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SUMMARY

A patient (B.J.) is reported who developed severe memory impairment following a penetrating brain injury
caused by a snooker cue which entered through his left nostril into the basal regions of the brain. Initially,
his memory disorder had the clinical features of a dense amnesic syndrome, with both anterograde and
retrograde amnesia, but B.J. subsequently showed significant recovery of memory function. Formal memory
testing was carried out 21 months after injury. This demonstrated marked verbal memory impairment,
as severe as that seen in patients with the amnesic syndrome. On nonverbal memory tests, his impairment
was relatively mild and patchy. His retrograde amnesia had regressed mainly to affect a 6 month period
before the injury. On other cognitive tasks, he performed at an average or above average level, and there
was no neuropsychological evidence of frontal lobe dysfunction. Neuroradiological investigations at various
stages after his injury failed to demonstrate a lesion in any of the thalamic nuclei. Magnetic resonance
imaging showed a lesion in the hypothalamus in the region of the mamillary bodies. Our study demonstrates
that marked, relatively focal, memory disorder after diencephalic injury can occur without direct pathology
to the body of the thalamus. It also indicates that structures in or adjacent to the hypothalamus, such as
the mamillary bodies, may play a more important role in human memory functioning than has hitherto
been considered.

INTRODUCTION

There is continuing debate regarding the neuroanatomical basis of memory disorders.
Structures within the medial temporal lobe and diencephalon have been the most favoured
candidates for those which are critically related to human memory functioning. In the
diencephalon, the thalamus has been the subject of a number of human and animal
investigations concerned with learning, and a wide variety of cerebral pathologies have
implicated the thalamus as being important for mediating mnemonic processes (Kapur,
1988). One of the most notable case studies in this respect has been that of patient N.A.
(Teuber et al., 1968), who incurred a penetrating paranasal missile wound caused
by a miniature fencing foil. On the basis of CT scan evidence (Squire and Moore, 1979),
it was thought that the main underlying pathology was in the region of the left dorsomedial
nucleus of the thalamus. Subsequent studies using magnetic resonance imaging (Squire
et al., 1989) have indicated more widespread pathology, including lesions in the left
thalamus, left mamillothalamic tract, mamillary bodies, the hypothalamus and right
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anterior temporal lobe. There is some uncertainty as to the role of the thalamic pathology
in the mediation of N.A.'s memory disorder (Weiskrantz, 1985; Zola-Morgan and Squire,
1985), and the more recent imaging data would appear to highlight the possible role
of other diencephalic structures in this patient's memory difficulties. There is also evidence
that pathology in structures other than the thalamus or hippocampus, such as damage
to the basal forebrain, may result in marked memory disorder (Phillips et al., 1987).

In the present case study, we examined the role of diencephalic pathology in human
memory functioning by the investigation of a patient who sustained a penetrating head
injury similar to that suffered by N.A. Our patient, B.J., received an injury in which
a snooker cue entered his brain through his left nostril. He was initially left with a dense
amnesic state, and at 21 months postinjury we had the opportunity to assess his cognitive
function in detail. A detailed clinical report of our patient's injury and the resulting
hypopituitarism has been presented elsewhere (Rawlinson et al., 1988).

CASE REPORT

Case history

B.J., a right-handed food production manager (d.o.b. January 3, 1959), left school at the age of
17 yrs. He subsequently obtained 7 'O' level passes, and 2 diplomas in food technology. His past medical
history is unremarkable apart from some evidence of excessive alcohol consumption in the recent past;
during the 2 yrs before his injury, he had a heavy consumption of alcohol, but prior to this his alcohol
intake had mainly been social. There was no evidence of any adverse effects of his alcohol consumption
on his general health or on his work efficiency, and it is unlikely that his alcohol consumption had any
major or permanent effect on his cerebral function. Since his injury, he has totally abstained from alcohol.

