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Hemispheric polymicrogyria
and neonatal seizures:
a potentially life-threatening
combination
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ABSTRACT – Polymicrogyria (PMG) is a heterogeneous malformation of
cortical development characterized by excessive gyration and abnormal
cortical lamination. Typically, bilateral forms have more severe develop-
mental delay and early-onset epilepsy, but the full spectrum of severity
remains ill-defined. We report two cases of right hemispheric PMG and
neonatal-onset, drug-resistant seizures culminating in early death. Case 1
began having seizures on Day 1 of life that intensified in severity and proved
resistant to numerous antiepileptic drugs. He underwent right functional
hemispherectomy but died three weeks post-operatively due to ongoing
seizures. Case 2 presented with seizures on Day 3 of life and required res-
piratory support for prolonged ictal apnoeas. Seizures were resistant to
antiepileptic drugs and eventually led to respiratory arrest, once aggressive

n. In both cases, seizures seemingly
mispheres. These cases represent a
pheric PMG with bilateral seizures.

pnoea, unilateral, hemispherectomy

The topographic extent of PMG
is variable, leading to a spectrum
of signs and symptoms. Bilateral
forms of PMG generally have a more
severe phenotype, with earlier-
onset epilepsy and more severe
resuscitative measures were withdraw
originated independently in both he
severe phenotype of unilateral hemis
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Polymicrogyria (PMG) is a malfor-
mation of cortical development
characterized by numerous small
gyri separated by shallow sulci
with abnormal cortical lamina-
tion. MRI shows an abnormal gyral
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pattern with an irregular cortical
surface, apparent cortical thick-
ening, and a stippled grey-white
junction (Leventer et al., 2010). The
aetiology remains poorly under-
stood, with evidence for both
genetic and non-genetic aetiologies.

developmental delay than unilateral
forms. Median age at seizure onset
in unilateral perisylvian PMG (8-11
years) is significantly higher than
that of bilateral perisylvian PMG
(three years) and generalized PMG
(8-12 months) (Leventer et al., 2010;
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hain et al., 2013). Unilateral PMG is usually peri-
ylvian in location and typically manifests with
ild-to-moderate congenital hemiparesis and focal
otor seizures (Pascual-Castroviejo et al., 2001). How-

ver, the full spectrum of unilateral PMG is poorly
efined, especially more severe forms with exten-
ive hemispheric involvement. Here, we present two
atients with right hemispheric PMG and neonatal
nset of drug-resistant, bilateral seizures, leading to
arly death.

ase study 1

his male was the product of a normal pregnancy,
orn in good condition at 41 weeks by elective Cae-
arean section, with a birth weight of 4 kg. Family
istory was unremarkable. Seizures began on Day 1
ith breath-holding events occurring two to three

imes per day and lasting 30 seconds. He was hospi-
alised for three weeks and treated with phenytoin and
henobarbitone. By 6 weeks of age, the seizures had
ecome more prolonged, occurring multiple times
8

eekly. They were characterized by eye deviation,
radycardia, cyanosis, apnoea, right arm jerking, and
eneralized tonic stiffening. Seizures were resistant
o multiple antiepileptic drugs including sodium val-
roate, phenytoin, carbamazepine, vigabatrin, and

amotrigine, leading to repeated hospitalisations and
dmissions to intensive care.

igure 1. Brain magnetic resonance and FDG PET imaging of Case 1 (u
R images (from left to right) are axial and coronal T2, and sagittal T1 an

MG, maximal in the perisylvian region along an abnormally extended
nd temporal lobes. The images fourth from the left of each row s
ormal Sylvian fissure morphology and no evidence of PMG. An axial
emisphere hypometabolism, maximum in the right perisylvian and i

s
m
S
s
t
s
t

y 3 months of age, there was severe global devel-
pmental delay. Head circumference was 42 cm (50th

ercentile). There were no dysmorphic features. Visual
xation and following was not sustained and there
as an intermittent left esotropia. There was axial and

ppendicular hypotonia, poor head control, and min-
mal purposeful hand use. There was no evidence of
emiparesis.
rain MRI at age 11 weeks showed right hemispheric
olymicrogyria with no abnormality on the left and no
ther brain malformations (figure 1). PET scan showed
ight temporal, parietal, and central hypometabolism.
nvestigations including those for electrolytes and
lasma amino acids, liver function tests, and urine
etabolic screening were normal.

