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Abstract

Objective: This study was performed to identify coexisting structural lesions in
patients with epilepsy and known temporal encephaloceles (TEs).

Methods: Forty-seven structural magnetic resonance imaging (MRI) scans
of patients with epilepsy and radiologically diagnosed TEs were retrospec-
tively reviewed visually and using an automated postprocessing software, the
Morphometric Analysis Program v2018 (MAP18), to depict additional subtle,
potentially epileptogenic lesions in the 3D T1-weighted MRI data. All imaging
findings were evaluated in the context of clinical and electroencephalographical
findings.

Results: The study population consisted of 47 epilepsy patients (38.3% female,
n = 18). The median age at the time of the scan was 40years (range 12-81 years).
Twenty-one out of 47 MRI scans (44.7%) showed coexisting lesions in the initial
MRI evaluation; in 38.3% (n = 18) of patients, those lesions were considered
probably epileptogenic. After postprocessing, probable epileptogenic lesions
were identified in 53.2% (n = 25) of patients. Malformations of cortical develop-
ment had initially been reported in 17.0% (n = 8) of patients with TEs, which
increased to 38.3% (n = 18) after postprocessing. TEs and other epileptogenic le-
sions were considered equally epileptogenic in 21.3% (n = 10) of the cases in the
initial MR reports and 25.5% (n = 12) of the cases after postprocessing.
Significance: Temporal encephaloceles are a potential cause of MRI-negative
temporal lobe epilepsy. According to our data, TEs can occur with other lesions,
suggesting that increased awareness is also required in patients with lesional epi-
lepsy. TEs may not always be epileptogenic; hence, their occurrence with other
structural pathologies may influence the presurgical evaluation and surgical ap-
proach. Finally, TEs can be associated with malformations of cortical develop-
ment, which may indicate a common developmental etiology of those lesions.
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1 | INTRODUCTION

Encephaloceles are brain herniations through congenital
or secondary skull bone defects. Developmental neural
tube defects during pregnancy due to genetic or environ-
mental factors,? as well as congenital mesodermal de-
fects (congenital mesodermal defect theory),>* have been
suggested as theories for the pathogenesis of congenital
encephaloceles, while secondary encephaloceles are usu-
ally acquired as a consequence of trauma, inflammation,
or postsurgical conditions.””’

Temporal encephaloceles (TEs) are associated with
increased body mass index (BMI) and intracranial hy-
pertension*®? and have been increasingly identified as a
potential structural lesion in patients with temporal lobe
epilepsy (TLE).*"*"% Although they have mostly been dis-
cussed as being frequently missed lesions in patients with
magnetic resonance imaging (MRI)-negative TLE,'*!7?!
several neuroimaging and histopathological findings of
reported cases have shown the coexistence of TEs with
other epileptogenic lesions, such as hippocampal sclerosis
and malformations of cortical development.*&131418:21-24

Because TEs can also be asymptomatic,”®*” it is chal-
lenging to decide on the most appropriate surgical method
in refractory cases, especially if they occur as dual pathol-
ogies. Therefore, we reviewed the initial MRI reports and
postprocessed MRI data of patients with epilepsy and al-
ready diagnosed TEs to identify coexisting epileptogenic
lesions. In addition, we evaluated these findings in light of
the clinical and electroencephalographical data obtained
during the presurgical evaluation.

2 | METHODS

2.1 | Study design and clinical data

A total of 47 patients with epilepsy and radiologically di-
agnosed TEs were retrospectively reviewed for coexist-
ing structural epileptogenic lesions. Twenty-four patients
were treated at the Epilepsy Center Hessen in Marburg,
Germany, between 2008 and 2021, and 23 epilepsy patients
were treated at the Epilepsy Center Frankfurt Rhine-Main
in Frankfurt am Main, Germany, between 2011 and 2020.
Four patients were initially excluded due to not having
a three-dimensional (3D) T1-weighted MRI scan, which
was the minimum requirement for the postprocessing

Key points

« Twenty-one out of 47 MRI scans (44.7%)
showed coexisting lesions in the initial MRI
evaluation.

« After MRI postprocessing, probable epilepto-
genic lesions were identified in 53.2% (n = 25)
of patients with TEs.

« The BMI distribution of patients with TEs did
not differ from the one expected according to
the BMI distribution of the German population.

analysis presented below. The patient's epilepsy syndrome
was determined by experienced epileptologists from each
center during the presurgical assessment.?® The majority
of TEs were identified after the completion of the patients'
presurgical evaluation during previous studies of our cent-
ers.!2?0 Consequently, in some cases, the decision of the
surgical approach was not influenced by the identification
of TEs. Moreover, to minimize methodical biases, we fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.”” The
study was approved by the local ethics committee.

