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SUMMARY

A patient who suffered a severe closed head injury was left with a dense retrograde amnesia for events
which she had experienced prior to her injury, but she showed only mild, patchy anterograde memory
impairment. Her retrograde amnesia included both public events and autobiographical material, and it
extended back to her childhood. Previously learned skills such as playing a piano and driving a car were
spared, even though she had no recollection at all of the original learning experience. A series of focused
magnetic resonance scan images revealed major pathology in the anterior portion of both temporal lobes.
No significant abnormality was found in the hippocampus, thalamus or other medial structures in the
limbic-diencephalic system. Our findings indicate the independence of anterograde and retrograde memory
mechanisms, and point to structures and pathways in the anterior temporal lobes as playing a critical role
in memory for past events.

INTRODUCTION

In many memory disordered patients, major anterograde memory loss is accompanied
by marked retrograde memory deficits (Kapur, 1988). However, a number of patients
may present with minimal retrograde memory deficits or retrograde deficits which are
disproportionately small compared with their anterograde memory impairment (e.g.
Zola-Morgan et al., 1986). Patients in whom retrograde amnesia occurs as a relatively
isolated deficit, or disproportionately marked compared with any anterograde memory
loss, form a relatively unique set of patients. A few such neurological patients have
been reported in recent years (Roman-Campos et al., 1980; Goldberg et al., 1981;
Rousseaux et al, 1984; Kapur et al., 1989).

We were able to examine a head injury patient who was similar in a number of ways
to the cases described by Goldberg et al. (1981) and by Rousseaux et al. (1984). We
therefore sought to carry out the following investigations: (1) to administer a wide range
of anterograde and retrograde memory tests to see if a similar selectivity of retrograde
memory loss was present; (2) to ascertain the extent, severity and sparing of retrograde
memory functioning; (3) to obtain precise neuroradiological information, based on
magnetic resonance imaging, relating to the possible anatomical basis of focal retrograde
amnesia. Anatomical speculations from single case studies of global amnesic patients,
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such as those who have suffered herpes simplex encephalitis (Damasio et al., 1985),
are limited by the coexistence of diverse loci of lesions. On the basis of CT scan data
from their head injury patient, Goldberg et al. (1981) suggested that a lesion in the
ventral tegmental region of the mesencephalon may underlie focal retrograde amnesia.
However, there has been no subsequent evidence to confirm or refute this hypothesis,
or to suggest other candidate anatomical structures which may underlie dense retrograde
amnesia. Furthermore, since the publication by Goldberg et al. (1981), magnetic
resonance imaging technology has become widely available, offering greater anatomical
precision than computerized axial tomography.

CASE REPORT

Clinical history

L.T., a right-handed woman (date of birth November 2, 1962) who had previously worked as a nanny,
suffered a severe closed head injury in November 1988 as a result of falling off a horse. A skull X-ray
indicated a left occipital fracture. A CT scan at the time of hospital admission was reported as follows:
'Both cerebral hemispheres are smeared with fresh subarachnoid blood. Haemorrhagic contusion of the
right frontal lobe is present, possibly also of the left frontal lobe. The quadrigeminal cistern is poorly
outlined and appears to be compressed, but the third ventricle remains visible.' After several days ventilation,
L.T. was weaned off this support and was gradually improving until she became pyrexial on December 5
with a deterioration in her level of consciousness. A repeat CT scan showed no evidence of an intracranial
abscess, and on this occasion the scan was reported as showing patchy low attenuation in the white matter
of both frontal lobes, more so in the right than the left, with possible involvement of the right temporal
pole. The ventricles had now returned to a more normal appearance.

Her past medical history contained no events of note. She left school at the age of 16 y rs, with six O-level
passes, and then completed a 2-yr course to become a qualified nanny. Detailed neurological and
neuropsychological investigations were carried out between April and June 1990.

