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ABSTRACT – Aim. To determine clinical and intracranial EEG correlates of
rhythmic temporal theta bursts of drowsiness (RTTBD) and assess its clinical
significance in patients with temporal lobe epilepsy (TLE).
Methods. A retrospective review of simultaneous scalp and intracranial
video-EEG recordings from 28 patients with TLE was evaluated for epilepsy
surgery. Scalp RTTBD patterns were identified and their clinical and intracra-
nial EEG correlates were then determined on video-EEG recording using
depth and subdural electrodes.
Results. Thirty-one RTTBD patterns on scalp EEG were observed in six (21%)
of the 28 patients. Five (16%) of the RTTBD patterns occurred during wake-
fulness and 26 (84%) occurred during drowsiness and light sleep. The mean
duration of RTTBD was 10 seconds (range: 3-28 seconds). RTTDB consis-
tently correlated with hippocampal ictal discharges and was time-locked to
the hippocampal seizures in which the ictal discharges evolved into rhyth-
mic theta frequency (4-7-Hz) range. Ictal automatisms were observed during
five (16%) RTTBD patterns, while cognitive impairment was observed in four
(13%) of the 31 RTTBD patterns.
Conclusion. Our findings show that scalp EEG correlates of hippocampal
ictal discharges can resemble RTTBD and may be associated with ictal symp-
toms and cognitive impairment, indicating that RTTBD may rarely be an ictal
EEG pattern in patients with TLE.

Key words: rhythmic temporal theta bursts of drowsiness (RTTBD),
rhythmic mid-temporal discharges (RMTD), “psychomotor” variant (PV),
hippocampal epileptiform discharges, temporal lobe epilepsy (TLE), sub-
clinical seizures
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hythmic temporal theta bursts of drowsiness
RTTBD), or rhythmic mid-temporal discharges
RMTD), is currently considered a benign non-
pileptiform EEG pattern (Lipman and Hughes, 1969),
ut its clinical relevance has been debated ever since

t was first described by Gibbs (Gibbs and Gibbs, 1952;
utmann, 2007). The pattern manifests as sharply

ontoured, flat-topped or notched waves in the theta
requency band (4-7 Hz) over the mid-temporal region
nilaterally or bilaterally. It usually occurs in brief
uns lasting a few seconds and rarely lasts longer than
ne minute (Gibbs et al., 1963; Tatum et al., 2006). The
attern was originally called “psychomotor variant”
ecause of its morphological resemblance to the ictal
EG pattern seen with temporal lobe seizures, which at
he time were called “psychomotor” seizures.(Gibbs
t al., 1963) However, the term “psychomotor variant”
ell out of favor because the pattern was not consis-
ently associated with epileptic seizures (Chatrian et
l., 1974). RTTBD differs from classic ictal EEG patterns
s it is monomorphic without significant evolution
n frequency or amplitude, and does not spread to
djacent electrodes or disturb the EEG background.
he incidence of this pattern ranges between 0.2%
nd 0.5% in patients referred for routine EEG studies
Gibbs et al., 1963;Garvin, 1968; Lipman and Hughes,
969).
atients with RTTBD often have a history of trau-
atic brain injury, infection, cerebrovascular disease,

pilepsy or multiple sclerosis (Gibbs and Gibbs, 1989).
his EEG pattern has been linked consistently to
eurovegetative or psychiatric symptoms including
eadache, dizziness, panic episodes, nervousness,
ausea, vomiting, blurred vision and syncope, but
arely with frank psychosis (Garvin, 1968; Hughes and

lson, 1981; Hughes and Hermann, 1984; Boutros
t al., 1986). However, no consistent correlation
etween RTTBD and epileptic seizures has been

ound (Lipman and Hughes, 1969). This waveform
lso appears in 2% of normal young adults (Maulsby,
979). As such, RTTDB is generally considered to be
non-specific, non-epileptiform EEG phenomenon,

r benign EEG variant (Klass and Westmoreland,
985).
merging evidence, however, suggests that benign EEG
ariants, such as small sharp spike (SSS), can rarely
e epileptiform EEG markers (Issa et al., 2018). RTTBD
as been associated with ictal symptomatology in sev-
ral reports, and it is clear that many electrographic
pileptic Disord, Vol. 22, No. 4, August 2020

