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Case Report
Febrile Infection-related Epilepsy Syndrome Treated by Vagus 
Nerve Stimulation and Ketonic Diet

Background: Febrile infection-related epilepsy syndrome is a refractory epilepsy syndrome that 
predominantly affects children, with a higher incidence in school-age children and is associated 
with infectious factors.

Case report: A 6-year-old boy developed sudden symptoms characterized by fever and a 
disorder of consciousness, rapidly progressing into drug-refractory status epilepticus (SE). The 
electroencephalogram revealed diffuse slow-wave activity in the background, with partial 
seizures originating from the left temporal and occipital regions that gradually generalized. 
Brain MRI showed no abnormalities in the signal. Due to the failure of multi-drug anti-epileptic 
therapy, a ketogenic diet was administered and the frequency of seizure was reduced, however, 
a ketogenic diet was administered, which reduced the frequency of seizures; however, 
the ketogenic diet treatment was discontinued due to intolerance. After discharge, both 
the ketogenic diet and anti-seizure medications (ASMs) were administered to the patient. 
Upon follow-up, occasional seizures were reported, accompanied by unconsciousness and a 
significant decline in cognitive function compared to the pre-onset period. 

Conclusions: No specific treatment modality is available for febrile infection-related epilepsy 
syndrome; however, a ketogenic diet and vagus nerve stimulation (VNS) may offer potential 
efficacy in controlling acute seizures and improving prognosis. 

A B S T R A C T

Key Words:
Seizure, Status 
epilepticus (SE), 
Ketogenic diet, Vagus 
nerve stimulation (VNS)

Article info: 
Received: 24 Jan 2024
First Revision: 18 May 2024
Accepted: 23 Jun 2024
Published: 01 Jul 2024

1. Department of Neonatology, The Second Hospital of Jilin University, Changchun, China.

* Corresponding Author:
Yunfeng Zhang, Professor.
Address: Department of Neonatology, The Second Hospital of Jilin University, Changchun, China.
Tel: + 86 (431) 81136949
E-mail: zhangyunf@jlu.edu.cn

Citation Guo Y, Guo W, Zhang J, Lin L, Fu R, Zhang Y. Febrile Infection-related Epilepsy Syndrome Treated by Vagus Nerve Stimula-
tion and Ketonic Diet. Journal of Pediatrics Review. 2024; 12(3):253-260. http://dx.doi.org/10.32598/jpr.12.3.1212.1

 : http://dx.doi.org/10.32598/jpr.12.3.1212.1

Use your device to scan 
and read the article online

Copyright © 2024 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0001-8481-1713
https://orcid.org/0009-0000-1705-9736
https://orcid.org/0000-0001-7941-1280
http://jpr.mazums.ac.ir/
http://dx.doi.org/10.32598/jpr.12.3.1212.1
https://crossmark.crossref.org/dialog/?doi=10.32598/jpr.12.3.1212.1
http://jpr.mazums.ac.ir/page/69/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


254

July 2024, Volume 12, Issue 3, Number 36

Introduction

ebrile infection-related epilepsy syndrome (FIRES) 
is a refractory epilepsy syndrome that predomi-
nantly affects children, with a higher incidence in 
school-age children, and is associated with infec-
tious factors [1]. Based on available reports, the 
incidence of FIRES in children is approximately 

1 in 1,000,000 [1], with the peak onset occurring between 
the ages of four and nine years [2]. The incidence of FIRES 
is slightly higher in boys than in girls [3]. Currently, there are 
no effective treatments for FIRES. Diagnostic evaluations 
lack specificity and rely heavily on clinical manifestations for 
exclusionary diagnosis. This report describes the diagnostic 
and therapeutic course of a case of FIRES. 

Case Presentation

Chief complaint

A 6-year-old boy was admitted to the Pediatric Intensive 
Care Unit (PICU) of Jilin University Second Hospital due to 
intermittent fever for five days, accompanied by intermit-
tent seizures and loss of consciousness for two days. 

