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ABSTRACT
Mesial temporal lobe epilepsy with hippocampal sclerosis is a well defi ned epileptic syndromic entity, especially in 
adults. In pediatric population, this syndrome has been less well studied, probable because of the particular elec-
troclinical features of temporal seizures in children. This article reviews evidence for and against the causal rela-
tionship between hippocampal sclerosis and mesial temporal lobe epilepsy and offer some insights in the etiology 
and pathogenesis of hippocampal sclerosis.
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THE CONCEPT OF MESIAL TEMPORAL LOBE 
EPILEPSY WITH HIPPOCAMPAL SCLEROSIS

The mesial temporal lobe epilepsy (MTLE) was 
described in detail as an entity consisting of sei-
zures that are originated in limbic areas of the me-
sial temporal lobe, particularly in the hippocampus, 
amygdala and the parahyppocampal gyrus. The his-
topatological hallmark is hippocampal sclerosis 
(HS). It is the most common pathology identifi ed in 
adult patients who require surgical intervention for 
epilepsy (1).

Thus, a subcommission of the International 
League Against Epilepsy, chaired by Heinz-Gregor 
Wieser, clearly defi ned MTLE with HS as a syn-
dromic entity that is a subtype of the greater syn-
drome of MTLE. However, no consensus was 
reached, regarding some particular features of 
MTLE with HS, such as the progressive nature of 
HS, genetic predisposition and the variability of the 
“initial precipitating incidents” (IPI) during the his-
tory of the patient (febrile seizures – FS, hypoxia, 
trauma, intracranial infection) (2).

In its classical presentation, MTLE with HS is 
characterized by an association with febrile sei-

zures or other insults during early life (usually un-
der the age of 5 years) (2), the clinical picture con-
sisted of mesiotemporal lobe seizures that are 
initially controlled by antiepileptic medication, but 
progressively become medically intractable (3). 
Also, interictal and ictal electroencephalography 
(EEG) abnormalities are localized around the ante-
rior and basal temporal lobe regions, magnetic res-
onance imaging (MRI) demonstrated unilateral 
hippocampal atrophy and/or abnormal signal inten-
sity and a normal contralateral hippocampus and 
functional neuroimaging data and neuropsycholog-
ical tests which also point to the mesiotemporal 
structures (3).

THE NATURAL HISTORY OF MESIAL 
TEMPORAL LOBE EPILEPSY WITH 

HIPPOCAMPAL SCLEROSIS

The natural history of a disorder is defi ned by 
the course from onset of the disorder without inter-
vention until the disorder resolves or death ensues. 
Thus, little data exist about the natural history of 
MTLE with HS, because the majority of the infor-
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mation derived from surgical series (4). The fol-
lowing features characterize the natural history of 
MTLE with HS: (1) history of IPI; (2) family his-
tory of MTLE; (3) the presence of a latent and si-
lent period, even if there are insuffi cient data to 
sustain this two last features (5,2). In contrast, it 
was acknowledged that the clinical picture and the 
investigations, other than MRI, help to differentiate 
MTLE with HS from other forms of MTLE, under-
lining the importance of natural history in the clini-
cal diagnosis of MTLE. Moreover, the type of IPI, 
especially the presence of FS, and the time at which 
an IPI occurs, are reportedly of high prognostic 
value, regarding the response to medical treatment 
and postsurgical seizure outcome (5,2,4).

It is very important to distinguish two different 
forms of MTLE with HS: one with onset in child-
hood and adolescence and one with onset in adults 
(5). Recent studies revealed that these two different 
forms are caused by a different set of etiologies 
(6,7).

We considered that the detailed description of 
the etiological and pathophysiological aspects of 
the MTLE with HS with onset in childhood and 
adolescence is very important because this can ex-
plain the multiple gaps that we have in our under-
standing of how HS develops. The major question 
still remains if temporal lobe seizures are the cause 
of HS or HS generate seizure activity in mesial 
temporal regions (8).

CAUSATIVE FACTORS OF MESIAL TEMPORAL 
LOBE EPILEPSY WITH HIPPOCAMPAL 

SCLEROSIS

The majority of studies from surgical series 
demonstrated the high incidence of IPI, represented 
by febrile seizures, cerebral trauma, hypoxia or in-
tracranial infections in the personal histories of pa-
tients with MTLE with HS (2, 9, 10).

 Between these IPI, the majority of controver-
sies are around prolonged febrile seizures (FS). Be-
ginning with Falconer et al. (11), the majority of 
retrospective studies revealed that up to half of the 
patients with MTLE – HS have a history of pro-
longed FS in early childhood (12). Moreover, the 
magnetic resonance imaging (MRI) studies had 
demonstrated specifi c abnormalities at the hip-
pocampal level after complex FS, especially if the 
MRI was performed shortly after the seizures 
(13,14).