eizures can be subclinical (Velkey et al., 2011), leav-
ng open the question of how tightly coupled RTTBD
s to seizures (Hughes and Cayaffa, 1973; Klass and

estmoreland, 1985; Gibbs and Gibbs, 1989). The main
bjective of this study was to determine whether
TTBD is associated with intracranial ictal epileptiform
ischarges using simultaneous scalp and intracra-

t
p
p
r
t
s
c

RTTBD-like activity in TLE

ial EEG recordings, which has not been investigated
reviously.

ethods

ubjects

he study data were collected from a retrospective
eview of patients who underwent pre-surgical evalua-
ion at the University of Chicago adult epilepsy center
etween January 2014 and December 2017. Patients
ho met the following criteria were included:

simultaneous scalp and intracranial EEG were
ecorded;

at least one depth electrode targeted the amyg-
alohippocampal complex (AHC) through an occipital
pproach;

and intracranial ictal epileptiform discharges were
ecorded. Patients with significant structural lesions,
uch as tumors, strokes and vascular malformations,
ere excluded. The University of Chicago Institutional
eview Board (IRB) approved the study.

imultaneous scalp and intracranial video-EEG
ecordings

tandard scalp EEG electrodes were placed in the
6-channel international 10-20 arrangement plus sup-
lementary sub-temporal electrodes, F9, T9, F10, T10,

rom the 10-10 system, and mastoid electrodes, M1,
2 (Tao et al., 2007). Mid and posterior temporal elec-

rodes, T3, T5, T4 and T6, in the 10-20 system have
een renamed as T7, P7, T8 and P8, respectively, in the
0-10 system. Electrodes T7/T9 and T8/T10 localize to
he left and right mid-temporal areas, respectively. In
ur standard intracranial implantation, one depth elec-

rode was implanted through an occipital approach
long the longitudinal axis of AHC to sample the AHC
psilateral to the side of seizure onset. Bilateral hip-
ocampal depth electrodes were placed in patients
ith possible bilateral temporal ictal onsets. Three lat-
ral temporal depth or strip electrodes were implanted
o sample the anterior, mid and posterior temporal
ortices. Additional frontal, orbitofrontal or posterior
emporal strips or depth electrodes were placed as
linically indicated if extra-temporal epileptic focus
as a concern (Tao et al., 2018).
ll the electrodes were implanted through burr holes,
463

ypically one in the occipital and one in the lateral tem-
oral region for each patient. A craniotomy was not
erformed in any of the patients in this study. Breach
hythm due to burr hole was not clearly observed in
his study. Locations of the electrodes were recon-
tructed using intraoperative stereotactic CT scans
o-registered with pre-implantation volumetric MRI
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Brang et al., 2016). EEG signals were acquired at a
ampling rate of 1 kHz using a Natus Neurolink EEG
mplifier (Natus Neurology Incorporated, Middleton,

I). Scalp electrode FCz was used as the reference
or both scalp and intracranial EEG recordings. The
calp and intracranial EEG signals were viewed using
common average referential montage, in which the

verage reference was constructed using all the scalp
lectrodes except Fp1, Fp2, M1, and M2; none of the

ntracranial electrodes were included. Muscle artifacts
ere appropriately filtered to improve the signal-to-
oise ratio. RTTBD patterns with significant artifacts
bscuring the evolution and termination of RTTBD pat-

erns were excluded in this study.