B.J. was 27 yrs old when he sustained a penetrating head injury on October 4, 1986, this injury taking
place in England. During a game of snooker, a brawl developed and in the ensuing disturbance a snooker
cue was pushed up his left nostril. He was admitted to a district general hospital, at which time he was
reported as being somewhat inebriated and uncooperative. Over the next 24 h he developed symptoms
of meningitis with pyrexia and neck stiffness. His level of consciousness deteriorated, and he was then
transferred to a neurosurgical unit. On arrival at this unit, he complained of headache, irritability and
photophobia. At this stage, he was conscious but drowsy with some pyrexia. A skull x-ray showed some
subarachnoid air and it was thought that the snooker cue went through the left ethmoid cells into the floor
of the anterior fossa. A CT scan was interpreted as showing several bubbles of air in the lateral ventricles
and around the brainstem. A further air shadow was visible just in front of the anterior clinoid process.
B.J. was given antibiotics and his initial clinical progress was considered to be satisfactory. His pyrexia
and neck stiffness resolved within a few days, and at this stage there was no evidence of a CSF leak.
A repeat skull x-ray on October 14, 1986 showed opaque left ethmoid cells and features suggesting a fracture
of the anterior fossa floor. On October 15, he became increasingly drowsy and developed a further pyrexia,
although without neck stiffness. A repeat CT scan showed haemorrhage in the interpenduncular cistern,
and evidence that damage was more posterior than the cribriform plate and might involve the pituitary
gland. Hormone profile studies showed depressed anterior pituitary function. Cortisone replacement therapy
was initiated and his condition then improved. Several days later a CSF leak occurred from B.J.'s left
nostril, and sagittal tomograms showed a fracture of the anterior wall of the pituitary fossa. On October 24,
a transnasal exploration of the right nostril indicated a circular defect in the posterior wall of the sphenoid
air sinus. The pituitary fossa contained a horizontal fragment of bone which appeared to transect the pituitary
stalk. A fascia lata skin flap was placed over the skull defect. Postoperatively, there was only a minor,
occasional CSF leak which cleared within a few days. No specific neuropsychological investigations were
carried out at this stage, although it was observed that B.J. was 'confused' with no memory of the injury
or of the following days. At this stage, there were no firm signs of diabetes insipidus, although he showed
some polyuria and polydypsia in the fourth week of his hospital stay.

On November 7, B.J. was transferred to the RoyaJ Victoria Hospital, Belfast. A CSF leak was noted
at the time of admission, but the major abnormality which he was observed to display was a dense amnesic
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state. A number of investigations were performed. Ophthalmologies] assessment was normal, but endocrine
investigation revealed hypopituitarism. Further CT scans, including some with an intrathecal contrast
medium, showed leakage into the sphenoid sinus. CT scans at this stage and at later stages of his recovery,
some of which included 4 mm cuts, failed to detect evidence of a lesion in any part of the thalamus. A
further surgical procedure to repair the CSF leak was performed; 24 h postoperatively, he developed
meningitis which responded to antibiotic treatment. Over the next few weeks there was some evidence
of polyuria from diabetes insipidus, but his major deficit remained that of a marked memory disorder.
B.J. was discharged home on December 12, 1986.

On a number of outpatient appointments over the next 18 months his amnesia was observed to show
some recovery, but his marked memory disorder remained clinically obvious. He also had significantly
increased appetite and had reported loss of libido. His wife had indicated that he was much more short-
tempered and verbally aggressive than before his injury. From the endocrine standpoint, he was treated
with DDAVP, with cortisone replacement therapy, and with testosterone.

In August 1989, B.J. underwent magnetic resonance (MR) imaging of the brain. MR images were acquired
on a 1.5 Tesla scanner (Siemens Magnetom) in the axial, coronal and sagittal planes, with thin slices through
the region of the mamillary bodies. The mamillary bodies could not be identified on the sagittal images
(fig. 1A) and on the coronal scans they appeared small and atrophic (fig. 1B). NO abnormality was seen
in the temporal lobes, hippocampus or thalamus.