Conversely of studies from tertiary surgical cen-
ters that demonstrated an increased incidence of FS 
in the history of patients with MTLE-HS, prospec-

tive and population-based retrospective studies 
showed that, only in rare cases, FS were followed 
by the development of HS (15). Indeed, Tarkka et 
al demonstrated that the occurrence of HS follow-
ing even prolonged FS is an uncommon event 
(16).

In general, simple FS don’t have any adverse ef-
fect on the brain. In contrast, complex FS have been 
associated with MTLE in the majority of studies 
(17). More recently, it was demonstrated that a his-
tory of simple FS can be associated with hippocam-
pal abnormalities in adults that are not necessarily 
epileptogenic (18).

Different from complex FS, the presence of fe-
brile status epilepticus (SE) indicates the major risk 
for development of subsequent hippocampal scle-
rosis (19). There are two hypotheses that explain 
the possible relationship between febrile SE and 
MTLE. The fi rst one postulates that the febrile SE 
causes acute hippocampal injury that later evolves 
in HS and MTLE. The second one states that both 
febrile SE and MTLE are based of an already in-
jured hippocampus or a genetic predisposition (20). 
From the beginning, these two possibilities are dif-
fi cult to demonstrate fi rstly because the develop-
ment of MTLE is a progressive process with a long 
duration after the initial febrile SE and secondly 
because is not possible to determine the existence 
of an occult brain injury or developmental abnor-
malities before the initial febrile SE (19).

A great number of studies used MRI data to ex-
plain the link between febrile SE and MTLE – HS. 
In the beginning there were some case series that 
showed T2 signal changes in the children hip-
pocampi immediately after febrile SE (21). Pro-
spective studies revealed preexisting hippocampal 
pathology and it was suggested that the rapid de-
velopment of HS after febrile SE may be in fact an 
underlying developmental disorder or the result of 
a prior insult (22). After that, the longitudinal stud-
ies of Scott et al. also demonstrated changes of hip-
pocampal volume immediately (hippocampal ede-
ma) and 6-8 months after febrile SE (hippocampal 
atrophy) (23,24).

Although the prior studies have not clearly 
shown the development of HS after febrile SE, Pro-
venzale et al. demonstrated the existence of hyper-
intense hippocampal signal intensity on T2-weight-
ed MR images immediately after febrile SE that 
was associated with subsequent hippocampal vol-
ume loss and persistent abnormal signal intensity 
on T2-weight images (25).

Other clinical studies (26) and some animal 
models (27) also suggested that preexisting brain 
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abnormalities may predispose to prolonged sei-
zures. Subtle cortical dysplasia or others develop-
mental hippocampal abnormalities may exist in 
patients with latter evidence of HS (26).

The FEBSTAT study, a large, prospective, multi-
centre clinical study that was investigated the risk 
factors and outcome in patients with febrile SE, in-
dicates that the majority of patients have a focal 
onset of their SE (28). Moreover, this may refl ect 
the possibility that FS has a focal limbic origin and 
these may be named secondarily generalized hip-
pocampal seizures (29). Animal models sustained 
this theory, because the studies showed the appear-
ance of “limbic seizures” at low and high dose of 
seizure precipitants and generalized motor seizures 
with secondary hippocampal damage (30).

Now, multiple evidence indicates that a genetic 
predisposition increases the susceptibility to both, 
prolonged seizures and seizure-induced hippocam-
pal damage (13).Thus, the monozygotic twins stud-
ies revealed a risk of SE of 38% among the co-
twins, if the other twin experienced SE (31).

It is known that the majority of febrile seizures 
exhibit complex genetic inheritance due to multiple 
gene and environmental factors. There are several 
chromosomal loci (FEB 1–10) that determined fa-
milial FS (32). Moreover, a mutation was identifi ed 
in SCN1A gene at the FEB 3 locus in individuals 
that present afebrile seizures and subsequently de-
velops MTLE (33). Mutations in SCN1A gene are 
frequently seen in generalized epilepsy with febrile 
seizures plus (GEFS+) (34). The “classic” pheno-
type of GEFS+ consists of FS that persists beyond 
six years of age, but only in rare cases, the TLE 
may be part of GEFS+ phenotype, with the impli-
cation of the SCN1B gene (35). There was only one 
report of a proband with persisting FS beyond six 
years of age that subsequently developed refractory 
MTLE with the MRI evidence of HS (36).