History of present illness

Five days before admission, the patient developed a 
fever with no apparent cause, reaching a temperature 
of 38.0 °C. There were no symptoms of cough, phlegm, 
vomiting, diarrhea, or rash, and no signs of altered con-
sciousness. The patient sought medical attention at a 
local hospital, where a single intravenous antiviral treat-
ment was administered (specific medication details are 
unclear). Upon returning home, the patient was orally 
given anticold granules, but the fever persisted, reach-
ing a peak temperature of 39.9 °C. Two days prior to 
admission, the patient experienced sudden seizures 
characterized by upward gaze of both eyes, head tilting 
backward, flexion of both upper limbs, frothing at the 
mouth, cyanosis of the lips, loss of consciousness, and 
failure to respond to attempts to awaken them by their 
parents. The seizure episode lasted approximately 2 
minutes, after which the patient’s consciousness did not 
fully recover. Subsequently, there were three episodes 
of intermittent seizures with similar features. The pa-
tient was taken to a local hospital, where treatment in-
cluded antiviral therapy, intracranial pressure reduction, 
and respiratory support (specific medication details are 
unknown). Despite these interventions, there was no 
improvement in symptoms. The patient was then ur-
gently transferred to our hospital under the provisional 
diagnosis of seizures for further investigation. 

Medical history 

The patient has no history of epilepsy, illness expo-
sure, immunization, travel, mosquito bites, or animal 
exposure.

Physical examination

The patient was admitted to our Department with trache-
al intubation connected to synchronized intermittent man-
datory ventilation (synchronized intermittent mandatory 
ventilation [SIMV]-assisted ventilation). Vital signs record-
ed were: Temperature 37.9 °C; heart rate 140 beats/min; 
respiratory rate 49 breaths/min; and blood pressure 88/55 
mm Hg. The patient was in a coma, exhibiting bilateral pu-
pil constriction of 1 mm in diameter, with diminished light 
reflex. No rash was observed. The neck was soft, without 
resistance, and there were negative signs of meningeal ir-
ritation. Bilateral lung breath sounds were consistent, with 
fine moist rales noted. No abnormalities were detected 
during cardiac and abdominal examinations. There was a 
paroxysmal increase in muscle tone in all four limbs, and 
the bilateral Babinski sign and Chvostek sign were negative. 
Other neurological examinations were not conducted due 
to the patient’s non-cooperation. 

Laboratory examination

After admission, routine tests on blood, urine, and fe-
ces, as well as assessments of liver and kidney function, 
parathyroid hormone levels, lactate, humoral immunity, 
and coagulation function, showed no abnormalities. 

A cerebrospinal fluid examination revealed a clear and 
colorless appearance, was negative for the Pandy test, 
and showed a total white blood cell count of 6×106/L. 
Biochemical analysis showed lactate dehydrogenase 
at 59.00 U/L, and chloride at 119.10 mmol/L. Pressure 
measurement was within normal limits. On the 20th day 
after admission, a follow-up cerebrospinal fluid exami-
nation also exhibited a clear and colorless appearance, 
was negative for the Pandy test, and showed a total 
white blood cell count of 1×106/L. Biochemical analysis 
showed lactate dehydrogenase at 147.00 U/L, glucose 
at 5.94 mmol/L, and lactate at 3.06 mmol/L. Autoim-
mune encephalitis-related antibodies (six items) and 
viral encephalitis-related antibodies (seven items) were 
all negative. During the course of treatment, blood and 
urine tandem mass spectrometry revealed no abnor-
malities. Genetic screening did not show any significant 
anomalies. 

F
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Imaging examination

Upon admission, the CT scan revealed inflammation 
and pleural effusion in both lungs (Figure 1). After admis-
sion, the electroencephalogram (EEG) (video monitoring) 
showed that the child’s abnormal discharges originated in 
the right occipital region, characterized by high-amplitude 
(multi) spikes and (multi) spike slow waves. These dis-
charges could affect adjacent leads and vary in duration, 
eventually diminishing to a transient resting state until the 
amplitudes in all leads returned to baseline levels (Figure 
2). After multiple re-examinations of the EEGs, the starting 
locations and durations of abnormal discharges varied, but 
all exhibited diffuse slow wave activity. During the hospital-
ization, brain MRIs were monitored, revealing only a right 
temporal arachnoid cyst (Figure 3); no signs of brain atro-
phy or ventricular enlargement were noted. The cerebel-
lar sulcus appeared slightly widened, along with bilateral 
mastoiditis and sphenoiditis. 

