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SEIZURE DISORDERS 
 

Seizure Action Plans and Health Care Utilization 
 
Dara V.F. Albert, DO1 and Anup D. Patel, MD1* 
1Division of Neurology, Department of Pediatrics, Nationwide Children's Hospital and The Ohio State University College of Medicine, Columbus, OH 
*Correspondence: Dr. Anup Patel, E-mail: anup.patel@nationwidechildrens.org 

Related Article: Roundy LM, Filloux FM, Kerr L, Rimer A, Bonkowsky JL. Seizure Action Plans Do Not Reduce Health Care Utilization 
in Pediatric Epilepsy Patients. J Child Neurol 2015 Aug. 
Keywords: Epilepsy; Hospitalizations; Quality Improvement

 Investigators from University of Utah School of 
Medicine studied the impact of a seizure action plan (SAP) 
on pediatric patients with epilepsy by measuring health care 
utilization as an outcome measure. The study included 120 
unique patients, 60 of which were utilized as historical 
controls. Patients were identified from the inpatient service 
and given a SAP prior to hospital discharge. The SAP used 
was an internally generated document containing key 
information such as the child’s daily medications, 
emergency medications and Neurology provider contact. 
The patients were then followed for 18 months. Emergency 
Room (ER) visits, hospitalizations, clinic visits and 
Neurology office phone calls were tracked. They found no 
significant difference in ER or inpatient utilization between 
the patients who received an action plan and those who did 
not. This lack of difference persisted when they compared a 
subgroup of patients with less severe epilepsy, defined as 
less than 3 anticonvulsant medications. There was however, 
an increase in outpatient clinic visits in the group who 
received the SAP. The authors pose several possibilities as 
to why their results were not significant, such as a small 
cohort leading to insufficient power, the retrospective 
design and the format and layout of the SAP itself. They 
also suggest perhaps utilization was not the correct outcome 
measure. [1] 
 
COMMENTARY. Pediatric epilepsy patients are complex 
and their families require an exceptional amount of 
education and support. Education has been shown to 
improve self-management and quality of life in adult 
epilepsy patients [2]. In pediatric patients, the child’s self-
perceived quality of life is strongly influenced by their 
social support system and less so their seizures [3]. In a 
recent meta-analysis, Ferro examined the literature for risk 
factors for health-related quality of life in pediatric epilepsy 
patients. His results also show that parental anxiety 
negatively impacted the child’s quality of life [4].  
Therefore, a quality of life metric may be more appropriate.  
In addition, the current study may be underpowered to 
detect changes in utilization based on the numbers of 
patients enrolled.  Also, the patients enrolled in the study 
were selected from the inpatient service, which may have 
created a selection bias and limits the patient population.  
The outpatient arena may be more applicable for such an 

education driven intervention.  The SAP developed is a text 
laden document. As the authors suggested, a color coded or 
less dense action plan might be easier to read and reference 
as what has been similarly used in other disease states, such 
as asthma. Despite the lack of significant findings in the 
current study, we believe educational tools such as a seizure 
action plan for patients with epilepsy and their families can 
still beneficial, the key will be determining the correct tool. 
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SEIZURE DISORDERS 
 

Does Listening to Mozart benefit Children with Severe Epilepsy? 
 
J. Gordon Millichap, MD1*  
1Division of Neurology, Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL; and 
Departments of Pediatrics and Neurology, Northwestern University Feinberg School of Medicine, Chicago, IL  
*Correspondence: Dr. J. Gordon Millichap, E-mail: jgmillichap@northwestern.edu 

Related Article: Coppola G, Toro A, Operto FF, Ferrarioli G, Pisano S, Viggiano A et al. Mozart’s music in children with drug-refractory 
epileptic encephalopathies. Epilepsy Behav 2015 Sep;50:18–22. 
Keywords: Mozart; Music Therapy; Epileptic Encephalopathy

