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CLNICAL ELECTROENCEPHALOGRAPHY

1987 VOL. 18 NO. 4

Temporal Minor Slow and Sharp EEG Activity
and Cerebrovascular Disorder

G. Asokan, J. Pareja and E. Niedermeyer

Key Words

Cerebrovascular disorders
Electroencephalography

Hippocampic lschemia

Temporal Minor Slow and Sharp Activity
Vertebrobasilar Artery Insufficiency
Wicket Spikes

infroduction

Focal EEG changes located over the anterior
temporal and midtemporal regions represent a
fairly common pattern which is most often
found in old age. This pattern consists of runs of
medium voltage 2-7/sec waves mixed with
lower amplitude 8-14/sec waves and some
intermingled minor sharp transients, which
occasionally appear to be more prominent
{even assuming the character of frank spikes).
This pattern is - in accordance with almost all
observers - most often lateralized to the left. Itis
usualty most prominent in light drowsiness and
may linger on into light NREM sleep with mild
changes in its wave morphology.

Temporal minor slow wave and sharp activity
(TMSSA) is a well known pattern in hospitalized
individuals' ? and aged community volunteers.**
Gibbs and Gibbs® have used the term “minimal
focal (temporal) slow activity,” but there is no
doubt that the slowing is quite often mixed with
more or less sharp wave forms. For this reason,
a term like TMSSA appears to be preferable.
There are also two variants of TMSSA. One
variant consists of rhythmical activity over the
anterior temporal and midtemporal regions.
This rhythmical activity may Occur in long
trains and must be differentiated from the
posterior alpha rhythm. In general. the
temporal rhythmical activity lies in the 6-9/seC
range and is somewhat slower than the
posterior alpha rhythm. Like TMSSA, the
rhythmical variant is also quite often lateralized
to the left.® Maynard and Hughes' have
introduced the term “bursts of rnythmical
temporal theta,” but it must be said that the
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rhythmical variant is not necessarily of burst-
like character. A second variant of TMSSA
occurs in sieep and consists of brief trains of
rhythmical spiking over the anterior and
midtemporal areas. This pattern had been
termed “wicket spikes"”

TMSSA has been ascribed to old age as well
as to cerebrovascular disorder. Naturally, these
two conditons very often coincide. There are,
however, reasons 1o presume that cerebro-
vascular disorder is the usual cause of TMSSA,
This view has been supported by the racent
work of Visser et al.’

The clinical value of TMSSA is not widely
enough known. For this reason, another study
of this pattern appears to be worthwhile.

Material and Methods

This study is based upon the two-year intake
of EEG recordings of our laboratory (serving
the Johns Hopkins as a central faboratory).

EEG records were oblained on 16- or 20-
channel instruments. The international (10-20)
Electrode System was employed with bipolar
and referential (unipolar) montages. Sleep
records (mostly unsedated) were obtained
when feasible. Intermittent photic stimulation
was used in ali patients; nyperventilation was
also obtained except in patients with stroke
problems.

The records were visually analyzed: all of the
tracings were seen by one of us (E.N.).
Examples of typical TMSSA are shown in
Figures 1-3. Rhythmical activity in the theta-
alpha range over the anterior temporal-
midtemporal region was regarded as a variant
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of TMSSA (Figure 4). The clinical charts of the
patierits were extensively reviewed with regard
to clinical diagnostic impression and prominent
symptoms.