Physical examination

She was alert, attentive, cooperative and appropriate in her behaviour during the examination. She walked
on a slightly widened base with a mildly irregular cadence but was able to walk heel to toe and could
hop on either leg. No sense of smell could be detected. Her visual acuity was 6/6 bilaterally (corrected)
and the optic fundi were normal. There was a mild divergent strabismus which was constant in all directions
of gaze and associated with diplopia. Some convergence occurred but this could be maintained for close
objects only with difficulty. With an ophthalmoscope, a slight vertical nystagmus could be detected especially
in the right eye where the vertical phase was downwards. The pupils were of normal size, equal in
circumference and reacted briskly to light and accommodation. There was a very slight right ptosis. Her
corneal reflexes were both present. There was a slight weakness of the left side of the face which included
the orbicularis oculi as well as the muscles of the lower part of the face. There was mild impairment of
hearing in the left ear associated with an old perforation of the drum. Sensation on the face, mouth and
palate were normal and voluntary movements of the palate also appeared normal, but no gag reflex could
be obtained and stimulation of the back of the pharynx did not induce a sense of discomfort.

The upper limbs were held outstretched to command a normal posture. Fine movements of the right
hand were normal, but rapid and discriminatory movements of the digits of the left hand were moderately
impaired. Tendon reflexes were pathologically brisk in both upper limbs but there was no increase in muscle
tone. There was mild weakness of all muscle groups in the left upper limb reducing power by approximately
15% compared with the right side.

In the lower limbs there was an equivalent reduction in power in all muscle groups. Muscle tone was
normal. Plantar responses and abdominal reflexes were all normal. Tendon reflexes were pathologically
brisk, with unsustained clonus at the knees and at the right ankle and sustained clonus at the left ankle.
Rapid voluntarily alternating movements of the foot were impaired on the left side. There was no abnormality
of sensation either in the upper or lower limbs.

These findings provided limited clinical evidence for a brain stem lesion impairing conjugate gaze and
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possibly contributing to impaired motor control in the limbs, although some of the impairment on the left
side is likely to have been due to impairment of motor pathways in the right hemisphere. The duration
of her post-traumatic amnesia was assessed in May 1989 to be around 3 mths.

Brain imaging

Magnetic resonance imaging (MRI) was carried out in April 1990 using a Philips 0.5 Tesla Gyroscan
T5 scanner. A protocol similar to that used by Press et al. (1989) was followed so as to obtain dedicated
views of candidate anatomical regions important for memory, such as structures in the limbic-diencephalic
system and the temporal lobes. The hippocampus was examined in particular detail.

Magnetic resonance scanning comprised an initial sagittal T,W survey, followed by coronal T,W
inversion recovery (TE = 30; TR/IR = 1500; Tl = 400), transverse and coronal T2W sequences
(TR SE = 2186; TE = 30) and a sagittal midline T,W sequence. We have attempted to assign Brodmann
numbers to the areas of abnormal signal, though we accept that there is inevitably some margin of error
in the allocation of such numbers. High T2W responses were obtained from both temporal lobes, and these
were evident on axial views of mid (Fig. 1A) and low (Fig. 1B) cuts of the temporal lobes. In the mid
view of the right temporal lobe (Fig. 1A), damage was evident in the area of the temporal pole (Brodmann's
Area 38), anterior middle temporal gyms (Brodmann's Area 21) and anterior parahippocampal gyrus
(Brodmann's Area 28), and in the mid view of the left temporal lobe (Fig. 1A) a similar but less extensive
lesion was present, sparing the parahippocampal gyrus (Brodmann's Area 28). In the low view of the right
temporal lobe (Fig. 1B), damage was evident in the anterior middle temporal gyrus (Brodmann's Area
21), and the temporal pole (Brodmann's Area 38). Magnified views of the hippocampus in the patient
L.T. (Fig. lc) failed to yield evidence of any abnormality, as compared with that of the matched normal
control subject (Fig. ID). On the basis of a high-powered mid-coronal cut, we were able to identify the
major structures within the left hippocampal formation, and these were equally prominent in L.T. as in
the control subject. The only other abnormalities of note in L.T.'s HR scan were mild ventricular dilatation
and high T2W signals from the infero-medial portion of both frontal poles.

