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Tuberous sclerosis complex (TSC) is a rare autosomal dominant disease due to pathogenic variants in
TSC1 or TSC2 genes. In the brain, TSC is associated with multiple cortical and subcortical malformations
including tubers and abnormalities of radial neuronal migration. Approximately 80% of patients develop
epilepsy in the first two years of life, most often focal seizures and infantile spasms. As with all seizure
disorders, systemic illness and fever can trigger a seizure, and result in status epilepticus or even refrac-
tory status epilepticus. Infantile Hemiconvulsion-Hemiplegia and Epilepsy (IHHE) is considered a subcat-
egory of new-onset refractory status epilepticus (NORSE) and presents with hemiclonic seizures in the
setting of fever, unihemispheric brain imaging abnormality and hemiparesis. Here, we present an 18-
month-old boy with TSC who developed IHHE. His extensive brain malformations and neuronal hyperex-
citability in peri-tuberal tissue could have predisposed him to IHHE. In addition to these factors, we pos-
tulate that another prerequisite for IHHE is likely a genetic predisposition for an excessive inflammatory
response that is yet to be elucidated.
� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tuberous sclerosis complex (TSC) is a rare autosomal dominant
disorder with an incidence of 1 in 6000 live births [1]. Pathogenic
variants in TSC1 or TSC2 genes on chromosome 9q34 and 16q13,
respectively [2,3], lead to hyperactivation of the mammalian target
of rapamycin complex 1 (mTORC1) signalling network [4]. While
the clinical phenotype is variable, the main neurologic manifesta-
tions include autism, intellectual disability and epilepsy [5]. Indi-
viduals with TSC present with clinical (focal motor seizures and
infantile spasms) and subclinical seizures with a lifetime preva-
lence of 85% [5,6]. Interictal epileptiform activity and subclinical
seizures are often seen on EEG prior to the onset of clinical seizures
[6,7]. Infantile spasms are treated with vigabatrin as a first line
antiseizure medication (ASM) and focal seizures are treated simi-
larly to patients without TSC [8].

Despite being a potential life-threatening complication seen in
over half of patients with TSC, there is a paucity of literature on sta-
tus epilepticus in this population [9]. Infantile Hemiconvulsion-
Hemiplegia and Epilepsy (IHHE) is a rare syndrome characterized
by status epilepticus with hemiclonic seizures in the setting of
fever. Unihemispheric brain imaging abnormalities and develop-
ment of hemiparesis are hallmarks of IHHE [10]. Association with
cortical malformations has been reported but IHHE remains very
rare, even in patients with a high tuber burden, perhaps due to
the need for a genetic propensity for excessive inflammatory
responses. We present a case of an 18-month-old boy with TSC
who presented with refractory status epilepticus that evolved into
IHHE.
2. Case report

An 18-month-old boy had onset of epilepsy at 3 months of age.
Initial focal motor seizures were characterized by behavioral
arrest, eye blinking, left gaze deviation and oral automatisms.
EEG showed ictal onset in the right posterior quadrant and seizures
were controlled with oxcarbazepine. Medical and family history
were otherwise unremarkable. Exam revealed scattered hypopig-
mented macules. MRI showed subependymal nodules and subcor-
tical tubers (Fig. 1A). No supendymal giant cell tumors (SGCTs),
cardiac rhabdomyomas or angiomyolipomas were identified.
Based on the combination of focal motor seizures, hypopigmented
macules and MRI brain findings, TSC was suspected. Genetic eval-
uation showed a pathogenic TSC2 frameshift variant.

Next, he developed infantile spasms, with an immediate
response to vigabatrin. EEG at 4 months of age showed bilateral
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Fig. 1. The composite figure illustrates MRI T2 (left) and DWI (right) sequences (A) 2 months prior to the presentation of IHHE, multifocal tubers with foci of T2 prolongation
in the bilateral cerebral hemispheres, some of which showed linear morphology toward the ventricles; lining the lateral ventricles there are ependymal/subependymal
nodules; (B) hospital day 2, mild right hemispheric edema; (C) hospital day 10, diffuse swelling and restricted diffusion of the entire right hemisphere; (D) 1 year after the
presentation of IHHE, diffuse right hemispheric encephalomalacia.
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temporal spikes and slowing in the same regions, but no hypsar-
rhythmia. He remained seizure-free on oxcarbazepine and vigaba-
trin for 15 months.