Neuropsychological investigations

B.J. was seen for detailed neuropsychological testing in June and July 1988. On questioning, he had
a pretraumatic amnesia (i.e., memory loss for events in the period immediately preceding the injury) of
several months' duration, although this was somewhat patchy. He had no recollection of the injury or
the days preceding it. He had been living in England for 10 wks before his injury and could only recall
isolated items from this period. For example, he could picture the outside of the hotel in which he was
staying, a facial feature of the hotel owner, and the dining room of the hotel, but he could not picture
his own bedroom in the hotel nor could he recall any other part of his stay. He could picture in his mind
the front of the factory in which he worked and the general work area, and he could give the names of
the key personnel in the factory. However, he could not picture the office in which he worked and admitted
that his overall memory for the 10 wk period of employment was poor. He could not recall his journey
from Northern Ireland to England, nor his first day at work with his firm in England. His memory for
his previous 2 yrs employment in Northern Ireland was patchy, although better than for the 10 wks spent
in England. He was unable to recall his last day of work with the firm for which he worked before going
to England, although he could recall his first day there. His immediate pretraumatic amnesia appeared
to merge into a more general and somewhat patchy retrograde amnesia. More detailed information on
the latter is presented later.

With respect to B.J.'s posttraumatic amnesia, he was unable to recall any of the 4 wk hospital stay in
England or travelling by air back to Northern Ireland. His wife indicated that when she visited him in
England in the first few days after the injury, he was able to recognize her and his children but claimed
that they were not married. He also told the nurses in the ward that he was not married, but he often
asked about his son (then 2 yrs old) by name. The first postinjury memory that he was able to offer was
a brief memory of his wife admonishing him at the airport in Northern Ireland after they had arrived there
from England. He had little recollection of his 5 wk stay in the Royal Victoria Hospital, Belfast. His
posttraumatic amnesia appeared to be particularly dense for the 3 month period after the injury, although
his memory for subsequent events is of course impaired because of his persistent anterograde memory
disorder.

At the time of the assessment, B.J. was very much aware of his memory difficulties. He was also aware
of increased irritability since the injury and of loss of sexual drive, although there was no evidence of
impotence as such. He had also been aware of impairment in his sense of smell since the injury. His wife
thought that his memory was still significantly impaired, and thought that the improvement which had
occurred after the injury had largely plateaued in the previous 5 - 6 wks. She commented on his increased
irritability since the injury, and did not think that he had any other symptoms. In particular, she did not
think he had any impairment in speech.

At the time of the assessment, B.J. was attending a day centre, and he was managing to do quite complex
woodwork which he himself was designing. Although his everyday memory function is noticeably impaired,
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Fie. I. Sagittal SE 500/17 (A) and coronal SE 500/28 (B) MR scans through the region of the mamillary bodies.
Slice thickness is 4 mm in A and 5 mm in B. On the sagittal scan, there is downward bulging of the third ventricular
floor, and absence of the normal impression of the mamillary bodies (arrowheads). On the coronal scan, the mamillary
bodies appear small and atrophic (arrows). Normal sagittal (c) and coronal (D) views of the mamillary bodies (arrowed)
for comparison.

he has been able to retain some information, especially for major events or information which has been
repeated a large number of times. Thus, for example, he has been able to learn one of our names (H.D.)
on the basis of a number of interactions over the past year, and he was able to describe a short holiday
on which he had been since the injury.

General cognitive functioning. B.J. was administered the Wechsler Adult Intelligence Scale (WAIS;
Wechsler, 1955). For practical reasons it was not possible to administer the revised scale, but in view
of his high scores it is unlikely that this would have yielded significantly different results. He obtained
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PENETRATING DIENCEPHALIC INJURY 1699

a Verbal IQ of 128, a Performance IQ of 114, and a Full Scale IQ of 123. The latter IQ score is higher
than his predicted premorbid IQ (105) on the basis of an adult reading test (Nelson, 1982). His WAIS
subtest scores are indicated in Table 1. On a modified version of the Wisconsin Card Sorting Task (Nelson,
1976), he was able to sort by all 6 categories. On the verbal fluency subtest of the Minnesota Aphasia
Examination (Benton and Hanisher, 1978), he did not have any impairment, performing at the 77th perceotile.

