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ARTICLE INFO ABSTRACT

Keywords: Purpose: To characterise bilateral temporal encephalocele (BTE)-associated epilepsy relative to unilateral tem-
Temporal lobe epilepsy poral encephalocele (UTE)-associated epilepsy as a rare but curable cause of structural epilepsy using demo-
Seiz“fe_ graphics, epilepsy status and imaging findings.

;‘:i‘::::ln Method: In this single-centre retrospective study we included all patients from June 2015 to August 2018, who

suffered from epilepsy and were diagnosed with a temporal encephalocele. Data were systematically collected
and analysed for differences between BTE and UTE.

Results: Seventeen epilepsy patients diagnosed with temporal encephaloceles (TE) were identified. One-third
exhibited BTE. The age of epilepsy onset was higher in patients with BTE compared to UTE (median 51 vs. 37
years, p = 0.074). Latency between epilepsy diagnosis and definitive TE diagnosis differed considerably with a
median five-fold shorter duration for the BTE-group when compared to the UTE-group (2-10 years, p = 0.02).
Five of seven (81%) patients with BTE were pharmacoresistant, while this applied to only five out of ten (50%)
patients with a UTE.

Conclusion: When compared to UTE-associated epilepsy, BTE-associated epilepsy is characterised by a later age
at onset, shorter delay in TE diagnosis and more frequent drug-resistance. As epilepsy surgery is a valid treat-
ment option for both syndromes, a standardised diagnostic workup should be implemented for temporal lobe

MRI-negative epilepsy

epilepsy (TLE) patients with unknown aetiology to facilitate early detection of UTE and BTE.

1. Introduction

Temporal lobe encephaloceles (TEs) are defined as a pathological
herniation of brain parenchyma through a dural and/or bony defect in
the middle cranial fossa [1,2]. Their aetiology remains controversial.
Most TEs seem to be congenital, although symptomatic forms have been
reported, and are typically associated with local inflammation, trauma,
neoplasia or idiopathic intracranial hypertension [3-5].

TEs are asymptomatic in the majority of cases. Infrequently, how-
ever, they are associated with CSF leakage, which can manifest as
otorrhoea or rhinorrhoea, and may even lead to recurrent meningitis
with direct neurological complications such as weakness or sensory
disturbances [6-9]. TE has been found in up to 1.9% of patients with
drug-refractory TLE and in 10% of patients operated on for TLE [10].

Mechanical irritation or secondary gliosis of the adjacent cortex has
been considered a possible cause

[2,11-13].

The increasing frequency of TEs reported over recent decades is
most likely explained by enhanced quality of MRI and other imaging
techniques and growing awareness rather than a true increase in pre-
valence [10,14,15]. Epilepsy surgery, including lesionectomy, temporal
pole resection or lobectomy, used to gain seizure freedom or a reduc-
tion in seizure frequency has been reported in the majority of cases.
Thus, highlighting the relevance of a TE diagnosis in TLE patients
[5,10,11,14,16,17].

The majority of patients with TE-associated epilepsy show only
unilateral effects on the middle cranial fossa, but bilateral TEs can occur
[5,10,16,17]. However, no report has focussed on patients suffering
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Fig. 1. Representative images of three patients with unilateral lesions. Images A/C/E show coronal T2-weighted sequence of 3 T MRI; Images B/D/F show CT of the
associated bony defect of the skull base. Lesions are circumscribed by a red circle. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

from BTE-associated epilepsy. Characterizing BTE-associated epilepsy
may provide important information regarding the aetiology and man-
agement of TEs in this setting. Here, we report a single centre case
series focussing on defining BTE-associated epilepsy in comparison to
UTE-associated epilepsy and the specific challenges associated with this
syndrome.

2. Patients and methods
2.1. Study design

All out- and inpatients suffering from focal epilepsy with at least one
temporal lobe encephalocele, detected from June 2015 to June 2018 at
the Epilepsy Centre Frankfurt Rhine Main, were included in this ret-
rospective study. Demographic features, epilepsy-related data and
imaging findings were systematically ascertained. This analysis is part
of a study on epilepsy outcomes that was approved by the local ethics
committee. STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) and RECORD (Reporting of Studies Conducted
using Observational routinely-collected Data) guidelines were followed
[18-20].

