Do generalized tonic-clonic seizures
in infancy exist?

Christian Korff, MD; and Douglas R. Nordli, Jr., MD

Abstract—Objective: To determine the frequency of generalized tonic-clonic seizures (GTCS) in infants (1 month to 2
years). Methods: From a total of 2,112 patients monitored in our video-EEG lab from May 2000 through January 2005, 109
distinct seizures in 77 infants were reviewed. Eight events in eight patients were excluded because of video files
insufficiently reliable to determine the clinical characteristics with precision. The clinical manifestations and electro-
graphic features of the remaining 101 seizures in 69 infants were retrospectively analyzed. Results: The authors did not
observe a single GTCS. Four patients had icti that resembled GTCS, but careful analysis of these episodes revealed that
three of them had a focal onset and that the fourth had a slightly different sequence of events. Conclusions: Generalized
tonic-clonic seizures are rarely, if ever, seen in infants younger than age 2 in a tertiary-care pediatric epilepsy unit.
Instead, they more commonly occur in older children, particularly in the well-characterized epilepsy syndromes of

childhood and adolescence.
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The term “generalized tonic-clonic seizure” (GTCS)
connotes a specific sequence characterized by diffuse
tonic posturing followed by generalized clonus or
rhythmic jerking of all limbs. It is probably a famil-
iar term to all physicians, but it is sometimes mis-
takenly used to describe any type of convulsive
activity. Its proper recognition is important because,
when present, it suggests certain epilepsy syndromes
and can impact selection of medication.

We were aware that infants had a different reper-
toire of seizures than older children and adults. It
was our impression, moreover, that infantile GTCS
were very unusual so we sought to determine their
frequency from our infantile ictal data base. We re-
viewed the literature for reports of infantile GTCS
and carefully scrutinized the definitions of the infan-
tile epilepsies for descriptions of infantile GTCS.

Methods. The database of the Epilepsy Center at Children’s
Memorial Hospital (CMH), Chicago, IL, includes patients ages 1
day to 18 years, who present with a great diversity of indications,
ranging from new-onset paroxysmal spells to intractable epileptic
seizures. Patients are mainly referred through pediatricians, pedi-
atric neurologists, and pediatric epileptologists.

Twenty-three gold electrodes are used for all recordings, in-
cluding a reference and a ground, and placed according to the
rules of the 1020 International System. All recordings are inter-
preted by a pediatric epileptologist at CMH. The seizures were
classified according to the International League Against Epilepsy
scheme,! to which we added different subtypes for each category.
For instance, spasms that exhibited unequivocal generalized clin-
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ical and electrographic features were classified under generalized
seizures (table 1).

From a total of 2,112 patients monitored in our video-EEG lab
from May 2000 through January 2005, 109 distinct seizures in 77
infants (1 month to 2 years) were retrospectively reviewed. In
most cases, our patients had a single seizure type recorded. A
minority of the patients had several seizure types reported, and
parental descriptions of events consistent with GTCS were ex-
tremely rare. If several seizures were recorded during the same
EEG, only one seizure type per EEG was considered. Eight events
in eight patients were excluded, because of video files insuffi-
ciently reliable to determine the clinical characteristics with pre-
cision. We analyzed the clinical manifestations and electrographic
features of the remaining 101 seizures in 69 infants.

Results. The types of seizures that we observed are pre-
sented in table 1. We found that only four patients had icti
that resembled GTCS. Careful analysis of these episodes
revealed that three of them had a focal onset and that the
fourth had a slightly different sequence of events.

The first patient was a 7-month-old developmentally
normal girl admitted after two convulsions in the context
of a febrile otitis media. The recorded seizure started with
a symmetric tonic posture, followed by bilateral clonus.
Careful examination of the clinical features revealed that
the clonus was actually asymmetric, predominant on the
left side. Electrographically, the event was characterized
by focal spikes in the right frontal region at onset (see
figure E-1A on the Neurology Web site; go to www.neurology.
org), followed by ipsilateral posterior and contralateral ho-
motopic spread (see figure E-1B) and secondary generali-
zation (see figure E-1C and E-1D). Additional workup
included a cerebral MRI and a lumbar puncture but did
not reveal a specific etiology. This patient was diagnosed
with idiopathic localization-related epilepsy.