Outcome and follow-up

Four months after the onset of the disease, the patient 
had not regained consciousness and experienced inter-
mittent episodes of seizures along with severe intellec-
tual impairment. Eleven months after the onset of the 
disease, the patient continued to experience occasional 
episodes of seizures and had a severe intellectual dis-
order. 

Treatment

Upon transfer to our department, the patient received 
SIMV-assisted ventilation therapy. After 15 days of ad-
mission, non-invasive ventilation was initiated, and on 
the 45th day, the patient transitioned to nasal cannula 
oxygen therapy. Due to frequent convulsive seizures 
and anoxemia, a tracheostomy was performed on the 
68th day of admission. Postoperatively, there was a 
gradual transition from non-invasive ventilation to low-
flow oxygen inhalation via the endotracheal tube. 

After admission, based on the clinical presentation 
and supplementary examination results, the child was 
diagnosed with bilateral pneumonia and respiratory 
failure. Treatments included vidarabine for antiviral 
therapy, ceftriaxone for infection control, and meth-
ylprednisolone injection (starting at 2 mg/kg/day) for 
anti-inflammation, as well as high-dose gamma globu-
lin (2 g/kg, divided over 4 days) intravenous infusion for 
antibody blockade, along with symptomatic and sup-
portive therapy. In addition, the child frequently experi-
enced seizures accompanied by altered consciousness, 
and increased intracranial pressure could be ruled out. 
Mannitol (2.5 mg/kg/day) was administered to reduce 
intracranial pressure, and vital signs were closely moni-
tored. After reviewing the lumbar puncture and finding 
the cerebrospinal fluid pressure to be normal, mannitol 
was discontinued. 

Sputum culture results revealed infections with Staph-
ylococcus aureus and Acinetobacter baumannii, and cef-
triaxone was administered initially. Based on the drug 
sensitivity test results, vancomycin and meropenem 
were subsequently applied. As the patient’s condition 
improved, cefepime was administered. The blood cul-
ture results showed no bacterial growth. 

The patient had recurrent convulsive seizures, indica-
tive of status epilepticus (SE). Continuous intravenous 
infusion of midazolam (maximum dose of 20 μg/kg/
min), intermittent intravenous injection of diazepam 
(0.5 mg/kg), phenobarbital (loading dose of 30 mg/
kg, maintenance dose of 5 mg/kg), and chloral hydrate 
(25-50 mg/kg) were retained in the stomach; however, 
the anticonvulsant effect was inadequate, and the SE 
persisted. On the ninth day of admission, antiepileptic 
medication topiramate (starting dose 2 mg/kg, maxi-
mum dose 6 mg/kg) was administered, and on the 20th 
day of admission, it was combined with levetiracetam 
(starting dose 5 mg/kg, maximum dose 20 mg/kg), yet 
the effect remained unsatisfactory. Thus, chlorproma-
zine and promethazine were added (alternating every 

Figure 1. CT image showing pneumonia in both lungs upon admission
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6 hours at 1 mg/kg), rocuronium (initial dose of 0.6 mg/
kg, maintenance dose of 10 μg/kg/min) as a muscle re-
laxant, and propofol (initial slow intravenous infusion 
of 2.5 mg/kg, followed by maintenance of 9-15 mg/
kg/h); however, none yielded significant effects. On the 
46th day of admission, oxcarbazepine was added (start-
ing dose of 8 mg/kg, maximum dose of 12 mg/kg), but 
the antiepileptic effect remained inadequate. Ketogenic 

diet therapy was initiated on the 70th day of admission, 
consisting of five meals a day. For the first three days, 
ketone powder was combined with the milk powder, 
with a fat to (protein+carbohydrates) ratio of 2.5:1. On 
the fourth and fifth days, the ratio was increased to 
3.5:1. From the sixth day onward, all meals consisted 
solely of ketogenic nutritional powder, with a fat to 
(protein+carbohydrates) ratio of 4:1. 
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Figure 1. CT image showing pneumonia in both lungs upon admission. 

 
  

    

   
Figure 2. The electroencephalogram (EEG) of one seizure.  
 
