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Abstract

This case report presents a 38-year-old male patient who, after a febrile infec-
tion, developed super-refractory status epilepticus and multiorgan failure, and
died in 2weeks despite the best possible intensive care. Autopsy revealed find-
ings suggestive of hemophagocytic lymphohistiocytosis (HLH). This case shows
that a rare immunological cause such as HLH may cause febrile infection-related
epilepsy syndrome (FIRES), and complications of intensive care can mask the
physiological and laboratory changes in HLH.

Plain Language Summary: This case report presents a 38-year-old man who,
after a febrile infection, developed intractable epileptic activity requiring in-
tensive care treatment. During the intensive care, the patient showed signs of
multiple organ damage and died in 2weeks despite the best possible treatment.
Autopsy revealed findings suggestive of hemophagocytic lymphohistiocytosis
(HLH), which is a rare immune system regulation disorder leading to persistent
inflammatory state and organ damages. This case shows that an immunologi-
cal disorder like HLH may underlie treatment resistant fever-related epileptic
seizures.
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activity, or by infection, immune compromise, malignancy,
drug-induced hypersensitivity syndromes, or rheumatoid

Hemophagocytic lymphohistiocytosis (HLH) is a rare but
life-threatening, systemic hyperinflammatory disorder
characterized by dysregulated cytotoxic immune activity
resulting in multiorgan failure and sometimes neurologi-
cal manifestations like seizures and ataxia.' The condition
can be caused by mutations in genes regulating immune

disease.! Widely used HLH-2004 diagnostic criteria re-
quire a demonstrated relevant genetic defect or five out
of eight clinical features including fever, splenomegaly,
cytopenia affecting at least two cell lines, hypertriglycer-
idemia and/or hypofibrinogenemia, HLH finding in bone
marrow, lymph nodes or spleen, high ferritin >500mg/L,
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high soluble interleukin 2 receptor (sIL-2R) >2400 U/mL,
and low or absent NK-cell activity."

Febrile infection-related epilepsy syndrome (FIRES) is
a catastrophic epileptic encephalopathy in which a previ-
ously healthy person develops refractory status epilepticus
after a febrile illness.”* The cause is unknown but dys-
regulated inflammation in the central nervous system is
a recognized feature in FIRES.” We describe here an adult
patient with FIRES-like course of the disease in whom
postmortem investigation revealed pathology referring to
systemic hemophagocytic lymphohistiocytosis.

2 | CASE REPORT

The patient, a 38-year-old male, was diagnosed with focal
epilepsy at the age of 24 years. He had seizures with déja
vu, feeling of falling and right-sided tingling. At the time
of epilepsy diagnosis, left temporal arachnoid cyst was de-
tected in brain MRI, and EEG showed left frontotemporal
slow-wave disturbance. He had been seizure-free for years
with lamotrigine 100 mg twice a day.

In 2019, he was admitted to emergency department (ED)
due to recurrent generalized tonic—clonic seizures (GTCS)
with no recovery of consciousness between seizures. He had
respiratory symptoms and fever up to 39°C for 5days. Before
arrival to ED, he received i.v. midazolam and levetiracetam
(2000mg) and was intubated and set to propofol-sedation
by emergency medical services. Initial brain CT was nor-
mal. Blood leukocytes were 8.5x10°/1 (ref 3.4-8.2x10°/L)
and CRP 19mg/L. CSF leukocyte count was four (ref
0-5x10°/L) and protein level 628 mg/L (ref 150-450 mg/L).
During a sedation break at ED, he had a GTCS and was

Key points

« Hemophagocytic lymphohistiocytosis (HLH)
is a rare hyperinflammatory condition causing
fever, splenomegaly, cytopenias, neurologi-
cal symptoms, and in severe cases multiorgan
damage.

« The possibility of HLH should be ruled out in
patients with febrile infection-related refrac-
tory status epilepticus (FIRES).

« Intensive care treatment, sepsis, or underlying
malignancy or rheumatoid disease can mimic
symptoms and laboratory findings of HLH.

then set to propofol-induced burst-suppression. Antiseizure
medication was enhanced, and acyclovir and ceftriax-
one were started (Figure 1). Next day, despite sedation at
burst-suppression level, patient had several electrographic-
generalized seizures without any clinical signs. He also
developed acute kidney failure (creatinine 493 umol/L), lac-
tatemia, high potassium levels, and CRP rise to 263 mg/L.
Kidney failure was interpreted as propofol-related infusion
syndrome (PRIS) and propofol was changed to thiopental.
On third day, he had gas exchange problems and hemodial-
ysis was started due to kidney failure.