2.2. Epilepsy-related data

The diagnosis was based on reported or videographically docu-
mented seizure semiology and the interictal and (if present) ictal EEG-
findings, which were evaluated by at least two experienced epileptol-
ogists [21]. The classification of seizure types, epilepsies and drug re-
sistance was based on the definitions proposed by the ILAE and the
semiological seizure classification by Luders et al. [22-26]. Ad-
ditionally, auras and seizures were analyzed for localizing signs or
symptoms as descriped in the review of Loddenkemper et al [27]. Re-
ferring to this, automotoric seizures (with manual or oral automatisms)
and epigastric/mental auras were assigned to have a temporal origin.
Based on the findings, epilepsy was classified as temporal lobe epilepsy
(TLE) or extratemporal lobe epilepsy (ETLE). If a severe traumatic brain
injury happened not more than 12 months before the epilepsy started,
the etiology of the TE was suggested to be traumatic. If there was a
history of meningitis not more than 12 months before the onset of
epilepsy, the etiology was suggested to be “inflammatory”. If there was
no hint for a traumatic or inflammatory genesis, the etiology was
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labelled as “spontaneous”. The definition of cortical zones were based
on the established concept by Lueders et al. [28]. Epilepsy-related data
were registered. Seizure freedom was defined as a seizure-free period of
longer than 12 months.

2.3. Imaging technique and analysis

All patients underwent a specific epilepsy protocol in a 3T MRI-
Scanner (Verio or Skyra fit, Siemens, Erlangen, Germany). The protocol
included a three-dimensional T1-weighted volume data set with 1 mm
slice thickness (MPRAGE), a T2 fluid-attenuated inversion recovery
(FLAIR)-weighted 3D dataset with 1 mm slice thickness (both 3D se-
quences reconstructed in axial and coronal orientation and surface-
rendered (Mercator projection)) and T2-weighted TSE-sequences in
axial (5mm) and coronal (3mm) orientation, diffusion-weighted
images with apparent diffusion coefficient (ADC)-maps as well as T2*-
weighted or susceptibility-weighted (SWI) sequences. In 15 of 17 pa-
tients, an additional CT-scan of the skull base was available. Imaging
data were evaluated by an experienced senior neuroradiologist (MW).
TE was diagnosed when temporal brain parenchyma surrounded by CSF
bulged out into a cranial bony defect (Fig. 1). The volume of the tem-
poral herniation was calculated by measuring the three-dimensional
extent of the encephaloceles using the 1 mm slice T2-weighted images
and applying the ABC/2 formula [29]. In patients with more than one
TE, all encephaloceles were measured separately. MRI-scans were
analyzed for additional findings, especially potentially epileptogenic
lesions (e. g. hippocampal sclerosis) as well as for conceivable risk
factors for the development of TE (e. g. hydrozephalus, benign in-
tracranial hypertension). If other pathological findings were identified,
they were documented descriptively.

2.4. Data management and analysis

Data were recorded in EXCEL 2016 (Microsoft Inc., Redmond, USA)
and analysed using IBM SPSS Statistics 22 (IBM Software Inc., Armonk,
USA). Figures were designed using Pixelmator (Pixelmator Team Ltd. &
Apple Inc., Cupertino, USA). Data were analysed for all patients to-
gether and separately for patients with UTE and BTE. Frequency and
percentages were calculated for categorical variables. Descriptive ana-
lysis, including median and range, as well as a bivariate Mann Whitney
U test was performed for quantitative variables. P-values < 0.05 were
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Clinical characteristics (demographic findings, epilepsy related data and imaging findings).

Total (n = 17)

Unilateral TE (n = 10) Bilateral TE (n = 7) Significance (a = 0,05)

Demographic findings
Age (y)* 50 [23-81]
Sex (m/f)** 12/5

BMI (kg/m?)* 26 [21.3-49.8] (n = 15)

Epilepsy related data
Epilepsy onset(y)*
Epilepsy syndrome (TLE // ETLE // unclear) **

39 [7-76]
12/17 (71%) // 3/17 (17%) //
2/17 (12%)

Latency to diagnosis of TE (y)* 5 [0-25]

Seizure type ** AS 11/17 (65%)
DS 2/17 (12%)
SGTC 11/17 (65%)

Suggested etiology ** spontaneous 14/17 (71%)
inflam 1/17 (6%)
traumatic 2/17 (17%)

No. of medication *
Refractory to medication **
Surgical intervention **

MR-findings
Volume in mL*
Other imaging findings **

3,4 [1-7]
10/17 (59%)
2/17 (12%)

