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Normal P300 following extensive damage to the
left medial temporal lobe

Michael D Rugg, Charles D Pickles, Douglas D Potter, Richard C Roberts

Abstract
Event-related potentials (ERPs) were
recorded during auditory and visual
"oddball" tasks from a patient with a
severe verbal memory deficit due to a low
grade infiltrating glioma which involved
the full extent of the left medial tem-
poral lobe. In both sensory modalities,
the patient's oddball-evoked P300s were
symmetrical and of normal ampli-
tude. These findings are difficult to recon-
cile with the hypothesis that the hip-
pocampus, or any other medial temporal
structure, makes a substantial contribu-
tion to the scalp P300.
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The P300, an endogenous component* of the
scalp-recorded event-related potential (ERP),
takes the form of a positive deflection with an

amplitude of up to 30uV and a peak latency of
between approximately 300 and 600 ms. It
exhibits a parietal-maximum scalp distribu-
tion, and a similar range of functional proper-

ties, when evoked by stimuli of any sensory

modality (for a recent review see Verleger'). It
is frequently used to study cognitive dysfunc-
tion in neurological disease.2
The P300 is commonly elicited with simple

stimuli by use of the "oddball" task. In its
simplest form, this task consists of an un-

predictable sequence of two classes of
stimulus. The subject must detect one class
(the oddballs or targets), while ignoring the
other more probable class (the non-targets).
In comparison with the ERPs evoked by non-

targets, target ERPs contain an enhanced
P300, the amplitude of which is inversely
related to target probability.3

Intracerebral recordings from the medial
temporal lobe (MTL) have demonstrated the
presence of a sizeable oddball-sensitive ERP
wave, which appears to be locally generated.'7
This wave is roughly contemporaneous with
the P300 recorded from the scalp, and shares
many functional properties with the scalp
component.5 Analysis of its intracerebral vol-
tage distribution suggests that it is generated
in the hippocampus,5 a conclusion consistent
with reports that the wave is frequently
abnormal when recorded from an MTL con-

taining a sclerotic hippocampus.>'0

Footnote
*The term endogenous components refers to features ofthe ERP
that are largely under the influence of psychological variables
such as stimulus probability, attention, etc. These can be
contrasted with exogenous components, which are influenced
mainly by physical characteristics of the evoking stimulus, such
as sensory modality or intensity.

It is uncertain whether volume-conduction
of the P300-like ERP component generated in
the hippocampus contributes significantly to
the scalp P300. Currently, the most substan-
tial body of relevant evidence arises from
studies of the scalp P300 in patients who have
had unilateral anterior temporal lobectomy for
the relief of epilepsy. If the P300 reflects to
any substantial extent the activity of bilateral
MTL generators, damage to one such gener-
ator would be expected to result in a reduction
in amplitude and a shift in the lateral distribu-
tion of this component. Such findings have not
been obtained; the P300s of temporal lobec-
tomy patients are neither grossly asymmetric
nor reduced in amplitude."'1-4
Two problems exist in making the inference

from these findings that MTL structures do
not contribute to the scalp P300. First, lobec-
tomy patients have unilateral skull defects.
The effects that these might have on the
amplitude and distribution of the scalp P300
are unknown (although, as noted by Knight15
and Stapleton et al,13 the likelihood that any
effects exactly cancel those of a lobectomy
seems very remote). Second, Knight'5 points
out that temporal lobectomy for the relief of
epilepsy usually spares a substantial propor-
tion of the posterior hippocampus,16 a region
of the MTL which typically gives rise to high
amplitude oddball-evoked ERP activity.5 The
lobectomy data are therefore consistent with
the hypothesis that it is the posterior rather
than the anterior region of the MTL that
makes a significant contribution to the scalp
P300.
We describe a case in which non-surgical

damage has occurred along the entire extent of
the MTL of one hemisphere, but in whom the
amplitude and lateral distribution of the
parietal P300 are normal. This allows further
evaluation of the role of MTL structures in
the generation of the scalp P300.

Method
We describe a teacher aged 44 years. She
presented as an emergency in November
1987, having had a first generalised tonic
clonic seizure preceded by nausea, a sense of
doom and seeing coloured lights. She was
admitted to hospital and had two further gen-
eralised tonic clonic seizures within 24 hours.
Physical examination was normal as were
haematological and biochemical investiga-
tions. A CT scan of the brain showed a low
attenuation area in the left posterior temporal
region, with no mass effect and no enhance-
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Figure I Horizontal and coronal MRI illustrating the extent of the pathology in the
patient's left temporal lobe.

ment after contrast injection. She was started
on carbamazepine 200 mg/day and had no
further seizures for three months. A second
CT scan, performed six weeks after the first,
showed a slight decrease in the size of the low
attenuation area, suggesting a cerebral infarct.
Digital vascular imaging with arch and left
carotid injections was normal.