The second patient was a 10-month-old developmentally
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Table 1 Types of seizures in infants observed at Children’s
Memorial Hospital Epilepsy Center

n (%),
Seizure type total = 101
Generalized
Clonic 6(5.9)
Clonic-tonic-clonic 1(1)
Atonic 5(5)
Spasms 13 (12.9)
Partial
Tonic-clonic with secondary generalization 3(3)
Pure behavioral arrest 1(1)
Behavioral arrest and version 11 (10.9)
Clonic 11 (10.9)
Tonic 10 (9.9)
Tonic-clonic 2(2)
Hypermotor 1(D)
Unclassified
Spasms with focal seizures/asymmetric 28 (27.7)
Diffuse tonic/focal clonic 3(3)
Migratory 6(5.9)

normal girl admitted for new-onset repeated paroxysmal
events described by her parents as bilateral tonic stiffen-
ing of the arms and mouth automatisms. The recorded
seizures were described by the initial reviewer as a diffuse
tonic posture, mouth automatisms, and coarse trembling.
More careful analysis of the ictal semiology revealed that
the tonic stiffening was asymmetric, that some head ver-
sion was present, and that the trembling represented sub-
tle unilateral myoclonus. Electrographically, the events
were characterized by a unilateral central onset of mono-
morphic rhythmic theta-alpha (RTA) activity (see figure
E-2A), evolving into secondarily generalized spike-and-
wave complexes (see figure E-2B and E-2C). This patient
was diagnosed with symptomatic localization-related epi-
lepsy by virtue of the precise localization of the seizure and
dissimilarity of the ictal semiology to reported cases of
idiopathic localization-related epilepsy in infants; however,
idiopathic localization-related epilepsy remains a
possibility.

The third patient was an 11-month-old developmentally
normal boy with new-onset paroxysmal events. His re-
corded seizure was clinically characterized by bilateral clo-
nus and blinking. The onset was off-camera, but it was
correlated with low-voltage fast activity on the EEG (see
figure E-3A), a pattern that usually accompanies tonic
stiffening. This pattern was predominant on one hemi-
sphere and was followed by unilateral rhythmic theta pos-
terior spikes (see figure E-3A), anterior and contralateral
spread (see figure E-3B and E-3C). This patient was diag-
nosed with idiopathic localization-related epilepsy.

The fourth patient was a 9-month-old developmentally
normal girl, who had presented with head drops and focal
clonic seizures involving either side since age 4 months.

One of her recorded seizures was characterized by brief
bilateral symmetric clonus and blinking, followed by a

symmetric tonic posture, erratic clonus, and oroalimentary
automatisms. Its electrographic correlate was a short run
of generalized sharp waves, some attenuation, bilateral
but right predominant midline-temporal RTA (see figure
E-4A), with spread over both hemispheres (see figure E-4B
through E-4D). This event was considered as a clonic-tonic-
clonic seizure. Subsequent evolution of the child’s course
has strongly suggested that the child has Dravet
syndrome.

Discussion. In this retrospective study of 101 sei-
zures in 69 infants aged 1 month to 2 years, we did
not observe a single GTCS. Four infants had events
that clinically resembled GTCS. In three cases, we
found that seizures were actually focal seizures with
various degrees of secondary generalization. The
fourth event had a generalized clinical and electro-
graphic onset, but started with a clonic phase, fol-
lowed by tonic stiffening and ended with a second
clonic phase. This clonic-tonic-clonic sequence has
been observed in idiopathic generalized epilepsies
such as myoclonic-astatic epilepsy as described by
Doose and in other infantile epilepsies such as
Dravet syndrome.

Our observations in a tertiary-care pediatric epi-
lepsy unit are consistent with previous reports.
Placed in the perspective of a review of the litera-
ture, we think that these results can be reasonably
extended to the general child population. Notably,
not a single GTCS was observed in a study on 296
seizures in 76 children younger than 3 years.?

Reports on GTCS in infants younger than 2 years
are extremely sparse. They were part of the variable
seizure phenotype described in a kindred of 69 pa-
tients with benign familial neonatal convulsions, but
ictal video-EEG data demonstrating generalized sup-
pression at onset followed by symmetric rhythmic
slow waves and diffuse spikes was only reported in
two patients, one of whom exhibited tonic-clonic
manifestations.? A similar electroclinical pattern was
reported in two neonates with nonbenign familial
neonatal convulsions.* EEG features nearly identical
to those in our first three patients were described in
a 5-day-old infant with benign neonatal convulsions.
His seizures were described as GTCS and consisted
in tonic extension of arms and legs, cyanosis, and
clonic jerks. This patient, however, also presented
with eye deviation to the right side and the electro-
graphic correlate to the events, described as general-
ized, had a unilateral onset in the frontocentral area
on either side.® These signs point to focal seizures
with secondary generalization.