0,09 [0,0-5,04]
8/16 (53%)

49 [28-62] 55 [23-81] p=033
8/2 4/3

27.4 [22.0-36.3] (n =9) 25.3[21.3-49.8](n=6) p=0.75
37 [7-53] 51 [10-76] p =0.074
6/10 (60%) // 3/10 (30%) // 1/ 6/7 (86%) // 0 // 1/7

10 (10%) (14%)

10 [0-25] 2 [0-10] p = 0.02
5/10 (50%) 6/7 (86%)

1/10 (10%) 2/7 (29%)

7/10 (70%) 4/7 (57%)

8/10 (80%) 6/7 (86%)

0/10 (0%) 1/7 (15 %)

2/10 (20%) 0

3,4 [1-7] 3,4 [1-6]

5/10 (50%) 5/7 (71%)

0 2/7 (29%)

0,07 [0,0-0,64] 0,12 [0,02-5,04] p=0.23

5/10 (50%) 4/7 (57%)

Abbreviation and explanation: *median [range]; ** frequency (percentage); abbreviations: y: year; f = female; m = male, BMI: body-mass-index;TLE: temporal lobe
epilepsy; ETLE: extratemporal lobe epilepsy; TE: temporal encephalocele; AS: automotoric seizure; DS: dialepetic seizure; SGTC: secondary generalized tonic-clonic

seizure; inflam: inflammatory; No: Number.

an ideal target for personalised therapeutic approaches. In contrast to
previous case series, we specifically aimed to characterise BTE- in
comparison to UTE-associated epilepsy. This information is important
for diagnostic strategies and therapeutic aspects such as surgical re-
section. Consistent with previous studies [5,10,16,17], we showed that
seizure freedom can be achieved by temporal lobe resection, even in
patients with BTE. Our study confirms the results of previous studies
and shows a relevant delay in TE diagnosis with a median latency of
about five years. Interestingly, bilateral presentation was a positive
predictor for earlier detection (median latency of 2 years, p = 0.02)
[5,10,16,17]. This finding supports the importance of being aware of
TE-associated epilepsy, especially in patients labelled as ‘lesion-nega-
tive’, as previously proposed by Campbell and colleges [15]. Further-
more, there is need for a standardised workup in these ‘lesion-negative’
patients, which should consist of a standardised imaging programme
and systematic interdisciplinary review with special attention to the
inferior temporal lobe borders [21]. The value of CT reconstruction of
the middle cranial fossa as a standard procedure remains to be in-
vestigated. Analyzing the types of seizures and auras, we did not find a
clinical sign or symptom, which is specific for the entity of TE, however
they seem to be associated with types of auras and seizures localizing to
the mesiotemporal region (e. g. epigastric or mental auras, automotoric
seizures).

The most interesting and still controversial aspects of TE are the
aetiology and pathogenesis. In a recent case series, Urbach et al. pos-
tulated an association between encephaloceles and benign hypertension
and obesity [5]. The results of our study support this hypothesis to some
extent; one patient was diagnosed with benign intracranial hyperten-
sion, and two subjects suffered from hydrocephalus. However, nine of
17 patients (53%) were obese, a percentage that does not differ from
the general German population (56%) [30]. Furthermore, we did not
find any BMI differences between our two cohorts. Assuming a corre-
lation or even causal connection between TE and obesity, a higher in-
cidence of obesity would have been postulated in the BTE cohort.

Interestingly, we detected epilepsy characteristic differences be-
tween our two cohorts. One important aetiological finding is the age at
epilepsy onset. Median age of onset was well within adulthood and
earlier in UTE- vs. BTE groups (37 vs. 51 years). Although we did not
find clear differences in suspected TE aetiology between the two

cohorts, the age of onset analysis suggests that encephaloceles are, at
least in part, an acquired entity. No positive family history for epilepsy
could be identified in our study population, although images of re-
latives were not available. Consequently, there was no information
about ‘silent’ TE in relatives. To date, to our knowledge, no data exist
focusing on familial clusters of TE that would suggest a hereditary or
genetic pathogenesis.