A: During sleep, 6 Hz medium-to-high amplitude (multiple) spike waves and (multiple) spike-and-slow waves 
originated from the right occipital area, which could spread to adjacent leads. 
B: The 6Hz medium-to-high amplitude (multiple) spike waves and (multiple) spike-and-slow waves originated 
from the right occipital area and gradually generalized to surrounding leads, lasting for approximately 60 seconds. 
C: After the discharge of the initiating focus, it gradually generalized to leads in various areas, and the amplitude 
gradually increased, showing continuous discharge of 6Hz medium-to-high amplitude (multiple) spike waves and 
(multiple) spike-and-slow waves. 
D: After the discharge of the initiating focus, it has now generalized to leads in various areas, showing continuous 
discharge of 6Hz high amplitude (multiple) spike waves and (multiple) spike-and-slow waves. 
E: After the discharge of the initiating focus, it has now generalized to leads in various areas, showing continuous 
discharge of 6Hz high amplitude (multiple) spike waves and (multiple) spike-and-slow waves. After approximately 
50 seconds, the discharge amount attenuated and the density gradually became sparse. 
F: After the discharge of the initiating focus generalized to leads in various areas, it gradually attenuated to a 
transient electrical silence state. After about ten seconds, the amplitudes of the leads recovered. 
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Figure 2. The EEG of one seizure

Notes: A) During sleep, 6 Hz medium-to-high amplitude (multiple) spike waves and (multiple) spike-and-slow waves originated from the 
right occipital area, which could spread to adjacent leads; B) The 6 Hz medium-to-high amplitude (multiple) spike waves and (multiple) 
spike-and-slow waves originated from the right occipital area and gradually generalized to surrounding leads, lasting for approximately 
60 seconds; C) After the discharge of the initiating focus, it gradually generalized to leads in various areas, and the amplitude gradually 
increased, showing continuous discharge of 6 Hz medium-to-high amplitude (multiple) spike waves and (multiple) spike-and-slow waves; 
D) After the discharge of the initiating focus, it has now generalized to leads in various areas, showing continuous discharge of 6 Hz high 
amplitude (multiple) spike waves and (multiple) spike-and-slow waves; E) After the discharge of the initiating focus, it has now generalized 
to leads in various areas, showing continuous discharge of 6Hz high amplitude (multiple) spike waves and (multiple) spike-and-slow waves. 
After approximately 50 seconds, the discharge amount attenuated and the density gradually became sparse; F) After the discharge of the 
initiating focus generalized to leads in various areas, it gradually attenuated to a transient electrical silence state. After about ten seconds, 
the amplitudes of the leads recovered.

Figure 3. Brain MRI upon admission: Arachnoid cyst at the left temporal pole
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On the 88th day of admission, the frequency of seizures 
was reduced slightly compared to before. However, the 
patient developed sudden cardiac arrest, and after re-
suscitation, electrocardiogram monitoring revealed 
frequent ventricular premature contractions and short 
runs of ventricular tachycardia, accompanied by upper 
gastrointestinal bleeding. Consequently, the ketogenic 
diet therapy was discontinued. On the 90th day of ad-
mission, the patient was transferred to Beijing Chil-
dren’s Hospital for vagus nerve stimulation (VNS) thera-
py. Following the procedure, seizure episodes markedly 
decreased, but the patient remained unconscious and 
suffered from severe residual neurological sequelae. 

Discussion and review of literature

FIRES typically is induced by fever with a sudden onset 
and progresses rapidly to SE within a short period. Dur-
ing the acute phase, the condition of patients is critical, 
and treatment efficacy is poor, often resulting in refrac-
tory seizures and severe cognitive impairment [4]. FIRES 
is now considered a subtype of new-onset refractory SE 
(NORSE), emphasizing the presence of fever-induced 
factors within 24 hours to two weeks before the onset 
of refractory SE [5, 6]. FIRES can occur across all age 
groups, but it is most common in school-age children 
[2, 7-9]. The patients often have a history of normal de-
velopment, with no prior history of seizures or relevant 
family history. Detailed medical history inquiries con-
firm that this case fits this scenario. 