 Investigators from the Universities of Salerno and 
Perugio, Italy, studied the effect of listening to a set of 
Mozart’s compositions on sleep quality, behavior, and 
seizure recurrence in 11 outpatients (7 males and 4 females), 
between 1.5 and 21 years of age (mean age, 11.9 years), 
with drug-resistant epilepsy. All patients had severe 
intellectual disability and cerebral palsy. They listened to 
Mozart 2 h per day for 15 days for a total of 30 h. The music 
was filtered by a device that delivered higher sound 
frequencies (>3000 Hz). A variety of Mozart musical 
compositions presented to each patient included symphonies 
41 and 46, piano concerto 22 (k482), violin concertos 1 and 
4, and flute concerto (k314). During music therapy, 3 
patients had a seizure reduction of 75-89%, and 2 out of 11 
patients had a reduction of 50-75% in seizure recurrence. 
The average seizure reduction for all patients was 48.4 +/- 
48.7% (p=0.02). In the two weeks after the end of music 
therapy, the percentage decrease of total seizure number 
compared with base-line was 20.7%. The majority (10/11) 
had multiple EEG foci; occipital/bioccipital discharges were 
present in 20% of responders and in 66.7% of 
nonresponders. Responders had an increased frequency of 
extra occipital EEG discharges and a relative paucity of 
occipital discharges. Nighttime sleep was improved in 4 
(36.4%) patients, all seizure responders. All responders 
showed improvement in behavior. [1] 
 
COMMENTARY. Previous studies have emphasized the 
“Mozart effect” of listening to the K448 sonata for two 
pianos. A wider set of Mozart musical compositions was 
selected in the present study to improve children’s 
compliance with music listening. The responsiveness of not 
only seizures but also the EEG interictal discharges is 
stressed. Generalized and central spike and wave discharges 
in particular are controlled while listening to Mozart [2]. 
Very few studies have demonstrated a reduction in clinical 
seizures in children in response to music, and these are 
uncontrolled.  
 Limitations of the present study noted by the 
authors include the study design (nonrandomized, open-
label), and small sample size. Potential strengths include a 
longer listening period compared to previous studies, and a 
homogeneous patient sample. Overall, there is limited 

evidence to recommend Mozart’s music as an antiepileptic 
therapy. The authors find their preliminary findings 
encouraging and they propose to continue an objective 
assessment of Mozart as a promising complementary 
treatment of epilepsy. 
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PERINATAL DISORDERS 
 

MRI and Motor Outcomes in Children with Cerebral Palsy 
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 Investigators from University of Melbourne, 
Monash Children’s Hospital, Royal Children’s Hospital & 
Murdoch Children’s Research Institute sought to identify 
correlation between magnetic resonance imaging (MRI) 
characteristics including white matter injury (WMI) in 
children with cerebral palsy (CP) and severity in motor 
outcomes later in life, irrespective of CP subtype. Their goal 
was to develop a severity classification for WMI that can 
discriminate children with different levels of functional 
ability. Data was collected from children seen at Melbourne 
Children’s Campus, in a cohort population from 1999-2008. 
A total of 272 children were identified from the Victorian 
Cerebral Palsy Register with a diagnosis of CP and WMI on 
MRI. Their MRI findings were divided into broad patterns 
of injury that reflected pathogenesis & timing of injury: 
unilateral, asymmetrical, or symmetrical, then based on 
location: anterior, mid, and posterior white matter. These 
data were then analyzed using Chi square tests to assess the 
strength of association between known Gross Motor 
Function Classification System (GMFCS) levels and 
symmetrical WMI, and between motor topography groups 
for children with symmetrical WMI & bilateral CP. There 
were clear associations between extent of signal abnormality 
in the worse hemisphere and laterality/symmetry of WMI (p 
= 0.004), extent/location of WM loss & laterality/symmetry 
(p<0.001), and GMFCS/motor topography and MRI 
laterality/symmetry (P<0.001). Despite the strong 
association between MRI symmetry & motor topography, 
there was only 56% agreement between the two. While 
WMI seen on imaging correlated with physical exam 
findings in a large majority of patients, physical exam 
findings correlated with MRI findings less frequently. 
Overall, it seems that the best model for predicting GMFCS 
level was MRI laterality/symmetry, extent of WM loss, 
cerebellar abnormality, and thinning of the corpus callosum 
(p<0.001). These findings were used by the authors to create 
a new WMI severity classification for children with CP that 
could provide valuable predictors of future function to 
families. [1] 
 
