order to
evaluate the value of a surgical treatment (subgroup:
lesionectomy with/without hemosiderin deposits) versus a

conservative treatment of CRE in general, including a clear
definition of CRE, postoperative MRI controls (with defined
protocols), a defined AED treatment algorithm, and a long-
term follow-up. In this algorithm, the rare cases suffering from
a severe hemosiderin Binfiltration^ of the surrounding tissue in
an eloquent localization and cases with multiple (possibly
familial) cavernomas [12, 15, 16, 28] or dual pathologies
should be considered, since additional biological (genetic)
factors might influence the long-term outcome for these pa-
tient groups.

Beyond the rim

In selected cases of temporal lobe CRE, namely in drug-
resistant CRE and temporo-mesial CRE, some authors argue
for extended resections (e.g., anterior temporal lobectomy) to
resect all epileptogenic cortex.

Shan et al. [20] retrospectively analyzed a series of 52
patients with temporal lobe CRE. They found that sei-
zure outcome was better in a subgroup of patients where
electrocorticogram (ECoG) guidance was used, and ex-
tended resections were performed if spike discharges
were noted beyond lesion and hemosiderin rim. In these
cases, additional hippocampal sclerosis was diagnosed in
all cases retrospectively. Yeon et al. [31] found in a
restrospective study of 60 cases that patients with
drug-resistant CRE and temporo-mesial CCMs achieved
better postoperative seizure outcome with extended re-
sections compared to those undergoing lesionectomy
plus hemosiderin rim alone.

Similar observations have been made by van Gompel et al.
[25]. Although it is not a proven concept, it seems advisable
that patients with drug-resistant CRE should undergo a thor-
ough preoperative testing to localize the complete epilepto-
genic network [19]. In some cases, extended resection may
result in better seizure outcome.
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There exists a preliminary recommendation by the 
Surgical Task Force of the ILAE Commission on 

Therapeutic Strategies to remove the hemosiderin 
deposits  (Rosenow et al., ILAE, Epilepsia 

54:2025–2035, 2013) 
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ALTOS NÍVEIS DE INF-GAMA E IL-18 EM PACIENTES
COM MALFORMAÇÃO CAVERNOSA CEREBRAL (CCM)
PODEM REPRESENTAR POSSÍVEIS BIOMARCADORES
PLASMÁTICOS DE EPILEPSIA

Introdução:	A	malformação	cavernosa	cerebral	(CCM)	é caracterizada	
por	espaços	vasculares	grosseiramente	dilatados	cobertos	por	apenas	
uma	camada	de	endotélio,	com	ausência	do	restante	da	parede	do	
vaso, gerando	um	extravasamento	de	sangue	crônico	para	o	parênquima	
subjacente.	São de	ocorrência	esporádica	(2/3),	com	casos	isolados	de	
lesão	única	no	SNC,	ou	familiar	(1/3),	com	herança	autossômica	
dominante	de	penetrância	incompleta,	resultando	em	múltiplas	lesões	no	
encéfalo	associadas	a	mutações reconhecidamente	patogênicas de	perda	
de	função nos	genes	CCM1,	CCM2	E	CCM3.

Sua	prevalência	é	estimada	em	torno	de	0,16%	a	0,5%	da	população,	
sendo	a	maioria	dos	casos	assintomáticos	(20-50%),	figurando	como	
achados	incidentais	em	RM de	crânio.	Podem	também evoluir com	
sangramentos	(25%),	déficits	neurológicos	focais	sem	evidência	de	
sangramentos	(25%)	ou crises	convulsivas,	sendo	este	o	sintoma	mais	
frequente	(50%).

Fatores	associados	à	epileptogênese no	CCM	propostos	na	literatura	
incluem	a	localização	supratentorial,	cortical	e	mesiotemporal ,	assim	
como	o efeito	de	massa,	astrogliose e	depósitos	de	hemossiderina
perilesionais.	Entretanto,	como	grande	parcela	de	indivíduos	com	essas	
lesões	se	mantém	sem	crises,	sugere-se	o	papel	de	outros	mecanismos.

Fig 1:	– Imagem	de	ressonância	magnética	de	crânio	de	paciente	portador	
de	cavernoma córtico-subcortical,	assintomático	e	com	lesão	única	
demostradas	nas	sequências	ponderadas	T2,	FLAIR,	e	G-ECHO	
respectivamente.