The pathogenesis of FIRES has not been fully eluci-
dated to date. Various hypotheses have been proposed, 
including inflammation, immune mechanisms, genetic 
factors, mitochondrial dysfunction and metabolic ab-
normalities, but none have clear evidence supporting 
them [10-12]. While potential etiology continues to ex-
pand, current views suggest that post-infection immune 
activation may be a significant contributor to FIRES, 
with inflammation activation in the central nervous sys-
tem potentially leading to the persistent occurrence of 
seizures [13]. 

Up to date, FIRES still lacks specific diagnostic indi-
cators. Wickstrom et al. [14] pointed out in the 2022 
FIRES international consensus that there are currently 
relatively consistent opinions regarding the examina-
tion and diagnosis of FIRES, including: i) Early testing 
for autoimmune antibodies is recommended, as rapid 
acquisition of autoimmune antibody analysis is crucial, 
and the results may influence management decisions. 
ii) Serological testing should be conducted within the 
initial 48 hours of admission, including comprehensive 

rheumatological assessment, infection assessment, 
evaluation for congenital metabolic defects in infants, 
autoimmune and tumor antibody panels and storage of 
additional blood samples for future cytokine and gene 
analyses. iii) Cerebrospinal fluid-related examinations 
should be conducted within the initial 48 hours of ad-
mission, including comprehensive infectious disease as-
sessment related to geography and season, evaluation 
for congenital metabolic defects in infants, autoimmune 
antibody panels, and storage of additional cerebro-
spinal fluid for future cytokine analyses. iv) Brain MRI 
should be completed within 48 hours of admission, with 
repeated MRIs during the course of the disease being 
significant for monitoring disease progression. If the eti-
ology is unclear and MRI suggests a potential target le-
sion, brain biopsy should be considered. v) Genetic test-
ing should be performed in infants as early as possible. 
vi) Continuous EEG monitoring is necessary for manag-
ing seizures in FIRES. 

Currently, studies have found that early cerebrospinal 
fluid examination shows normal or slightly elevated lym-
phocyte counts, with glucose and protein levels mostly 
within normal ranges. Viral and autoimmune antibody 
tests in the cerebrospinal fluid have not revealed spe-
cific antibodies highly associated with the disease [15]. 
Although autoimmune encephalitis may be a rare cause 
of childhood FIRES, it is crucial to differentiate cases 
secondary to autoimmune encephalitis from those of 
cryptogenic NORSE, which may help guide treatment 
and determine prognosis [14]. EEG monitoring shows 
that discharges in FIRES are predominantly focal or 
evolve from focal to bilateral tonic-clonic seizures. Dur-
ing the acute phase of SE, burst-suppression patterns 
may be observed on EEG [16]. Brain MRI scans typically 
do not reveal any positive findings in the early stages of 
the disease. However, as the disease progresses, some 
patients may develop multiple lesions, and in the later 
stages, cerebral atrophy and ventricular enlargement 
are common, although specific changes are still lack-
ing [17]. In this case, there were prodromal infectious 
symptoms, acute onset, and the rapid development 
of drug-resistant SE shortly after admission. Following 
comprehensive examinations and the exclusion of vari-
ous infectious, immune, and genetic metabolic disor-
ders, the diagnosis of FIRES was established. 

Currently, there is no specific therapy for FIRES. Accord-
ing to the literature, inducing burst-suppression coma 
with high-dose barbiturates during the acute phase 
may be the only potentially effective approach against 
seizures [18]. In the course of treatment in this case, 
we initially selected phenobarbital for the treatment 
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of epilepsy and gradually used a variety of anti-seizure 
medications (ASMs). Unfortunately, it was observed 
that despite the concurrent use of multiple ASMs with 
anesthetics during the acute phase, it remained chal-
lenging to terminate SE or shorten the duration of the 
acute phase. In the treatment of a FIRES patient, Xiao et 
al. attempted third-generation novel ASMs, lacosamide, 
and perampanel, demonstrating a favorable effect in 
terminating seizures during the acute phase of FIRES 
treatment [19]. However, large-sample, multicenter, 
long-term follow-up clinical controlled studies are 
still needed to further evaluate the exact efficacy and 
safety of novel ASMs in treating FIRES. Despite indica-
tions that autoimmune factors may be involved in the 
disease process, there was insufficient evidence prior to 
this case to support the efficacy of immunomodulators 
such as high-dose steroids, intravenous immunoglobu-
lin (IVIG), or plasma exchange [2, 20]. Considering the 
child’s infection status, corticosteroid bolus therapy was 
not administered in this case to prevent uncontrollable 
infection. 