Following initial admission the patient
reported a marked impairment of memory for
recent events, in particular for dates, times,
places and names. Her memory problems have
persisted since that time.
During 1988 she had infrequent episodes of

left retro-orbital headache and nausea, and
she had four further episodes of transient
visual symptoms. The latter consisted of blur-
ring and distortion, a bright arc flashing across
the visual field or rainbows shooting from
right to left. These episodes lasted between 10
and 45 minutes. The last was in October 1988
and was followed by dysphasia and a tonic
clonic seizure. Her carbamazepine was then
increased to 400 mg/day and there has been
no recurrence.

In October 1989 she had an MRI of the
brain. This revealed that the left posterior
temporal lesion was a tumour, which was now
producing some mass effect. Stereotaxic

biopsy showed it to be a low grade infiltrating
glioma. Physical examination at this time
remained normal, and there were no neuro-
logical deficits apart from her poor memory.
MRI Representative images are shown in fig
1. An abnormal signal is present throughout
the left medial temporal lobe, including
anterior and posterior hippocampus and para-
hippocampal regions. The lateral cortex
appears to be spared.
Neuropsychological data Relevant details of
the patient's performance on a range of tests
are given in table 1. These data were obtained
in January 1989. In contrast to her normal
intelligence and intact immediate memory
(assessed by digit span), her long-term verbal
memory is considerably deficient; this is
especially evident on the delayed logical
memory and paired associate subtests of the
Wechsler Memory Scale (Revised), and on the
Rey test of auditory-verbal learning.
Control subjects The controls consisted of five
individuals, one of whom was male. Three of
these were healthy, and two were neurological
outpatients suffering from disorders of the
peripheral nervous system (cervical
radiculopathy and carpal tunnel syndrome).
Details of these subjects are given in table 1.
Auditory oddball task Stimuli consisted of 80
dB tones (50 ms duration, 10 ms rise and fall
times, 2 s ISI) with a frequency of either
250 Hz or 500 Hz. During an experimental
run, one of these tones was designated the
target, and the other the non-target. A run
comprised 200 stimuli, consisting of an un-
predictable sequence of targets (p = 0 25) and
non-targets. The task was to make a rapid
manual response whenever a target occurred
by squeezing a thumb-switch held in the pre-
ferred hand.
Data were obtained from the patient on two

runs of this task in June 1989. The controls
each performed the task once. For all subjects
the instructions stressed the need to respond
promptly to the targets, and to minimise eye-

Table I Neuropsychological test scores of the patient
and controls

Patient Control mean (SD)

Age 45 44 (71)
WAIS-R 108 -
NART 107 111 (5-1)
WMS-R: Verbal 89 111 (5 6)

Visual 110 122 (11-3)
PA 6 22 (1-8)
ILM 25 29 (2-2)
DLM 14 27 (3-1)
DS 7 7-0 (1-4)
RAVLT: I 3 7,8'

V 8 15,15
VI 0 12,13

WAIS = Wechsler Adult Intelligence Scale-Revised. NART
= Estimated full-scale IQ from National Adult Reading Test.
WMS-R = Wechsler Memory Scale-Revised. Verbal =
WMS-R verbal memory index. Visual = WMS-R visual
memory index. PA = raw score of verbal paired associates
subtest of WMS-R. ILM = raw score of immediate recall of
logical memory sub-test of WMS-R. DLM = raw score of
delayed logical memory sub-test of WMS-R. DS = maximum
forward digit span (WMS-R). Rey auditory-verbal learning
test. I = trial 1; V = trial 5; VI = recall after presentation of
an interpolating list.
a-Only two controls performed the RAVLT. Both subjects'
scores are shown. Lezak13 reports a mean performance for a
group of 30 "professionals" on trial I as 8-6 (SD = 1-5), and
on trial V as 14-0 (SD = 1 0).
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and body-movements. A short rest was given
half-way through each run.

Visual oddball task This task involved the
presentation of two letter strings, 000 and
XXX. Os occurred on 75% of trials, and were

designated non-targets. Xs occurred on a ran-

dom 25% of trials, and, as in the auditory
task, required a prompt response using a

thumb-switch held in the preferred hand. The
letter-strings were displayed at a moderate
contrast on a TV monitor, and subtended a

visual angle of approximately 1-5 x 0-5 deg.
Exposure duration was 300 ms, and the inter-
stimulus interval was 3 s. A fixation dot was

continuously present on the monitor except
for the period 150 ms before stimulus onset
until 924 ms thereafter. An experimental run

consisted of 200 trials, with a short rest half-
way through. Data from one run on this task
were collected from the patient in January
1989, and each of the controls also carried out
a single run of this task.
ERP recording ERPs were recorded from
three midline scalp sites, Fz, Cz, and Pz, and
from lateral electrodes over the left and right
frontal (midway between F3 and F7, and F4
and F8), temporal (T3 and T4) and the in-
ferior parietal (mid-way between P3 and T5,

