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Abstract

Background: Benign convulsions with mild gastroenteritis (BCWG) is a common condition in children in Asia and is
generally not associated with pH or electrolyte imbalances. When BCWG is diagnosed, a lumbar puncture is usually
recommended to rule out potential intracranial infections. This study examined the clinical characteristics of BCWG

and evaluated the necessity of lumbar puncture.

Methods: Medical records of children admitted to the First Hospital of Jilin University with BCWG between January
2018 and May 2019 were reviewed and analyzed. Children were stratified by rotavirus positivity or lumbar puncture
status. Clinical characteristics and long-term outcomes were compared between groups.

Results: A total of 51 children were included in the analyses (55.1% rotavirus [HRV] positive). The average age of
convulsion onset was 21.12 + 744 months, the male-to-female ratio was 1.8:1, and convulsions occurred primarily
between October 2018 and April 2019. The main clinical presentations of BCWG were convulsions, vomiting, diarrhea,
and fever. Convulsions occurred predominantly two days after diagnosis of gastroenteritis, were mainly generalized
tonic-clonic with 88.2% of children having < 3 convulsions per episode, and had a mean duration of 2.0 minutes
(interquartile range [IQRJ: 1.0, 3.0). Children with BCWG had mild metabolic acidosis (HCOs;™ 17.82 + 3.63 mmol/L) with
an elevated anion gap (AG; 20.98 + 3.00 mmol/L), mild hyponatremia (134.56 + 2.85 mmol/L), and slightly increased
levels of creatine kinase myocardial band (CKMB). HRV + children had more severe acidosis and higher CKMB levels.
Cerebrospinal fluid (CSF) samples collected via lumbar puncture were normal. No developmental abnormalities were
noted as assessed by the Social Life Ability Scale.

Conclusions: BCWG is a situation-related seizure, with clinical presentations of tonic-clonic or focal convulsions and
mild gastroenteritis (vomiting, diarrhea). Mild metabolic acidosis and hyponatremia may exist. The prognosis of the
disease is favorable; lumbar puncture and long-term antiepileptics are unnecessary and should not be recommended.
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Background

Benign convulsions with mild gastroenteritis (BCWG or
CwQ@) is a type of benign, infantile convulsion [1]. BCWG
was first reported by Morooka (1982), and presentation of
the condition includes mild gastroenteritis with afebrile
convulsions (which can be generalized tonic-clonic sei-
zures or partial seizures, mild dehydration with no electro-
lyte imbalance, acidosis, or hypoglycemia), with normal
interictal electroencephalogram (EEG), normal cerebro-
spinal fluid (CSF) and normal brain imaging [2, 3]. BCWG
is most commonly reported in children aged six months
to three years and in East Asian countries, suggesting that
a risk factor for BCWG may be ethnic. The exact inci-
dence rate is difficult to estimate. However, the incidence
rate of BCWG associated with rotavirus enteritis is esti-
mated to be 2—3%, and the incidence of BCWG in North
China is 1.78% [4, 5].

Although BCWG has been recognized as benign partial
epilepsy in infancy, the International League Against Epi-
lepsy (ILAE) has not officially classified BCWG [6]. At
present, BCWG is generally considered to be a benign
situation-related seizure rather than epilepsy [7]. The dis-
ease is often described as an afebrile seizure associated
with mild gastroenteritis, and no abnormalities in labora-
tory test results have been reported. Lumbar punctures, to
eliminate infectious brain diseases, are often recom-
mended [2]. However, in our clinical practice, we have ob-
served mild acidosis and electrolyte imbalance in children
with BCWG, whereas the CSF sampled via lumbar punc-
ture showed no abnormalities. In this retrospective study,
we aim to examine the clinical presentation of BCWG and
the necessity of lumbar punctures.

Methods

Patients and data collection

In this retrospective study, we reviewed the medical
records of children who were hospitalized for BCWG in
the Department of Pediatric Neurology, First Hospital of
Jilin University between January 2018 and May 2019.
This analysis did not include cases of convulsions caused
by psychomotor developmental disorders, epilepsy,
encephalitis, meningitis, or encephalopathy.