2.2 | Imaging

All patients underwent either 1.5 or 3T MRI imaging at
the Epilepsy Center Hessen in Marburg, Germany, at the
Epilepsy Center Frankfurt Rhine-Main in Frankfurt am
Main, Germany, or at external departments of radiology
between 2008 and 2021. As all MRI scans were acquired
for clinical purposes, different MRI scanners were used.
All patients included in this study had a 3D T1-weighted
scan, a coronal cube fluid-attenuated inversion recovery
(FLAIR), and an axial diffusion sequence. The initial MRI
findings were reported by experienced neuroradiologists
from each center.

2.3 | MRI postprocessing

The Morphometric Analysis Program (v2018, MAP18)**%
was used to postprocess MRI data to facilitate the
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detection of malformations of cortical development such
as focal cortical dysplasia (FCD). This software uses as
input conventional MRI data and enables the visualiza-
tion of FCD by analyzing the gray-white matter junction,
the extension of the gray matter, and cortical thickness
after comparing them with a control MR database.”
All 47 3D T1-weighted structural MRI scans were vali-
dated by using the fully automated MAP18 running in
MATLAB version R2020b (MathWorks).”*** The full
processing pipeline was used to create 3D morphomet-
ric maps, including “extension image,” “junction image,”
and “thickness image.” The largest average from all 1.5
and 3T scanner T1-weighted images for children and
adults was selected as the normal database for the analy-
sis. The FCD probability map was used to evaluate prob-
able coexisting FCD. This method is based on an artificial
neural network using as input a 3D T1-weighted MRI
scan and is estimated to detect FCD automatically with a
sensitivity of 81.0% at a specificity of 84.3%.*° The result
maps of the analysis were visually inspected to identify le-
sions other than malformations of cortical development.
In those cases, the results of MAP18 were considered as
false positive for identifying FCD.

2.4 | Statistical analysis

Continuous variables are presented as median (range), and
categorical variables are presented as proportions. The dis-
tribution of patients across three different BMI groups was
compared with the expected distribution based on popula-
tion findings (BMI> 30 kg/m2 =21, 29%; BMI between 25
and 30kg/m? =35, 24%; BMI < 25kg/m? =43, 46%)*' using
the chi-square test. Quantitative variables were compared
using the Student's ¢ test. Wilson's 95% confidence inter-
vals (CIs) were computed for the frequencies of the identi-
fied epileptogenic lesions in the initial MRI findings. All
reported P values are based on two-sided tests; the level of
statistical significance was set at a = 0.05. Analyses were
performed with SPSS Statistics 23.0.

2.5 | Definitions

During the presurgical evaluation, experienced epilep-
tologists of each center had characterized the epilepsy
syndrome according to the seizure semiology and inter-
ictal and ictal electroencephalographical data. All identi-
fied lesions known to cause epilepsy, including TEs, were
considered “probably epileptogenic” if they appeared
ipsilateral to the assumed epileptogenic zone (EZ) or if
they were identified in patients with unclarified epilepsy
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syndromes. Developmental venous anomalies (DVAs)
were not considered epileptogenic because there was no
MRI evidence of their association with other malforma-
tions of cortical development or any evidence of DVA
complications, which are the two main suggested reasons
why DVAs are supposed to cause epilepsy.** Moreover, hy-
drocephalus was not considered a structural cause of epi-
lepsy. Acquired lesions after the epilepsy onset were also
not considered epileptogenic. FCD was identified on MRI
if the following characteristics were shown: cortical thick-
ening or thinning, blurring of the gray-white junction, ab-
normal sulcal or gyral pattern, local atrophy, transmantle
sign or increased signal areas on T2- and FLAIR-weighted
images.*"* As mentioned above, the FCD probability
map was considered positive only in cases of suspicion of
malformations of cortical development.