linical and intracranial EEG correlates of scalp
TTBD

hree experienced electroencephalographers (TS, XL
nd JXT) visually interpreted the archived simulta-
eous scalp and intracranial EEG recordings with
ifferences resolved by consensus. The archived EEG
les consisted of segmented EEG data including the
rst hour of sleep EEG, interictal discharges, events,
uns, and subclinical and clinical seizures. The mean
uration of the archived EEG recordings available for
eview was nine hours, ranging from 6 to 18 hours.
or each patient, scalp EEG recordings were reviewed
imultaneously with the intracranial EEG recordings.
he frequency, duration, location and morphology of
TTBD on scalp EEG were characterized. RTTBD was
efined as rhythmic 4-7-Hz discharges that stood out

rom the EEG background and lasted ≥three seconds
n the temporal region, with maximal amplitude in the

id-temporal region (Gibbs et al., 1963).
he clinical accompaniments of RTTBD were then
eviewed on video recordings. For this study, clinical
eizures were defined as events with auras (psychic,
utonomic or somatosensory), automatisms, or sen-
orimotor symptoms with or without impairment of
wareness and secondary generalization (Luders et al.,
998). The intracranial EEG correlates of RTTBD were
etermined based on the recordings of depth and sub-
ural electrodes. The intracranial ictal patterns were
efined as rhythmic epileptiform discharges lasting
10 seconds and involving ≥three contacts on the
epth or strip electrodes with clear ictal onset and off-
et. The total number of intracranial seizures was also
64

etermined.
he presence of high frequency oscillations (HFOs)
as assessed during hippocampal ictal discharges that

tood out from background activity. HFOs were iden-
ified when there were at least four cycles of 80 Hz
r higher activity. Digital filters were set to optimize
etection by:

t
T
F
t
p
F
a

turning off the low-pass filter;
setting the high-pass filter at sequentially higher cut-
ff frequencies starting at 80 Hz;
and turning off the 60-Hz notch filter, which if active
ould produce a ringing artifact ≥60 Hz.

esults

atient characteristics

total of 28 patients were included in the study.
heir mean age was 40 years, ranging from 16 to 61
ears. Ten patients were males and 18 were females.
he mean duration of epilepsy was 20 years, rang-

ng from 3 to 41 years. All patients had medically
ntractable temporal lobe epilepsy (TLE). Twenty-seven
atients had mesial TLE and one patient had both
esial and neocortical TLE. RTTBD was observed in

ix of the 28 patients. The mean age of these six
atients was 51 years, ranging from 29 to 61 years,
nd three patients were males. Of the six patients
ith RTTBD patterns, five underwent laser amygdalo-
ippocampectomy, and two of the five patients have
emained seizure free after one year of follow-up.

ne of the six patients underwent responsive nerve
timulation (RNS) treatment for bilateral temporal ictal
nset with 90% seizure reduction after two years of

ollow-up.

lectrophysiological features of RTTBD

total of 31 RTTBD patterns were observed in six
atients. The predominant frequency within the pat-

ern ranged from 4 to 7 Hz, with the majority in
he range of 5 to 7 Hz (table 1). The morphology
f the RTTBD was sharply contoured, flat-topped or
otched waves (figure 1, 2, 3). Five (16%) of 31 RTTBD
ere observed during wakefulness. In all five patterns
bserved during wakefulness, the patients were asleep
t the time of hippocampal ictal onset and were woken
y the seizure at the time when scalp RTTBD was
ecordable. The frequency of the five RTTBD patterns
as 4-5 Hz, 5-6 Hz, 4-5 Hz, 6-7 Hz, 6-7 Hz, respectively. In

he same patient, the frequency of RTTBD during wake-
ulness and sleep was similar (table 1). The remaining
6 (84%) occurred during drowsiness or light sleep.
wenty-seven (87%) were unilateral and four (13%)
ere bilateral and independent (table 1). RTTBD were
Epileptic Disord, Vol. 22, No. 4, August 2020

ypically maximal on mid-temporal electrodes, T7/T9 or
8/T10, but also involved anterior temporal electrodes,
7/F9 and F8/F10. Compared to lateral temporal elec-
rodes, F7/T7 and F8/T8, the pattern was typically more
ronounced on subtemporal electrodes, F9/T9 and
10/T10, which are more sensitive in detecting signals
rising from the mesiobasal temporal cortex (figure 1).
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RTTBD-like activity in TLE

Table 1. Clinical and EEG characteristics of RMTD.

Patient
(age/sex)

No. of PV Location of
PV

Frequency
of PV (Hz)

Duration of
PV(s)

Delay of PV
(s)

Onset of IC
seizure

Duration of IC
seizure(s)

Sleep or
drowsinsess?