At 18 months of age, he had a left hemiclonic seizure in the con-
text of a febrile illness. Seizure onset occurred out of sleep and was
notwitnessed, and hewas last seenwell by his parents 2 h prior. Sei-
zures persisted despite intravenous (IV) diazepam, midazolam, and
fosphenytoin. EEG showed right hemispheric seizures with onset in
the right fronto-temporal region and spread to the entire right hemi-
sphere (Fig. 2). He was intubated and started on a propofol infusion
with resolution of seizures after an estimated duration of 8 h.

Once status epilepticus resolved, EEG showed diffuse right
hemispheric polymorphic delta slowing and voltage attenuation.
Exam was notable for diminished withdrawal to noxious stimula-
tion on the left. Brain MRI showed mild right hemispheric edema
(Fig. 1B). CSF examination for ongoing fever on hospital day 2
showed 0 white blood cells/mm3, 0 red blood cells/mm2, protein
18 mg/dL, glucose 80 mg/dL and cultures were negative. Infectious
studies, including urine culture, stool studies, viral respiratory
panel, Lyme, Mycoplasma pneumoniae, arbovirus, and Epstein Barr
virus (EBV) titers were negative.

His flaccid left hemiparesis persisted and seizures recurred on
hospital day 6 in the setting of vomiting and diarrhea, warranting
IV boluses of lorazepam, levetiracetam, and valproic acid. In this
setting, brain MRI was repeated on hospital day 10 and showed dif-
fuse swelling and restricted diffusion of the entire right hemi-
sphere (Fig. 1C). Additional diagnostic studies were obtained,
including serum antinuclear antibodies (ANA), anti-thyroid perox-
idase (TPO)/anti-thyroglobulin, and anti-myelin oligodendrocyte
glycoprotein (MOG) that were negative/normal. Serum autoim-
mune encephalitis panel was positive for low-titer anti-GAD65
(0.10 nmol/L, normal <0.02 nmol/L, Mayo Medical Laboratories).
A differential diagnosis for causes of unihemispheric edema and
focal status epilepticus, including Rasmussen encephalitis, lupus
cerebritis, autoimmune encephalitis, infectious encephalitis, and
other structural changes (such as Sturge–Weber syndrome or con-
genital hemiatrophy (Dyke–Davidoff–Masson syndrome)) were
considered and felt to be less likely. Therefore, he was diagnosed
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with IHHE and received intravenous immunoglobulin (IVIg) 2 g/
kg over 2 days without recurrence of his seizures.

With intact mental status but a dense left hemiparesis, he was
discharged to inpatient rehabilitation 2 weeks later. On outpatient
follow-up exam 2 years later, he had left spastic hemiplegia, but
was able to walk independently. He had minimal fine motor move-
ments of the left hand. His vocabulary was improving but not yet
age appropriate. He was seizure free on oxcarbazepine monother-
apy. Brain MRI one year after presentation showed diffuse
encephalomalacia of the right hemisphere with associated ex
vacuo dilatation of the lateral ventricle (Fig. 1D).
3. Discussion

Although seen in the majority of patients, there is a relative
paucity of literature on status epilepticus in TSC. In a single cohort
of 36 children with TSC, 58% had at least one episode of status
epilepticus although the phenotype of IHHE was not noted. Early
age of seizure onset, history of infantile spasms, higher tuber bur-
den, presence of SGCTs, intellectual disability and behavioral co-
morbidities, and active interictal epileptiform discharges in the
EEG were associated with increased risk of status epilepticus [9].