nterictal EEGs in the early neonatal period were nor-
al. Video-EEG monitoring at age 11 weeks showed

ormal background without interictal epileptiform
ischarges and captured seizures with choreiform-like
ovements, leftward head rotation and eye deviation,

nresponsiveness, and cyanosis. Ictal EEG showed no
hange early during the seizures, but showed pseudo-
eriodic, sharp slow-wave complexes late during the
Epileptic Disord, Vol. 19, No. 1, March 2017

pper row) and Case 2 (lower row).
d T2 sequences. MR imaging shows extensive right hemispheric
and Sylvian fissue, and extending well into the frontal, parietal,

how the apparently normal contralateral left hemisphere with
FDG PET image from Case 1 (upper right) shows significant right
nsular regions.

eizures in the left anterior temporal region for several
inutes (figure 2A, B). Seizures lasted up to 20 minutes.

eizures remained drug-resistant and life-threatening,
uch that he underwent right functional hemispherec-
omy at age 4 months. Histopathology showed multiple
mall gyri, fusion of the molecular layer, and a
wo-layered cortex in right central and lateral
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emporal specimens, consistent with PMG and right
ippocampal sclerosis.
here were a few focal seizures on the first post-
perative day, with rhythmic movements of the right
rm and leg and eye deviation. There was a prolonged
0-minute seizure post-operatively with tachycardia,
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igure 2. Video-EEG monitoring performed at age 11 weeks in Case 1
p of left temporal rhythmic theta-delta activity (A) that evolved to
ctivity (B).
Hemispheric polymicrogyria and neonatal seizures
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ypertension, and generalized tonic stiffening.
eizure control improved prior to discharge. How-
ver, within two weeks of hemispherectomy he was
e-admitted to the intensive care unit with refractory
ife-threatening seizures similar to his pre-operative
vents, occurring in long clusters of 50-90 minutes.

showing a left temporal seizure that commenced with a build-
periodic high amplitude left temporal sharp and sharp-slow
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he patient died three weeks post-operatively
hen aggressive ventilatory support for seizures
as withdrawn. Post-mortem examination was not
erformed.

ase study 2

his male was the product of a normal pregnancy, born
n good condition at 40 weeks of gestation by uncom-
licated spontaneous vaginal delivery, with a birth
eight of 4.4 kg. Family history was unremarkable.
eizure onset occurred on Day 3 and initially mani-
ested with upward eye deviation, lip smacking, and
ystonic posturing, and seizures were resistant to

reatment with intravenous phenobarbital. Seizures
volved to longer episodes, up to 45 minutes duration,
hough most were one to two minutes with a frequency
f one to six per day. At 5 weeks of age, he was admit-

ed to the intensive care unit with status epilepticus
equiring intubation. Typical events then consisted of
ehavioural arrest, tonic stiffening, profound cyanosis,
xygen desaturations to 40-60%, and apnoea or irregu-

ar breathing requiring oxygen, stimulation, bag-valve
ask ventilation, and intranasal midazolam. Heart rate

emained stable ictally. On some occasions, there was
ye deviation to the right and right arm jerking.
y 3 months of age, there was significant global devel-
pmental delay. Head circumference was 39.5 cm (10th

ercentile). There were no dysmorphic features. There
as intermittent visual fixation and following. There
as axial and appendicular hypotonia and poor head

ontrol with mild left-sided weakness. Nasogastric
ube feeding was required.
ife-threatening apnoeic seizures remained resistant
o trials of phenobarbitone, phenytoin, leviteracetam,
lonazepam, midazolam, vigabatrin, sodium valproate,
opiramate, zonisamide, high-dose steroids, and a
etogenic diet.
RI showed right hemispheric polymicrogyria with no

isible abnormality in the left hemisphere and no other
rain malformations (figure 1).