1
(58yr/F)

1 RT 4-5 16 11 R hippo 44 N

2 RT 5-6 10 37 R hippo 115 Y

3 BT 5-6 9 48 R hippo 214 Y

4 RT 5-6 10 38 R hippo 81 Y

5 RT 4-5 5 17 R hippo 22 Y

2
(29yr/M)

6 LT 5-6 13 18 L hippo 32 Y

7 LT 5-6 3 30 L hippo 33 Y

3
(63yr/M)

8 LT 6-7 7 14 L hippo 78 Y

9 LT 5-6 7 15 L hippo 68 Y

10 LT 5-6 18 19 L hippo 85 N

11 LT 4-5 11 13 L hippo 52 Y

12 LT 5-6 7 18 L hippo 80 Y

13 LT 4-5 5 16 L hippo 21 Y

14 LT 5-6 14 19 L hippo 49 Y

15 LT 6-7 11 18 L hippo 46 Y

16 LT 5-6 5 17 L hippo 59 Y

17 LT 4-5 4 49 L hippo 67 N

18 BT 5-6 3 14 L hippo 17 Y

4
(42yr/F)

19 LT 5-6 4 2 L hippo 11 Y

20 LT 5-6 5 2 L hippo 12 Y

5
(61yr/F)

21 LT 6-7 5 4 L hippo 12 Y

22 BT 6-7 10 15 R hippo 35 N

23 LT 6-7 14 7 L hippo 25 Y

24 RT 6-7 9 19 R hippo 48 Y

25 LT 6-7 3 18 L hippo 21 Y

26 RT 6-7 15 16 R hippo 71 Y

27 RT 6-7 17 17 R hippo 69 Y

28 RT 6-7 28 14 R hippo 67 Y
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Table 1. Clinical and EEG characteristics of RMTD (Continued).

Patient
(age/sex)

No. of PV Location of
PV

Frequency
of PV (Hz)

Duration of
PV(s)

Delay of PV
(s)

Onset of IC
seizure

Duration of IC
seizure(s)

Sleep or
drowsinsess?

6
(50yr/M)

29 BT 6-7 18 19 R hippo 43 Y

30 RT 5-6 8 15 R hippo 45 Y

31 RT 6-7 4 17 R hippo 39 N

RMTD: rhythmic mid-temporal discharge; PV: psychomotor variant;; F: female; M: male; yr: year; S: seconds; RT: right temporal; LT: left
temporal; BT: bilateral temporal; R: right; L: left; hippo: hippocampus; IC: intracranial; N: no; Y: yes.
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igure 1. RTTBD on scalp EEG recording. A sharply contoured R
uring Phase I pre-surgical video-EEG monitoring prior to the in
nd maximal in the mid-temporal region at electrodes T10 and
nd F8. It was more prominent over the subtemporal region at e
8 and T8. Filters: LF=2 Hz; HF=30 Hz.

TTBD patterns did not involve extra-temporal elec-
rodes. There was no postictal slowing following the
TTBD patterns.

linical correlates of RTTBD

ideo-EEG recordings were reviewed to determine
linical correlates of the RTTBD. Of 31 RTTBD, patients
ere not disturbed by caretakers and nurses, and did
ot have any noticeable body movements during 19
66

pisodes. During the remaining12 episodes, patients
ad voluntary or involuntary body movements, such
s body repositioning and limb movements. Ictal
utomatisms including lip-smacking and ipsilateral
imb fumbling were observed during five episodes of
TTBD; three over the left temporal region and two
ver the right temporal region. Physical examination