Results

From a total of 6,392 records obtained in our
EEG laboratory during the calendar years of
1983 and 1984, 227 tracings (from 209 patients)
were retained because of the presence of
TMESA. This sending indicates a prevalence of
3.5% {out of a patient population which also
comprises children, infants and newborns).
The consistency of the prevalence is demon-
strated by the incidence of 3.7% for 1983 and
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3.3% for 1984,

Table 1 shows the age and sex distribution of
TMSSA with the expected peak in the 7th
decade of life. Interestingly, there was a small
(but not negligible) number of patients in the
agerangeof 21to40years. A 2:1 predominance
of female patients with TMSSA came as a
surprise. Table 2 demonstrates the lateralization
of TMSSA and the expected preponderance of
the left side (84.14% predominantly on the left).
Table 3 indicates the occurrence of special
variants of the TMSSA pattern with a consider-
able number of patients (95} with rhythmical
stretches and 14 patients with wicket spikes in
sleep (Figure 5). The occurrence of frank spikes
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Figure 1. Age 56 years Depression with chronic
amplitude 8-11/sec w

6-8/sec aclivity over the right anterior tem
posterior alpha rhythm is in the 8-10/sec range

: pain. Note a run of 55-7/sec activity mixed with lawer
aves over the left anterior temporal - midtemporal srea There is aiso a run of
poral-midtemporal area. slightly less prominent. The
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‘‘‘‘‘‘ TABLE 1
_______ AGE AND SEX DISTRIBUTION OF PATIENTS
AGE
SEX 21:30 3140 41-50 5160 6170 71-80 81-90 91-100 Total
MALE 4 8 8 14 19 12 4 0 69
FEMALE 4 9 19 31 39 26 11 1 140
TOTAL 8 17 27 as 58 38 15 1 209

Males with TMSSA 33.01%
Females with TMSSA 66.99%

TABLE 2
LATERALIZATION OF TEMPORAL MINOR SLOW AND SHARP ACTIVITY

ONLYON MOREON ONLY ON MORE ON BOTH

SEX LEFT LEFT RIGHT RIGHT SIDES TOTAL
MALE 29 37 1 1 5 73
5 10 14 154
6 11 19 227
Predominantly left - 191 84.14%
Predominantly right - 17 7.49%
Both sides equally involved - 19 8.3%
204
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Figure 5. Age 62years. Cerebrovascular disorder. Two trains of “wicket spikes” are noted over the left anterior
temporal area during light NREM sleep.

(ie. spikes undistinguishable from classical patientswithTMSSA:diffuseﬁiowiﬁgin 30, and

spikes found in epileptic patients) (Figure 3) in6 tocal slowing in 6 patients.
patients will require special discussion. The Table 4 lists the most prominent clinical
following other abrormalities were found in symptoms or symptom—camp!exes, whereas
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the leading clinical diagnostic impressions are
demonstrated in Table 5.

Discussion
1}. The pattern

The pattern of TMSSA poses some interesting
questions. Several authors have placed special
emphasis on the term "temporal slowing.” As a
matter of fact, recurrent runs of prominent
activity in the delta range and especially
continuous temporal delta activity should be

TABLE 3

SPECIAL VARIANTS OF TEMPORAL
MINOR SLOW AND SHARP ACTIVITY

©1887 VOL. 18 NO. &

separated from TMSSA. Consistent temporal
slowing has a different meaning and may
denote a distinct unilateral or bilateral temporal
lesion or dysfunction of more serious implica-
tions. In such cases, states of middle cerebral
artery insufficiency (precursors of classical
strokes in this territory) may be the cayse'®'"
and, of course, other causes including neo-
plastic etiology must also be considered,
Unlike recurrent delta runs, TMSSA is usually
a mixed pattern. If it does show predominantly
rhythmical features, then the rhythmical activity
tends to lie in the 6-9/sec. range. Most
commonly, however, there are 2-7/sec waves
with intermingled B-14/sec activity. There may
be shortruns of a few delta {2-3/sec) waves but,
in general, the delta frequency range does not

