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Purpose: Seizure is a serious neurological symptom in the pediatric intensive care unit (PICU),
yet data on etiologies of non-traumatic childhood seizures in China are scarce. We aimed to
investigate the etiological trends of seizures in children admitted to the PICU in our tertiary center.
Patients and Methods: We performed a retrospective analysis of all patients (aged 29 days to
14 years) with non-traumatic seizures, admitted to the PICU of Xiangya Hospital from 2010 to
2017. Etiological analysis was performed to compare data between 20102013 and 2014-2017.
Results: The study included 318 patients (male: female = 1.27:1) with mean age of 5.4 +4.0
years. The most frequent causes observed were CNS infections (109/318, 34.3%), unknown
reason epilepsy (96/318, 30.2%), and immune (56/318, 17.6%). Comparison of the
2010-2013 and 2014-2017 periods revealed a significant decrease in the percentage of
CNS infections [48.8% (59/121) vs 25.4% (50/197), p < 0.001] and a significant increase
in the incidence of unknown reason epilepsy [(24/121, 19.8%) vs (72/197, 36.5%), p <
0.001] and immune causes [(12/121, 9.9%) vs (44/197, 22.3%), p = 0.005].

Conclusion: CNS infections were the most common cause of seizures during 2010-2013, while
non-infectious diseases such as epilepsy and immune disorders represented the leading causes
during 2014-2017. Continuous improvement in medical technology and understanding of disease
patterns would greatly improve early diagnosis and therapeutic management of such conditions.
Keywords: epilepsy, autoimmune encephalitis, CNS infections, pediatric

Introduction
Seizures are the most common medical problem for emergency medical services transport
in children, accounting for approximately 15% of all pediatric calls in the USA." Pediatric
status epilepticus is associated with a short-term mortality of 0-3% and long-term
mortality of approximately 7%.? Children admitted to the PICU show significant differ-
ences in etiology compared with adults and those in general pediatric wards. However,
there have been limited population-based and hospital-based studies of pediatric groups
with seizures. A pediatric study showed the most common causes of seizures in a PICU
setting were acute symptomatic in 53.3% and epileptic in 46.7% of patients.’ Acute
symptomatic seizures are caused by an acute event such as stroke, traumatic brain injury
(TBI), or CNS infection. Early recognition of potentially life-threatening conditions and
proper management are, therefore, vital for favorable outcomes.

Various etiological factors have been identified for seizures. CNS infections
initially received much attention; however, growing understanding of immune,
epileptic, and genetic causes are likely to increase incidence figures because
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available diagnostic tests such as auto-antibody testing and
genetic testing were limited in the earlier period, espe-
cially in a developing country. A study by the California
Encephalitis Project showed that the frequency of Anti-
N-methyl-D-aspartate receptor (NMDAR) encephalitis
surpassed that of any individual viral etiology in young
individuals.* Genetic sequencing has been increasingly
used in clinical diagnostics for a variety of indications to
identify the underlying genetic cause of diseases for which
seizures may be the first and major manifestation.

The study of the epidemiology in terms of etiology and
time trends is important to aid further understanding of
patterns of the disease, gain useful information for future
research, and aid priority setting in the prevention and
treatment of encephalitis. The objective of this study was
to review the etiology of non-traumatic seizures in patients
admitted to the PICU at a university hospital in China and
describe the long-term trends in diagnosis over eight years.

Patients and Methods

Data were collected from the medical records (including
first page, progress notes, examination reports, and dis-
charge record) and exported from the Hospital Information
System (HIS) in the Department of Pediatrics of Xiangya
Hospital (tertiary hospital, teaching hospital of Central
South University), Changsha, China. The inclusion criteria
were as follows: (1) patients presented with seizure; (2)
required intensive care services; (3) admission time
between January 1, 2010, and December 31, 2017; and
(4) children were 29 days to 14 years of age (ie, the
neonatal period was excluded). Medical records that did
not meet these criteria were deemed ineligible for the
current study. Exclusion criteria: A previous traumatic
event in the period of 3 month or less before the current
event.