Medical chart information reviewed in this study in-
cluded medical history (clinical presentation [based on par-
ents’ reports], past treatments, and outcome), laboratory
tests including routine blood test, routine stool analysis,
blood gas analysis, serum electrolytes, blood glucose, myo-
cardial enzymes tests (creatine kinase [CK] and creatine
kinase myocardial band [CKMB]), human rotavirus antigen
(HRV), and C-reactive protein (CRP). Lumbar punctures,
computed tomography (CT) or magnetic resonance im-
aging (MRI), and long-term electroencephalogram (EEG)
results were analyzed when available.
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Children included in this analysis were stratified by
their HRV status or lumbar puncture completion status.
The children were followed up by telephone or out-
patient visits for 7-24 months after discharge from the
hospital. The Social Life Ability Scale, a questionnaire
based on the Japanese S-M social life ability test and
modified for Chinese children between the ages of six
months and 15 years, was used to assess the develop-
mental and functional status of children included in this
study [8]. Depending on age, the children, parents, or
caretakers rated their functional status in the following
domains: self-help, locomotion, occupation, communica-
tion, socialization, and self-direction.

All the children in the study were under the age of 16.
Written informed consent was obtained from a parent
or guardian on behalf of all individual participants. This
study was approved by the ethics committee of the First
Hospital of Jilin University.

Statistical Analysis

Continuous data with normal distributions were pre-
sented as mean + standard deviation (SD) and continu-
ous data with abnormal distributions were presented as
median values (interquartile range [IQR]). Significance
between groups was ascertained using unpaired t-tests
for data with normal distributions, the Wilcoxon rank
sum test was used for data with non-normal distribu-
tions, and the Chi-squared test was used for categorical
data. An a value of < 0.05 was considered to denote stat-
istical significance. Statistical software (SPSS, version
21.0) was used for all analyses.

Results

Patients

The present retrospective study included 51 children with
BCWG who were hospitalized between January 2018 and
May 2019. Demographic information of the patients and
disease characteristics stratified by HRV status are sum-
marized in Table 1. Briefly, the 51 children with BCWG
included in the study were 33 boys and 18 girls (male to
female ratio of 1.8:1). The age of onset ranged between
five and 36 months (mean 21.1 + 7.4 months), including
two children under 12 months, 22 between 13 and 18
months, 12 between 19 and 24 months, 10 between 25
and 30 months, and five between 31 and 36 months. It is
noted that although the disease can occur throughout the
entire year, most children (90.2%, 46/51) experienced con-
vulsions between October and April (15 children experi-
enced convulsions between March and May, two between
June and August, 10 between September and November,
and 24 between December and February). The mean time
between seizure onset and the first hospital visit was 2.0 +
0.8 days (range, 1.0-3.0 days). Before admission to the
hospital, none of the children included in this study had a
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Table 1 Patient demographic information and characteristics stratified by HRV status
Total HRV positive HRV negative P-value
(N=51) (N=27) (N=22)
Age of onset (months) 2112+744 21.37+£819 21.00+6.93 0.824
Female, n (%) 33 (64.7%) 18 (66.7%) 14 (63.6%) 0.825
Clinical presentation
Vomiting, (times/day) 4+2 4+2 4+3 0.953
Diarrhea (times/day) 30 (20, 4.0) 3.0 (1.8, 4.0 30 (20, 48) 0.937
Duration of convulsion (min) 20 (1.0, 3.0 2.0 (1, 3.5) 2.0 (1.0, 3.0) 0.853
Interval between diagnosis of BCWG and convulsion (days) 20 (1.0, 20) 20 (1.0, 2.0) 1.0 (0.5, 2.5) 0.307
Duration of hospital stay (days) 72+3.1 80+32 65+26 0.093
Routine blood test laboratory results
pH 7.34£0.06 7.33+0.06 7.35+0.07 0311
PCO, (mmHg) 3337+594 31.55+6.02 3478 +5.30 0.102
HCO5™ (mmol/L) 17.82+3.63 16.67 £2.97 18.83+3.99 0.024*
BE (mmol/L) -6.87 +4.13 -7.85+3.64 -6.08 £4.56 0.150
Na*(mmol/L) 135.0 (133.8,136.0) 135.0 (133.2, 136.0) 134.8 (133.88, 135.93) 0.695
K* (mmol/L) 4.08 £ 045 4.09+0.50 4.09+ 041 0.943
CI™ (mmol/L) 102.0 (99.0, 103.0) 102.0 (102.0, 103.0) 100.2 (98.8, 102.0) 0.033*
Ca”* (mmol/L) 1.25£0.68 127 £0.06 123 +0.07 0.037*
Glucose (mmol/L) 4.10 (3.70,4.63) 4.10 (3.70, 4.60) 4.10 (3.75,4.75) 0479
Lac (mmol/L) 160+ 0.82 1.61£0.81 159+ 084 0.789
CK (U/L) 99.0 94.0 104.0 0910
(70.5, 126.5) (69.5, 142.0) (69.5, 126.5)
CKMB (U/L) 510 60.9 (45.2, 914) 46.0 (31.8, 64.3) 0.036*
(35.7,80.3)
WBC (x 10°/L) 75£30 79+29 72%31 0.294
NE (%) 0.51+0.19 0.56 +£0.20 045+0.17 0.051
LY (%) 041£0.18 036+0.18 045+0.17 0.057
AG (mmol/L) 20.94 (18.19, 23.68) 20.94 (19.24, 23.19) 2130 (17.79, 25.64) 0.769
CRP (mg/dL) 28 9+351 296 £1.93 267 £2.06 0.304