3 | RESULTS

3.1 | Study population, demographics,
and clinical characteristics

A total of 47 patients with epilepsy (38.3% female, n = 18)
and already identified TEs were included in this study.
The median age at the time of the MRI scan was 40years
(range 12-81years). All patients were diagnosed with focal
epilepsy, 63.8% (n = 30) were diagnosed with TLE, 12.8%
(n = 6) with extratemporal lobe epilepsy (ETLE), 8.5%
(n = 4) with multifocal epilepsy, 12.8% (n = 6) with un-
clarified focal epilepsy, and 2.1% (n = 1) with both gen-
eralized epilepsy and TLE. The median BMI was 26kg/
m? (n = 45, range 17.30-49.80); this measure was avail-
able in 45 out of 47 patients. Specifically, 28.9% (n = 13) of
the patients were obese (BMI> 30kg/m?), 28.9% (n = 13)
had a BMI between 25 and 30kg/m? and 42.2% (n = 19)
had a BMI < 25kg/m”. The BMI distribution did not differ
compared with the distribution expected for the German
population (P =.898).%*

Concerning the TE etiology, there were three patients
with suggested secondary TEs: one patient had a positive
history of infection (Table 1, case 25) and two had a pos-
itive history of trauma (Table 1, cases 44 and 45), while
one had a positive history of trauma after epilepsy onset
(Table 1, case 28). In this case, trauma was not considered
the etiology of the TE. Moreover, one patient was diag-
nosed with idiopathic intracranial hypertension (Table 1,
case 39) and one had an empty sella finding on MRI with-
out clinical symptoms of benign intracranial hypertension
(Table 1, case 40). Thus, in the majority of the patients,
there was no recognizable acquired etiology for the TE,
suggesting a congenital etiology.
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3.2 | Initial imaging findings

After visual reading, in 21 out of 47 MRI scans (44.7%,
95% CI 30.2%-59.9%) of the patients with TEs, there were
initially other lesions reported as follows: hippocampal
sclerosis in 6.4% (n = 3), malformations of cortical de-
velopment in 17.0% (n = 8), tumors in 8.5% (n = 4), and
other acquired lesions such as traumatic or ischemic le-
sions in 12.8% (n = 6). In 38.3% (n = 18) of the cases; the
identified MRI lesion was concordant with the assumed
EZ. As stated in section 2.5, DVAs were not considered
potentially epileptogenic; they were identified in 8.5%
(n = 4) of patients of the study population. TEs were ipsi-
lateral to the assumed EZ in 72.3% (n = 34) of the patients.
Bilateral TEs were identified in 27.7% (n = 13) of the pa-
tients. There were no statistically significant differences
in BMI between patients with unilateral and bilateral TEs
(P =.972). In 51.1% (n = 24) of the patients, TEs were the
only lesion suspected to cause seizures, while in 21.3%
(n = 10) of the patients, TEs and other MRI lesions were
equally considered as probably epileptogenic. In 17.0%
(n = 8) of the patients, the identified MRI lesion was the
only assumed structural cause of epilepsy, and in 10.6%
(n = 5) of the patients, neither TE nor any other lesion was
concordant with the EZ.

3.3 | Postprocessing findings

Overall, 38.3% (n = 18) of 3D Tl-weighted structural
MRI scans showed a positive FCD probability map, 51.1%
(n = 24) were negative, and 10.6% (n = 5) were considered
false positives for identifying FCD after visual inspection
of the results. The FCD probability map was false positive
in one patient for periventricular leukoencephalopathy
(Table 1, case 8), in one patient with multiple sclerosis le-
sions and glioma of the left parietal lobe (Table 1, case 9),
in one patient for a DVA (Table 1, case 11), and in two
patients for posttraumatic lesions (Table 1, cases 28 and
45). In 25.5% (n = 12) of the patients, those findings were
concordant with the assumed EZ and in 12.8% (n = 6) of
the patients not concordant with the EZ. Overall, consid-
ering both the initial MRI findings and the results of the
MAP18 analysis, in 53.2% (n = 25) of the patients, there
were lesions other than TEs and they were considered as
the probable cause of structural epilepsy. In 10.6% (n = 5)
of the patients, the lesions identified in both MRI and
MAP18 analysis were not in accordance with the assumed
EZ, and in 36.2% (n = 17) of the patients, there were no
other lesions identified except for the TE. After evaluating
all structural lesions identified and the TEs with the find-
ings of the presurgical evaluation, TEs were the only prob-
able epileptogenic lesion in 42.6% (n = 20) of the patients,

while the other structural lesions were the only probable
structural cause in 27.7% (n = 13) of the patients. Both TEs
and lesions identified based on MRI and MAP18 analy-
sis could be considered epileptogenic in 25.5% (n = 12) of
the patients. Finally, in 4.3% (n = 2) of the patients, none
of the imaging findings matched with the other results of
the presurgical evaluation. Representative images of the
above-mentioned results are presented in Figures 1 and 2.