Fig 2:	Imagem	de	ressonância	magnética	de	crânio	de	paciente	portador	
de	cavernoma córtico-subcortical,	epilético	e	com	lesão	única	
demostradas	nas	sequências	ponderadas	em	T2,	T1	e	FLAIR	
respectivamente

Os	CCM	e	outras	malformações	vasculares	figuram	como	5.6%	das	
causas	de	epilepsia	secundárias	e	40%	dos	casos	de	epilepsia	relacionados	
a	CCM	se	revelam	fármaco-resistentes.	A	topografia	semiológica	e	
eletrofisiológica da	crise	deve	ser	estudada	em	cada	caso,	de	modo	a	
definir	a	participação	do	CCM	como	deflagrador	dos	episódios	ictais.

Objetivos:	Analisar	o	fenótipo	de	citocinas do	perfil	
Th1/Th2/Th9/Th17	em	grupos	de	pacientes	com	CCM	que	apresentaram	
epilepsia	comparados	aos	pacientes	assintomáticos,	independente	de	
sangramentos.	Busca-se	verificar	se	a	ocorrência	de	um	ambiente	pró	
inflamatório	contribui	para	o	mecanismo	de	epileptogênese, explicando	a	
ocorrência	de	crises	em	indivíduos	com	lesões	semelhantes.

Método: Foi	feito	um	estudo	de	corte	transversal	através	do	
recrutamento	de	pacientes	portadores	de	CCM	em	dois	grandes	hospitais	
universitários	do	Rio	de	Janeiro	de	10/2017	a	07/2019,	além	de	pacientes	
com	CCM	registrados	no	site	da	Aliança	Cavernoma Brasil.
Os	pacientes	com	lesões	em	regiões	epileptogênicas tipificadas	em	RM
(SWI+	G-ECHO)	além	de	EEG	de	bom padrão	foram	então	subdivididos	
entre	assintomáticos	e	epilépticos.	Foram excluídos	aqueles	
com sangramentos	sintomáticos,	sangramentos	além	da	área	da	lesão	
ou outras	doenças	inflamatórias	sistêmicas.
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Fig.	3	– Etapas da	coleta e	processamento de	amostras
utilizando metodologia x	MAP	(Luminex	)	e	o	KIT cytokine 18	PLEX.

Resultados:	De	110	pacientes	com	CCM,	um	total	de	42	(15	com	
epilepsia	e	27	assintomáticos)	foram	incluídos	neste	estudo.	Foi	
encontrado	aumento	da	expressão	de	IFN-y	(p	=	0,0887)	e	IL-18	(p	=	
0,0075)	no	grupo	de	pacientes	com	epilepsia	quando	comparados	aos	
assintomáticos.

Discussão:	 O	presente	estudo	evidenciou,	de	forma	inédita,	que	
existe	a	possibilidade	de	haver	uma	associação	preditiva	entre	citocinas
plasmáticas	e	atividade	epileptogênica em	CCM,	independente	de	
depósito	de	hemossiderina peri-lesional.
Houve	aumento	de	expressão de	IL-18	com	significância	estatística	e	um	
aumento	de	IFN-y	com	tendência	à	significância.	IL-18	é	uma	citocina	
semelhante	à	IL-1	que	possui	função	pleiotrópica.	Em	sinergismo	com	a	IL-
12	promove	a	produção	de	IFN-y	em	linfócitos	Th1.	Além	disso,	pode	ser	
sintetizada	por	micróglia	e	astrócitos,	e	está	relacionada	a	dano	neuronal	
com	sua	expressão	aumentada	em	doenças	desmielinizantes e	
neurodegenerativas.	Recente	estudo	em	modelo	animal	mostrou	aumento	
da	expressão	de	IL-18	em	resposta	a	lesão	neurovascular,	72h	após	
indução	de	status	epilépticus em	ratos.

Conclusão: Evidenciou-se	de	forma	inédita	uma	associação	de	
citocinas que	pode	ser	preditiva	de	epileptogênese em	CCM,	
independente	do	depósito	de	hemossiderina. Mais	estudos	são	
necessários	para	determinar	de	forma	precisa	o	papel	da	neuroinflamação
na	fisiopatologia da	epilepsia	secundária	a	CCM,	possibilitando	o	
desenvolvimento	de	biomarcadores	diagnósticos	e	prognósticos,	além de	
tratamentos	com	alvos	relacionados.
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encéfalo	associadas	a	mutações reconhecidamente	patogênicas de	perda	
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sangramentos	(25%),	déficits	neurológicos	focais	sem	evidência	de	
sangramentos	(25%)	ou crises	convulsivas,	sendo	este	o	sintoma	mais	
frequente	(50%).