Fortunately, we established new clinical consensus 
guidelines regarding FIRES in 2022, which suggest initiat-
ing antiepileptic drugs and anesthetics within the first 
48 hours to treat seizures. Additionally, first-line immu-
notherapy, including corticosteroids, IVIG, or therapeu-
tic plasma exchange, should be administered within the 
first 72 hours after seizure onset [14]. The consensus 
also indicates that ASMs typically have lower efficacy in 
FIRES, and there is no specific evidence recommending 
the preferential use of particular drugs. During the early 
stages of SE, the preferred approach is to administer an 
immediate loading dose and quickly reach therapeutic 
levels of ASMs. Once a clear diagnosis of FIRES is es-
tablished, the ASM regimen should be escalated, and a 
ketogenic diet should be initiated. It is noteworthy that 
the guidelines recommend using second-line immuno-
therapy within one week following the onset of SE [21], 
including rituximab [22] (anti-CD20 monoclonal anti-
body), anakinra [23] (an interleukin-1 [IL-1] receptor an-
tagonist) and tocilizumab (an IL-6 receptor antagonist). 
We hope that future research can better clarify the im-
pact of these treatments on patient outcomes. 

As understanding of FIRES deepens, reports have 
suggested that the ketogenic diet is not only effective 
in treating SE during the acute phase of FIRES but also 
helps improve long-term cognitive function. This may 
be attributed to its dual effects of anti-inflammatory 
and counteracting autoimmune responses [24]. In our 
case, despite aggressive use of various ASMs, anesthet-
ics, and sedatives during the acute phase, the control of 

SE was inadequate. Although there was slight improve-
ment in seizure activity after initiating the ketogenic 
diet, treatment had to be discontinued due to intoler-
ance to enteral ketogenic diet. To minimize brain dam-
age resulting from prolonged seizures, the patient un-
derwent VNS therapy. VNS is the most commonly used 
neuromodulation technique for treating drug-resistant 
epilepsy and has been approved for use in children aged 
four and above [25]. VNS does not require craniotomy 
and, without impairing important neurological func-
tions, interrupts the pathways of electrical conduction 
during epileptic seizures through surgical intervention. 
This helps reduce or control seizures, thereby lowering 
the risk of secondary brain damage from epileptic dis-
charges and reducing the side effects associated with 
antiepileptic drug use. Révész et al. found that in a fol-
low-up of 130 patients undergoing VNS therapy (with 
an average implantation age of 16.5 years), there was 
a gradual reduction in the number of ASMs and a 50% 
decrease in seizure frequency one-year post-operation 
[26]. Ji et al. discovered from a multicenter random-
ized double-blind prospective trial that VNS effectively 
reduced seizure occurrence in children aged three to 
six with drug-resistant epilepsy. Additionally, the ear-
lier the implementation of VNS implantation surgery, 
the greater the benefits for the children [27]. In addi-
tion to seizure control, retrospective studies have also 
found that some children experienced improvements in 
social functioning, emotional well-being, and behavior-
al issues following VNS treatment [28-30]. In our case, 
the patient showed a significant reduction in seizure 
frequency following VNS therapy. Upon discharge, the 
patient continued treatment with ketogenic diet and 
antiepileptic drugs. However, during follow-up visits, 
the patient occasionally experienced seizures, resulting 
in unconsciousness, and demonstrated a noticeable de-
cline in intellectual functioning compared to prior to the 
onset of FIRES. 

Conclusion

FIRES is a severe form of refractory epilepsy syndrome 
with unclear etiology, pathogenesis and treatment op-
tions. It is associated with high mortality and disability 
rates, with the majority of the patients experiencing se-
vere cognitive impairments and drug-resistant seizures. 
Early implementation of ketogenic diet therapy and VNS 
may be effective during the acute phase; however, fur-
ther evaluation through large-sample, prospective, or 
randomized controlled studies is needed to assess the 
safety and exact efficacy of these treatments. 
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