T N stand in the foreground. For this reason,
R“V",‘”f"ca' activity over methods of visual or automatic frequency
anterior gemparai-m:dtemporai area 95 analysis may be misleading since the “gestalt”
Frgﬁk 3;:»1!?@3’ o 6 of a complex pattern is crucial for the detectian
Wicket spikes (in sleep) 14 S TMSSA. This does not invalidate approaches

utilizing frequency analysis® or placing special
stress on the distinction of delta and theta
TABLE 4 frequency bands.'*" The analysis of only short
- stretches of wakefulness in the evaluation of the
LEADING SYMPTOMS AND SIGNS records is conducive to further problems. Quite
(In order of significance) often, faintly suggestive patterns of TMSSA are
Dizziness and vertigo present in the waking state whereas in earliest
Memory loss and intellectual decline drowsiness this pattern becomes quite impres-
Syncope sive.
Headache and migrainous symptoms The sharp character of TMSSA must not be
Confusion ignored. Some runs of this pattern may show no
Blurred vision sharp features whatsoever, while others are
Detirious characterized by a gamut of sharp elements
which may reach from minimally sharp
TABLE 5
DIAGNOSTIC IMPRESSION
N*
Cerebrovascular/Cardiovascular disease (without stroke) 48
Hypertension 41
Cerebrovascular accident 30
Carotid artery disease 27
Transient ischemic attacks 26
Endogenous depression 21
Migraine 15
Diabetes mellitus 14
Chronic atcoholism 14
Epileptic seizure disorder 2
Status post-cardiac surgery 9

‘There were more than ono diagnostic labels in several patients,
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yansients to frank spikes. All this must be kept
inmind in order 10 do justice to the complex
nature of TMSSA. While all these variations of
TMSSA still form a distinct pattern, it might be
worthwhile to single out the rhythmical variant
wsually 6-9/sec) and the cases characterized
by intermixed frank sharp waves or spikes. The
former must be distinguished from a posterior
alpha (or sub-alpha) basic rhythm by virtue of
the spatial distribution, while the latter needs
special discussion because of possible epilep-
ilogical consequences. Thisisalso true forthe
“wicket spikes” which are almost always
confined to light NREM sleep. There is little
doubt that wicket spikes are just a variant of
TMSSA which evolves in early sleep.

2). The lateralization

Practically all investigators of TMSSA agree
onthe impressive lateralization ot this patternto
the left side. Earlier work of Busse et al.'* placed
stress on left-sided predominance of TMSSA in
78%. Subsequent studies confirmed these
findings (75% to 90%). Thus, our own figure of
84% is congruent with those of other studies.

According to Visser et al. ? verbal fluency and
word association productivity tests are impaired
in individuals with TMSSA white, on the other
hand, the presence of this pattern is usually
regarded as being unrelated to neurological
deficits.'® The cause for the consistent
lateralization of TMSSA remains unclear, but
one cannot simply ignore the role of hemi-
spheral dominance. One is even tempted to
speculate that the dominant hemisphere could
be subject to greater stress and more prone to
vascular pathology. There is, however, no
convincing lateralization of the typical hemi-
plegic (capsular) cerebrovascular accidents to
the left side. One could further speculate that
greater life-long stress is endured by the
mechanisms of verbal memory and their
hippocampic substratum. Although no signi-
ficant differences have been found thus far
between the memory functions of elderty
persons with and without TMSSA,"®" the role
of verbal memory and hippocampic ischemia in
the genesis of TMSSA ought to be further
investigated.

3). The level of vigilance

Light drowsiness is, in general, most
conducive to the demonstration of TMSSA. in
patients with weak development of this pattern,
its occurrence may be limited to light drowsi-
ness. Whenever TMSSA is more strongly

©1987 VOL. 18 NO. 4

developed, the pattern is found in the waking
state, appears to be enhanced in light drowsi-
ness and shows some decline in deeper
drowsiness and light NREM sleep.

TMSSA may change its wave morphology in
the course of changes of vigilance. In sleep, it
may turn into a rhythmical repetition of (rather
unimpressive) spikes over the anterior temporal-
midtemporal region. This pattern has been
termed "wicket spikes”,® and the first describers
were aware of the rather benign and non-
epileptic nature of this type of discharge.

4). TMSSA: an abnormal or normal pattern?