The following information was obtained from the med-
ical records of each patient: age, sex, primary complaint,
birth history, developmental history, family history, labora-
tory test results (white blood count, C-reactive protein,
erythrocyte sedimentation rate (ESR), serum electrolytes,
blood sugar, lactic acid, blood ammonia, and cerebrospinal
fluid (CSF) analysis), video-electroencephalogram (EEG),
cranial neuroimaging (CT scan and/or magnetic resonance
imaging), and final diagnosis. Suspected autoimmune
encephalitis in patients typically resulted in CSF and
serum studies, including paraneoplastic and autoimmune
antibody panels, and serum studies, including thyroid anti-
bodies, antinuclear antibody, anti-double-stranded DNA,

and anti-SSA/SSB autoantibodies. Samples from patients
with suspected genetic, metabolic, or epileptic diseases
were subjected to specific gene panels, whole-exome
sequencing (WES), and gas chromatography—mass spec-
trometry (GC-MS) testing.

Etiology was classified into the following categories:
CNS infections, unknown reason epilepsy, immune, meta-
bolic, genetic, toxic, vascular, structural, posterior reversi-
ble encephalopathy syndrome (PRES), degenerative,
endocrine, and unknown. Diagnoses were made based on
recorded clinical and laboratory data and verified with
standard references. Significant differences in diagnoses
between the 2010-2013 and 2014-2017 groups were eval-
uated using Fisher’s exact tests. The threshold for signifi-
cance was p < 0.05. Uncommon etiologies (those that
make up less than 3% of the population) group into one
“Other” category. The data for all patients were put into
a data bank using Microsoft Excel. The same program was
used for calculations. The institutional review board
approved the present study as a clinical observational
study; thus, ethics committee approval was not required.

Results

There were 318 patients (males, 178; females, 140)
included in this study, with a mean age of 54 = 4.0
years (Table 1). The three most common causes of non-
traumatic seizures observed were CNS infections (109/
318, 34.3%), unknown reason epilepsy (96/318, 30.2%),
and immune (56/318, 17.6%). The rest of etiologies
(Figure 1) include metabolic (16/318, 5.0%), genetic (11/
318, 3.5%), toxic (9/318, 2.8%), vascular (8/318, 2.5%),

Table | Patient Characteristics (n = 318)

No. of Cases 318
Gender
Male 178 (56%)
Female 140 (44%)
Male/Female ratio 1.27:1
Age group (years)
<ly 40 (13%)
-3y 79 (25%)
3-6y 79 (25%)
6—12y 81 (25%)
=12y 39 (12%)
Period (years)
2010-2013 121
2014-2017 197
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Genetic
Metabolic 3.5%
5.0% (11 cases)
(16 cases)

Toxic ( 9 cases)
Vascular (8 cases)
Structural (4 cases)
Unknown (4 cases)
PRES (2 cases)
Degenerative (2 cases)
Endocrine (1 case)

—

CNS Infectious
343%
(109 cases)

viral encephalitis ( 95 cases)
bacterial meningitis (7 cases)
tuberculous meningitis (4 cases)
cryptococcal meningitis (2 cases)
parasitic diseases (1 case)

Unknown reason
Epliepsy
30.2%

(96 cases)

Figure | Etiology of non-traumatic seizures in children admitted to PICU (2010-2017, n = 318).

structural (4/318, 1.3%), unknown (4/318, 1.3%), PRES
(2/318, 0.6%), degenerative (2/318, 0.6%), and endocrine
(1/318, 0.3%). Other category included Toxic, Vascular,
Structural, Unknown, PRES, Degenerative and Endocrine.

CNS infections (Figure 1) included viral encephalitis
(95/109, 87.2%), bacterial meningitis (7/109, 6.4%), tuber-
culous meningitis (4/109, 3.7%), cryptococcal meningitis
(2/109, 1.8%), and parasitic diseases (1/109, 0.9%).
Genetic causes included eight cases with Dravet syndrome
(seven with SCN1A mutations and one with PCDH19
mutation). There are 12 cases with Febrile infection-
related epilepsy syndrome (FIRES) in the unknown reason
epilepsy group. Immune causes included anti-NMDAR
encephalitis (33/56, 58.9%), acute disseminated encepha-
lomyelitis (15/56, 26.8%), central nervous system lupus
(5/56, 8.9%), Hashimoto encephalopathy (2/56, 3.6%), and
Guillain—Barré syndrome variant (1/56, 1.8%). All 33
cases of anti-NMDAR encephalitis were identified in the
2014-2017 period. Comparison of the 2010-2013 and
2014-2017 periods revealed a significant decrease in the
percentage of CNS infections [48.8% (59/121) vs 25.4%
(50/197), p < 0.001] and a significant increase in the
incidence of unknown reason epilepsy [(24/121, 19.8%)
vs (72/197, 36.5%), p < 0.001] and immune causes [(12/
121, 9.9%) vs (44/197, 22.3%), p = 0.005] (Table 2 and
Figure 2).