General cognitive functioning

Before her detailed assessment at the Wessex Neurological Centre between April and June 1990, L.T.
had been seen by a clinical psychologist for a brief assessment 2—3 mths after her head injury. He reported
that she had mild anterograde memory impairment and mild visuoperceptual impairment, together with
considerable behavioural changes which included euphoria, distractibility and some disinhibition. On the
basis of nine subtests of the Wechsler Adult Intelligence Scale (Revised) (Wechsler, 1981) given in March
1990, L.T. had a verbal IQ of 92, a performance IQ of 108 and a full-scale IQ of 98. Individual subtest
scores are shown in Table 1.

On the National Adult Reading Test (Nelson, 1982), her reading score was equivalent to an estimated
IQ of 105. As can be seen, most subtest scores were within the normal range, but her scores on the
Information subtest, and to a lesser extent the Vocabulary subtest, do probably represent a significant
impairment. The Information subtest includes items which cover remote memory and general knowledge,
and this contributed to her low score on this task. On the modified Wisconsin Card Sorting Test (Nelson,
1976), she obtained a perfect score. On the verbal fluency subtest of the Minnesota Multiphasic Aphasia
Examination (Benton and Hamsher, 1978), she did not show any impairment. Her naming of a set of line
drawings (McKenna and Warrington, 1983) was mildly impaired (13/30 items correctly named), though
there was no evidence at all of any dysphasia in her conversational speech. She performed well on a faces
matching task (Benton et al., 1975).

Anterograde memory assessment

L.T. did not complain of any significant everyday memory difficulties, and her fiance' also thought her
everyday memory was normal, these observations being borne out by formal scores on a memory symptoms
test sensitive to memory difficulties after blunt head injury (Kapur and Pearson, 1983). L.T.'s anterograde
memory functioning was assessed over a range of tests. Her performance on the Revised Wechsler Memory
Scale (Wechsler, 1987) is outlined in Table 2.

As can be seen, her general and delayed memory quotients were both within normal limits (92 and 104,
respectively). On closer scrutiny of individual subtests, the only memory subtest on which she had any
difficulty of note was the story recall task; this was probably due in part to her mild naming difficulty.
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FIG. 1. Magnetic resonance scans of patient L.T. and of an age-matched normal control subject. Axial views of
mid (A) and low (B) cuts of the temporal lobes. Magnified views of the hippocampus in the patient L.T. (c) and in
control subject (D) (a = alveus; f = fimbria; d = dentate gyrus; h = hippocampus; p = parahippocampal gyrus;
s = subiculum; v = ventricle of temporal hom).

It is worth noting that on delayed recall she was in fact able to remember most items which she retrieved
on immediate recall. On a word and a face recognition memory test (Warrington, 1984), she obtained
a perfect score (50/50) for word recognition, but did show a moderate impairment (37/50: age-scaled score
of 5) on the faces recognition memory task.

Retrograde memory assessment: autobiographical memory

L.T.'s autobiographical memory for events prior to the head injury was assessed by means of a struc-
tured interview covering past personal events, and used similar procedures to those described elsewhere
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TABLE I. L.T.'s PERFORMANCE ON THE WECHSLER ADULT INTELLIGENCE
SCALE —REVISED

WAIS-R

Verbal IQ

92

Performance IQ

108

Full-scale IQ

98

Subtest scores (age-scaled)

Information, 4
Arithmetic, 10
Similarities, 9
Digit span, 13
Vocabulary, 7
Digit symbol, 12
Block design, 10
Picture arrangement, 11
Picture completion, 12

TABLE 2. L.T.s MEMORY TEST SCORES

Test
Verbal memory and learning
Word recognition
Story recall (immediate)
Story recall (delayed)
Verbal paired-associate learning
Word-list learning

List one
List two

Delayed recall
List one

Visual non-verbal memory and learning
Faces recognition
Designs recall (immediate)
Designs recall (delayed)
Pattern-colour
Paired-associate learning
Design learning