Fatores	associados	à	epileptogênese no	CCM	propostos	na	literatura	
incluem	a	localização	supratentorial,	cortical	e	mesiotemporal ,	assim	
como	o efeito	de	massa,	astrogliose e	depósitos	de	hemossiderina
perilesionais.	Entretanto,	como	grande	parcela	de	indivíduos	com	essas	
lesões	se	mantém	sem	crises,	sugere-se	o	papel	de	outros	mecanismos.

Fig 1:	– Imagem	de	ressonância	magnética	de	crânio	de	paciente	portador	
de	cavernoma córtico-subcortical,	assintomático	e	com	lesão	única	
demostradas	nas	sequências	ponderadas	T2,	FLAIR,	e	G-ECHO	
respectivamente.
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causas	de	epilepsia	secundárias	e	40%	dos	casos	de	epilepsia	relacionados	
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Th1/Th2/Th9/Th17	em	grupos	de	pacientes	com	CCM	que	apresentaram	
epilepsia	comparados	aos	pacientes	assintomáticos,	independente	de	
sangramentos.	Busca-se	verificar	se	a	ocorrência	de	um	ambiente	pró	
inflamatório	contribui	para	o	mecanismo	de	epileptogênese, explicando	a	
ocorrência	de	crises	em	indivíduos	com	lesões	semelhantes.

Método: Foi	feito	um	estudo	de	corte	transversal	através	do	
recrutamento	de	pacientes	portadores	de	CCM	em	dois	grandes	hospitais	
universitários	do	Rio	de	Janeiro	de	10/2017	a	07/2019,	além	de	pacientes	
com	CCM	registrados	no	site	da	Aliança	Cavernoma Brasil.
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(SWI+	G-ECHO)	além	de	EEG	de	bom padrão	foram	então	subdivididos	
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ou outras	doenças	inflamatórias	sistêmicas.

Autores	Correspondentes:
Prof	Jorge	Marcondes	de	Souza (jormarcondes@gmail.com)
Prof.	Soniza	Vieira	Alves	Leon (sonizavieiraalvesleon@gmail.com)

Gonçalves J. P. C.¹ ²; Fontes-Dantas F. L.²; Dutra A.¹ ²; Alves-Leon S. V.²; Campolina
D.³; Galvão G.¹; Domingues F.³; Leite P. E. C. L.⁴; Souza J. M.³
1 - Faculdade de Medicina - Universidade Federal do Rio de Janeiro. 2 - Laboratório de Neurociências
Translacional – PPGNEURO – Universidade Federal do Estado do Rio de Janeiro. 3- Serviço de Neurocirurgia –
Hospital Universitário Clementino Fraga Filho – Universidade Federal do Rio de Janeiro. 4 – Instituto Nacional
de Metrologia, Qualidade e Tecnologia, INMETRO, Brasil.

Fig.	3	– Etapas da	coleta e	processamento de	amostras
utilizando metodologia x	MAP	(Luminex	)	e	o	KIT cytokine 18	PLEX.

Resultados:	De	110	pacientes	com	CCM,	um	total	de	42	(15	com	
epilepsia	e	27	assintomáticos)	foram	incluídos	neste	estudo.	Foi	
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0,0075)	no	grupo	de	pacientes	com	epilepsia	quando	comparados	aos	
assintomáticos.

Discussão:	 O	presente	estudo	evidenciou,	de	forma	inédita,	que	
existe	a	possibilidade	de	haver	uma	associação	preditiva	entre	citocinas
plasmáticas	e	atividade	epileptogênica em	CCM,	independente	de	
depósito	de	hemossiderina peri-lesional.
Houve	aumento	de	expressão de	IL-18	com	significância	estatística	e	um	
aumento	de	IFN-y	com	tendência	à	significância.	IL-18	é	uma	citocina	
semelhante	à	IL-1	que	possui	função	pleiotrópica.	Em	sinergismo	com	a	IL-
12	promove	a	produção	de	IFN-y	em	linfócitos	Th1.	Além	disso,	pode	ser	
sintetizada	por	micróglia	e	astrócitos,	e	está	relacionada	a	dano	neuronal	
com	sua	expressão	aumentada	em	doenças	desmielinizantes e	
neurodegenerativas.	Recente	estudo	em	modelo	animal	mostrou	aumento	
da	expressão	de	IL-18	em	resposta	a	lesão	neurovascular,	72h	após	
indução	de	status	epilépticus em	ratos.