Brain MRI with gadolinium contrast was performed
on 10th day and it showed normal findings except for
the left temporal arachnoid cyst, which did not compress
surrounding structures. No inflammatory or ischemic
changes were observed, and hippocampi were normal
(Figure S1).

MEDICATION d1 d2 d3 da ds dé d7 ds d9 d1o d11 d12 d13 di4
ASM

Levetiracetam 1000mg-1500mg x2 iv.*

Lacosamide 200mgx2 iv.

Fosphenytoin 150-250mgx2 iv.**

Lorazepam 1mgx1-4 iv.

Phenobarbital 100mg-200mg x2 po/iv.**

Valproic acid

IVAD

Propofol max 3mg/kg/h

Thiopental max 5.25mg/kg/h

Midazolam max 6.25pig/kg/min

Ketamine max7smghgh
Immunotherapy

IV methylprednisolone 1gx1iv./day 1,5gx1 iv./day

PO prednisolone 1mg/kgx1 /day

Plasma Exchange

IV immunologlobulin 2g/kg iv. during 5 days

Antibiotics

Acyclovir 750mgx3 iv.

Ceftriaxone 2gx1iv.

INVESTIGATIONS

Head CT X X X X X
Brain MRI X

Body CT X

Scrotal ultrasound X

CSF X

EEG (20-channel) X

CEEG (8-channel) 3 X X X 3 X X X X X X X X

FIGURE 1

Medications with posology and investigations during the 14 days of hospitalization. ASM, Antiseizure medication; cEEG,

Continuous EEG; CSF, Cerebral spinal fluid; CT, Computer tomography; EEG, Electroencephalography; IVAD, Intravenous anesthetic drug;

MRI, Magnetic resonance imaging. *posology adjusted based on the kidney function, **posology adjusted based on the blood concentration.



1o | Epilepsia Open®

HAANPAA ET AL.

UIFile Edit View Nevigate Protocol Format Tools Workspace Window Help

B8 ® afd b[sxe] — ) R 1o
F

Y o4 =i RE ¢ @ e [vasha_mon_bi (30 mmisec~|[s  ~l[7opviem  ~[[70Hz ~[[0,500 1 ~|

01:2030 012040

o
racs
A/\
f\/\».

cap2e

19:41:33 Vanha_mon_ippitk 30 mmisec, 70 pv/cm, 70,0 iz, 0500 Hz,fotch Off
Ready

FIGURE 2

Hitdie

Mon_Aikuiset 19:41:33 [00:28:56

An example of a typical cEEG-monitoring view showing generalized spike and wave discharges from an isoelectric EEG.

Amplitude-integrated EEG (aEEG), in the upper part of the figure, shows a condensed 2-h period of monitoring with 25 generalized

electrographical seizures.

From the day one, the continuous EEG recording
showed generalized, 1-5-min seizures despite well-
attained burst-suppression level (Figure 2). Ictal activity
was extremely treatment resistant. Seizures started even
from isoelectric EEG and occurred 5-10 times per hour
and increased up to 30/h when weaning anesthetics.
Seizures were mainly spontaneous but occasionally stim-
ulus induced, and part of the seizures had a subtle facial
twitching as a clinical manifestation.

Routine microbiological, autoimmune, and malignancy
investigations were negative (Table S1). Streptococcus A
antigen test from pharynx was positive, but culture was
negative. Also, serum antistreptolysin and Streptococcal
DNase B antibodies were negative speaking against strep-
tococcal infection.

Anemia (Hb 84g/L, ref 134-167g/L) and thrombocy-
topenia (96x10°/1, ref 150-360x10°/L) developed during
the treatment. Blood leukocyte level varied from normal to
mildly elevated. Neutrophils remained normal but lymph-
openia 0.37x10°/1 (ref 1.3-3.6x10°/1) was detected. He
also developed coagulopathies including constantly high
FIDD (1.8-5.5mg/L, ref <0.5mg/L) and hyperfibrinogene-
mia up to 6.1g/L which later turned into hypofibrinogen-
emia (1.6g/L, ref 2-4g/L). Liver enzymes were normal or
mildly elevated; ALAT 89U/L (normal <50U/L), ASAT

135U/L (normal <45U/L), AFOS, and total bilirubin were
normal. NH4 ion was normal and urea mildly elevated,
mainly between 12 and 13mmol/L reaching once a peak
value 18.4mmol/L (ref 3.2-8.1 mmol/L). Ferritin was not
measured. Serum triglycerides were 1.83mmol/L (normal
<1.7mmol/L). Limited cytokine testing was available: mildly
elevated sIL2-R 676 kU/L (normal 160-620 kU/L), elevated
IL-6 25.4ng/L (normal <5.9ng/L), elevated IL-8179 pg/mL
(normal <15pg/mL), and normal TNF-a 6.5ng/L (normal
<8.1ng/L).