Considered a subcategory of new-onset refractory status epilep-
ticus (NORSE), IHHE is an uncommon presentation marked by a
prolonged hemiclonic seizure occurring in the setting of fever in
a child typically �2 years of age. These patients have acute uni-
hemispheric imaging abnormalities, followed by hemiparesis and
often subsequent epilepsy [10,11]. The resultant hemiplegia is of
varying duration (for at least 1 day to 1 week [11,12]), and it is
often permanent. It is typically followed by a seizure-free period
ranging from 1 to 9 years, and then remote symptomatic and
intractable focal epilepsy. Acutely, the brain MRI shows extensive
hemispheric edema and restricted diffusion that progresses to
hemiatrophy. EEG has been reported to show delta slowing with
admixed low amplitude fast activity and rhythmic spikes over
the affected hemisphere. There is no clear evidence for
acute immunotherapy. Patients may eventually undergo epilepsy
surgery for the treatment of chronic drug-resistant epilepsy [10].



Fig. 2. EEG (anterior–posterior bipolar montage) reveals evolution from right lateralized periodic discharges maximal in the fronto-temporal region (A) to an electrographic
seizure invovling the right hemisphere (B).

C. Moschopoulos, J.M. Peters, M. Takeoka et al. Epilepsy & Behavior Reports 16 (2021) 100473
The pathophysiology of IHHE is unknown. Proposed mecha-
nisms include genetic predisposition, cortical malformations or
other lesions, and/or infection or inflammation of the affected
region of the brain [10]. Many variants, including those in CAC-
NA1A, ATP1A3, HNRNPU, and SCN1A, have been noted in patients
with IHHE but a common, pathogenic variant is yet to be identified
[10,13–15]. Pathological review of post-mortem and resected IHHE
brain tissue has commonly shown cortical dysplasia; however,
there is a lack of inflammatory cells to support an infectious or
inflammatory trigger [16–19]. While specific infections are not
usually identified and the CSF is typically bland, there are reports
of the co-occurrence of IHHE with Influenza Associated
Encephalopathy (IAE) [20,21] and HHV-6 [21]. Of note, elevated
interleukin-6 (IL-6) in the CSF was noted in a single patient with
IHHE [22], which has similarly been identified in patients with
NORSE and febrile-infection related epilepsy syndrome (FIRES).
This may offer the opportunity for targeted treatment with tocili-
3

zumab, an IL-6 receptor antagonist that has been used in adults
with NORSE and children with FIRES, after further investigation
in IHHE [23,24].

TSC is associated with numerous focal subcortical and cortical
malformations, and with increased excitability on a neuronal and
glial cell level [25]. The rarity of IHHE in TSC may indicate the
requirement of a ‘‘third hit”, or genetic predisposition to fuel an
exaggerated inflammatory response. We speculate that in this
patient, the systemic illness and fever triggered a focal seizure at
a known epileptogenic tuber, and a simultaneous regional exagger-
ated immune response resulted in diffuse unihemispheric inflam-
mation. Particularly in TSC, the mTORC1 signaling network may
also be involved in this pathogenesis. Further studies, such as those
exploring genetic variants in innate immune system pathways that
may lead to immune dysregulation, are needed to explore this tri-
ple hit hypothesis and identify additional risk factors that predis-
pose patients with TSC or other cortical malformations to
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develop IHHE. Abnormal activation of the innate immune system
and pro-inflammatory cytokines may play a role, which could offer
the potential for novel immunomodulatory therapies in the acute
phase pending further study.

In our case, despite his persistent and significant hemiplegia, he
is making remarkable developmental progress. He remains
seizure-free at follow-up, although only 2 years from his initial
presentation. Notably however, some patients with IHHE may
recover without associated weakness or seizures, and further stud-
ies are needed to understand the effect of pre-existing neurologic
disease on outcomes in these patients.

4. Conclusion

IHHE is characterized by hemiclonic status epilepticus in the
setting of a febrile illness in early childhood and has an unclear eti-
ology. The association of IHHE in patients with pre-existing TSC has
been identified, however, our case adds a detailed report of this
phenotype which is currently lacking in the literature. We postu-
late a triple hit mechanism: cortical malformation, cell hyperex-
citability, and genetic predisposition to produce an exaggerated
inflammatory response. Further investigations to understand the
pathogenesis of this rare disease are needed to guide therapy.
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