Another strong evidence in favor of the genetic 
background is also the existence of a familial form 
of MTLE (FMTLE). In fact, there are two different 
subtypes of FMTLE: a benign form of FMTLE 
without a history of FS and without HS on MRI and 
a form of FMTLE with MRI evidence of HS and/or 
FS in antecedents (37). Indeed, the majority of 
studies about FMTLE demonstrated a polygenic in-
heritance of this epileptic syndrome and a great in-
tra and interfamilial variability (38, 39). The most 
important aspect remains the hippocampal atrophy 
that was seen in 88% of cases with refractory FM-
TLE and in only 65% of benign cases. However, 
the MRI evidence of HS was also observed in some 
family members who had a benign course of the 

disease and occasionally even in members with no 
history of epilepsy (40). Thus, it may be supposed 
that the HS in FMTLE does not develop as a conse-
quence of repeated seizures, even if in sporadic re-
fractory MTLE frequent seizures may cause pro-
gression of HS (26).

In the etiology of MTLE – HS may be impli-
cated other IPI, different by FS and febrile SE, and 
these are trauma and intracranial infection, but their 
incidence is much lower then that of FS in studies 
of HS in children (41). Frequently, these IPI are the 
cause of prolonged and recurrent seizures, even SE 
that clearly predisposes to the development of HS 
(42). A case was described with bilateral HS after a 
non-paraneoplasic limbic encephalitis that was rec-
ognized as a precipitating factor of MTLE only in 
adults (43). 

TEMPORAL LOBE EPILEPTOGENESIS AND 
THE DEVELOPMENT OF HIPPOCAMPAL 

SCLEROSIS

The general assumption is that refractory MTLE 
with HS is an acquired process after an IPI during 
early life, with a variable latent period until the ap-
pearance of clinical epilepsy (44). Early studies dem-
onstrated that this initial “pre-epileptic” state and du-
ration refl ect the length of a slowly, progressively 
developing process of hippocampal epileptogenesis 
(45). After the initial injury, the brain is not immedi-
ately “epileptic” because a delayed secondary process 
is needed to mature. In contrast, the immediate result 
of the neuronal loss that characterizes the HS may be 
an epileptogenic network imbalance that determines 
even the latter seizures through a “kindling” mecha-
nism (45, 46). It is not clear if the duration of the latent 
period is, in fact, a refl ection of the duration of the 
epileptogenic process, because it is very diffi cult to 
study a molecular or structural pro cess that necessi-
tated up to 30 years to mature (45). 

Many authors tried to answer to the multiple 
questions and this led to the search for molecular, 
cellular and network changes in human HS. The 
possible mechanisms of hippocampal epileptogen-
esis were categorized into three major groups: 
changes of synaptic properties (synaptic reorgani-
zation of the mossy fi ber system), changes of in-
hibitory and excitatory neurotransmission and al-
terations of the intrinsic properties of neurons (1). 
Recently, it was demonstrated that in addition to 
the neuronal changes, glial activation plays a very 
important role in epileptogenesis (47). Moreover, 
astrogliosis is one of the major pathologic features 
of HS (2).
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Due to diffi culty encountered in studying human 
patients, a lot of experimental animal models were 
created in order to understand the epileptogenic 
process of HS. However, there have been many dif-
fi culties for the creation of an “ideal “animal model 
that involves the pathology and pathophysiology of 
the MTLE with HS (45). 

The majority of the animal models were used to 
explain the relationship between the prolonged FS 
and the development of TLE (48). Initially, it was 
attempted to demonstrate the role of the predispos-
ing factors (dysplasia, brain injury, ion channel mu-
tations) in the host brain on limbic epileptogenesis. 
Indeed, in the presence of these predisposing fac-
tors, FS affects the brain differently, including the 
risk for subsequent epilepsy (49). In contrast, FS 
occurs even in normal children, who have no evi-
dence of any of the predisposing factors. The ma-
jority of studies demonstrated that the duration of 
seizures was statistically correlated with the epilep-
togenesis (23, 24). Thus, a series of animal models 
were created to demonstrate that the duration of FS 
contribute to the initiation of the epileptogenic pro-
cess and was found that the duration of the febrile 
SE – like seizures infl uenced the incidence and the 
severity of limbic epilepsy in rats (50).