TABLE 1. B.J.'s PERFORMANCE ON THE WECHSLER ADULT
INTELLIGENCE SCALE

Subtest scores
Verbal IQ Performance IQ Full scale IQ (age-scaled)

WAIS 128 114 123 Information—12
Comprehension— 17
Arithmetic—15
Similarities—15
Digit Span—16
Vocabulary—13
Digit Symbol—10
Block Design—17
Picture Arrangement—9
Picture Completion—13
Object Assembly—11

Anterograde memory functioning. B.J. was administered the Rivermead Behavioural Memory Test (Wilson
et at., 1985), the Wechsler Memory Scale—Revised (Wechsler, 1987), a recognition memory test for words
and faces (Warrington, 1984), the Rey Auditory Verbal Learning Test (Lezak, 1983), and verbal and
nonverbal learning tasks (Coughlan and Hollows, 1985). Most of this testing was undertaken in June or
July 1988, with the exception of the latter learning tasks and the recognition memory assessment, which
were performed in August 1989. His scores on the first 3 of these tests are given in Table 2. On the Rivermead
Behavioural Memory Test, his overall screening score of 2/12 is in the severely impaired range. The 2
items on which he performed successfully related to recognition of pictures and recognition of faces. For
the Wechsler Memory Scale, he performed particularly poorly on delayed memory testing. His faces

TABLE 2. B.J.'s MEMORY TEST PERFORMANCE

Test Scaled score

Wechsler Memory Scale—Revised
Orientation 11/14
General Memory 80
Verbal Memory 78
Visual Memory 91
Attention/Concentration 130
Delayed Recall 54
Logical Memory (Immediate) 35 perccntile
Visual Reproduction (Immediate) 96 percentile
Logical Memory (Delayed) 1 percentile
Visual Reproduction (Delayed) 16 percentile

Rivermead Behavioural Memory Test
Screening score 2

Recognition Memory Test
Faces recognition 12
Words recognition 7
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1700 H. DUSOIR AND OTHERS

recognition memory scores were above average for faces, and in the low average range for words. His
performance on the Rey Auditory Verbal Learning Test was markedly impaired, particularly on the delayed
recall component. His performance on this test, together with that of a group (n = 20) of matched control
subjects, is shown in fig. 2. Although his recognition memory score was similar to the maximum score
obtained by control subjects, he made many more false positive responses—4 compared with a mean of
0.3 for control subjects.

B.J. 's performance on learning tests involving word list material and visual designs respectively is shown
in fig. 3. On the word list learning test, his performance over the 5 learning trials and also the delayed

Trial Trial Trial Trial Trial List Recall Recall
1 2 3 4 5 2 delayed recognition

Trials

FIG. 2. Performance of B.J. and control subjects on the Rey Auditory Verbal Learning Test. Continuous line = controls;
dashed line = B.J.

Trial Trial Trial Trial Trial Delayed
1 2 3 4 5 recall

Fio. 3. Performance of B.J. on a word list (open circles) and a design learning test (filled diamonds) (Coughlan and
Hollows, 1985) over 5 trials and on a delayed recall trial administered after an interpolated learning trial.

recall trial was well below the 10th percentile. On the design learning test, his score on the initial learning
trials was only slightly below average (10—25th percentile), and on the delayed retention trial his score
was normal (50th percentile).

In summary, B.J. showed a marked verbal memory deficit, as severe as that found in patients with the
amnesic syndrome, whereas his nonverbal memory performance was generally normal or relatively mildly
impaired.

Remote memory functioning. B.J.'s autobiographical memory was assessed by means of a structured
interview covering past personal events. The particular items selected for this interview were based on
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an initial interview with his wife, and covered the following areas: educational experience, hospital treatment,
holidays, occupational history, houses in which he had lived, births and deaths in his family, and his own
elopement and marriage.

On the basis of this interview with B.J., there was no evidence of any significant retrograde amnesia
other than the patchy loss for some months before the injury as described earlier. The items which he
failed to recollect at the time of the neuropsychological assessment mainly referred to his inability to date
particular episodes accurately, such as the birth of one of his children in 1985, the dates when he lived
at certain addresses, etc. He gave the year of his marriage as 1982 rather than the true year of 1981, but
gave the correct month and date. Other past memory difficulties included his failure to have other than
a vague recollection of being at the birth of his son in 1982, and his inability to recall being at the birth
of his daughter in 1985, which took place 18 months before his injury. He indicated that after his injury
he had completely to relearn to use his scientific calculator which he could use proficiently before his
injury. Apart from these memory difficulties, he could give an accurate account of past events relating
to the various categories outlined above. He could recall specific incidents which occurred several years
before his injury, and was able to describe an incident about a year before his injury when one of the
pipes burst in his house and resulted in the ceiling collapsing. The fact that he could not recall his last
day of work in Northern Ireland or his first day of work in England, but could recall some incidents from
his 2 yr employment period before going to England, would appear to suggest a significant retrograde
amnesia of 6 months, with only isolated memory failures for events before this. Even the 6 month period
of pretraumatic amnesia was not absolute, for example, he could picture the landlady of the hotel in which
he was staying in the months before his injury, and he could remember a few details of the place in which
he was working around this time. Both he and his wife were aware of a considerable degree of shrinkage
in his retrograde amnesia over the previous year, although we have no formal evidence to document this
change objectively.