Design one
Design two

Delayed recall
Design one

General memory quotient
Delayed memory quotient

Raw score

50/50
16/50
18/50
20/24

50/75
8/15

14/15

37/50
39/41
38/41

18/18

45/45
7/9

9/9

Statistic score

13 (scaled score)
13 percentile
31 percentile

50 percentile
75 percentile

79-90 percentile

5 (scaled score)
% percentile
93 percentile

>90 percentile
75-80 percentile

75 percentile

92
104

(Borrini et al., 1989; Kopelman et al., 1989). The particular items selected for this interview were based
on an initial interview with L.T.'s fiance\ and covered the following areas: holidays, hospital treatments,
occupational history, houses in which she had lived, cars which she had owned, educational experience,
births and deaths in her family, and weddings she had attended. The interview schedule was given twice,
once to cover the time period prior to her injury, and on a second occasion 5 wks later to cover post-injury
events in the past year. Autobiographical memory is notoriously difficult to assess precisely and in a reliable
and quantitative form in view of individual differences which undoubtedly occur between subjects. We
have tried to take this into account in our interpretation of L.T.'s responses.

L.T. had marked loss of memory for information and events relating to the period prior to her injury,
and (unusual for patients with neurological disease) both L.T. and her family were also acutely aware
of this disability and spontaneously offered this as the major residual disability which she now displayed.
For example, although she had known her fiance' for almost 9 yrs she had no memories of their time together
and could not recount when she first met him. Her 'personal semantic' memory (covering tasks such as
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the ability to name schools attended, addresses where she had lived, etc.) was markedly impaired, though
generally less severely affected than her 'personal episodic' memory for specific incidents and events which
had taken place. In any instances where she could offer information, she was usually able to remember
clearly that she had been told the information in question and when pressed she would consistently deny
any spontaneous recollection of a past event. There was no firm evidence of any temporal gradient in
her autobiographical memory loss. Examples of her autobiographical memory loss include the following.

Holidays. While she knew that she went on several holidays prior to her accident, she indicated that
this was on the basis of what she had recently been told by her family. She could not recall any incident
during recent holidays. For example, she had no memory for horse-riding during a holiday in Scotland
in September 1988, a few months prior to the accident. On one occasion, she apparently did go horse-riding
all day and was unable to walk properly for the whole of the next day. She had no personal memories
for holidays in Majorca or Ibiza where she went in the years prior to her injury, nor could she recall being
in Rhodes on a holiday in the 1970s. She could recall no holiday in her childhood (she apparently went
as a child to Austria and the South of France with her parents).

Hospital treatment. She could not remember two hospital admissions as a child, one for ear surgery
and the other for a burn, though she indicated that she was now aware of the latter episode as her parents
had told her about this since the head injury.

Occupational history. She had worked as a nanny for the 8 yrs after leaving college. She was able to
give the names of some parents for whom she had worked as a nanny, and of some of the children of
whom she took care. However, her account of this pre-injury period was much less detailed than that
which her fianc£ could offer, and she was unable to describe any incident which had occurred during this
period. When she recently saw some of the children again and saw one of the day nurseries in which she
had worked, she indicated that she had some 'feelings' of familiarity and was aware that the children 'meant
something' to her, but could not retrieve any identity or contextual information nor could she recall any
particular memories associated with them. It thus appeared that this form of 'exposure priming' did not
bring back specific episodic memories for past events.

Houses. She was able to give an accurate list of the places in which she had lived in the years prior
to her injury, but she again stated that this was on the basis of what she had been told. She had no memories
for the places in which she had lived as a child or teenager.

Cars. She has no memories for particular pre-injury incidents which had occurred (such as a car radio
being stolen, an exhaust falling off the car, etc.) in relation to the cars which she had driven. She has
no memory of learning to drive a car.

Educational experience. She can recall the names of the college and schools she attended on the basis
of what she has been told. To specific questioning she could only recall the names of teachers which she
had recently been told by her family. She could give the name of the headmistress and a class teacher
in her secondary school, as these had been told to her, but she could not recall the names of any other
teachers or of any teachers in primary school. She could not give the names of her best friends in her
primary school. She could give the names of two friends from secondary school, but again she had been
told these since the accident.