nvestigations including those for electrolytes, urine
rganic acids, plasma amino acids, very long chain

atty acids, and common mitochondrial point muta-
ions and POLG mutations, as well as liver function
ests, urine metabolic screening, CSF analysis (cell
ount, protein, glucose, lactate, and amino acids),
hromosome microarray, and CMV PCR from the
0

eonatal blood spot were all normal. Later, whole-
xome sequencing did not reveal any mutations in
nown genes associated with PMG.
nterictal EEGs showed right posterior quadrant slow-
ng and epileptiform activity during wakefulness,
nd independent bilateral epileptiform activity during
leep (figure 3A) . Video-EEG monitoring at 9 weeks

p
b
a
s
f
(
r

f age captured three subclinical, electrographic
eizures with left central rhythmic theta activity last-
ng 20-30 seconds. Four electroclinical seizures were
aptured consisting of motionless staring, typically
ith lateralized head and eye deviation and pro-

onged apnoea/cyanosis. Ictal onset was right temporal
n one (figure 3B), left temporal in two (figure 3C),
nd left central in one. The longer seizures with
ronounced apnoea and desaturations showed con-

ralateral spread. Video-EEG monitoring at 14 weeks
aptured five electroclinical seizures with profound
esaturations to 40-80% despite ongoing respiratory
ffort, motionless staring, and cycling movements.
he electrographic changes began with rhythmic delta
ver the left hemisphere and subsequent sharp and

ast activity over the left temporal area. No indepen-
ent right hemisphere seizures were recorded on this
ccasion.
he child died due to pneumonia and respiratory
rrest after a decision to withdraw aggressive resus-
itation efforts at 4 months of age. Post-mortem
xamination limited to the brain showed bilateral
ippocampal sclerosis and extensive PMG in the
ight hemisphere, manifesting with microgyration and
usion of the molecular layer and areas of both four-
ayered and poorly laminated cortex, sparing the right
rontal pole and most of the right occipital lobe. There
ere no areas of left hemisphere cortical malformation
r other brain abnormalities.

iscussion

he variable extent and topography of PMG leads
o phenotypic diversity, making prognostication a
hallenge. It is generally accepted that patients with
solated focal PMG have milder symptoms than
hose with more extensive and bilateral PMG, PMG
ssociated with other brain malformations, or PMG
ssociated with a severe underlying aetiology such as a
enetic syndrome, a metabolic disorder, or congenital
MV infection. In contrast, the two cases we describe

uggest that isolated, non-syndromic, extensive uni-
ateral PMG presenting with seizures in the neonatal
eriod can have a devastating outcome.
hile PMG is known to be a highly epileptogenic cor-

ical malformation, little is known about the seizure
anifestations of these lesions (Teixeira et al., 2007;

eventer et al., 2010). The epilepsy presentation of
Epileptic Disord, Vol. 19, No. 1, March 2017

atients with varying topographic patterns of PMG has
een explored in a large multi-centre cohort (Shain et
l., 2013). Twenty-six patients in the cohort had exten-
ive multlilobar unilateral lesions; 96% of these had
ocal epilepsies with a median age at onset of 3 years
Shain et al., 2013). There was a preponderance of
ight hemisphere lesions among the unilateral cases.
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otably, most of these had concordant seizure later-
lization to the MRI abnormality, unlike the patient
n Case 2. In another large unilateral PMG cohort,
0% of patients had focal motor seizures with and
ithout secondary generalization, with a mean age at

eizure onset of 6.5 years (Caraballo et al., 2013). Of
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igure 3. Video-EEG monitoring performed at age 9 weeks in Case 2.
ackground with higher voltage slower rhythms on the right, and foc
nd left temporal, central and posterior regions. Clinical and subclini
ndependently from the right temporal (B), right central, right occipit
Hemispheric polymicrogyria and neonatal seizures
91

his group, 65% eventually developed encephalopathy
ith status epilepticus during sleep (ESES) but progno-

is was generally favourable, with most reaching full
emission (Caraballo et al., 2013). We have not
dentified any reports of seizure severity to the extent
een in our cases.

The interictal sleep EEG (A) shows a continuous but asymmetric
al epileptiform discharges arising independently from the right
cal seizures were recorded with ictal rhythms arising seemingly
al and left temporal (C) regions.



Journal Identification = EPD Article Identification = 0894 Date: March 17, 2017 Time: 4:0 pm

9

P.M. Brna, et al.