COMMENTARY. This article continues the quest to link 
structural brain findings to functional outcome and severity 
of condition [1,2].  The relationship of structure linked to 

function is of increasing importance as the process of 
targeted neuro-rehabilitation and recovery of the impact of 
injury to the neonatal brain is also progressing [3]. With 
56% of variance or severity yet explained, the linkage is still 
elusive.  This is the link between parent’s and neurologist, 
what is seen on scan and what is expected in real life. 
Until a unified approach to reporting MRI findings with 
validated outcomes in function are used, the opportunity 
exists to advance the link, especially with the use of the 
population-based registries in Australia, Scandinavia and 
Europe [4,5,6]. Population registry methodology is the most 
efficient means to this end. Cooperation and collaboration of 
registries in the United States would increase available data 
which could and would advance the remaining unexplained 
variance of function seen in this study. 
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HEADACHE DISORDERS 
 

Intracranial Hypertension in Children without Papilledema 
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 Researchers at Nationwide Children's Hospital 
studied the frequency of intracranial hypertension without 
papilledema in children followed in a multispecialty 
pediatric intracranial hypertension clinic. Children aged 2 to 
22 years (mean age of 12 years) were diagnosed with 
intracranial hypertension by 2 neurologists based on history, 
physical exam and opening pressure measurements on 
lumbar puncture. An eye exam by an ophthalmologist 
determined the presence or absence of papilledema. The 
study included both primary and secondary intracranial 
hypertension. Patients were divided into 2 groups depending 
on the presence or absence of papilledema. The primary 
outcome was to determine the frequency of intracranial 
hypertension without papilledema in children.  152 patients 
were included in the study. Group 1 consisted of 27 (17.8%) 
patients who met the criteria of intracranial hypertension 
without papilledema. Group 1 was compared to 125 (82%) 
children with intracranial hypertension and the presence of 
papilledema.  Groups did not differ significantly in age, 
opening pressure, or body mass index. [1] 
 
COMMENTARY. Aylward and colleagues concluded that 
17.8% of children with intracranial hypertension did not 
have papilledema. These results are in line with previously 
published rates in pediatric and adult studies.  Previous 
studies and case reports have reported rates of intracranial 
hypertension without papilledema ranges from 5.7% to 48 
% [2-5].  A large review of 353 adult and pediatric patients 
with idiopathic intracranial hypertension at the University of 
Utah showed a frequency of 5.7% (20/353) of patients with 
intracranial hypertension lacked papilledema [2].  The Utah 
study reported a lower opening pressure (30.9 cm of water 
vs 37.3 cm) in patients without papilledema [2].  Among 27 
pediatric patients with intracranial hypertension in a small 
University of Texas-Houston study, 48% (13/27) of patients 
who met the diagnostic criteria for intracranial hypertension 
lacked papilledema [5]. The current study had missing 
variables for BMI and initial opening pressure in 15.8% and 
9.3% of patients, respectfully.  Inclusion of these variables 
may have changed the author’s reported frequency rate. 
Previous research reported normal ranges of OP in both 
sedated and nonsedated patients.  Avery et al included 
sedated and nonsedated study patients and determined the 
upper limits of normal for OPs in children to be 28 cm of 

