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The measurement of head circumference (HC) represents a useful and reliable tool to monitor brain growth.
Many genetic conditions are associated with an abnormal pattern of head growth, but no specific pattern has
been described in Dravet Syndrome (DS). To investigate the head growth trajectories in a pediatric population
with DS, a retrospective analysis of medical records of patients with DS was performed in 2 epilepsy centers.
Quantitative data were compared with z-score growth curve of standard population, and an independent sam-
ples t-test was performed using 6-month ranges. A total of 137 subjects aged less than 18 years were included,
with a total of 529HC values and amean of 3.9measures per patient. Frombirth until 24months of life, HC values
were almost equally distributed around the mean trajectory of the reference population from each side of the
curve. This trend line deflects from themean curve after 24months showing a head growth slowdown reaching
a statistical significance (p b .05) from 48 months for males and 60 for females. Future prospective studies are
needed to assess factors that can impact head growth and explore possible phenotype–genotype correlation
with HC.
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1. Introduction

The measurement of head circumference (HC) is a major step of the
clinical examination and represents a useful and reliable tool tomonitor
brain growth in childhood since it correlates with brain volume and
weight. Many genetic conditions with epilepsy are associated with an
abnormal pattern of head growth, but no specific pattern has been de-
scribed in Dravet Syndrome (DS).

Dravet Syndrome is a developmental and epileptic encephalopathy
(DEE) occurring in the first year of life in previously healthy infants,
characterized by the onset of recurrent febrile and afebrile seizures
often evolving to status epilepticus. Epilepsy is drug-resistant and asso-
ciated with a slowing of cognitive development and psychiatric, behav-
ioral, motor, and sleep disorders with a high rate of Sudden Unexpected
Death in Epilepsy (SUDEP) [1]. In a small series of adults with DS (n =
14), HC was reported in normal range without reporting HC measure-
ments [2]. However, signs of mild and diffuse cerebral or cerebellar at-
rophy were occasionally reported in patients with DS [3].
Furthermore, in some patients, brain atrophy appeared during follow-
up [3,4].
rology, Necker EnfantsMalades
We aimed in this pilot study to investigate head growth trajectories
in pediatric patients with DS.

2. Material and methods

Weperformed a retrospective analysis of HC frommedical records of
patients with DS in 2 pediatric epilepsy centers in Paris, France and Ve-
rona, Italy.We included data from all patients with definite diagnosis of
DS and who had at least 2 HC measures reported in the medical file. A
total of 137 subjects aged less than 18 years were included (76 males
and 61 females) with a total of 529 HC values (298 for males, 231 for fe-
males) and a mean of 3.9 measures per patient (2–17).

Quantitative data were compared with z-score growth curve of stan-
dard French population [5] similar to the World Health Organization
(WHO) chart available until the age of 5 years. An independent samples
t-test was performed to assess statistically significant differences between
average values of our cohort and general population, using 6-month
ranges. This study had the approval of both institutions ethics committees.

3. Results

From birth until 24 months of life, HC values are normally distrib-
uted around the mean trajectory of the reference population from
each side of the curve (−2SD, +2SD). This trend line deflects from

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2020.107157&domain=pdf
https://doi.org/10.1016/j.yebeh.2020.107157
mailto:rima.nabbout@aphp.fr
https://doi.org/10.1016/j.yebeh.2020.107157
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/yebeh


Fig. 1. Head circumference values expressed in centimeters in DS male (left) and female (right) patients. The gray lines represent the z-score reference trajectories for the general
population (+2SD, +1SD, 0SD, −1SD, −2SD). Each colored spot represents a measurement. Spots of the same color are relative to the same patient. The black line represents the
trend of the obtained measurements in the population with DS. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

2 T. Lo Barco et al. / Epilepsy & Behavior 111 (2020) 107157
themean curve around the age of 24months for all, reaching a statistical
significance (p b .05) from 48 months for males and 60 for females,
without exceeding−2 SD (standard deviation) difference (Fig. 1).
4. Discussion

Head circumference of patients with DS showed a slowing after the
age of 24 months reaching the zone of−1SD to−2SD at 48 months in
males and 60 months in females.

This finding is in line with recent quantitative-imaging studies in
patients with epilepsy and SCN1Amutations. In a first report on 21 pa-
tients, brain volume was lower than normal in patients with DS or
other SCN1A-related phenotypes [4]. Another study described an age-
related global volume reduction in 9 patients with DS after the age of
6 years [3].

Interestingly, an age-dependent reduction in height and weight
growth trend has been reported also in patients with DS [6]; however,
this might not fully explain the HC growth slowing.

Head growth slowdown in patients with DS can be due to several
causes directly impacting the brain development. Head circumference
growth deflation, starting from the second year of life, may be due to
the recurrent epileptic seizures with high prevalence of status epilepti-
cus, which are frequent in this age group in patients with DS. This might
influence the normal process of myelination in the immature brain,
determining a reduction in the total white matter volume [3]. The
early exposure to antiepileptic drugs during this early period of
neurodevelopment can be questioned also as it might induce apoptotic
degeneration of neurons [7] and consequently have an impact on brain
growth.

Cognitive development of DS is not only a consequence of seizures
but is also due to the direct effect of SCN1Amutation. A decreased excit-
ability of gamma-Aminobutyric) acid (GABAergic inhibitory interneu-
rons is thought to be one of the pathogenic mechanisms induced by
this mutation, leading to a change in the neural circuit synaptic connec-
tivity during brain development [2]. Thus, a volume reduction of the
gray matter in patients with SCN1Amutation may be related to insuffi-
cient synaptogenesis andmyelination infirst 2 years of age, aswell as an
abnormal cortical pruning process through childhood [4].

Interestingly, the age of the HC slowing mirrors the cognitive
slowing that initiates after the age of 2 years and is usually present
from the age of 3 to 6 years in almost all patients [1]. This slowing
reached a significant difference compared with the general population
earlier in boys than in girls. This difference may be due to the lower
number ofmeasures for female sample (298 formales, 231 for females);
however, a different course related to gender cannot be excluded.

This study has some limitation. Although involving 2 centers and a
large number of patients with DS, it was retrospective with multiple
providers, which might increase the variability of HC measure.

5. Conclusions

We found a head growth deflation starting from the second year of
life in a large population of patients with DS. This finding seems to con-
firm the previous suppositions about a brain volume reduction docu-
mented in small series of patients with DS. Future prospective studies
might help to establish a correlation between HC development, patient
phenotype, and gender and mutation type.
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