Births. She has no memories for particular births of which she would have been aware during her time
as a nanny, though she was able to give the name of her godson and of his mother.

Deaths. She has no memory of the death of her fiance's father (which occurred 8 mths before the injury),
though is aware of this on account of being told about it. She also could not recollect the funeral of one
of her grandmothers, which she attended and which occurred about 4 yrs before the injury.

Weddings. She did not have any specific memories for three weddings which she attended in the 8 yrs
prior to her injury.

In summary, she had almost complete loss of memory for information and events relating to the period
prior to her injury. It would seem that her 'personal semantic' memory was less severely affected than
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her memory for specific incidents and events which had taken place. There was no firm evidence of any
temporal gradient in her autobiographical memory loss. So marked was the retrograde amnesia which L.T.
displayed that she was taken by her family to visit a number of the places associated with her autobiographical
memory loss (in the hope that this might trigger her past memories), for example houses in which she
had lived. She indicated that this 'exposure priming' did not bring back any significant memory related
to the place in question. She did admit to some feeling of familiarity in respect of the place, but also indicated
that since her family had shown her photographs of the places as well it was difficult for her to know
how significant such feelings of familiarity were.

Within her dense retrograde amnesia, there was some sparing of certain forms of memory and these
closely paralleled observations of sparing in the more common anterograde amnesias. Thus, L.T. could
still perform perceptual-motor skills which she had acquired prior to her injury. She could play the piano
and read music, and when asked to drive a car she was able to do this for a short distance without a need
to be instructed in the component skills involved. However, she had no recollection at all of the original
learning experiences, and, for example, could not recall her driving test. A further sparing in her retrograde
amnesia is the observation by her and her fiance' that when she has met individuals from her past such
as children she once looked after, she has an 'emotional' familiarity recognition of them, even though
specific identity or contextual information did not come to hand.

In a corresponding interview for post-injury events, it was much easier for her to provide information.
Thus, she was able to describe holidays which she had taken during the past year (including incidents
which occurred during such holidays), her outpatient treatment, events relating to her house and car, and
recent births in families whom she knew. In general, her memory for such events was as detailed as that
provided by her fiance\

A further assessment of L.T. 's autobiographical memory was carried out using a cued recall technique
in which the patient has to offer a specific past memory in respect of a particular cue word. A similar
procedure was followed to that previously reported (MacKinnon and Squire, 1989). Ten words were presented
to L.T. one at a time (tree, nail, baby, ticket, bottle, flag, book, window, street, picture). The test was
carried out twice, with a 15 min gap between sessions and with the instructions to recall either pre-injury
events or post-injury events. Responses were recorded verbatim. L.T. was given die following instructions:
'I will say a word to you, and I'd like you to try to recall an event from before/after your head injury
that could be associated with the word. You can select an episode from any time before/after your injury,
but try to choose one that you can remember as having happened at a particular time and in a particular
place.' In both sessions, L.T. was encouraged by probes to offer specific time/place information in respect
of a particular event. L.T.'s responses were rated by a clinical neuropsychologist who was 'blind' to the
case, and who was told that the set of responses could have come from a neurological or a control patient.
A rating of 0—3 was given according to the amount of detail (3 = maximum amount of detail) which
was provided by L.T. in her verbal report. Note the dramatic difference between the two sets of test scores,
even though the pre-injury period covers most of her life, whereas the post-injury period only covers around
20 mths. L.T.'s performance for pre-injury and post-injury events is indicated in Fig. 2, which shows
zero recall for pre-injury memories and a much higher score for post-injury memories.

LTs PERFORMANCE ON
AUTOBIOGRAPHICAL CUED RECALL TEST

PRE-INJUFTC ' POST-INJURY F | G - 2- L.T.'s performance on the autobiographical cued
p»rfodS.mpUd recall test.
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Retrograde memory assessment: memory for public events

L.T. was tested on a range of remote memory tests: (1) identification of famous scenes (Kopelman,
1989); (2) the dead/alive test (Kapur et al., 1989) which assesses memory for personalities who had been
famous over the past 30 yrs; (3) a test of memory for famous faces (Montaldi and Parkin, 189); (4) a
test of memory for famous names.