water without anesthesia and 30 cm with anesthesia [6].  
Other papers cited in the current study used lower OP values 
as the upper limit of normal. As lower ranges of normal OP 
were used, the percentage of pediatric patients with 
increased pressure in the absence of papilledema was likely 
overstated. Current research suggests that pediatric lumbar 
puncture OPs are not significantly lower than those of adults 
and are not strongly related with age or body mass index 
[6,7]. Taking the present data and previous reports into 
consideration, physicians should not dismiss the possibility 
of intracranial hypertension in patients with symptoms 
suggesting intracranial hypertension based solely on the 
presence or absence of papilledema. Intracranial 
hypertension should be considered in children with 
persistent headaches refractory to standard management. 
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 As a part of a large study investigating childhood 
ataxias in the UK and Switzerland, Schnekenberg et al. 
analyzed the genetic associations with congenital cerebellar 
ataxia in 10 patients using either a targeted next generation 
sequencing panel of 118 genes or trio-based exome 
sequencing [1]. The testing identified de novo mutations in 
three different genes, KCNC3, ITPR1 and SPTBN2 in 4 
patients. Three of the four patients fulfilled criteria for 
ataxic cerebral palsy (lack of clinical or imaging regression 
and absence of syndromic features). The similarity in the 
phenotypes leads the authors to propose shared molecular 
mechanisms of pathogenicity. In three cases the 
combination of bioinformatics and electrophysiology 
combined with previous reports supported the variants to be 
pathogenic. In the 4th case, the novel variant was de novo, 
the authors classified it as a possible mutation. The fathers 
of these four cases all ranged from 34-40 years old. The 
identification of specific, proven pathogenic mutations leads 
the authors to suggest use of DNA sequencing for patients 
with ataxic CP [2,3]. 
 
COMMENTARY. Cerebral palsy (CP) is a sporadic 
disorder with multifactorial etiologies, frequently associated 
with birth asphyxia, though a cause may not always be 
found.  If no evidence of adverse perinatal events or 
imaging abnormalities are found, genetic work up is 
warranted. Ataxic CP is one of the least common types of 
CP and was thought to be inherited as an autosomal 
recessive trait in almost 50 % of the cases in a study in 1992 
[4].  However, recent WES data shows higher incidence of 
de novo mutations as cause of genetic disorders than 
expected [5].  The report found a de novo mutation or likely 
mutation in 4/10 patients in genes previously reported in 
familial ataxia syndromes, expanding the phenotypes for 
these genes.  

The study uses good methodology using SNPs to 
confirm parentage and functional studies if available to 
classify variants as pathogenic in 3/4 patients. Trio-WES 
sequencing has higher yield in detecting de novo mutations 
than traditional WES, without compromising the diagnosis 
of recessive conditions.  The study highlights the 
association of advanced paternal age with de novo 
mutations, thought at least to be due to DNA methylation 
abnormalities in the age-related sperm [2].  

Determining a genetic etiology for a patient with CP is 
important for prognosis (static or progressive disorder), 
recurrence risk and possible treatments in the future.   

The phenotype of ataxic CP may include 
hypotonia, tremors, seizures, auditory and speech 
impairment, and may be confused with other progressive 
genetic disorders. We would recommend a step wise 
approach to the diagnostic evaluation to include assessment 
of the clinical phenotype and imaging characteristics, and to 
look for the “red flags” [6], which may suggest the utility of 
DNA sequencing either next generation sequencing panel or 
trio-based whole exome sequencing. 
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Investigators from the University of California, San 
Francisco studied the yield of continuous video EEG 
(vEEG) in diagnosing electrographic seizures in their 
neonatal intensive care unit.  Over a 4.5 year period, 595 
neonates were evaluated, of which 66% were term and 67% 
referred from an outside hospital. Therapeutic hypothermia 
was completed in 25%. There was a 14% mortality rate. 
Neonates with electrographic seizures were identified by 
reviewing clinical vEEG reports. 