Discussion

Seizure etiology is an established prognostic factor of both
outcome and recurrence.’ It is now well established that
infectious encephalitis and immune-mediated encephalitis
can present with similar clinical signs and symptoms,
suggesting that prompt evaluation of seizure etiology
might decrease the impact of seizures in the daily life of
patients.® There have been dramatic developments in neu-
roimaging methods, autoantibody detection, electroence-
phalographic (EEG) monitoring, and gene sequencing in
recent times. In the current study, we evaluated clinical
diagnoses and change of etiology in PICU patients from
a tertiary hospital in China.

CNS infections are among the most common risk fac-
tor for seizures and acquired epilepsy. Most patients with
encephalitis are diagnosed based on clinical manifestations
and laboratory or imaging evidence of inflammation.
Between 1998 and 2005, in 1570 patients with encephalitis
throughout California enrolled in a study, a confirmed or
probable etiologic agent was identified in 16% of the
cases, and 69% of these agents were viral.” In our study,
of the 109 cases of CNS infections, 87.2% were diagnosed
as viral encephalitis, which is characterized by altered
mental status and various combinations of acute fever,
seizures, and neurologic deficits. There are four patients

with  TBM  were identified during 2010-2013.
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Table 2 Etiological Causes in Patients with Seizure in the
2010-2013 and 20142017 Periods

Etiology Overall 2010-2013 | 2014-2017 | p-value
n=3I8 n=121 (%) | n=197 (%)
(%)
CNS 109 (34.3) | 59 (48.8) 50 (25.4) <0.001
infectious
Unknown 96 (30.2) | 24 (19.8) 72 (36.5) <0.001
reason
epilepsy
Immune 56 (17.6) 12 (9.9) 44 (22.3) 0.005
Other 30 (9.40) 19 (15.7) 11 (5.6) <0.005
Metabolic 16 (5.0) 6 (5.0 10 (5.1) 0.963
Genetic 11 (3.5) | (0.8) 10 (5.1) 0.057

Note: The bold font represent statistical significance.

A systematic review showed that good outcome following
a ventriculoperitoneal shunt in TBM patients depends on
its clinical severity.® It is therefore important to recognize
TBM during the early stage. We found that the number of
CNS infections causing seizures almost stayed the same,
but the percentage was significantly lower during
2014-2017 than during 2010-2013 [48.8% (59/121) vs
25.4% (50/197)]. Due to economic development and
immunization rate rise, the incidence of meningitis caused

by Neisseria meningitidis, influenzae,

Haemophilus

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

CNS Unknown Immune
Infectious reason
Epliepsy

Streptococcus pneumoniae meningitis, and vector-borne
diseases decreased significantly.” Another possible factor
is the availability of new methods during 2014-2017 when
more epileptic, immune, or metabolic causes were able to
be identified.

Epilepsy has no identifiable cause in about half the
people with the condition. The overall prevalence of epi-
lepsy in Chinese children aged 019 years is 2.72%o.'° The
incidence of childhood convulsive status epilepticus (SE)
in developed countries is approximately 10-27/100,000/
year.'' A nationwide multicentre study in China revealed
that the most common known SE etiology was acute
symptomatic etiology (42.8%) and 50.2% of SE was
caused by epilepsy of unknown etiology.'? Valencia and
colleagues stated that EEG is helpful in the great majority
of their patients for supporting the diagnosis of epileptic
seizures.'® The 20142017 period included more patients
with unknown reason epilepsy (36.5%) compared to
2010-2013 (19.8%). This trend is related to the increasing
performance of EEG as part of multimodal monitoring in
our PICU. There is evidence that poorly controlled sei-
zures in the developing brain negatively impact intellec-
tual functioning.'* FIRES is an encephalopathy that could
cause severe epilepsy in previously healthy children and
adolescents. None of the antiepileptic drugs or anesthetics
have decreased the seizure load or reduced the duration of
the disease.'”” The first case of FIRES in China was
reported in 2013. The present study included 12 cases

