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Abstract
Distinguishing abnormal electroencephalogram (EEG) waveforms from benign variants is critical for accurate interpretation of
EEG. Hyperventilation (HV) is one of the basic procedures during EEG to enable activation of epileptiform activity. Rarely,
HV can activate benign EEG rhythms. Herein, we illustrate two pediatric cases with bursts of rhythmic mid-temporal theta
of drowsiness (RMTD), activated by hyperventilation. Continued awareness of this EEG phenomenology and its variations in
pediatrics is important in avoiding misdiagnosis of epilepsy.
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Introduction
Electroencephalography (EEG) serves as a vital tool in the
assessment, diagnosis, and management of patients with epi-
lepsy. Based on ILAE criteria,1 epilepsy can be diagnosed fol-
lowing two unprovoked seizures or a single unprovoked
epileptic seizure and an abnormality on EEG or magnetic reso-
nance imaging (MRI) with a high probability that seizures could
recur. Due to this emphasis on EEG as part of routine diagnostic
work up for seizures, an erroneous diagnosis of epilepsy can result
from a combination of inadequate history along with overreading
of EEG.2 Specifically, benign EEG variations, such as wicket
spikes, hypnagogic hypersynchrony, hyperventilation-induced
slowing, fragmented alpha activity, or fluctuations of sharply con-
toured background rhythms, can be misinterpreted as epilepti-
form.3 One such variant, rhythmic mid-temporal theta of
drowsiness (RMTD), seen more commonly in adults, is described
as abrupt theta frequency (4-7 Hz) rhythmic bursts maximal over
the mid-temporal region. This well described variant can be mis-
taken for a pathologic discharge due to sharply contoured rhythmic
waveforms associated with it. Herein, we illustrate two pediatric
cases with the uncommon phenomenon of hyperventilation

activated RMTD on EEG and discuss established characteristics
differentiating benign variants from abnormal epileptiform
complexes.

Cases

Case I
A 5-year-old boy presented for an outpatient EEG and evalua-
tion in the neurology clinic following a self-limited,
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generalized, tonic-clonic seizure out of sleep. Routine EEG
showed bursts of notched and sharply contoured 4–7 Hz
theta, independently in the left and right temporal regions,
which were activated with hyperventilation, which persisted
in drowsiness and light sleep (Fig. 1), consistent with RMTD.
The bursts of RMTD lasted between 6–120 s and occurred inde-
pendently as well as simultaneously in bilateral temporal
regions with variable asynchrony. No further seizures were
reported on follow up over the past year and patient was not
on any anti-seizure prophylaxis.

Case II
A 12-year-old girl presented to the neurology clinic following
an episode of loss of consciousness suspicious for new onset
seizures. She had a history of a single febrile seizure at 2
years of age. Routine EEG showed 4–10 s bursts of notched
and sharply contoured 5–7 Hz theta activated with hyperventi-
lation which persisted in drowsiness and light sleep. These
bursts occurred independently as well as simultaneously in
bilateral temporal regions, with a relative left temporal predom-
inance. There was no associated clinical change, and the rhythm
was consistent with RMTD, without any epileptiform features.
No further seizures were reported on subsequent follow up over
the past 6 months and patient was referred to Cardiology for
evaluation of syncope.

Discussion
Our cases highlight the importance of identification of rare
benign variants like RMTD in Pediatrics and their uncommon
triggers such as hyperventilation, to enable accurate identifica-
tion on EEG. The bursts of RMTD while activated during

hyperventilation persisted into drowsiness with stereotypical
notched sharply contoured morphology in the unilateral/bilat-
eral temporal regions without evolution, confirming the well-
described pattern of this benign variant. While previous
reports have described HV activated RMTD in a young adult
and an adolescent (15-year-old girl),4,5 we illustrate that this
rare EEG phenomenology can occur in younger children.

History and Prevalence
This rhythm first described by Gibbs et al in 1963 was first
labelled “the psychomotor variant” because this was first
observed in patients with “psychomotor” (temporal lobe) sei-
zures.6,7 Lipman and Hughes renamed the pattern Rhythmic
Mid- Temporal Discharges (RMTD), according to its electro-
graphic characteristics.8 In 1985, Klass and Westmoreland
included this pattern among those that were “nonepileptogenic
and epileptiform” or “patterns of uncertain significance” or
“normal variants.”9 Previous reports have described patients
with RMTD and concurrent diagnoses of epilepsy, psychiatric
co-morbidities, as well as mild alterations in neurocognitive
function,4,6 although, no causal association with RMTD has
been established. RMTD is more commonly seen in the adult
population, occurring in approximately 10% of the adult popu-
lation versus only 0.4–1% of the pediatric population.3 When
seen in children, RMTD is known to occur during the late
teenage years with rare reports documenting rhythm in children
as young as 4 years old.4,6,10

Characteristics and Localization
The morphology and frequency of RMTD is characterized by
notched, sharply contoured 4–7 Hz theta frequency waveforms

Figure 1. EEG of the patient in case I showing RMTD in bilateral temporal regions.
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seen in the mid-temporal regions which can spread parasagit-
tally.11 Corroborating this localization with magnetoencepha-
lography source modeling, RMTD has been shown to
originate in the fissural cortex of the posterior inferior temporal
region.12 RMTD can also occur bilaterally, sometimes with a
unilateral predominance similar to our cases.4,6,13 RMTD is
mostly seen in drowsiness or light sleep, although it has also
been reported in relaxed wakefulness,6,10 as noted in our
patients. During bursts of RMTD seen in relaxed wakefulness
or drowsiness, our patients continued to maintain awareness
with purposeful activities. These clinical observations further
favor benign variants like RMTD and are consistent with previ-
ous reports that have shown no associated clinical change or
impaired function despite prolonged continuous runs.3,12,14

RMTD is also usually monomorphic, does not evolve signifi-
cantly in frequency or amplitude, differentiating it from most
ictal patterns. Figure 2 summarizes EEG characteristics that
can help differentiate benign EEG variants from abnormal epi-
leptiform complexes and electrographic seizures.

Knowledge gap and Need for Awareness
Currently, educational requirements for child neurology resi-
dency require competency in neurodiagnostics, but there are
no specific competency requirements related to EEG.17

Recognizing benign variants is therefore limited by education
and exposure. This limitation is supported by a survey of US
adult neurology residency program directors, which noted sig-
nificant variation in EEG reading exposure, lack of consistency

in teaching, and evaluating EEG reading milestones for neurol-
ogy trainees.18 Neurologists and epileptologists would continue
to benefit from recurring discussions of EEG variants in contin-
uing medical education programs, online/social media plat-
forms, and reports in the literature.19 Increasing knowledge
and discussion of benign variants, such as RMTD, would
greatly help in reducing the likelihood of erroneous diagnosis
of epilepsy resulting from overinterpretation of EEG.

Conclusion
RMTD is a rare rhythm in pediatrics and has the potential to be
misdiagnosed for pathologic epileptiform complexes or electro-
graphic seizures. Knowledge of fundamental features of RMTD
should aid in its recognition and differentiation from pathologic
spikes.
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