C
Fp2-F8

F8-T8

T8-P8

P8-O2

Fp1-F7

F7-T7

T7-P7

P7-O1

Fp2-F4

F4-C4

C4-P4

P4-O2

Fp1-F3

F3-C3

F

A
s
c
e
a
e
a
r
o
t
c
C
o
c
o
w
r
E
(
f
w
p
A
a
t
1
w
t
I
b

t
h
o
s
h
t
i
e
s
s
i
s
e
d
k
E
a
d
m
c
i
s
a

C3-P3

P3-O1

igure 3. (Continued ).

utonomic manifestations occur in 37% of subtle
eizures in infancy, and may include respiratory
hanges and bradycardia (Fenichel et al., 1980). How-
ver, severe and recurrent apnoeic events are not

common manifestation and mortality from such
vents is very uncommon (Ramelli et al., 1998; Freed
nd Martinez, 2001; Hosain et al., 2003). Lachhwani
eported a single case of an extensive malformation
f cortical development whose seizures were life-

hreatening, but this patient was also found to have a
o-existing airway malformation (Lachhwani, 2008). In
ase 2, we witnessed prominent autonomic features
f cyanosis and desaturation prior to any apparent
linical apnoea which may have been due to limbic
r insula involvement. These life-threatening seizures
ere seen to arise independently from the left and

ight temporal regions on scalp EEG. Interictally, the
EGs were relatively normal; a common finding in PMG
Teixeira et al., 2009). There are occasional reports of
ocal electrographic status and ESES among patients
ith unilateral PMG, but this was not seen in our
atients (Teixeira et al., 2009).
part from the severity of seizures, likely related to
2

utonomic manifestations, the cause of the catas-
rophic outcomes in our patients is unclear. For Case
, it is possible that the hemispheric disconnection
as incomplete or that there was an abnormality of

he left hemisphere which was not seen on MRI.
n the absence of a post mortem, this could not
e determined. For both patients, it is possible that

p
“
d
h
s
a
r

he PMG was part of a genetic syndrome that may
ave resulted in subtle developmental abnormalities
f the contralateral hemisphere, impaired intrinsic
eizure suppression mechanisms, or atypical inter-
emispheric spread of seizures. It is also possible

hat other organs, such as the heart, may have been
nvolved, as neither patient had an echocardiogram to
xclude this. The presence of bilateral hippocampal
clerosis in both cases would not explain their seizure
emiologies or poor outcomes. Despite extensive
nvestigations including brain post mortem, metabolic
tudies, and whole-exome sequencing, we did not find
vidence of an underlying genetic or metabolic disor-
er in Case 2. Case 1 died prior to the discovery of any
nown genes for PMG.
xtensive malformations of cortical development, such
s hemimegalencephaly, frequently lead to severe,
rug-resistant seizures. Therefore, a large hemispheric
alformation and catastrophic epilepsy may prompt

onsideration of epilepsy surgery. Hemispherectomy
s an effective therapy for children with refractory
eizures and major hemispheric lesions (Wyllie et
l., 1998; Hamiwka et al., 2007). In a large series of
Epileptic Disord, Vol. 19, No. 1, March 2017

atients undergoing hemispherectomy for intractable
unilateral” epilepsy, there were 3/111 post-operative
eaths in those with migrational disorders; two had
emimegancephaly and one died with intractable
eizures with PMG (Kossoff et al., 2003). A cautious
pproach to surgery for unilateral PMG may be war-
anted as there may be prominent epileptic activity
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n an apparently structurally normal hemisphere. One
ay need to be concerned about prominent interictal

nd ictal EEG activity contralateral to the apparent uni-
ateral PMG, in contrast to other major hemispheric
esions in infants where contralateral or generalized
nterictal discharges may not preclude a hemispherec-
omy (Doring et al., 1999).
n summary we present two infants with severe,
ife-threatening and intractable early-onset epilepsy,
econdary to extensive unilateral PMG. We propose
hat this is a rare and severe syndrome of PMG
hich presents in the neonatal period and is distinct

rom other unilateral forms. Due to the possibility
f independent seizure onset in the contralateral
emisphere, caution should be taken before embark-

ng on procedures such as hemispherectomy, even
n the presence of apparently normal contralateral
maging. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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