AG anion gap; BE bases excess; CK creatine kinase; CKMB creatine kinase myocardial band; CRP C-reactive protein; HRV human rotavirus antigen; Lac lactate;

LY lymphocyte; NE neutrophil elastase; WBC white blood cell
* Significant difference (p < 0.05) was noted between the groups

history of convulsions, and no abnormalities at birth or
during development were noted. Except for one child with
a family history of febrile convulsion and another child
with a family history of epilepsy, all children included in
this study had no previous medical history or family his-
tory of convulsion.

When stratified by HRV status (two children without
HRYV status information were excluded from subsequent
comparisons), no significant difference in patient charac-
teristics was noted between the HRV + group (n=27)
and the HRV- group (n = 22).

Clinical presentation of mild gastroenteritis

In this study, the frequency of diarrhea and vomiting, both
symptoms of mild gastroenteritis, were analyzed. Most chil-
dren (94.1%, 48/51) experienced mild to moderate diarrhea,

defined as having fewer than 10 loose or watery stools per
day. The mean frequency of diarrhea was 3.0 (2.0, 4.0)
times per day. Vomiting was noted in 45 (88.2%) children,
with a mean frequency of vomiting 3.7 + 0.3 (range, 0—10)
times per day; the majority of children (42/45) vomited less
than five times per day. Moderate or severe dehydration
was not observed in any children. No significant difference
in clinical presentation of mild gastroenteritis was noted be-
tween the HRV + and HRV- groups.

Clinical presentation of convulsions

Types of convulsion were determined based on descrip-
tions provided by the parents or observations by treating
physicians. Among the 51 children, 17 (36.4%) had tonic
seizures, 30 (63.6%) had tonic-clonic seizures, and no
focal seizures were noted.
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The median frequency of convulsion in a single epi-
sode was 2.1 times (range, 1-5). Most children (45/51)
experienced three or fewer convulsions during an epi-
sode, with 13 children experiencing one, 25 experiencing
two, seven experiencing three, three experiencing four,
and three experiencing five convulsions.

The mean duration of convulsions was two minutes
(range 0.5-10). In most children (80.4%, 41/51), convul-
sions lasted for less than three minutes.

No significant difference in the clinical presentation of
convulsion was observed between the HRV + and HRV-
groups.