I

T
a
2
o

D (5-6Hz) was present in the right temporal lobe on scalp EEG
anial study. The RTTBD appeared sharply contoured or notched
ut also involved the anterior temporal region at electrodes F10
odes F10 and T10 than the lateral temporal region at electrodes

as conducted by nurses during or immediately after
ine episodes. Patients were responsive and coherent
uring five events with RTTBD over the right temporal

obe, whereas patients were unable to answer nurses’
uestions, such as name, time and location (receptive
phasia), in four episodes over the left temporal lobe,
ut they were alert and did not appear to have impaired
onsciousness during these episodes. Twenty-three of
1 RTTBD patterns occurred during sleep and light
rowsiness without cognitive impairment.
Epileptic Disord, Vol. 22, No. 4, August 2020

ntracranial EEG correlates of RTTBD

he mean duration of the intracranial seizures associ-
ted with RTTBD was 54 seconds; ranging from 11 to
14 seconds. The mean duration of RTTBD was 10 sec-
nds; ranging from 3 to 28 seconds. All RTTBD patterns
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igure 2. RTTBD correlating with a hippocampal seizure. Simu
atient with left mesial TLE during sleep. The RTTBD (5-6 Hz) wit

obe on scalp EEG and correlated with the middle part of a left hip
he longitudinal axis of the left hippocampus without lateral tem
ver the subtemporal region at electrodes F9 and T9, compare
ippocampus depth electrode. Filters: LF=2 Hz; HF=30 Hz.

ere correlated with the middle part of hippocam-
al seizures, in which the ictal discharges gradually
volved to rhythmic theta frequency. These rhythmic
heta ictal discharges in the hippocampus achieved
ufficient synchrony, and commonly appeared sharply
ontoured or had a spike-wave pattern, correlating
ith sharply contoured, flat-topped or notched dis-

harges on scalp EEG. The cycles of the scalp RTTBD
ere time-locked to the intracranial ictal epileptiform
ischarges (figure 2, 3). These hippocampal seizures
ropagated minimally to basolateral and anterior tem-
oral cortices (figure 3). The mean latency from
ippocampal seizure onset to RTTBD onset on scalp
EG was 18 seconds; ranging from 3 to 115 seconds. The
ean number of the implanted intracranial electrodes
as five in the six patients with RTTBD patterns. Two

Patient 2 and 3) of these six patients had extratemporal
orbitofrontal and parietal) depth electrodes that did
ot show any extra-temporal propagation correlating
pileptic Disord, Vol. 22, No. 4, August 2020

ith scalp RTTBD patterns (supplementary figure 1).
nterictal and ictal HFOs in the hippocampus were
bserved in all six patients in whom RTTBD were

dentified. Of the 31 hippocampal ictal discharges asso-
iated RTTBD, 27 had HFOs associated with these
ippocampal ictal discharges. There was no direct
ssociation between HFOs and RTTBD observed in

i
w
m
l
a
e
T

ous scalp (black) and hippocampal (pink) EEG recordings in a
-toped or notched appearance was present in the left temporal
mpal seizure recorded on a single depth electrode placed along
al bone defect. On scalp EEG, the RTTBD was more prominent
the lateral temporal region at electrodes F7 and T7. LHD: left

his study. A total of 1,024 intracranial seizures were
bserved in the 28 patients with TLE. The sensitivity
f scalp RTTBD for detecting hippocampal seizures
as 3%.

iscussion

e determined the clinical manifestations and
ntracranial EEG correlates of the scalp RTTBD pat-
ern observed in six patients with medically intractable
LE. The morphological characteristics of RTTBD in this
tudy were similar to those reported in previous stud-
es, as demonstrated in both non-invasive and invasive
ettings, including a Phase 1 EEG study without any
urr hole (figure 1), with only an occipital burr hole
ithout lateral temporal burr holes (figure 2), and with
oth occipital and lateral temporal burr holes (figure 3)
uring the Phase II invasive study. The pattern man-
467

fested as sharply contoured, flat-topped or notched
aves in the theta frequency band (4-7 Hz) over the
id-temporal region. It usually occurred in brief runs

asting a few seconds and rarely lasted longer than
minute. The pattern occurred unilaterally or bilat-