Methylprednisolone 1000 mg i.v. for 3 days was started
on day five, followed by five times of plasmapheresis. As
no clinical improvement was observed, another 3days
corticosteroid pulse treatment was given combined with
intravenous immunoglobulin 2g/kg administered over
next 5days (Figure 1). Wide spectrum of antiseizure med-
ication (ASM) was administered and also concomitant an-
esthetics were used in order to control seizures (Figure 1).
Despite these measures, seizures persisted, and the pa-
tient developed an increasing need for vasopressors and
paralytic ileus, which restricted enteral ASM selection and
introduction of ketogenic diet. On day 13, a decision was
made to insert a deep brain stimulator and start transcra-
nial magnetic stimulation. In addition, tocilizumab or rit-
uximab were considered. Before starting these treatments,
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the patient developed recurrent asystole and died on 14th
day after admission to hospital.

Autopsy revealed end-stage tubular necrosis in the kid-
neys, congestion and edema in the lungs, and hemophago-
cytic lymphohistiocytosis in the bone marrow (Figure 3D).
Histological examination of the brain showed pyknotic
neurons cortically in the watershed areas and in the basal
ganglia referring to anoxic-ischemic damage. Mild lym-
phocytic infiltration was observed in the meninges and
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FIGURE 3 Histopathological findings at the autopsy. (A) Mild

mossy fiber sprouting (arrows) in the inner molecular layer of the
hippocampus. MAP2 immunohistochemistry 100X magnification.
(B) A few T cells (arrows) in the meninges in the basal forebrain
region. CD3-CD20 double immunohistochemistry, 400X
magnification. (C) Reactive microglial cells in the basal nucleus of
Meinert region. IBA-1 immunohistochemistry, 200X magnification.
(D) Mild perivascular lymphocytic infiltration (arrow) in basal
forebrain region. CD3-CD20 double immunohistochemistry, 400x
magnification. (E) Abundant hemophagocytic cells (arrows) in the
bone marrow, containing lysing cell remnants and hemosiderin.
Hematoxylin-eosin staining, 1000x magnification, oil objective.

perivascularly, particularly in the basal forebrain region
and in the parietal lobe, and immunohistochemical stain-
ing highlighted a few CD3-positive T cells in these areas
(Figure 3B,D). Furthermore, enhanced microgliosis in
particular in the basal nucleus of Meinert region was seen
in IBA-1 immunohistochemistry (Figure 3C). As often
seen in cases with epilepsy, mild mossy fiber sprouting
was detected in dentate granular cells of hippocampi in
MAP2 immunohistochemistry (Figure 3A). C4d comple-
ment staining was negative.

3 | DISCUSSION
Our case highlights the importance of identifying the rare
but treatable causes of FIRES.

HLH is a rare, life-threatening immunological syn-
drome characterized by dysregulated function of cytotoxic
lymphocytes and macrophages, resulting in cytokine-
mediated tissue injury and multiorgan failure.! Diagnostics
is challenging and often delayed due to diverse and un-
specific symptoms resulting from dysfunction of various
organ systems.® Neurological manifestations are reported
in 30%-73% of patients with HLH.” HLH-2004 diagnostic
criteria were originally developed to recognize children
with HLH for clinical treatment trials and these criteria
were extended to adults though there are notable differ-
ences in the etiology and the diagnostic parameters in
adult and children populations.® Infections, malignancies,
and rheumatoid disorders are the most common triggers
in adults while genetic defects are rarely detected.® None
of the diagnostic criteria alone is specific for HLH and
underlying etiological disease, for example, malignancy
or rheumatoid disorder can cause similar laboratory or
imaging findings as HLH. In intensive care surroundings,
a challenge is that HLH can manifest with a phenotype
indistinguishable from sepsis or multiple organ failure,
and medications, extracorporeal life support, or secondary
infections can modify the diagnostic parameters.® Further,
due to gradual progression of the symptoms, it is common
that not all the five criteria are filled in the early stages of
the condition.®

