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Abstract
PCDH19-related epilepsy is a developmental and epileptic encephalopathy typically presenting
with epilepsy and varying degrees of intellectual disability. Seizures typically present in clusters
of focal or generalized seizures, sometimes in the setting of fever. We present the case of a
7-month-old girl presenting with new-onset refractory status epilepticus that followed routine
vaccine administration and ensuing cytokine storm. She was diagnosed with a pathogenic
variant in PCDH19. The patient required 5 antiseizure medications and pentobarbital-induced
burst suppression for control of seizures. She was noted to have elevated serum cytokine levels
(interleukin [IL]-2, IL-4, IL-10, IL-13, IL-17, IL-1, IL-1β, and IL-8) and CSF cytokine levels
(IL-6 and IL-13). Anakinra was initiated and titrated based on serial cytokine levels, with doses
ranging from 5 to 20 mg/kg/d resulting in reduction in cytokine levels and seizure reduction.
By age 14 months, she was able to be maintained on 3 active antiseizure medications and
ketogenic diet for seizure control.
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PCDH19-related epilepsy, also called girls clustering epilepsy, is
an X-linked, female-predominant, developmental epileptic en-
cephalopathy that presents with multiple seizure semiologies
and is associated with varying degrees of intellectual disability;
patients initially present with difficult-to-control seizures that are
often triggered by fever and occur in clusters of multiple seizures
in a day.1,2 Although clusters of seizures are frequently reported
with PCDH19-related epilepsy, initial presentation as a new-
onset refractory status epilepticus (NORSE) in infancy has not
been well reported, and the current evolving literature regarding
NORSE related to the PCDH19 gene has been investigated but
not confirmed.3,4 We present a clinically challenging case of
NORSE with documented cytokine storm in a female infant
found to have a pathogenic variant in PCDH19 and in whomwe
highlight successful treatment of seizures with anakinra.

Case Report
A 7-month-old girl with no previous medical history pre-
sented to the hospital for frequent clusters of seizures for 1
day. The day before seizure onset, the child had received the
third dose of the pneumococcal vaccine and the second in-
fluenza booster, without documented fever. The patient was
noted to have multiple episodes of seizures consisting of
behavioral arrest, cyanosis, and generalized tonic-clonic and
tonic activity. In the emergency department, seizures evolved
into refractory status epilepticus (SE) despite use of multiple
antiseizure medications (ASMs) (Figure), necessitating
pentobarbital-induced coma to achieve burst suppression

twice after seizures were refractory to midazolam and ket-
amine infusions. She was additionally started on a 3:1 keto-
genic diet due to the refractory nature of her SE, which
escalated to 4:1 ketogenic ratio at the peak of her seizure
frequency. Extensive initial evaluation for infectious, meta-
bolic, and structural causes of epilepsy was unrevealing.

Given the patient’s fulminant onset of refractory SE, she was
diagnosed with NORSE. Given presumed immunologic factors
that lead to NORSE in general, she was treated symptomatically
with IV methylprednisolone and IV immunoglobulin (IVIg).
Initial serum cytokine panels revealed elevated serum interleukin
(IL)-1, IL-1β, IL-2, IL-4, IL-8, IL-10, IL-13, and IL-17 levels
(Table) and CSF IL-6 and IL-13 levels. Given the elevated
cytokine levels, an evaluation for secondary hemophagocytic
lymphohistiocytosis was performed and was negative. A rapid
epilepsy gene panel revealed the pathogenic PCDH19 variant
c.1211C>T, resulting in the p.T404I amino acid substitution.

At the peak, the patient presented with greater than 25 sei-
zures in a day, requiring clobazam 20mg nightly (2mg/kg/d),
brivaracetam 50 mg twice a day (10 mg/kg/d), phenobarbital
97 mg 3 times a day (30 mg/kg/d), and cannabidiol 100 mg
nightly (10 mg/kg/d). Given the elevated cytokine levels,
anakinra was started with dose escalation (5–20 mg/kg/d)
and slowly weaned off, guided by repeat cytokine panels. She
was successfully weaned off pentobarbital with subsequent cyto-
kine panels showing continued improvement of the inflammatory
markers. Following an attempt to reduce the anakinra dose,

Figure Relationship Between Immunomodulatory and Antiseizure Medications and Seizure Frequency

Relationship of seizure frequency and medication interventions, most notably with the start and modulation of anakinra with respect to elevated cytokine
levels and recurring seizures. We note the increase in seizures when anakinra was first decreased as well as downtrending cytokine levels correlating with
successful reduction of seizure frequency in this patient. BS = burst suppression; IVIG = IV immunoglobulin.
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seizures recurred, and cytokine levels were rechecked, showing
residual cytokine elevation notably in markers of adaptive im-
munity, such as IL-4, IL-5, and proinflammatory IL-17, which led
to retitration of anakinra (Figure). Eventually, seizures abated,
and anakinra was weaned off successfully with no recurrence of
seizures. Given the similarities in presentation between our case
and some patients with Dravet syndrome (DS), fenfluramine
was included as part of the final antiseizure regimen in prepa-
ration for discharge using doses employed for patients with DS.5

After 52 days, the patient was discharged home on 5 ASMs:
clobazam, cannabidiol, and fenfluramine and the ketogenic
diet that weremaintained and phenobarbital and brivaracetam
that were actively being weaned. She remained seizure-free at
6-month follow-up. She has progressed from nasogastric tube
feeding to oral intake of pureed feeds, has shown improved
strength, and is achieving some developmental milestones,
such as sitting up with support, with speech, physical, occu-
pational, and feeding therapies in place.