It is interesting to note that TMSSA was the
only abnormality in 173 out of 209 patients
{82.8%). This underscores the importance of
the interpretation. if the electroencephal-
ographer feels that TMSSA is an essentially
normal pattern or a variant of normalcy, all of
these records will be read as within normal
limits of variability.

We feel that such a philosophy would be too
restrictive and deprive the referring clinician ot
worthwhile information. A quantifying approach
is most advisable, i.e. an assessment of
prominence, frequency, rarity and inconspicu-
ousness of the pattern in a given record.
Therefore, we read records with infrequent and
inconspicuous examples of TMSSA as “within
broad normal limits of variability,” whereas the
majority of the tracings were read as "minimally
abnormal” or “slightly abnormal” according to
quantity and impressiveness of the pattern.
TMSSA alone never constitutes a marked
abnormality.

5). The role of age and sex

There is no doubt that TMSSA represents a
pattern of old age but there are exceptions. In
our material, 25 out of 209 patients (11.9%) were
below age 40, of whom 8 (3.8%) were between
21 and 30 years. These figures alone support
the view that TMSSA is not simply a pattern of
old age. In full agreement with Visseret al .’ we
feel that TMSSA is an EEG expression of
cerebrovascuiar disorder which, under unusual
circumstances, may also occur in younger
adults. For this reason, we reviewed the records
of patients below age 40 with particular interest.
Unusually early occurrence of cerebrovascular
disorder such as lupus erythematosus and
other connective tissue diseases may be
conducive to TMSSA. Even dysfunctional
disturbances such as migraine (15 cases in our
material, including cases of basilar artery
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migraine) may be associated with this pattern.

In general, however, TMSSA is a sign of
structural cerebrovascular disorder, and there
is good reason to presume that thig pattern is
more likely to indicate early or moderately
advanced stages of the disease.

In our material, there is also an unusual 2:1
predominance of the female gender, with 140
fernales and 69 males. Sex preferences of EEG
patterns are very uncommon (such as ifhe
predominance of temales in 6/sec spike-waves
of the posterior type, or frontocentral beta
activity of old age). It is a reasonable conjecture
however, that cerebrovascular conditions
leading to TMSSA are more likely to be found in
fermales than in males.

6). The clinical correlates

A listing of the symptomatology found in
patients with TMSSA (Table 4) clearly shows a
predominance of disturbance atiributable to
cerebrovascular disorder. The vertebrobasilar
system might be chiefly involved when one
considers the nature of the leading symptoms.
Decline of memory is very frequently encoun-
tered {even though it may not be one of the
principal symploms). One has to consider that
the hippocampic region - a crucial structure for
processing and recall of memory material -
depends chiefly on the vertebrobasilar and
posterior cerebral artery system. The role of
TMSSA in cases ol vertebrobasilar artery
insufficiency has been pointed out in the
past'®'" Anderson et al® have shown fine
examples of TMSSA in well documented cases
of vertebrobasilar artery insufficiency.

On the other hand, TMSSA has also been
observed in patients with carotid artery disease
and typical cerebrovascutar accidents. In such
cases, serious involvement of the internal
carotid-middle cerebral artery systern co-exists
with clinically less significant involvement of
the vertebrobasilar system. The isolated
appearance of TMSSA is more likely to indicate
vertebrobasilar circulatory problems of rather
mild nature, rather than impending capsular
strokes caused by insufficiency of the internal
carotid - middle cerebral artery system.

Notseidom, patients with TMSSA suffer from
depression of endogencus character. In such
tases. the EEG findings can serve as an
impartant guideline for the psychiatrist by the
demonstration of suggestive cerebrovascular
problems. In another study, a rather high
prevalence of TMSSA was found in older

ETEB7 VOL. 18 NO .«

patients with severe chronic pain '