= 2010-2013
= 2014-2017

-

Others

Il BN

Metabolic Genetic

Figure 2 Comparison of etiological causes in patients with seizure in the 2010-2013 (n = 121) and 2014-2017 (n = 197) periods.
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with FIRES, and 11 cases were observed between 2014
and 2017. We also found that ketogenic diet may be a safe
and promising therapy for FIRES and that early initiation
of ketogenic diet produces a favorable prognosis.'® EEG
could potentially provide real-time bedside monitoring and
early electrographic seizure detection, allowing timely
intervention that may result in improved outcome.'”

Encephalitis is a potentially devastating neurological
syndrome with different etiologies including direct CNS
infection and those mediated by the immune system. Anti-
NMDAR encephalitis was first described by Dalmau et al
in 2007.'"® Autoimmune encephalitis (AE) is now consid-
ered one of the most common causes of noninfectious
acute encephalitis. A prospective cohort study by the
California Encephalitis Project showed that 65% of anti-
NMDAR encephalitis occurred in patients (aged <18
years) with encephalitis of uncertain etiology.” The first
case of anti-NMDAR encephalitis in China was reported
in 2010. Anti-NMDAR antibody test has been available in
our institution since 2014. Thus, we found a significant
increase in the percentage of immune-related disorders
between the 2010-2013 and 2014-2017 periods. All 33
cases of anti-NMDAR encephalitis were found in the
2014-2017 period. Increasing testing for anti-NMDAR
encephalitis resulted in frequent identification of cases.
Patients with anti-NMDAR encephalitis who receive
early immunotherapy might be more likely to completely
recover.'” We performed a retrospective study of children
with anti-NMDAR encephalitis: 44 of the 51 patients
(86.2%) reported good outcomes (score on the modified
Rankin scale (mRS) of 0-2).%°

Having an identified cause of epilepsy (genetic, struc-
tural, metabolic) was associated with unsatisfactory sei-
zure outcome (48% drug resistance) and influenced the
relative risk associated with other prognostic factors.
Dravet syndrome (DS) is one of the most severe epilepsy
syndromes of early childhood. Patients with DS experi-
ence persistent and severe cognitive and motor deteriora-
tion following refractory SE.*' Profound status-induced
brain edema is a severe, even fatal feature of DS.** In
this study, eight cases with DS presented acute encephalo-
pathy after SE and had a poor outcome. Prompt seizure
treatment may play a crucial role in the outcome. Seizures
may be the first and major presenting feature of an IEM,
for example, in a neonate with pyridoxine-dependent
epilepsy.”> In the present study, IEMs accounted for
5.0% of all patients. Rapid diagnosis and early specific
treatment of metabolic epilepsies due to IEMs are crucial

to avoid irreversible sequalae. There could be an antece-
dent history of developmental delay, specific dietary
habits, and associated liver dysfunction. In children with
unexplained seizure and coma, especially with liver
lesions, cranial MRI basal ganglia lesions, and variable
cortex lesions, it is recommended to check blood ammo-
nia, sugar, blood gas, and lactic acid routinely.

this study. As
a retrospective design and selection of PICU patients

There are some limitations to
attended by neurology department physicians in a tertiary
center, certain causes of seizure, such as traumatic brain
injury,
a pediatrician. Nevertheless, we found a shift in etiologies

brain tumor, are generally not referred to
from infectious diseases towards immune and epileptic ori-
gins. These results will be helpful when assessing the under-
lying etiology of patients with non-traumatic seizures.

Conclusion
It brings the retrospective of a local population-based
study on acute seizure etiology in China.

In conclusion, causes of non-traumatic seizure with
impaired consciousness in children include infection, epi-
lepsy, and immune-related disorders. CNS infections are
the most common etiology but autoimmune diseases are
on the rise. Discovery of new autoantibodies and next-
generation sequencing could improve our understanding of
disease patterns and thereby facilitate early diagnosis and
therapeutic management.
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