Interval between diagnosis of gastroenteritis and onset of
convulsions

In this study, the mean time interval between clinical
presentation of gastroenteritis and the onset of convul-
sion was two days (range 1-5). In most cases, convul-
sions occurred after gastroenteritis symptoms had
presented (49/51), usually within two days (78.4%, 40/
51); however, two children experienced a convulsion be-
fore showing symptoms of gastroenteritis.

Other clinical presentations

Fever did not occur in 29 children included in this study,
while the other 22 children experienced fever, with a
mean peak body temperature of 38.6+0.1°C (range,
37.5-39.7°C ) within the first three days of gastroenter-
itis presentation. Convulsions did not occur simultan-
eously with fever.

All children were in a good mental state after the con-
vulsions were resolved, with no subsequent dyskinesia
and/or language disorder. No apparent abnormalities were
found in physical examinations of the nervous systems.

Laboratory tests

Laboratory test results are stratified by HRV status and
summarized in Table 1. All children had normal liver and
kidney function. While white blood cell (WBC) counts
were normal, an increase in neutrophil count was noted.
The blood HCO3™ level was significantly lower while CI”
and Ca”" levels were significantly higher in the HRV +
group than in the HRV- group. No occult blood or WBCs
were found in the stool samples, and the stool culture re-
sults were negative. The CKMB level was significantly
higher in HRV + children than in HRV- children.

CSF examination, imaging analysis, and long-term EEG
results

In this study, 24 children (11 boys and 13 girls) under-
went lumbar punctures. CSF appeared to be clear with
no abnormalities observed, and the CSF pressure was
normal in all cases.

Page 4 of 6

Either cranial CT or MRI scans were performed on all
children included in the analysis with no abnormal find-
ings. Thirty-nine children were monitored with interictal
EEG tests for two to six days after the onset of convul-
sion. Small sharp spikes of sleep (SSS) in the frontal,
temporal, and central parietal regions were detected in
nine children. No abnormalities in the EEG tests were
observed at the three-month follow-up examination. All
other children showed normal EEG results.

Treatment and follow-up

All the children were treated for symptoms including defi-
ciency in electrolytes. Additionally, phenobarbital sodium
(5 mg/kg, intramuscular administration) was used to treat
28 children within 24 hours of admission, and subse-
quently every 8-12 hours with the same dosage. Pheno-
barbital was administered two or three times to each child
and was discontinued if no convulsion occurred on the
second day of admission. Out of the 51 children included
in the study, two experienced a seizure episode after
hospitalization and were treated with coloclysis (10%
chloral hydrate, 0.5 mL/kg). None of the patients were
prescribed antiepileptics after being discharged.

The mean follow-up period was 12 months (range, 7—
24). Out of the 44 children who completed the follow-up
period, two had additional tonic-clonic seizures occurring
12 and 13 months after the discharge date and were diag-
nosed as BCWG cases. No difference in daily function, as
assessed with the Social Life Ability Scale, was observed
between children who underwent lumbar punctures (7 =
24) compared with those who did not (n = 27).

Discussion

BCWG is a condition with the highest incidence rate in
children between one and two years of age [9]. Consist-
ent with previous reports, we found that the age of onset
is approximately 21 months, and that BCWG occurs
more commonly in boys than girls [4, 10]. We also ob-
served that BCWG occurs more often in autumn, winter,
and spring months, which may be related to the high in-
cidence of gastroenteritis in these seasons.

Previous studies have shown a favorable prognosis for
BCWG [7, 10]. The recurrence rate of BCWG has been
reported to range from 7.7-16.8% in earlier studies [7,
11]. Here, we report similar favorable long-term out-
comes: two out of 44 children who completed long-term
follow-ups had recurrent seizures that did not develop
into epilepsy. All children showed normal psychomotor
development. Therefore, prescription of long-term anti-
epileptics is not recommended [12].

Although BCWG has not been shown to cause an elec-
trolyte imbalance, we observed symptoms indicative of
mild metabolic acidosis; namely, a decrease in blood pH,
HCOs™, and bases excess (BE) levels [2]. The increase in
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anion gap (AG) with consistent blood chlorine levels likely
resulted from an increase in acidic metabolites. The de-
crease in PCO, may have resulted from respiratory alkal-
osis. It is possible that oxygen deprivation may occur due
to the repetitive convulsions and subsequent hyperventila-
tion after the convulsions have subsided. As with previous
studies, we also observed mild hyponatremia in children
with BCWG [9, 11, 13, 14]. Overall, we found a mild im-
balance of blood electrolytes in children with BCWG.