3.4 | Epilepsy surgery-related data

Overall, 25.5% (n = 12) of the patients were surgically
treated because of refractory epilepsy. In 58.3% (n = 7) of
those patients, the TE was removed and was in all cases
concordant with the assumed EZ without any other struc-
tural lesions found on the initial MRI evaluation (Table 1,
cases 4, 6, 7, 27, 33, 43, and 46). Three patients remained
seizure-free after surgery (Engel IA): one after TE resection
without removing the hippocampus (Table 1, case 6) and
two after a standard temporal lobectomy (STLE) including
hippocampal resection (Table 1, cases 4 and 27) after a me-
dian follow-up of 60 months (range 24-96). MAP18 analysis
was negative for cases 4 and 6 (Table 1), while, in case 27,
FCD probability map was positive but not concordant with
the EZ (Table 1). Two patients had isolated auras after sur-
gery (Engel IB): one after right TE resection (Table 1, case
7), with a positive FCD probability map of the right tempo-
ral lobe, and one after right STLE excluding hippocampus
(Table 1, case 43), with a negative FCD probability map.
Moreover, two patients had rare disabling seizures (Engel
IIA) after STLE, including hippocampal resection (Table 1,
cases 33 and 46). In both of those cases, there were no other
lesions identified in the postprocessing analysis. The histo-
pathological findings of the removed TEs showed only glio-
sis and no other pathologies. In one case, heterotopic white
matter neurons were identified additionally to the gliosis
(Table 1, case 43). The detailed histopathological findings
of the removed TEs are presented in Table 1.

For the other surgically treated patients, 41.7% (n = 5)
of the patients were surgically treated for other lesions
identified on the initial MRI evaluation without remov-
ing the TE (Table 1, cases 5, 8, 9, 12, and 44). One patient
remained seizure-free (Engel IA) after undergoing a right
STLE because of hippocampal sclerosis contralateral to
the identified TE, which was not considered epilepto-
genic. In this patient, the FCD probability map was pos-
itive in the frontal lobes bilaterally as well as in the right
temporal lobe, which was removed surgically as well by
the right STLE (Table 1, case 12). One patient underwent
a selective amygdalohippocampectomy of left hippocam-
pal sclerosis without removing the TE and experienced
rare seizures after surgery (Engel ITA), with a follow-up of
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FIGURE 1 Representative images of patients with temporal encephaloceles (TEs) and malformations of cortical development. A,
Coronal T2-weighted magnetic resonance imaging (MRI) sequence showing a left (L) TE, B, axial T1-weighted MRI with transmantle
dysplasia of the L parietal lobe and C, axial representation of the positive focal cortical dysplasia (FCD) probability map of a patient with
extratemporal lobe epilepsy (ETLE) (Table 1, Patient 16). D, Axial T1-weighted MRI sequence representing a L TE, E, coronal T1-weighted
MRI sequence with abnormal sulcal pattern and blurring of the L frontal lobe and F, coronal representation of the positive FCD probability
MAP of a patient with TLE L and ipsilateral TE (Table 1, Patient 20). G, Coronal T1-weighted MRI with L TE, H, coronal T1-weighted MRI
sequence showing bitemporal nodular heterotopia and I, coronal representation of the positive FCD probability map of a patient with right
(R) TLE and L TE (Table 1, Patient 21). J, Coronal T1-weighted MRI sequence representing a L TE, K, coronal T1-weighted MRI sequence
representing cortical thickening of L frontal lobe and L, coronal representation of the positive FCD probability map of a patient with ETLE
(Table 1, Patient 31). FCD, focal cortical dysplasia; L, left; R, right; TE, temporal encephalocele; TLE, temporal lobe epilepsy

60 months (Table 1, case 5). Finally, three other patients 4 | DISCUSSION

were surgically treated because of tumors—two due to

gliomas and one due to meningioma—which were con-
sidered the most probable epileptogenic lesions. For one
patient, there were no follow-up data available (Table 1,
case 8), while the other two had seizures after surgery
(Table 1, Engel IIIA for case 9 and Engel IIC for case 44).

Temporal encephaloceles have been discussed as subtle,
potentially epileptogenic lesions that are usually missed
in patients with MRI-negative TLE.!#17:21 However, in our
study, 44.7% of the patients with known TEs presented ini-
tially positive MRI findings other than TEs, which exceeds
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FIGURE 2 A, Sagittal T1-weighted
image with a left temporal encephalocele
and B, coronal flair with ipsilateral
hippocampal sclerosis of a patient with
left temporal lobe epilepsy (Table 1,
Patient 5)

the expected 2.4% of incidental findings in the healthy
population®® as well as the 25% of identified epileptogenic
lesions in patients with an initial diagnosis of epilepsy.*
In 38.3% of the patients, those lesions were concordant
with the assumed EZ. After evaluating the postprocessing
results, 53.2% of the patients had positive imaging findings
other than TEs that were considered as a potential epilep-
togenic lesion. The initial MRI reports showed epilepto-
genic lesions concurrent with the TE in 21.3% (n = 10) of
the patients and in 25.5% (n = 12) of the patients after the
postprocessing analysis. The above results suggest the im-
portance of increased awareness for identifying TEs in le-
sional epilepsy, as they might also be associated with other
epileptogenic lesions and might even be an indicator for
dual pathologies.