Identification of famous scenes. The famous scenes test assessed recall and recognition for news events
which took place over the past 50 yrs but only post-1975 items were considered in view of L.T.'s age.
Items were presented on slides, with no specific time-limit for a response. L.T.'s performance and that
of four control subjects on the recall and recognition parts of post-1975 test items is shown in Fig. 3.
As can be seen, L.T. was markedly impaired on the recall portion, with a milder impairment on recognition
testing. There was no evidence of any temporal gradient in her memory performance.

Dead/alive test. The dead/alive memory test assessed L.T. 's ability to indicate whether a famous personality
from the past was dead or alive, whether he/she had been killed or had died of natural causes, and an
indication of the time period (in 5-yr bands) when he/she died. Forty items made up the test: 30 related
to famous personalities who had died, and the remaining 10 referred to people who were still living. L.T.
and a group of four matched control subjects were tested. Items were scored such that for the 'alive* items,
subjects obtained a score of two or zero. If they correctly indicated that a personality had died, they were
given two points. A further two points were awarded if they could indicate the nature of the death
(killed/natural causes), and an additional two points were allocated if the time period of the death was
within one band-width of the time of death. For example, if the person had died in 1963, the subject would
obtain two points if she indicated the bandwidths 1955-1959, 1960-1964 or 1965-1969. Figure 4 shows
L.T.'s performance and that of control subjects for 'dead' and for 'alive' items. As can be seen, L.T.
showed markedly impaired performance for items from all the decades, and her deficit extended both to
personalities who were dead and those who were alive.

LTs Performance on Famous Scenes Teat

FIG. 3. L.T.'s performance on famous scenes test.
L.T. and four matched control subjects were shown
22 famous scenes dating from 1975 to 1988. They
were asked to identify the scene (recall), and were
also given a forced-choice recognition test for the
item (recognition). Standard deviation values are
represented as bars.
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LTs Performance on Dead/Alive Test

FIG. 4. L.T.'s performance on dead/alive test of
retrograde amnesia. L.T. and four matched control
subjects had to indicate whether a famous personality
was dead or alive, how they died (natural causes or
killed) and when they died (in 5-yr bands). For further
details on test construction and scoring, see Kapur
et al. (1989). Items are grouped according to decade,
and performance on items from the 1980s is shown.
Standard deviation values are represented as bars. As
can be seen, L.T. scored at zero level for the 'dead'
items.
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Memory for famous faces. L.T. was also given a retrograde amnesia test (Montaldi and Parkin, 1989)
in which famous faces from earlier decades (1936- 1985) had to be identified. Five decades were sampled:
1936-1945, 1946-1955, 1956-1965, 1966-1975, 1976-1985, with six items per decade. Two conditions
were tested, one where the individuals were shown out of context and the other where the individuals
were shown in a context which closely related to their occupation (e.g. a famous tennis player in an evening
dress or in action wearing tennis gear). L.T.'s performance on this test, together with that of a group
of four matched control subjects is shown in Fig. 5. As can be seen, L.T. performed poorly on the test.
She showed little if any improvement in the 'context' compared with the 'no context' condition.

Memory for famous names. L.T. was shown a set of 48 names, 23 of which had been famous over
the past 15 yrs. In most instances, these were names which had been famous for a short period (e.g.
Bobby Sands) and had then faded out of the news. L.T. was asked to indicate whether the name was that
of someone who had been in the news, and if so to indicate what they had been famous for. As can be
seen from Fig. 6, L.T.'s score on this test was much lower than that of control subjects. She was only

LTs Performance on Famous Faces Test
100 -

• Contrail
• LT

WITHOUT CONTEXT WITH CONTEXT
Typ* of Ta lk

FIG. 5. L.T.'s performance on a famous faces test
of retrograde amnesia. Faces were shown in their
natural context, or out of context, and L.T. and four
matched control subjects had to name the famous face.
Faces were firstly shown out of context, and after a
few minutes shown in their natural context. This
figure shows performance in respect of famous faces
dating from the mid-1970s to the mid-1980s. Standard
deviation values are represented as bars.