A more difficult problem is posed in patients
with epileptic seizure disorder of old age onsst
and TMSSA (with no other abnormalities). in
such patients, TMSSA is more likely to show
sharp elements or even frank spikes, but on this
basis alone one should not construe a case of
epileplic seizure disorder since most of these
cases are unassociated with seizures. The
anterior temporal spike focus shows a natural
tendency towards greater prominence in older
age™ and plays a major role in epilepsies of old
age onset.* While TMSSA often shows a
varying degree of paroxysmal features, this
pattern may also be an EEG correlate of ovenrt
old age epilepsy. The pattern alone, however,
cannotreveal its significanceas a potentially or
overtly paroxysmal abnormality. These uncer-
tainties may pose an unpleasant problem for
the electroencephalographer when TMSSA of
spiky appearance is found in a patient referred
with the question of “epileptic seizures vs.
syncopal fainting.” Unfortunately, the EEG
reader will be unable to give a satisfactory
answer to the specific question. In general,
syncope is more commonly found in such a
context. The electroencephalographer faces a
similar dilemma when the same question is
asked along with the referral of a patient
featuring "smali sharp spikes” and no other
abnormalities >

TMSSA is not uncommon in patients with
chronic alcoholism. One should keep in mind
that alcoholics tend to develop early cardio-
vascular and cerebrovascular disorders,
Accompanying heavy cigarette smoking con-
tributes further to the vascular problems.

In the common differential diagnosis between
senile dementia Alzheimer-type and cerebro-
vascular (multi-infaret] dementia. the occur-
rence of TMSSA strongly suggests a vascular
basis. An overlap of these two major forms of
dementia is quite uncommon, Elderly persons
of remarkable cardiovascular health may fall
victim to Alzheimer-type dementia

Concluding Remarks

TMSSA represents a rather minor abnormatlity
(provided that it reaches abnormal proportions)
butitis a diagnostically very helpful pattern. Itis
presumably a very impartant indicator of
cerebrovascular disorder in its early stage.
More seldom, it is the transient expression of
merely dystunctional cerebrovascular prob-
lems.
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Why is the antero-midtemporal region the
site of the pattern (which, incidentally. is not
found outside the temporal lobg}? its relation-
ship to vertebrobasilar artery ingyfficiency and
its lack of relationship to capsular strokes
{unless vertebrobasilar and middle cerebral
artery disorder co-exist) point to the hippo-
campic region which is well known for its
relatively poor blood supply 2526 As noted
before, the very frequently observed lateral-
ization to the left hemisphere cannot be readily
explained. One is tempted to speculate that the
left hippocampus (subserving processing and
recall of verbral memaory) is more vulnerable to
mild ischemic conditions.

The interpretation of TMSSA represents a
challenge for the electroencephalographer
who must refrain from over- and underrating
the significance of this pattern. Modern views in
clinical electroencephalography tend to mini-
mize or even ignore such minor deviations.
Such trends can be detrimental to EEG by
depriving the electroencephalographer of
important clinical-electrical correlations and
withholding valuable information from the
referring clinician.

EEG is indeed a much better diagnostic tool
in the field of cerebrovascular disorder than
widely assumed - this is true for acute massive
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stroke®” as well as for chronic mild states of
cerebrovascular insufficiency found in con-
junction with TMSSA.

Surmymary

The clinical significance of temparal minor
slow and sharp activity (TMSSA) is discussed
on the basis of earlier literature and personal
observations (209 patients, 227 EEG records).

This pattern consists of mixed 2-7/sec¢ and
8-14/sec activity with intermingied minor sharp
transients {occasionally even frank spikes) over
the anterior temporal-midtemporal region and,
in the vast majority (B4% in our material)
predominantly on the left side. This pattern is
most prominent in early drowsiness, and may
change to rhythmical spiky discharges in light
NREM sleep (‘wicket spikes”).

The origin of TMSSA is unclear. There is
reason to believe that hippocampic ischemia
might be the underlying substratum but the
evidence remainstenuous. Vertebrobasilar
artery insufficiency states may resultin TMSSA
since the hippocampus largely depends on this
wvascular system {via posterior cerebral artery).

The occurrence of TMSSA usually represents
a mild abnormality of potentially considerable
clinical significance.
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