Figure 2 Upper-ERPs
from the patient evoked by
target and non-target
stimuli in two runs of the
auditory oddball task.
Lower-Grand-average of
the controls' waveforms in
the same task.

and P4 and T6) regions. All scalp recordings
were made with respect to a balanced stemo-
vertebral reference.'7 Vertical and horizontal
EOG were recorded from bipolar electrode
pairs placed above and below the right eye
(vertical), and on the outer canthus of each eye
(horizontal). EEG and EOG were recorded
with bandwidths of 0-03-30 Hz (3 dB points)
and digitised on-line at a rate of 4 ms/point
for 1024 ms, starting 100 ms before stimulus
onset.
Target and non-target ERPs were averaged

off-line. In the visual task, any trial associated
with a response error or EOG artefact was

rejected, as were trials on which amplifier-
blocking occurred. The patient's data from
one run of the auditory oddball task contained
an excessive number of trials containing blink
artefacts. These artefacts were removed statis-
tically with a procedure similar to that des-
cribed by Semlitsch, et al;'8 the same

procedure was applied to her data from the
other run of the auditory task, and to each of
the ERPs of the controls. The application of
the EOG correction procedure is very unlikely
to have introduced significant error into the
comparison between the waveforms of the
patient and the controls. The conventionally-
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Table 2 Peak latency (ms) and amplitude (microvolts) of the P300 evoked by targetsfrom the parietal electrodes of
the patient and the controls

Latency Amplitude

Pz L R Pz L R

Auditory task:
Patient (run 1) 372 376 368 20-4 13-3 12-1
Patient (run 2) 372 372 372 24-2 17-0 15-7
Control mean (SD) 321 (28) 325 (31) 320 (30) 19-5 (7-6) 13-8 (3-3) 12-9 (5-7)

Visual task:
Patient(run1) 476 412 412 15-0 11-9 12-0
Control mean (SD) 423 (62) 420 (59) 419 (58) 18-8 (3-7) 12-7 (2-2) 12-7 (4-3)

averaged auditory ERPs of the controls were

almost identical to those obtained after
application of the procedure, and the same
held true for the patient's data from her run
on this task which did not require EOG
correction.

Results
Auditory task The patient's reaction time
(RT) to targets was 399 ms (across-trials SD =

100 ms) on run 1 and 383 ms (SD = 86 ms) on
run 2. The meanRT ofthe controls was 483 ms
(across-subjects SD = 148 ms). She made no
errors ofomission on either run, and made only
one error ofcommission, on run 1. The greatest
number of errors made by any control subject
was 7.
The patient's target and non-target ERPs are

illustrated in fig 2. Compared with the non-

target waveforms, the target ERPs from the
midline sites contain a prominent fronto-
central "N2" component, peaking at ap-
proximately 220 ms, followed by a large
parietal P300, peaking at approximately
370 ms. The P300 is also prominent at the
lateral parietal electrodes, at which it appears to
be almost symmetrical in both amplitude and
latency. Figure 1 also illustrates the grand-
average of the controls' ERPs; these are

qualitatively very similar to those of the
patient.

Clearly identifiable target P300s were present
in every subjects' parietal recordings, allowing
the determination of the peak latency and

amplitude of this component from each
subject. These data are summarised in table 2.
The latency ofP300 at Pz is 32 ms longer in the
patient than that in the nearest control. How-
ever, as in the controls, the latencies of the
P300s from her two lateral parietal electrodes
differ at most by only a few milliseconds. In the
case of the peak amplitude of P300 (measured
with respect to the mean of the 100 ms pre-

stimulus baseline), the patient's values are

clearly within the normal range and show, as

with the controls, a slight tendency to be larger
over the left than the right hemisphere.
To measure amplitude in the P300 latency

range of target and non-target ERPs from all
electrode sites, the mean amplitude of the
24 ms region straddling the peak latency of
P300 at Pz was computed. These data are

shown in table 3. As with the peak measures of
the target P300, the patient's data fall within
the normal range. This is true also for the
differences in amplitude between target and
non-target ERPs, a measure of the "respon-
siveness" of P300 to the target/non-target
manipulation.
Visual task The patient's RT to targets was

507 ms (across-trials SD = 94 ms). She made
one error ofomission, and none ofcommission.
The mean RT of the controls was 624 ms
(across subjects SD = 127 ms). All but one

control (who made one error of omission) were

error-free on this task.
The visual ERPs for the patient are shown in

fig 3. Her target waveforms exhibit a substantial

Table 3 Mean amplitude (microvolts) of the 24 ms latency window centred on the peak ofP300 at Pzfor the patient
and controls' target and non-target waveforms