B.J. was also administered 2 tests of past public events, one relating to memory for famous scenes
(Kopelman, 1989) and the other test, the Dead-or-Alive test (Kapur, unpublished), relating to memory
for famous personalities. In the famous scenes test, he was shown 10 scenes relating to well-known events
which had occurred between 1975 and 1984 (earlier items were also administered but not scored, as they
referred'to events when he would have been aged less than 16 yrs). He was asked to indicate what the
scene depicted and was also administered a forced-choice recognition test for each item. He was further
asked to date the event and was required to choose from a set of 10 5-yr time periods. Fig. 4 shows that
B.J. was largely unimpaired on this task as compared with the performance of a group of 3 control subjects
matched for age and educational level (mean age 32 yrs; mean age-scaled score on WAIS Information
subtest = 11.7). His score on the dating component was slightly lower than that of controls, although
this part of the task is also difficult for some control subjects, and B.J.'s performance may simply reflect
chance variability in this respect.

In the Dead-or-Alive test, B.J. was shown the name of a personality and asked to indicate whether the
person was alive or dead, how they died (killed or of natural causes), and when they died. Forty names
in all were presented, 10 of living personalities and 30 for personalities who had died since 1960. For

100

„ 80

~ 40

20-1 j 1
Recall Recognition Dating

Task

FIG. 4. Performance of B.J. and control subjects on
identification of famous scenes. Hatched areas = B.J.; open
areas = controls.
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these 30 personalities, 10 items covered each of the 3 decades since 1960, and 4 items within each set
of 10 referred to a personality who was killed. To allow for B.J.'s age and time of injury, we excluded
2 items from the 1980s which related to personalities who died in 1987, the year after he incurred his
injury, and also excluded items earlier than 1970. His scores for items from the 1970s and 1980s, together
with that of control subjects, are given in fig. 5. This shows that he exhibited no significant impairment,
and his pattern of scores—better performance on items from the 1980s than the 1970s—is the reverse of
that which is generally found in amnesic patients with a notable degree of retrograde amnesia.

In summary, B.J. showed little evidence of the dense retrograde amnesia that is seen in certain amnesic
patients such as those with Korsakoff s syndrome. We would consider that his retrograde amnesia mainly
covers a 6 month period before his injury, with relatively minor memory loss for events earlier than this.

FIG. 5. Performance of B.J. and control subjects on
'Dead-or-Alive' test. Hatched areas = B.J.; open areas =
controls.

1980s 1970s

Time period

DISCUSSION

As a result of a penetrating paranasal head injury, our patient B.J. demonstrated a
relatively focal memory disorder which was characterized by marked verbal memory
impairment. Nonverbal memory functions were much less impaired, with normal
performance or only mild impairment on a number of nonverbal memory tasks.
Pretraumatic amnesia in our patient merged into a more general retrograde amnesia,
but this was limited to about a 6 month period before his injury, with isolated episodes
of memory failure for events prior to this period. CT scanning provided some evidence
to suggest a lesion in basal regions of the brain, although none for a lesion in the thalamus.
MRI showed a lesion in the area of the mamillary bodies.