An expert opinion of treatment of HLH in adults has
recommended that HLH should be suspected in a critically
ill patient with persistent fever, cytopenias, and organo-
megaly, particularly in cases of sepsis and sepsis-like syn-
dromes, or evolving multiorgan failure.® Our patient met
only three of the HLH-2004 diagnostic criteria (persistent
fever, cytopenias, and bone marrow histology, which was
detected postmortem). In our patient, the renal insuffi-
ciency that developed in first 24h after admission to hos-
pital and a sepsis-like clinical picture without detected
infective agent also supports the possibility of HLH. Due
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to intractable status epilepticus, large doses of ASM and
anesthetics were used concomitantly, and changes in lab-
oratory parameters, constant hypotonia, and renal failure
were therefore interpreted as being related to medications
and intensive care. The patient was not suspected to have
HLH during the 14days of treatment and the possibility
of HLH was introduced first postmortem. Therefore, not
all diagnostic tests were performed (e.g., ferritin, NK-cell).
Also, EBV infection, a common trigger for HLH, was not
tested, and the possibility of rheumatoid disorder was not
thoroughly excluded, although rheumatoid etiology seems
unlikely considering acutely developed symptoms and neg-
ative family and symptom history for rheumatoid disorders.

Neuropathological analysis showed only a few lym-
phocytes perivascularly and meningeally, but instead
microglial activation, supporting the role of inflamma-
tory drivers of innate immunity for the refractory status
epilepticus in the patient. Generally, neuropathological
findings in HLH can be unspecific ranging from mere
meningeal or perivascular infiltration of lymphocytes and
macrophages to wide hemophagocytic findings, hemor-
rhagia, and necrosis.® In the mildest form, the meningeal
involvement can be the only neuropathological finding
and due to short and aggressive course of the disease, it
is possible that wider histological changes were not yet
developed in our patient.® Neuropathological findings of
FIRES are often reported under an umbrella term NORSE
(New-onset refractory status epilepticus) consisting of pa-
tients with sudden intractable status epilepticus without
known predisposing factor. Findings have been unspecific
including mainly gliosis, neuronal loss, microglial activa-
tion, and rarely perivascular T-cell infiltrations reflecting
mainly persistent epileptic activity but only sparse inflam-
matory findings in the brains.”* Microglial activation is
known to play an important role in epileptogenesis,* and
interestingly, a recent study showed decreased expression
of CX3CR1, a chemokine receptor related to regulation of
phagocytic activity in NORSE patients.'* As overstimula-
tion of macrophages is a core pathophysiological mecha-
nism in HLH, a dysregulation of phagocytic activity might
contribute to manifestation of HLH and severe status epi-
lepticus in some patients.

Brain MRI with nondiagnostic findings is a common
finding in the early stages of FIRES and is in line with
mild neuropathological findings of our patient."” Also,
EEG remained unspecific though it is notable that seizures
were extremely treatment resistant as often is in FIRES
patients.'® Seizures were electrographically and clinically
different compared to patient's prior epilepsy and thus re-
fers to independent epileptogenetic process rather than
escalation of patient's prior epilepsy.

HLH has previously been described in juvenile pa-
tients and one adult patient with FIRES.>® Although

our patient had an epilepsy diagnosis before develop-
ing a fulminant status epilepticus, his illness followed
the pattern of FIRES. It is clear that epilepsy, managed
with one antiseizure medication with years of seizure-
freedom, does not explain the violent course of the
disease leading to death in 2weeks. In such cases, a
previous diagnosis of epilepsy should not delay rapid
diagnostic and treatment measures for the immuno-
logical disorder. As Kam et al.> showed in their case,
etoposide-based chemotherapy (in their case combined
with intrathecal methotrexate, dexamethasone pulses,
and anakinra) can have dramatic effect on seizure con-
trol in recognized HLH cases. Our patient received com-
mon first-line immunotherapies but no chemotherapy
or interleukin antagonists such as anakinra or tocili-
zumab, which also have nowadays growing evidence in
the treatment of FIRES.?

4 | CONCLUSIONS

This case introduces one potential etiology of FIRES that
neurologist and intensive care unit specialists should be
aware of and rule out already during early stages of treat-
ment. As with our patient, high infection parameters, liver
dysfunction, coagulopathy, or other signs of multiorgan
failure, can easily be mistaken for as complications of in-
tensive care treatment. As infection is an important trigger
for both FIRES and HLH in adult patients, further stud-
ies to examine shared pathophysiological mechanisms in
these conditions are needed.
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