rally during in drowsiness, sleep and wakefulness.
he notch or the fast component was considered a
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Figure 3. RTTBD correlating with a hippocampal seizure with minimal ictal propagation; simultaneous scalp and hippocampal EEG
recordings in a patient with right mesial TLE during wakefulness. The RTTBD (5-6 Hz) was present in the right temporal lobe on scalp
EEG and correlated with the middle part of a right hippocampal seizure recorded on depth electrodes placed along the longitudinal
axis of the right hippocampus and lateral temporal depth electrodes. On scalp EEG, the RTTBD was sharply contoured and notched.
Upper panel: simultaneous recording with full sets of depth and scalp electrodes. Lower left panel: 3D-reconstructed depth electrodes.
Lower right panel: correlation between the right temporal scalp RTTBD and right hippocampal ictal discharges is highlighted. RHD:
right hippocampal depth electrode; RAT: right anterior temporal; RMT: right medial temporal; RPT: right posterior temporal. Filters:
LF=2 Hz; HF=30 Hz.
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rominent morphological feature of RTTBD (figure 3)
Gibbs and Gibbs, 1989). The morphological features
f RTTBD patterns appeared heterogeneous from
atient to patient. Achieving sufficient synchrony of
ippocampal ictal discharges was imperative for the
ecording of scalp RTTBD correlates (supplemental

aterial; Seizure 1). Although not significant, some
ariations in amplitude and frequency were observed
n some of the 31 RTTBD patterns, which was consistent

ith the RTTBD patterns described in previous classic
tudies (Gibbs et al., 1963; Lipman and Hughes, 1969;
ibbs and Gibbs, 1989). We reviewed the published

tudies on RTTBD and found that the vast majority of
ublished RTTBD patterns had noticeable variations in

requency and amplitude, and RTTBD patterns without
uch variations were relatively rare.
lthough RTTBD is commonly seen in adolescents and
oung adults (Hughes and Cayaffa, 1973; Klass and
estmoreland, 1985), the patients in this study who

isplayed RTTBD were adults (21 to 61 years old), likely
ecause enrollment was restricted to patients who
ere 16 years and above with medically intractable
pilepsy. The incidence of RTTBD was reported to be
etween 0.2% and 0.5% in patients with routine EEG
tudies and was 27-36% in patients with epilepsy (Gibbs
t al., 1963; Lipman and Hughes, 1969). The incidence of
MTD in our study was 21% (6/28) in patients with med-

cally refractory TLE, which is consistent with previous
tudies.

ocation of RTTBD

n scalp EEG, RTTBD was maximal over the mid-
emporal area, at T7 or T8 electrodes based on the
0-20 international system, and commonly involved
he anterior temporal region at F7 and F8 electrodes.
his is consistent with the traditionally described loca-
ion of the RTTBD. Additionally, RTTBD was more
ronounced over the subtemporal region at elec-

rodes F9/T9 and F10/T10, as compared to the anterior
nd lateral temporal region at electrodes F7/T7 and
8/T8. Subtemporal electrodes, F9/T9 and F10/T10, were
ore sensitive in sampling the EEG potentials arising

rom the mesiobasal temporal cortex. The subtempo-
al region was not recorded in the previous studies
sing standard 10-20 electrodes (Lipman and Hughes,
969).

TTBD as a potential ictal EEG pattern
pileptic Disord, Vol. 22, No. 4, August 2020

TTBD has been considered a benign EEG variant
ecause it has a monomorphic appearance, often
oes not have significant clinical manifestations,
xhibits poor correlation with epilepsy, and can be
bserved in 2% of normal healthy individuals (Klass
nd Westmoreland, 1985). Nevertheless, several lines

N
a

R
s

RTTBD-like activity in TLE

f evidence suggest that RTTBD can be an ictal EEG
attern:
RTTBD was associated with ictal automatisms during

he period of psychomotor seizures (Gibbs et al., 1937),
nd was found during the interictal period in patients
ith “psychomotor” seizures (Gibbs et al., 1938). Addi-

ionally, 98 (17%) of 591 episodes of the “psychomotor”
ariants (or RTTBD) were associated with some ictal
ymptomatology (Gibbs and Gibbs, 1989). In this study,
ctal automatisms were observed in four (13%) of 31
pisodes of RTTBD.
RTTBD was commonly observed in 27-36% patients
ith epilepsy (Lipman and Hughes, 1969; Hughes and
ayaffa, 1973; Hughes and Olson, 1981), and the inci-
ence of seizures was significantly higher (p<0.001) in
atients exhibiting RTTBD than in those with normal
EG (Hughes and Olson, 1981).