The injury which B.J. displayed bore a number of similarities to the fencing foil injury
sustained by the noted patient N.A. (Teuber et al., 1968). In both cases, a lesion in
the basal regions of the brain was caused by a penetrating injury through the nasal cavity.
It is, however, worth pointing out a few differences in clinical features between the
2 cases. In N.A., a fencing foil entered the right nostril and went across the midline
towards the region of the left thalamus. In our patient, the snooker cue entered the left
nostril and went directly into the left side of the hypothalamus. We were not able to
locate the particular snooker cue used to inflict the injury, but it was probably much
wider than the fencing foil, thought to be around 2 mm in diameter, which caused N.A. 's
lesion (B.J.'s skull defect caused by the entry of the snooker cue was around 5 mm
in diameter). It is also possible that the velocity of the missiles in the 2 cases was different,

 at U
niversity C

ollege L
ondon on M

arch 12, 2013
http://brain.oxfordjournals.org/

D
ow

nloaded from
 

http://brain.oxfordjournals.org/


PENETRATING DIENCEPHALIC INJURY 1703

but again we do not have any firm evidence of this. At the clinical level, there are also
several differences between the 2 cases. N.A. displayed paralysis of upward gaze as
a result of his lesion, and this has persisted to some degree since the injury. Whether
this is due to damage to the posterior commissure, as Weiskrantz (1985) has argued,
or results from thalamic pathology, remains uncertain. B.J. has clinical and radiological
evidence of damage to the pituitary region of the brain and some clinical evidence of
hypothalamic dysfunction. By contrast, N.A. has never shown any clinical evidence
of damage to the pituitary gland and, conversely, B.J. has never shown any evidence
of vertical gaze paralysis. This clinical evidence would tend to point towards a more
anterior and ventral focus for the primary brain injury in B.J., and a more posterior
and dorsal locus in N.A.

B.J.'s pattern of memory disorder was strikingly similar to that shown by N.A.,
although we have obviously not been able to administer the full range of memory tasks
which N.A. has performed over the years since his injury in 1960, and a number of
tests which we gave to B.J. have only been developed and published in the past few
years. The focal verbal memory deficit which B.J. displayed is as severe as that found
in patients with the amnesic syndrome, and contrasts with the normal or mildly impaired
scores on corresponding nonverbal memory tasks. The absence of any additional cognitive
dysfunction, in particular the lack of evidence suggesting frontal lobe pathology, is again
similar to the picture in N.A. This feature, together with B.J.'s insight and concern
about his memory difficulties, contrasts with the clinical picture shown by many patients
with Korsakoff s syndrome whose memory performance and absence of subjective
awareness of their memory difficulties are similar to what is found in some patients
with frontal lobe pathology. B.J.'s relatively limited retrograde amnesia is again similar
to the remote memory performance of N.A., who has consistently performed well in
this aspect of his memory functioning. As was true for anterograde memory function,
this pattern of performance contrasts with that resulting from other causes such as in
KorsakofPs syndrome. It highlights the dissociations which can occur between
anterograde and retrograde memory function (Shimamura and Squire, 1986) and suggests
that different and/or more extensive pathology may underlie cases of marked remote
memory loss. Our data, and those from the patient N. A., on the pattern of anterograde
and retrograde memory performance, raises the possibility that having a relatively
preserved nonverbal memory may provide a sufficient basis for reconstructing remote
memories.