Conclusão: Evidenciou-se	de	forma	inédita	uma	associação	de	
citocinas que	pode	ser	preditiva	de	epileptogênese em	CCM,	
independente	do	depósito	de	hemossiderina. Mais	estudos	são	
necessários	para	determinar	de	forma	precisa	o	papel	da	neuroinflamação
na	fisiopatologia da	epilepsia	secundária	a	CCM,	possibilitando	o	
desenvolvimento	de	biomarcadores	diagnósticos	e	prognósticos,	além de	
tratamentos	com	alvos	relacionados.
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An eight-year-old Caucasian girl was admitted in first time with acute
ataxia and diplopia, which improved in a few days. Brain Magnetic resonance
image (MRI) showed great hemorrhage in the brainstem. She presented
small episodes of hemorrhage with less expressive symptoms a few months
later. MRI with a higher sensitivity to hemosiderin (SWI) demonstrated that
she had numerous lesions beyond those found in the brainstem. Diagnosis
of cerebral cavernous malformation (CCM) was established on the basis of
cerebral MRI and clinical data. In March 2011, the CCM1 gene was
sequenced using the ABI 3130xl platform (Applied Biosystems) from blood
samples, and no variation was detected. In 2013, after a second bleeding
event the same methodology was using for sequencing the CCM2 and
CCM3 genes and as result were identified the CCM2 c.915 G>A and CCM3

c.475-2 A>G mutations in heterozygosis. The sequencing of the same genes
in your parents doesn’t revealed mutations. In 2018, after other cerebral
hemorrhages (out brainstem), a peripheral blood sample was collected for
subsequent analysis of a panel of 200 SNPs by the ION TORRENT platform.
Timeline of MRI and genetic testes is reported in figure 1 and the steps
performed for SNPs panel sequencing are reported in flowchart 1.
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Discussion

Flowchart 1: SNP Panel Sequencing steps 

Seven SNPs in inflammation-related genes previously reported in the
literature that are associated with cerebral bleeding in CCM patients have
been identified. Interestingly, variants in important DNA repair enzymes were
found and may be related to the CCM Two-Hit mechanism (Figure 2).

Figure 2. Sequencing analysis: A) Coverage parameters and amplicons sequencing.
B) Functional impact of identified variants.

This report emphasizes the need of understanding the mutations in
CCM genes variants in other releted-genes, which is beneficial for the
genetic counseling of patients and your families.

Figure 1 Timeline of MRI and genetic testes.
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Final comments

CCMs are characterized by an incomplete disease penetrance
with up to 30– 45% of all patients remaining asymptomatic (1). In our
proband, molecular analyzes indicated a de novo CCM2 synonymous
mutation c.915G>A (rs2289367, p.T305T), with benign clinical
significance and the sequencing of CCM3 revealed de novo splice
site mutation c.475-2 A>G (p.A119Gfs*42). This variation promotes
the production of a truncated protein. The variations found suggest a
non-Mendelian inheritance since the proband did not inherit any allele
from parents (2). Probably, the CCM3 c.475-2 A>G mutation affect a
domain that is responsible for direct interaction with MGC4607 and
this interaction is essential for important cellular functions (3). In
addition, 200 SNPs panel revealed important variants that explaining
aggressiveness and clinical course of patient disease (4).
.
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Simpósio Internacional da Cavernoma Alliance, Professor Issan Awadi,

Presidente da Cavernoma Alliance Sra. Conny Lee e pesquisadores do nosso

LabNet/UNIRIO.



CONSIDERAÇÕES FINAIS



TAKE HOME MESSAGE
• EPILEPSIA é a manifestação mais frequente dos CCMs


• É recomendado definir a correlação dos CCMs e identificação neuroanatômica com 
Epilepsia em Centro de Referência 


• Pacientes com CRE recém diagnosticados podem ficar livre de crises com DAE em 
frequência semelhante aos pacientes com epilepsias recém diagnosticados


• EFR inclui a topografia e a associação de CCMs com Displasia/Esclerose 
Hipocampal/tumores (patologia dual/triple)


• CRE apresenta múltiplos mecanismos de epileptogênese que vão além da 
localização e podem incluir processos imunes/inflamatórios sugerindo novos alvos 
terapêuticos e a necessidade de avaliação de desfecho tendo como alvo a Epilepsia

J Neurosurg. 2019 Jul 1;131(1):1-13. doi: 
10.3171/2019.3.JNS181724. 

Cavernous angiomas: deconstructing a 
neurosurgical disease. 

Awad IA, Polster SP. 
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