Although the average number of anticonvulsive medications did not
differ between our two cohorts, our data illustrate that the risk of a
drug-refractory course was much higher in BTE-associated epilepsy
(71%) as compared to patients with UTE-associated epilepsy (50%). We
assume, that the risk to suffer from a medication-refractory-epilepsy
rises with the number of potentially epileptogenic lesions. This is re-
levant for further management, which might include surgical inter-
vention. If bilateral, potentially epileptogenic lesions are found on MRI,
video-EEG analysis is crucial to define the laterality and localisation of
the epileptogenic zone (EZ) and define whether a unilateral EZ exists. If
necessary, invasive EEG analysis has to be performed to evaluate tai-
lored surgical options to achieve seizure freedom. In our sample, both
patients with BTE-associated epilepsy who underwent a surgical inter-
vention became seizure free. Nevertheless, the remaining contralateral
encephalocele is a potential epileptogenic lesion and potential cause for
ongoing seizures after surgical treatment [10]. As only two patients of
our sample underwent a surgical treatment (temporal lobe resection on
the right side including the hippocampus vs. temporal pole resection on
the left side excluding the hippocampus), the cohort is too small to
evaluate the best surgical intervention for patients suffering from TE-
associated epilepsy.

Other questions are why and how TE causes epilepsy. Possible
mechanisms include irritation of the cortical neurons due to herniation
into a bony defect and dysplastic cortical lesions as part of a more
complex malformation of the brain-skull base junction. Larger case
series presented patients undergoing surgery, who had heterotopic
neurons or focal cortical dysplasia of the resected parenchyma on his-
topathology [5,10,16,17], which may be the underlying epilepsy cause.
In our study population, both patients who underwent resection of the
temporal lobe showed gliosis only on histological analysis. Nonetheless,
two other patients were identified to have amygdala enlargement
compatible with an amygdala dysplasia by MRI findings. Although the
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Fig. 2. Representive images of three patients with bilateral temporal encephalocele. Image A and B show coronal T2-spc-weighted sequence of 3 T MRI; Image C
shows axial T2-weighted sequence of 3 T MRI; Images D/E/G/H show coronal T2-weighted sequence of 3 T MRI; Images F/1/J show coronal CT of the refering bony
defect of the skull base. Lesions are circumscribed by a red circle. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

MRI-based diagnosis of amygdala dysplasia is still challenging, our
findings are consistent with the frequently reported coincidence of
cortical dysplasia or heterotopia with TE. While this coincidence is
unlikely to be explained by chance, a causative correlation between TE
and cortical dysplasia as well as heterotopies must be scrutinised in
further studies [31]. At this point, we want to clarify, that the enitity of
amygdala dysplasia is still discussed controversially. It must be taken
into account, that the MRI finding of an amygdala enlargement is not
necessariliy due to a dysplasia as it can be related to seizures itself as
well as to an immunomediated process (e. g. limbic enzephalitis).
This study suffers from certain limitations, which may have influ-
enced the results. As a monocentre trial, local characteristics could have
led to a systematic bias. A larger, multicenter cohort might be needed in
order to conform this preliminary data. However, the comparability of
our results with other case series suggest only minimal, if any, regional
bias [5,10,15-17]. To reduce frequently associated methodical biases of
retrospective studies STROBE and RECORD guidelines were followed
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[18-20]. All imaging findings were independently confirmed by an
experienced neuroradiologist to minimise the likelihood of false posi-
tive findings. Together, these measures should reduce possible metho-
dical limitations.

To facilitate knowledge acquisition on the clinical characteristics
and pathophysiology of BTE- and UTE-associated epilepsy, we recently
founded the TE-associated epilepsy consortium, which aims to accu-
mulate a large patient cohort. The input of other groups is welcome
(http://www.uni-frankfurt.de/67689811).

5. Conclusion

In this retrospective study, we show relevant differences between
patients with BTE-associated epilepsy and UTE-associated epilepsy.
BTE-associated epilepsy is characterised by higher age at epilepsy
onset, shorter delay in TE diagnosis and more frequent drug resistance
as compared to UTE-associated epilepsy. A standardised diagnostic
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workup based on the awareness of TE and including high-resolution
MRI and skull base CT, video-EEG monitoring and interdisciplinary
decision making about therapeutic options is recommended to allow
the best medical treatment for each patient. Further studies are needed
clarifying the pathophysiology and clinical aspects of TE and to de-
termine its role in structural epilepsy. Finally, as TE-associated epilepsy
is still an underdiagnosed entity, multicentre studies will help answer
important questions about disease incidence and prognosis.
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