vEEG was clinically indicated for 400/595 (67%) 
of the neonates, with approximately equal proportions for 
two or more of the following indications: event concerning 
for seizure, encephalopathy, or high risk for seizures.  
Continuous vEEG was performed for a median of 49 hours 
(interquartile range 22-87).  All neonates undergoing 
therapeutic hypothermia received vEEG until rewarmed. 
Electrographic seizures were detected in 105/400 (26%), 
and of those 25/105 (24%) had only electrographic seizures, 
with no clinical seizures even prior to vEEG. No seizures 
were detected on vEEG in 52/400 (13%) of those with 
events concerning for seizure.  Phenobarbital was given 
prior to vEEG in 38/51 (75%) of those patients and to 
93/400 (23%) of the entire study population. 

The indication for vEEG did not affect the 
likelihood of seizure diagnosis. There was some variability 
in seizure diagnosis based on etiology.  Arterial and venous 
strokes had the highest proportion with seizures in 58%, and 
hypoxic-ischemic encephalopathy, intracranial hemorrhage 
and infection all around 29% and lower rates with brain 
malformation or genetic syndromes. [1] 
 
COMMENTARY. Continuous vEEG is increasingly 
utilized in the intensive care setting. As discussed by the 
authors, there is variability in the use of EEG with 40-70% 
of neonatologists and neurologists using EEG or amplitude 
integrated EEG (aEEG) to evaluate at risk infants [1]. There 
is literature to support the use of continuous vEEG for at 
risk neonates.  Of those neonates at high risk for seizures, 
45-51% had seizures, of which 26-41% were only 
electrographic [2,3]. After major cardiac surgery, 11-20% 
have seizures, and 59-100% have electrographic only 
seizures [4,5]. Of neonates undergoing hypothermia for 
hypoxia-ischemia 34-65% have seizures and 43-47% are 

only electrographic [1].  As discussed by the authors, there 
are also studies that show video EEG is needed to correctly 
identify neonates with electroclinical seizures1. These 
studies have been of moderate size, with 51-183 neonates.  
  The authors discuss limitations of the study 
including inability to confirm how many clinical seizures 
might have had electrographic correlate prior to treatment 
with phenobarbital and potential over-representation of 
infants at higher risk for seizures. In addition, the systematic 
use of continuous vEEG for all neonates undergoing 
hypothermia could introduce screening bias. 

This large study is consistent with earlier studies 
demonstrating a large proportion of neonates with 
electrographic seizures, many of whom would only be 
detected by vEEG.  In addition, there are neonates with 
suspected seizures that are not confirmed on vEEG. This 
supports the use of continuous vEEG to optimize treatment 
of neonatal seizures.  With continuous vEEG, one can 
ensure that treatment is only given to those with EEG 
confirmed seizures.  And those with seizures detectable only 
with EEG will be identified and receive seizure treatment. 
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 Hypsarhythmia was originally spelled with one ‘r’ 
by Drs Frederick and Erna Gibbs when they coined the term 
in 1952 [1]. They wished to emphasize that “the term 
applied to a specific type of electroencephalographic 
abnormality”, and preferred the specific one ‘r’ spelling to 
avoid confusion with a literal translation of the two ‘r’ 
Greek root, “mountainous arrhythmia” [2,3]. The one ‘r’ 
spelling was the rule in the 1950s-60s [4]. The two ‘r’ 
spelling eventually became convention in the literature by 
the mid-1970s (Figure 1). 
 Although the Editor of Pediatric Neurology Briefs 
prefers the single 'r' spelling in deference to Dr Gibbs, the 
intended meaning is accepted for both spellings today. 
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Figure 1. Google Ngram Viewer: Book text search for case-insensitive ‘Hypsarrhythmia’ (blue line) and ‘Hypsarhythmia’ 
(red line) from 1950-2008 in English. [Cited August 31 2015.] Available from: https://goo.gl/sJI1uG 
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