Patients with RTTBD might have subtle clinical
ccompaniments such as cognitive impairment, and
howed a statistically significant increase in latency
f response to photic stimulation, and significantly
ecreased incidence in the ability to respond at all
uring the burst (Lipman and Hughes, 1969). Patients
ith prolonged RTTBD discharges during wakefulness

eported clinical symptoms such as a floating feeling
nd heaviness in the head (Lipman and Hughes, 1969).
imilarly, patients in this study were unable to follow
ommands and were disoriented during and immedi-
tely after five (16%) of 31 left hippocampal seizures
ssociated with RTTBD on scalp EEG.

Most importantly, we found that scalp RTTBD pat-
erns were consistently correlated with hippocampal
ctal epileptiform discharges. Intracranial ictal dis-
harges correlated with the scalp RTTBD and ictal
ischarges originated from the same hippocampal
eizure onset in the amygdalohippocampal complex;
hey were associated with ictal HFOs. The location and

orphology of scalp RTTBD were also similar to those
f the onset of classic ictal EEG patterns in patients
ith mesial TLE, in whom initial rhythmic theta dis-

harges are common ictal onset patterns (Ebersole and
acia, 1996; Tao et al., 2007). It is interesting to compare
TTBD to temporal intermittent rhythmic delta activ-

ty (TIRDA), since both rhythmic theta and delta ictal
atterns are common ictal onset patterns in patients
ith TLE. TIRDA is implicated as an epileptiform EEG
attern (Geyer et al., 1999; Tao et al., 2011), and our
tudy raised the possibility that RTTBD may rarely be
n epileptic pattern.
469

eurovegetative and psychiatric symptoms
ssociated with RTTBD

TTBD is strongly correlated with “neurovegetative”
ymptoms, which were characterized as alterations
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f a broad spectrum of neurological, autonomic and
sychiatric symptoms including headache, dizziness,
anic episodes, anxiety, nausea, palpitations, vomit-

ng, blurred vision and syncope (Garvin, 1968; Lipman
nd Hughes, 1969; Gibbs and Gibbs, 1989). Based
n the analysis of 55 RTTBD patterns observed in
6,800 EEG records, 60% of RTTBD were associated
ith “neurovegetative” symptoms, 46% with psychi-

tric symptoms, and 36% with seizures (Lipman and
ughes, 1969). Although the lack of strong corre-

ation between RTTBD and epilepsy has been the
ain reason why RTTBD is considered a benign EEG

ariant, these “neurovegetative” and psychiatric symp-
oms can be observed in up to 80% of patients with
LE as interictal and ictal symptoms (Flor-Henry, 1969;
upta et al., 1983; Beyenburg et al., 2005; Beletsky

nd Mirsattari, 2012). Fear, panic attacks and syncope
an be the main symptoms in the early stages of TLE
McLachlan and Blume, 1980; Hermann et al., 2000;
iraben et al., 2001), which can often lead to mis-
iagnosis as primary psychiatric disorders for years
rior to the development of more classic ictal semi-
logies (Thompson et al., 2000; Mintzer and Lopez,
002; Sazgar et al., 2003; Kanner, 2011). After treatment
ith antiseizure medications, the majority (68%) of
atients with “neurovegetative” and psychiatric symp-

oms, with RTTBD patterns on EEG, improved clinically,
nd the RTTBD pattern became less frequent or dis-
ppeared (Stone et al., 1986; Muller et al., 1988; Gibbs
nd Gibbs, 1989). This suggests that RTTBD might be
n early ictal EEG marker for TLE, which would account
or the poor correlation between the incidence of
TTBD on EEG and epilepsy. As such, the strong associ-
tion of RTTBD with neuro-vegetative and psychiatric
ymptoms should not undermine the clinical signifi-
ance of the RTTBD as an epileptiform EEG pattern.
either should the presence of the RTTBD in 2% nor-
al healthy individuals mitigate its use as a marker for

LE (Maulsby, 1979), as epileptiform EEG discharges are
resent in 5% of normal healthy children (Okubo et
l., 1994), and in 12.3% of patients without a clinical
iagnosis of epilepsy (Sam and So, 2001).