Clinical studies failed to clarify the relationship 
between hippocampal cell loss and epileptogenesis 
after prolonged FS in humans. Two hypotheses 
have been advanced. The fi rst one is that FS caused 
HS and the development of MTLE is a consequence 
of HS (25, 24, 22). The second one is that MTLE 
after FS may precede the development of HS and 
this is determined by the recurrent seizures (51,13). 
The animal model created to sustain one of these 
two hypothesis had revealed three important as-
pects: (1) functional alterations of neuronal proper-
ties and network imbalance might take place in the 
absence of progressive structural changes (neuronal 
loss, sprouting) and result in epilepsy; (2) HS in 
individuals with TLE and febrile SE in antecedents 
might be not a cause, but a consequence of epilep-
sy; (3) the acute increased of T2 relaxation time in 
children immediately after febrile SE might not in-
dicated acute neuronal loss (49).

Other studies showed that infl ammation might 
play an important role in hippocampal epileptogen-
esis after febrile SE. During FS, fever increases 
brain temperature, but also determine the release of 
infl ammatory mediators, particularly interleukin-
1β (IL-1β) within the brain (52). Some authors re-
vealed even a polymorphism in the interleukin-1β 

gene in patients with TLE and HS (53). Another 
interesting aspect was that fever in a context of a 
specifi c viral etiology, human herpes virus 6 (HHV 
6), increased the probability of generation of FS 
(54). Also, evidence of HHV6 infection has been 
found in resected tissue from individuals with HS 
(55).

Animal models tried to elucidate the theory that 
IL-1β can contribute to the epileptogenic process 
initiated by FS and it has revealed an interesting 
aspect, namely hippocampal IL-1β levels were 
higher only in rats that developed epilepsy after FS 
(50). It was also demonstrated that experimental fe-
brile SE induces numerous molecular changes in 
the expression of specifi c genes such ion channels 
and endocannabinoid receptors in neurons from the 
mesiotemporal regions (56,57).

In summary, an initial brain insult, especially 
prolonged FS and febrile SE, produced brain chang-
es that promote epilepsy, changes that take place at 
multiple levels, are induced by infl ammatory me-
diators and are driven by transcriptional mecha-
nisms. The elucidation of the epileptogenic mecha-
nism will play an important role in prevention and 
successful therapeutic intervention in MTLE.

SOME PATHOLOGICAL FEATURES OF 
HIPPOCAMPAL SCLEROSIS

From a neuropathological point of view, HS is 
defi ned by the characteristic features: gliosis and 
neuronal loss. These are found in all hippocampal 
regions, but also in the subicular region, parahip-
pocampal gyrus and infero-medial temporal cortex 
(1). The most affected hippocampal regions are 
CA1 and CA3, CA2 region and the dentat gyrus 
were spared. Another features associated with HS 
are also granule cell dispersion and mossy fi ber 
sprouting. The synaptic reorganization is often pre-
sented and it is not limited to mossy fi bers and 
granular layer of dentat gyrus (1). Frequently, the 
hippocampal pathology is associated with an extra-
hippocampal one, especially in the amygdala, 
where neuronal loss and gliosis affects the later-
obasal nuclear complex (amygdala sclerosis). In 
the temporal lobe white matter, it is possible to have 
ectopic neurons and perivascular oligodendrocyte-
like infi ltrates (2).

Beginning with Sommer that realized the fi rst 
detailed description of the HS in 1880, multiple 
others studies confi rmed the histopathological char-
acteristics of HS, but also demonstrated the exis-
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tence of some atypical models of HS, associated 
abnormalities in others mesiotemporal structures, 
occult second dual pathology and bilateral HS 
(58).A classifi cation was done for one of the most 
frequent patterns of HS: (1) type 1a, classical HS, 
(2) type 1b, severe HS, (3) type 2, CA1 sclerosis 
and (4) type 3, end folium sclerosis (59). With the 
help of this histopathological classifi cation some 
clinicopathologic correlations with the postsurgical 
outcome were constructed. Thus, the duration of 
epilepsy and the frequency of seizures are not cor-
related with the histopathological type of HS, but 
this is correlated with the age of IPI appearance. An 
early age of IPI (IPI<3 years) is a predictor of a se-
vere hippocampal pathology, whereas IPI at a later 
age are correlated with a less extensive hippocampal 
pathology (59). The data confi rms the earlier hypoth-
esis that the developing brain is more prone to epi-
leptogenic neurotoxicity compared to more mature 
hippocampal neurons and network (60). 

In a proportion of patients with HS, the intracra-
nial depth electrode recording revealed that the epi-
leptiform activity is a more widespread area involv-
ing both mesial and lateral temporal lobe regions 
(61). The neuroimaging and neuropathological 
studies well established that HS can be associated 
with a second temporal lobe epileptogenic pathol-
ogy, like cortical dyslamination, ectopic white mat-
ter neurons and low grade glio-neuronal tumors 
(62). This was called “dual pathology” and it was 
demonstrated that, in this case, it is a less severe 
hippocampal neuronal loss (HS type 3) (59,63).The 
successful surgical removal of both lesions indi-
cated that each one contributes to the genesis of sei-
zures. Moreover, this association also raises the 
question of a common predisposing malformative 
process for both lesions (64). 