LFs Performance on Famous Names Test

• Contrad
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FAMILIARITY CeffTFCATlON
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FIG. 6. L.T.'s performance on famous names test
of retrograde amnesia. Twenty-three famous names,
relating to personalities who were famous in the period
1975-1988, were presented along with 25 distractor
names. L.T. and five matched control subjects had
to indicate whether the name was that of a famous
personality (familiarity recognition), and to indicate
for what the person was famous (identification).
Standard deviation values are represented as bars.

able to indicate as familiar 39% of the target items, and was only able to give identifiable information
for three of the names. She made no false positive responses to distractor items, and the number of her
correct responses was too small to permit statements as to the presence/absence of any temporal gradient
in her remote memory loss.

DISCUSSION

Our patient, L.T., who suffered a severe closed head injury, was left with a dense
retrograde amnesia, but she showed only limited anterograde memory loss. Her retrograde
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amnesia included both public events and autobiographical material, and her memory
loss for personal past events extended back to her childhood. Magnetic resonance
scanning revealed focal pathology in the anterior portion of both temporal lobes, with
predominantly lateral rather than medial temporal lobe involvement. Some additional,
much more limited pathology was present in the medial undersurface of both frontal poles.

Our findings highlight the independence of anterograde and retrograde memory
mechanisms, and substantiate evidence from patients with global amnesia (Squire et al.,
1989). At the level of ictal memory loss, our data also parallel observations made
regarding the dissociations which occur between the presence of pre-traumatic and
post-traumatic amnesia (Teuber, 1969; Russell, 1971).

The pattern of memory loss shown by L.T. was quite similar to that reported by
Goldberg et al. (1981), and the aetiology of our patient's pathology was the same.
Although Goldberg et al. (1981) emphasized the mesencephalic lesion evident on their
patient's CT scan, it is worth noting that their set of CT findings also included 'moderate
ventricular enlargement, a region of rarefaction in the right middle and posterior temporal
areas, and a small region of rarefaction along the left mid-temporal convexity' (p. 1932).
Our patient's MR scan showed mild ventricular dilatation, and major pathology in both
anterior temporal lobes. We were unable to detect a mid-brain lesion of the type seen
by Goldberg et al. (1981) and in view of the large number of axial, sagittal and coronal
slices gathered in the various CT and MR examinations, it is unlikely that such a lesion
could have been missed by our imaging procedures.

The frontal lobe pathology which was present on L.T.'s MR scan may have played
a part in her remote memory loss, though this is unlikely in view of the limited extent
of the lesion. While there is some evidence to implicate frontal lobe pathology in
retrograde amnesia (Kopelman, 1989), other data suggest that frontal lobe damage does
not play a critical role in autobiographical memory loss (Dall'Ora et al., 1989). We
favour a hypothesis which puts primary weight on the bilateral temporal lobe lesions
which were present. Such pathology is invariably present in patients with amnesia
following herpes encephalitis, and is probably also present in some patients with an
Alzheimer-type dementia. These patients usually suffer from hippocampal and related
medial temporal lobe pathology, as well as damage both to other temporal lobe neocortical
structures, and to other cortical regions, making it difficult to confirm or refute
precise anatomical hypotheses from such patients alone. However, we broadly support
the conclusions reached by Van Hoesen (1990), who concluded on the basis of the
locus of Alzheimer pathology that 'changes that affect the lateral temporal, posterior
parahippocampal, temporopolar, and anterior insular cortices further exacerbate the
problem and contribute to retrograde memory abnormalities in the episodic and contextual
memory realms' (p. 254). Van Hoesen also highlighted the multi-modal nature of afferent
connections to these structures from association cortices, and we would argue that many
components of retrograde memory, in particular autobiographical knowledge, are
invariably multi-modal in nature.