tudy limitations

his study is limited by its retrospective design
nd the population preselection bias of patients
ith established TLE. Because patients in the study
ere exclusively pre-surgical candidates, intracranial
70

lectrodes consistently targeted the AHC but inconsis-
ently sampled other areas. As result, other intracranial
ources that might also generate RTTBD, such as extra-
emporal cortex, cannot be ruled out. Depth electrode
lacement can sometimes produce theta activity in the
eocortex (Tatum et al., 2019), but this is unlikely to be

he origin of the scalp RTTBD-like pattern observed.

i
s

S
S
o

he pattern was not found in association with iso-
ated theta on neocortical intracranial channels, but
nstead was correlated with hippocampal seizure activ-
ty in the theta range. Additionally, patients with RTTBD

ithout interictal epileptiform discharges or a diag-
osis of epilepsy were not included in this study.
herefore, it is possible that both benign and patholog-

cal RTTBD may exist. Although the recommendations
o distinguish the benign from pathological RTTBD
re beyond the scope of this study, the evaluation
f RTTBD with sharp morphology, clinical correlates

automatisms and cognitive impairment) and occur-
ence during wakefulness should raise caution in
nterpreting this pattern as a “benign variant”. The
re-selection of subjects based on TLE means that

he true incidence of RTTBD and the specificity of
TTBD for hippocampal seizures cannot be estimated.
owever, it is clear that RTTBD is not readily asso-

iated with subclinical hippocampal seizures, with
nly 3% of the seizures detected on intracranial
hannels producing RTTBD on scalp EEG. These find-
ngs are analogous to the situation with small sharp
pikes, another scalp EEG pattern typically considered
enign, but which have recently been found to cor-
elate with pathological hippocampal spikes (Issa et
l., 2018). If RTTBD is consistently associated with hip-
ocampal seizures, it may represent an early stage
f the disease that does not manifest a classical ictal
attern on scalp EEG, however, this would not be
vident in our sample of patients with established
pilepsy. For these reasons, a large prospective and

ongitudinal study including patients with RTTBD, but
ithout a diagnosis of epilepsy, is necessary to deter-
ine whether these patients will eventually become

pileptic.

onclusions

n our study, we identified a possible association
etween scalp RTTBD-like activity and a subset of
ippocampal ictal discharges in patients with mesial
LE. Hippocampal ictal discharges correlated with
calp RTTBD, propagated minimally to anterior and
asolateral temporal cortex. RMTD is usually sub-
linical, but may be associated with ictal symptoms
nd cognitive impairment. These findings suggest that
TTBD is rarely an ictal EEG pattern for mTLE, and

he specificity of RTTBD, correlating with intracranial
Epileptic Disord, Vol. 22, No. 4, August 2020

ctal patterns, remains to be determined in future
tudies. �

upplementary data.
ummary didactic slides and supplementary figures are available
n the www.epilepticdisorders.com website.
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Highlights

• Rhythmic temporal theta bursts of drowsiness
(RTTBD) are traditionally considered a benign EEG
variant.
• Hippocampal seizures exhibited scalp EEG corre-
lates mimicking RTTBD.
• RTTBD might rarely represent an intracranial ictal
EEG pattern on standard EEG recordings in some
people.
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TEST YOURSELF
EDUCATION

(1) What are the characteristics of rhythmic temporal theta bursts of drowsiness (RTTBD)?
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stitial thermal therapy for mesial temporal lobe epilepsy. J
Neurol Neurosurg Psychiatry 2018; 89(5): 542-8.

Tatum WO, Thottempudi N, Gupta V, et al. De novo tempo-
ral intermittent rhythmic delta activity after laser interstitial
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122-7.
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presenting as panic attacks. BMJ 2000; 321(7267):
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Velkey A, Siegler Z, Janszky J, Duray B, Fogarasi A. Clinical
value of subclinical seizures in children with focal epilepsy.
Epilepsy Res 2011; 95(1-2): 82-5.
72

(2) What symptoms are related to RTTBD?

(3) Is RTTBD only a benign EEG variant?

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 22, No. 4, August 2020

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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