None of the CT scan examinations carried out after B.J.'s injury, nor the MR scan,
showed any abnormality in the body of the thalamus. In this respect, he differs
significantly from the patient N.A., whose initial CT scan showed a lesion in the left
dorsomedial nucleus of the thalamus and whose subsequent MR scan demonstrated
additional diencephalic pathology together with a small lesion in the right anterior temporal
lobe. Some of B.J.'s CT and MR images were at 4 mm intervals, and it is likely that
if a small thalamic lesion had been present it would have been visible on at least one
or more of the cuts. On the basis of our knowledge of the injury which he sustained,
and the probable track of the snooker cue as it entered the brain, we consider that the
most likely structures to have been damaged were the hypothalamus, including the
mamillary bodies and possibly also the mamillothalamic tract. We consider that the body
of the thalamus is too high to have been damaged directly by the injury, and that the
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fornix is also too high to have been severed. Our imaging data point to a lesion in the
posterior hypothalamus, with probable involvement of one or both mamillary bodies.
Some of the earlier published reports of memory disturbance after hypothalamic damage
have been based on patients with cerebral tumours (e.g., Reeves and Plum, 1969; Beal
et al., 1981; Berkovic et al., 1988); it is quite possible that in such patients the mamillary
bodies were damaged by the lesion—1 of the patients in the series reported by Berkovic
et al. (1988) appeared to have pathology centred around the right mamillary body,
although it seems that there may also have been more general displacement of structures
adjacent to the third ventricle. This patient was reported to have marked memory
difficulties as part of his clinical condition. A recent clinicopathological study (Flynn
et al., 1988) of a patient who underwent surgical removal of a craniopharyngioma showed
clinical features quite similar to those present in B.J.—marked memory disturbance,
hyperphagia with obesity and episodic rage. Although detailed memory testing was not
reported, there appeared to be no significant retrograde amnesia, as was also true
for B.J. Neuropathological investigations highlighted damage to the ventromedial
hypothalamus, and while this is adjacent to the mamillary bodies, no specific reference
was made by Flynn et al. to the integrity of these latter structures. Two earlier reports
of patients with amnesia following penetrating head injury have provided radiological
evidence of hypothalamic/mamillary body injury (Czechmanek, 1954; Jarho, 1973),
although both of these investigations, and also the studies by Teuber (1969) which
implicated third ventricle structures in profound disturbances of memory, were carried
out before the introduction of computerized tomography. Data from animal studies (e.g.,
Zola-Morgan et al., 1987) have indicated that focal mamillary body lesions alone do
not result in significant memory impairment, although there is considerable evidence
from human studies which implicates the mamillary bodies in human memory disorder
(e.g., Mair et al., 1979; Charness and DeLaPaz, 1987; Mayes etal., 1988). It remains
an open question as to whether the critical lesion in B.J. affected connecting pathways
such as the mamillothalamic tract rather than the mamillary bodies themselves, since
this tract is generally considered too small to be easily visualized with current imaging
technology. A hypothesis supporting the role of the mamillothalamic tract in B.J.'s
memory disorder would be consistent with other evidence (von Cramon et al., 1985)
which has emphasized the importance of this tract in the mediation of human memory
function.

Our findings cannot readily be reconciled with hypotheses which propose that amnesia
is caused by conjoint lesions of circuits involving only the hippocampus and the amygdala.
In the case of B.J.'s lesion, it is possible that some of the afferent connections from
such structures in the medial temporal region to the hypothalamus or to structures adjacent
to the hypothalamus may have been directly or indirectly damaged by the injury, for
example, the projections from the amygdala to the hypothalamus via the stria terminalis
or via the amygdalofugal pathway, or the projection from the hippocampus via the fornix
to the mamillary bodies. In our patient both of these target structures may have been
damaged, and our anatomical data would then be consistent with the evidence reviewed
by Mishkin and Appenzeller (1987), where damage to diencephalic targets of medial
temporal projections resulted in amnesia. Thus we would agree with their conclusions
that 'the diencephalon and the limbic structures participate in a circuit rather than making
totally independent contributions to memory' (p. 85).
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We consider that the hypothalamic damage sustained by B.J. may also have been
responsible for the marked change in temperament and changes in appetite control which
he suffered. Such changes have been reported in some patients with known hypothalamic
pathology (e.g., Reeves and Plum, 1969). The precise mechanisms underlying such
disturbances remain to be clarified, though it is possible that projections which exist
from frontal cortex to the hypothalamus become disrupted in some way by a lesion in
certain nuclei of the hypothalamus itself, and that such indirect frontal lobe pathology
suffered by B.J. may have contributed to these changes.

Our findings do not necessarily negate the significance of the thalamic lesion found
in the patient N.A. It is quite possible that this lesion occurred as a direct result of his
injury, and that it plays an important role in his memory disturbance. Our results do,
however, point to the conclusion that this lesion is not necessary for a memory disturbance
to result after damage from such a penetrating brain injury. Our observations, together
with the recent imaging data on the patient N.A., highlight the possible role of the
hypothalamus and in particular the mamillary bodies, with their afferent/efferent
connections to medial temporal structures and other parts of the diencephalon,
in mediating human memory functioning. However, detailed confirmation of
neuroanatomical conclusions reached by MR studies such as our own must await
histopathological analyses of postmortem material, and any hypotheses should remain
tentative until such evidence becomes available.
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