Dual structural pathologies may influence the deci-
sion process for finding the most appropriate surgical
therapy and are one of the main reasons of epilepsy sur-
gery failure.”” Such coexisting pathologies have already
been reported in neuroimaging and histopathological
findings of patients with TEs, with the most etiologically
interesting being the coexistence with malformations of
cortical development.*®341821-23 1y oyr study popula-
tion, hippocampal sclerosis was found in 6.4% (n = 3) of
the patients, while malformations of cortical develop-
ment were radiologically reported in 17.0% (n = 8) of the
patients and in 38.3% (n = 18) of the patients after the
postprocessing analysis. Although the pathomechanism
remains poorly understood, this may indicate a common
underlying developmental etiology of both congenital
TEs and malformations of cortical development during
embryogenesis.

Dual pathologies have been reported in histopatholog-
ical findings in previous case series and have shown the
coexistence of TEs with heterotopia and malformations
of cortical development.**"*** In this study population,
histopathology showed heterotopic white matter neurons
in one patient (Table 1, case 43), while gliosis has been

found in most cases. Gliosis around the TE has been de-

scribed in the majority of reported histopathological find-
ings of epilepsy patients in the literature.”***** Similarly,
in case series of patients without epilepsy, histopathology
has shown neuroglial tissue covered by leptomeninges,
large astrocytes and in some cases chronic inflammation
and fibrous tissue.***' Nevertheless, the common histo-
pathological findings of TEs in patients with and without
epilepsy complicate the understanding of the TE epilepto-
genesis and indicate the need for further histopathology
studies to provide insight into the pathomechanisms of
these lesions.

Concerning the TE etiology of this cohort, most of
the patients did not have a known history of a secondary
TE, such as trauma and infection, or clinical and imag-
ing findings of intracranial hypertension, such as empty
sella. Furthermore, although increased BMI is known to
be associated with TEs,4’S 4243 the BMI distribution across
groups in our study population did not differ from the one
expected according to the BMI distribution of the German
population.* Although epilepsy patients have been re-
ported to have higher BMI than the general population,*
this was not the case in the current study population, as
mentioned above. Those findings suggest that the major-
ity of the TEs had a congenital etiology.

Generally, surgical treatment of patients with TE and
drug-resistant epilepsy seems to be beneficial in refrac-
tory TLE regardless of the surgical approach.*” In line
with the literature, the surgically treated patients of our
study population showed an improved seizure outcome
either after TE lesionectomy or after STLE, excluding or
including mesiotemporal structures (Table 1, cases 4, 6, 7,
27, 33,43, and 46). None of the patients surgically treated
for TEs showed other coexisting structural pathologies on
the initial MRI evaluation. In such cases, further invasive
electroencephalographic evaluation may be necessary in
order to avoid unnecessary resections, because TEs are not
always epileptogenic.
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The present study has certain limitations, mostly due
to its retrospective nature. For this reason, we followed
the STROBE guidelines to minimize methodical biases.*’
Moreover, we based this study on imaging findings and
postprocessing MRI analysis to identify epileptogenic le-
sions. Despite the high estimated sensitivity and speci-
ficity of the FCD probability map, it is a complementary
method for evaluating MRI scans during the presurgi-
cal evaluation, probably leading to false positive results.
Finally, although this is the largest reported cohort of pa-
tients with TEs, the sample size should be considered for
the interpretation of statistical results.

5 | CONCLUSION

The presence of TEs should be considered not only in
MRI-negative epilepsy, but also in lesional epilepsy. In re-
fractory patients, the decision for further evaluation with
invasive electroencephalographic techniques or for the
most appropriate surgical method should be made highly
individualized. Furthermore, the association of TEs with
malformations of cortical development may suggest a
common developmental and genetic etiology of those le-
sions. TEs might even be an indicator for dual pathologies,
MRIs should, therefore, be inspected carefully, and semi-
automated morphometric analysis tools may be used to
exclude further lesions in this patient population in order
to achieve the best postsurgical outcome. Genetic studies
of patients with TEs might help to better understand the
pathomechanism of those lesions. Finally, TEs occur in
patients with normal BMI and they should not be under-
estimated in those patients.
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