BCWG seizures are often clustered, with generalized
tonic-clonic seizures forming the most common type of
seizure cluster, although focal or secondary generalized
seizures are also observed [7, 12, 15]. Consistent with pre-
vious reports, we found that tonic or generalized tonic-
clonic seizures were the most common types of seizures
associated with BCWG; however, it is very likely that
BCWG originated as a focal event as spikes were observed
in the EEG tests that were localized to various regions of
the cortex. Other seizure characteristics, including convul-
sion frequency and duration, were similar to previous re-
ports [11, 16]. We found that treatment of BCWG with
sedatives, preferably phenobarbital (over diazepam) was
effective [17, 18]. Convulsions resolved and treatment with
sedatives was usually discontinued within 24 hours of ad-
mission to the hospital. Transient side effects, including
mild lethargy and gait abnormalities, were not common.

Consistent with previous observations, we found that
convulsions often occurred two days after the diagnosis
of gastroenteritis [19]. However, we also observed the
occurrence of convulsions before or without clinical
presentation of gastroenteritis [20].

Although approximately 43% of children included in the
study had fever, we did not find a correlation between
fever and convulsions, which is consistent with the finding
by Zifman et al. (2011) that fever did not affect seizure
characteristics [14]. The mechanism by which mild gastro-
enteritis induces convulsions remains to be identified.

Inflammatory responses induced by gastroenteritis and
potential cardiac injuries were indicated by the elevated
levels of neutrophils and CKMB, respectively, which may
result from enterovirus infections. Norovirus and rota-
virus are often detected in stool samples collected from
children with BCWG. Rotavirus infections have become
less common since vaccination against the virus has
been incorporated into the recommended vaccination
schedule. As a result, gastroenteritis caused by norovirus
infection and norovirus-related BCWG has become
more common [19]. In contrast, possibly due to the low
rotavirus vaccination rate in the region, we found that
55.1% of children included in this study were HRV+.
Wang and Zhou (2013) have reported a similar rotavirus
infection rate (53.9%) in a retrospective study of 48 chil-
dren with BCWG, indicating rotavirus infections remain
a key risk factor for BCWG [15]. Additionally, metabolic
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acidosis was more pronounced in HRV + children, and
damage to the myocardium as indicated by increased
CKMB levels may be more pronounced in these chil-
dren. These observations underscore the importance of
vaccination against rotavirus in infants and children.

We do not recommend lumbar puncture, an invasive
diagnostic test, for the diagnosis of BCWG, as it is unlikely
that it will provide additional evidence for the diagnosis of
BCWG. Lumbar puncture is used to rule out encephalitis,
meningitis and encephalopathy; however, non-invasive
diagnostic tests such as CT or MRI and EEG can be used
in differential diagnosis for BCWG. Additionally, BCWG
has a distinct disease pattern, and therefore, a careful re-
view of the patients’ medical history and non-invasive tests
are sufficient to support BCWG diagnosis [21]. In our
study, we noted no abnormalities in the CT or MRI scans;
and SSS in nine children. SSS are usually considered be-
nign sporadic sleep spikes and can be observed in normal
infants and toddlers, with unclear clinical significance. In
summary, we do not believe BCWG clinical presentations
include significant abnormalities that can be observed
with CT or MRI and EEG.

Conclusions

BCWG is often misdiagnosed as encephalitis or epilepsy,
leading to unnecessary examination and treatment, which
leads to increased psychological and economic burden. In
this study we have reported BCWG characteristics, treat-
ment, and favorable long-term outcomes to aid diagnosis
and treatment decisions for BCWG. We recommend vac-
cination against rotavirus for gastroenteritis prevention, and
do not recommend lumbar puncture as a diagnosis tool, or
antiepileptics after discharge for the treatment of BCWG.
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