An increasing number of epilepsy syndromes that
present in infancy have been recognized. Some, such
as myoclonic astatic epilepsy and Dravet syndrome,
include GTCS in their phenotype. However, even in
these entities, GTCS are rarely observed before age
2. Moreover, a recent video-EEG correlate descrip-
tion of seizures in Dravet syndrome showed that
most convulsions were actually not generalized, but
instead exhibited subtle focal features. Some of them
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were clinically characterized by bilateral asymmetric
tonic stiffening, followed by bilateral asynchronous
clonic jerks of asymmetric frequency, with asymmet-
ric corresponding electrographic features. The au-
thors used the term “falsely generalized seizures” to
describe these events. The other ones, named “unsta-
ble seizures” by the authors, were characterized by
discharge localization changes during the same sei-
zure and were thought to represent focal seizures
emanating from several foci that fired successively.
Rare truly generalized convulsions were also de-
scribed, but the age at which they were observed is
not mentioned in the report.®

GTCS accounted for up to 80% of febrile seizures
in a recently reported series of patients.” However,
the age at observation was not specified and no EEG
correlate was available in this report. Other authors
emphasize the fact that the descriptions of febrile
seizures in children are almost exclusively based on
the observations of their parents,? which are most of
the times not accurate enough to determine whether
there was a focal or a generalized onset.

Large-scale childhood epilepsy epidemiologic stud-
ies also lack details about the age at which GTCS are
observed; most do not specifically delineate and ana-
lyze a group of infants under 2 years or group tonic,
clonic, and tonic-clonic seizures together.®'° These
studies, moreover, do not have the benefit of concur-
rent video-EEG.

The rarity of GTCS in infants younger than 2
years is thought to be related to the relative immatu-
rity and lack of organization of their developing
brain, characterized by variable neuronal excitabil-
ity, imperfect myelination, and incomplete inter-
hemispheric connections.!* This maturational concept
is recognizable on EEG recordings in infants, as nor-
mal electrographic features follow a fairly stereo-
typed evolution during the first years of life. In
particular, tight synchronization of vertex waves,
sleep spindles, and K complexes do not normally
appear in infants younger than 2 years. The impli-
cation is that it may not be possible to generate
well-formed highly synchronized or generalized
discharges in this population. Generalized tonic-
clonic seizures are an important type of seizures
seen in epileptic syndromes that present in older
children and in adolescents (table 2), but most, if
not all infantile seizures that appear to be general-
ized tonic-clonic are really focal with secondary
generalization.

Patients with partial seizures of unknown etiology
occurring in the first 2 years of life and benign neu-
rodevelopmental outcome were described in 1963.2
More recently, seven patients with benign idiopathic
partial epilepsy ages 3 to 20 months at onset were
reported. Their events were characterized by staring
or motion arrest followed by generalized tonic and
clonic phases but proved to be partial seizures with
secondary generalization on EEG. These events were
correlated to focal discharges of rhythmic spikes or
low-voltage fast activity followed by recruiting

1752 NEUROLOGY 65 December (1 of 2) 2005

Table 2 Epileptic syndromes that present in older children and
in adolescents with generalized tonic-clonic seizures as part of
their phenotype

Usual age at

Epilepsy syndrome observation of GTCS, y

Childhood absence epilepsy 10-15
Juvenile myoclonic epilepsy 16
Juvenile absence epilepsy 12-14
Epilepsy with GTCS on awakening 14-16
GEFS+ >6

GTCS = generalized tonic-clonic seizures; GEFS+ = generalized
epilepsy with febrile seizures +.

rhythms and some degree of secondary bilateral syn-
chronization.'® A family history of similar seizures at
the same age is frequent among these patients, but
in a study comparing sporadic cases with patients
with a positive family history, no electroclinical dif-
ferences were found between both groups.’* Certain
authors grouped these patients under the single
name of “benign familial infantile seizures.”® We be-
lieve our first three cases belong to this epileptic
syndrome.

A major limitation in our study is that we may
have a referral bias and that this information may
not be truly indicative of the general population. The
particular challenges of interpreting infantile sei-
zures may require concurrent EEG analysis to be
certain of the true nature of the ictal events. Indeed,
physicians need to be cautious about inferring too
much regarding the nature of infantile seizures from
clinical descriptions. Instead, and particularly in the
refractory patient population, video-EEG monitoring
may be helpful in better characterizing the disorder.
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A 38-year-old woman developed right peroneal mononeuropa-
thy confirmed with electrodiagnostic tests. MRI of the right knee
revealed a lobular nonenhancing soft tissue cystic mass extending
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Neuro/mages

Figure. Right knee MRI: T2 fat satura-
tion images; oblique axial (A) and coro-
nal (B) showing a cystic mass in the
lateral right knee. Oblique axial T1
post gadolinium (C) shows no enhance-
ment of the mass.

along the lateral aspect of the knee just below the fibular head
(figure, A through C). Operatively, an intraneural peroneal gan-
glion was found, which was decompressed, leading to improve-
ment in symptoms.

Peroneal intraneural ganglion cysts are a relatively rare cause
of peroneal neuropathy. Imaging studies are helpful in the diagno-
sis.! Although controversy has existed as to the pathogenesis,
most are thought to arise from the superior tibiofibular joint.?
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