Fz Cz Pz LF LT LP RF RT RP

Auditory task:
Patient:
Run 1:

Target 4-5 15 5 19-8 -0-1 1-2 12-2 3-0 5-7 11-7
Non-target 4-2 6-7 5 9 2-4 1-4 3-4 3-4 5-7 5-4

Run 2:
Target 10-0 17-6 23-5 3-3 55 16-2 4-2 4-7 15-1
Non-target 1-2 1-9 1-0 1-1 3-2 0.1 1-0 1-3 1-3

Controls:
Target 7-2 12-4 19-1 3-9 6-6 13-2 4-6 6-3 12-6
SD 4-8 7-4 7-6 1-8 2-3 3-4 4-2 4-8 5-8
Non-target 1-9 48 5-2 2-1 2-9 41 0-6 2-0 3 0
SD 3-4 4-3 2-3 2 1 1-6 1-5 2-9 2-2 2-7

Visual task:
Patient:
Target -6-9 3-8 14-5 -7-8 1-3 11-0 -3*9 4.3 9.7
Non-target 3-3 3-6 39 31 2-6 26 5 9 4.3 09

Controls:
Target 9 5 12-5 18-3 7-1 5-9 12-1 7-3 6-6 12-2
SD 0-9 2-8 3-6 1-2 1-2 2-1 2-7 2-5 4-3
Non-target 7-8 11-2 10-6 5-6 4-2 6-2 5-0 4-5 6-8
SD 2-9 4-0 2-9 2-2 0-7 2-4 2-1 1-0 2-1
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Figure 3 Upper-ERPs
from the patient evoked by
target and non-target
stimuli in the visual
oddball task. Lower-
Grand-average of the
controls' waveforms in the
same task.
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negative-going slow wave, which is terminated
by a late, fronto-centrally distributed positive
wave (her averaged EOG waveforms indicate
these features of her ERPs are not of ocular
origin). A target-related P300 is clearly evident
from the parietal electrodes and, as with the
auditory P300, shows no asymmetry between
left and right parietal regions. The visual data
for the patient and the controls were quantified
in the same way as those from the auditory task,
and are shown in tables 2 and 3. The data in
table 3 suggest that the target-evoked
negativity that is evident from the patient's
frontal electrodes is abnormally large. Despite
the size of this frontal negativity, the peak
amplitude of her parietal P300, and the target/
non-target differences from the parietal elec-
trodes in the P300 latency region, are well
within the normal range.

Discussion
These data suggest that normal auditory and
visual parietal P300 components can be gener-
ated despite extensive pathology of the left
MTL. One problem in the interpretation of
these findings lies in the nature of this path-
ology; tumours can cause signal change in CT

and MRI without concomitant neuronal dys-
function,"9 leading to uncertainty about the
extent of neuronal damage.

In the case we describe, the disturbance of
cognitive function attributable to pathology
was both severe and of a form consistent with
major dysfunction of the left MTL. The
patient's verbalmemory deficit was comparable
to that of a group of patients with infarcts in the
region of the left posterior parahippocampal
gyrus and collateral isthmus,20 a lesion
presumed by Von Cramon et al 20 to disconnect
the entire hippocampal formation from
association cortex. The severity of the verbal
memory impairment therefore makes it very
unlikely that her left MTL is functionally
competent.
Assuming that the patient's left MTL struc-

tures are grossly dysfunctional, then our find-
ings are difficult to reconcile with the idea that
the posterior hippocampal formation makes a
significant contribution to the scalp P300; the
patient's P300s were neither asymmetric nor of
abnormally low amplitude. Thus these findings
complement those of studies of the effects of
unilateral temporal lobectomy (see introduc-
tion), and suggest that normal P300 following
this procedure reflects neither the presence of a
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unilateral skull defect, nor the failure to remove
a critical region of the MTL. The present data
are also consistent with the finding that bilateral
amygdalohippocampectomy has no effect on a
monkey analogue of P300.21
Although extensive, the patient's pathology

spared the lateral cortex, and lateral cortical
damage following anterior temporal lobectomy
is confined to the anterior regions. It therefore
seems that unilateral damage neither to medial
temporal regions, nor to anterior lateral tem-
poral cortex, is sufficient to disrupt the genera-
tion ofP300. By contrast, the auditory oddball-
evoked P300 is reported to be considerably
attenuated after unilateral cortical damage in
the vicinity of the temporo-parietal junction.22
The focus ofinterest for future lesion studies of
P300 seems likely to move from medial tem-
poral to lateral/posterior cortical regions.
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