Discussion
We report the case of an infant girl with PCDH19-related
epilepsy who presented with NORSE 1 day after adminis-
tration of routine vaccinations without concurrent febrile ill-
ness or vaccine-associated febrile response. Vaccination-
induced seizures have been well documented in patients
with genetically predisposed epilepsy, such as those with
DS1,6 and anecdotally with PCDH19-related epilepsy.7

Although fever is reported as a trigger for seizures in girls with
PCDH19-related epilepsy, as with DS, initial presentation of
NORSE in a previously healthy child has not been previously
reported in the context of PCDH19-related epilepsy.

Our case report demonstrates the presence of an immune-
mediated process in the form of an unrelenting cytokine
storm that we posit contributed to the sudden presentation
and refractoriness of our patient’s epilepsy presentation as
NORSE. Serum cytokine panels demonstrated a robust cy-
tokine reaction, and CSF findings demonstrated IL-6 eleva-
tion, a proinflammatory marker, that may have contributed to
the severity of NORSE in this child. Given that fever and
presumably associated inflammation is known to trigger sei-
zures in patients with pathogenic variants in PCDH19, we
posit that this patient’s cytokine-mediated response to vac-
cination in the setting of PCDH19 dysfunction led to her
severe NORSE presentation. Although the pathogenesis of
PCDH19-related epilepsy remains unclear, case studies fo-
cused on courses of corticosteroids have demonstrated effi-
cacy in prophylaxis and abortion of repetitive seizure clusters.8

This further underscores the possible involvement of an un-
derlying neuroinflammatory mechanism for PCDH19 epilepsy.

Anakinra was added to this patient’s regimen because of ob-
served increased cytokine levels, resulting in elimination of sei-
zures. Although tocilizumab has been reported as treatment for
super-refractory status epilepticus (not specific to a genetic eti-
ology), tocilizumab was not administered in the patient in this
report due to its side effect profile, including immunosuppres-
sion, which would affect the vaccination schedule in this age
group. A limitation of this case report is the difficulty in de-
termining whether anakinra acutely helped to reduce seizures
directly or helped slow progression of disease or whether the
seizures reduced in frequency over time, as has been reported in
the natural history of NORSE.9 Another potential confound is
that the frequent adjustments of the patient’s ASMs may also
have contributed to seizure reduction and elimination. However,
it appeared at one period during this patient’s hospitalization that
anakinra was required to be increased to a higher dose for seizure
control after an attempt to taper the dose (Figure).

In summary, we add NORSE to the PCDH19 disease spectrum.
Although the presence of SE per se in the setting of PCDH19 is not
surprising and PCDH19 has been hypothesized as a possible cause
of NORSE,4 PCDH19-related epilepsy presenting as NORSE has
not been appreciated. Attention to cytokine levels in a child with
NORSE led to treatment of our patient with an immunomodula-
tory medication that appeared to have a favorable acute response.
Rapid genetic testing allowed for a precise explanation for the child’s
predisposition to epilepsy.Weused fenfluramine,which is approved
for use in patients with Dravet Syndrome, for our patient given that
her seizures in the setting of a PCDH19 variant bear similarities to
those seen inDravet Syndrome.10Future studieswithmore patients
will be needed to determine whether the use of either of these
strategies—anakinra or fenfluramine—can be generalized to all
patients with PCDH19-related epilepsy.

Table Serum Cytokine Panel Results

Serum cytokine panel (reference
range)

Hospital
day 12

Hospital
day 29

Hospital
day 34

Interleukin 1 beta (≤6.7 pg/mL) 14.9 <6.5 <6.5

Interleukin 2 (≤2.1 pg/mL) <2.1 <2.1 <2.1

Interleukin 2 receptor, soluble
(175.3–858.2 pg/mL)

1,868.2 3,488.5 4,921.6

Interleukin 4 (≤2.2 pg/mL) 5.2 2.6 2.5

Interleukin 5 (≤2.1 pg/mL) <2.1 2.2 <2.1

Interleukin 6 (≤2.0 pg/mL) 5.7 <2.0 <2.0

Interleukin 8 (≤3.0 pg/mL) 538.1 <3.0 <3.0

Interleukin 10 (≤2.8 pg/mL) 13.6 11.6 10.5

Interleukin 12 (≤1.9 pg/mL) <1.9 <1.9 <1.9

Interleukin 13 (≤2.3 pg/mL) 58.1 <1.7 2.3

Interleukin 17 (≤1.4 pg/mL) 8.0 3.9 3.2

Tumor necrosis factor alpha
(≤7.2 pg/mL)

22.3 13.7 20.3

Interferon gamma (≤4.2 pg/mL) 8.3 <4.2 <4.2

Serum cytokine panels collected during hospital course. Bolded values re-
flect elevated interleukin markers based on laboratory reference ranges.
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