Impaired performance on retrograde memory tasks has also been reported in
patients with combined left-anterior medial and lateral temporal ablation (Barr et al.,
1990), but this pattern of memory loss differed from that shown by L.T. in that her
autobiographical memory loss was much more severe, and the degree of anterograde
memory deficit was both less marked and less extensive. For example, in the patients
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with left temporal ablation, delayed story recall was worse than immediate recall, and
delayed recall of a complex design was markedly impaired. In the case of L.T., her
delayed story recall, though below average, was in fact slightly better than her immediate
recall, and her delayed recall of complex figures from the Wechsler Memory Scale was
above average. It is quite possible that it is the bilateral nature of our patient's pathology
which underlies her dense autobiographical memory loss, since sparing of this domain
of memory functioning has been reported in patients with primarily unilateral left medial
temporal pathology (De Renzi et al., 1987) or left parietal pathology (Grossi et al.,
1988), who otherwise also had extensive memory deficits for past public events.

In our patient, the hippocampus was considered on close examination to be intact.
Patients with focal hippocampal pathology have been found to have minimal retrograde
amnesia (Zola-Morgan et al., 1986). The degree of retrograde amnesia in the patient
H.M. has been variably reported to be from a few years (Marslen-Wilson and Teuber,
1975; Gabrieli et al., 1988) to around 11 yrs (Corkin, 1984). As Corkin (1984) has
pointed out, the true extent of his retrograde amnesia is probably difficult to know with
certainty in view of the length of time since the onset of his amnesia and the fact that
his learning capacity was probably not perfect prior to his surgery because of his
severe epilepsy and the high doses of anti-convulsant medication he had been receiving.
Nevertheless, if one accepts that H.M.'s retrograde amnesia is rather mild this can be
explained, in the context of the findings from the present study, by the relative absence
of lateral neocortical temporal lobe damage in the pattern of lesions which he sustained.
H.M.'s surgery entailed an excision which 'extended posteriorly from the midpoint of
the medial top of the temporal lobes for a distance of roughly 8 cm. In this fashion,
the prepyriform gyrus, uncus, amygdala, hippocampus, and hippocampal gyrus were
resected bilaterally. The removal was limited superiorly and laterally by the temporal
horns, and extended approximately 3 cm posterior to the medial portion of the petrous
ridge' (Scoville, 1968, pp. 211-212; see also Corkin, 1984 for CT confirmation of
the extent of surgery). Thus, the lateral portions of the anterior and mid regions of the
temporal lobes were spared by this surgery, and we would hypothesize that these
structures, which were specifically lesioned in our patient L.T., may be the critical
ones that determine the extent and severity of retrograde amnesia. Patients who have
undergone ablation of both lateral and medial temporal lobe structures have seldom been
reported, though in one such study (Terzian and Dalle Ore, 1955) there was clinical
evidence in the early post-surgical period of a dense anterograde and retrograde amnesia.
Where there is bilateral hippocampal damage, but sparing of the neocortex of one temporal
lobe, as in Case 1 reported by Penfield and Mathieson (1974), there is evidence for
recovery of an initially marked retrograde amnesia together with persistence of
anterograde memory loss. Cases where bilateral temporal lobe ablation completely spares
medial temporal lobe regions are also rare, and have seldom been studied in detail,
though in a short case report of one patient (Petit-Dutaillis et al., 1954) there was clinical
evidence for a residual degree of retrograde amnesia with substantial recovery of an
initial anterograde amnesia. Since our case was one of blunt head injury, it remains
possible that some additional focal or diffuse pathology was present which could not
be visualized by magnetic resonance imaging. Further studies of this type, examining
groups of patients with a traumatic or non-traumatic aetiology, should shed further light
on the critical nature of the lesions which we found in our patient.
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In conclusion, our observations demonstrate the independence of anterograde and
retrograde memory mechanisms, and point to structures and pathways in the anterior
temporal lobes as playing a critical role in memory for past events.
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