In children, the majority of studies revealed a 
high incidence of the dual pathology comparative 
with adults, without making a clear difference be-
tween the associated cortical malformations (hetero-
topia vs. cortical dysplasia) (10,65). Recently, a 
group of pediatric patients with heterotopia associ-
ated with HS was described and it was showed that 
the relationship between HS and focal cortical dys-
plasia is more complex in pediatric population (66).

CASES PRESENTATION

We want to present two typical cases of children 
with MTLE with HS, one in which MTLE is a con-

sequence of HS and another one in which MTLE is 
a cause for HS.

Case 1
The case of a 12 years old boy, right handed, 

without epilepsy in the family. After an inconclu-
sive perinatal history and a normal psycho-motor 
development, he had two febrile seizures at the 
ages of 8 and 17 months. Epilepsy started at the age 
of 4 years with a prolonged left focal seizure. MRI 
performed at 2 weeks after this seizure revealed a 
right hippocampal edema. He experienced the sec-
ond seizure after two months with short epigastric 
aura, staring, clonic movements of left arm, unre-
sponsiveness. He continued to present rare seizures 
(1 seizure per year) on valproic acid monotheraphy 
for 2 years. 

After that the seizure frequency increased de-
spite the treatment with two antiepileptic drugs. 
The MRI revealed a right HS. The EEG showed 
right anterior temporal spikes as well as right tem-
poral slowing. During long-term video-EEG moni-
toring, habitual seizures were recorded exclusively 
with right temporal seizure pattern on ictal EEG. 
Moreover, ictal and interictal SPECT and SISCOM 
analysis confi rmed the right anterior temporal epi-
leptic focus. The neuropsychological evaluation re-
vealed a memory defi cit for visual patterns that is 
compatible with a right mesio-temporal lesion. 

At the age of 7 years and 6 month a right 
amygdalohippocampectomy was performed. In the 
fi rst year after surgery, he experienced some epi-
gastric aura, but after that he remained seizure free 
for fi ve years. 

Figure 1. Case 1 – presurgical MRI 



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XI, NO. 1, 201210

Case 2
The case of an 9 years old boy, right handed, 

with the family history positive for epilepsy. He 
presented a normal perinatal history, a normal psy-
cho-motor development and no others signifi cant 
events in his personal antecedents. He started to ex-
perience complex focal seizures at the age of 5 
years. At this moment the MRI was normal. Soon 
after the onset, the seizures frequency increased 
and the child presented two types of seizures: short 
seizures with staring, unresponsiveness, vocaliza-
tion and longue seizures with staring, pallor, oro-
alimentary automatisms and right head deviation. 
At the age of 7 years the MRI revealed abnormal 

Figure 2. Case 1 – ictal SPECT

Figure 3. Case 2 – presurgical MRI 

heterogeneous signal intensity in left anterior tem-
poral pole (possible cortical dysplasia) and also a 
discreet HS. The interictal EEG showed a left ante-
rior temporal focus and the long-term video-EEG 
monitoring recorded his habitual seizures and con-
fi rmed by ictal EEG the left anterior-temporal fo-
cus. Ictal, interictal SPECT and SISCOM demon-
strated also the left anterior-temporal focus. The 
functional MRI showed left lateralization at the 
verbal fl uency tasks. The neuropsychological eval-
uation revealed a QI 90 and material specifi c verbal 
memory defi cit. 

Figure 4. Case 2 – presurgical f MRI
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Because the presurgical evaluation was compat-
ible with the left anterior temporal focus, at the age 
of 8 years a left anterior temporal lobectomy and 
amygdalohippocampectomy were performed. The 
histopathological evaluation confi rmed a microdys-
genesis of temporal neocortex and endfolium scle-
rosis (type 3 HS). After surgery, the children pre-
sented only few auras for 1 year.

CONCLUSIONS

Since its discovery in the 19th century, much has 
been learned about hippocampal sclerosis, but de-

spite many decades of basic and clinical research, 
there are still unanswered question about the cau-
sality between hippocampal sclerosis and mesial 
temporal lobe epilepsy. It is likely that the patho-
genesis of hippocampal sclerosis is multifactorial 
and a genetic predisposition increases the individu-
al’s susceptibility to the development of HS. A bet-
ter understanding of the epileptogenic process of 
HS will provide opportunities for discover new 
preventive and therapeutic strategies.
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