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Abstract

This article reviews 147 cases of amnesia following damage including the hippocampus or fornix as reported in 179
publications. The aetiology, mnestic abilities and reference(s) are tabulated for each case. Consistent findings across
cases include the association of bilateral hippocampal damage with a deficit in anterograde episodic memory combined
with spared procedural and working memory. The limited nature of retrograde amnesia following lesions to the fornix is
also noted. Less consistent and thus more controversial findings, include effects of lesion size or laterality, deficits in
semantic memory or familiarity-based recognition and the extent of retrograde amnesia. The evidence concerning these

issues is reviewed across cases.

Introduction

Amnesia is characterized by the profound loss of memory
in the presence of relatively preserved cognitive abilities.
Selective damage to a number of brain regions has been
associated with amnesia, including a circuit comprising the
hippocampus, the diencephalon and the fibres connecting
them (Delay and Brion, 1969; Aggleton and Brown, 1999).
This short review focuses on cases in the literature where
amnesia occurs in the presence of hippocampal damage in
particular.

Increasingly sensitive neuroimaging techniques have
recently enabled a number of amnesic cases with apparently
selective hippocampal pathology to be identified. With the
study of hippocampal amnesics extending back over 100
years, it is interesting to know how these selective cases
compare with other, often more famous, cases. In addition,
because many of the latter have been extensively studied in
multiple papers it can be difficult to determine what is known
about each case and how they compare with one another.
While not completely exhaustive, our review includes the
aetiologies and memory abilities (where possible) of all the
published cases of patients described as amnesic following
damage including the hippocampus or fornix (147 cases in
179 publications). We briefly discuss the consistent findings
across cases, as well as controversial issues awaiting reso-
lution.

Types of lesion and aetiology

To aid the identification and comparison of individual amnesic
patients, or groups of patients, this review is accompanied
by seven tables, one for each category of lesion. The tables
are ordered in terms of the specificity of the damage to the
hippocampus as reported by the authors, starting with the
most selective lesions in Table 1 (see also Fig. 1). We have
chosen to use the anatomical terminology of Amaral (1999).
In this definition, the hippocampus includes the hippocampus
proper (fields CA1-CA4) and the dentate gyrus; the
hippocampal formation includes the hippocampus, entorhinal
cortex and the subicular complex; the medial temporal lobe
includes the hippocampal formation, the perirhinal cortex
(anterior parahippocampal gyrus) and the parahippocampal
cortex (posterior parahippocampal gyrus). When reading the
tables it is important to bear in mind that, although we have
segregated the cases into groups with similar lesions, the
variation in lesion size is continuous. Lesions in each case
may completely or partially disrupt one or many structures
in a network of brain regions.

Table 1 includes amnesic cases reported as having lesions
that, within the temporal lobes, are selective to the hippocam-
pus. This does not rule out additional damage outside of the
temporal lobes as can be seen in Table 1. The other tables
include amnesic cases with hippocampal lesions and addi-
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Fig. 1. Lesion locations for each of the seven tables.

tional temporal lobe damage, or lesions to the fornix (a large
fibre bundle, second only to the corpus callosum, connecting
the hippocampus to the subcortical brain). For inclusion in
the tables a lesion to the hippocampus or the fornix must be
demonstrated by autopsy, neuroimaging or surgical descrip-
tion. Damage to the amygdala, whilst noted where reported,
was not a consideration in lesion categorization, given its
acknowledged auxiliary role in memory (e.g. Aggleton,
2000).

The large number of amnesic cases described with damage
including the hippocampus (Tables 1-7) reflects the suscepti-
bility of the hippocampus to a range of pathological factors.
Hippocampal cell damage can occur in a number of ways:
loss of oxygen to the cells (anoxia, ischaemia and stroke
cases), physical damage from surgery or head injury, viral
attack (meningitis, encephalitis), and autoimmune responses
(e.g. systemic lupus erythematosus). Examples of classic
cases with particular aetiologies are the encephalic patient
SS (Table 7), the ischaemic patient RB (Table 1), the bilateral
temporal lobectomy patient HM (Table 6), the stroke patient
RS (Table 5), the meningitic patient NM (Table 4), the closed
head injury patient KC (Table 6) and the case described by
Schnider et al. (1995) with systemic lupus erythematosus
(Table 2). Of these aetiologies, encephalitis, ischaemia/anoxia
and surgery are the most common. Surgery and encephalitis
account for many of the cases with additional temporal lobe
lesions (Tables 4-6), whereas ischaemia/anoxia accounts for

more of the selective cases, although there has been some
debate as to the possibility of extra-hippocampal ‘hidden
damage’ following ischaemia (Bachevalier and Meunier,
1996; Squire and Zola, 1996).

Effects of lesion laterality and bilaterality

The question of whether bilateral lesions of the hippocampus
are necessary for amnesia has been controversial. Patients
undergoing temporal lobectomy were only found to become
amnesic when a bilateral operation was performed (Scoville
and Milner, 1957). However, a number of patients undergoing
unilateral operations were also found to have amnesia (e.g.
PB, Table 5). When these patients were examined at autopsy,
many of them were found to have contralateral hippocampal
damage, suggesting that amnesia was indeed caused by a
bilateral lesion. However, when the lesion is caused by a
stroke, amnesia can result from unilateral lesions involving
the hippocampus (as determined from computed tomography
or magnetic resonance imaging; Benson et al., 1974; Ott and
Saver, 1993). One possible explanation is that stroke causes
additional hidden contralateral damage. It is also the case
that in many unilateral stroke patients, and patients with
asymmetric hippocampal damage resulting in amnesia, the
damage is left lateralized. This may reflect a bias due to a
preponderance of memory tests with a strong verbal compon-
ent. However, there is also a greater tendency for left



hemispheric patients to suffer combined non-verbal and
verbal problems than right hemispheric patients (Ott and
Saver, 1993). Consistent with a dominant role for the left
hippocampus in memory for personally experienced events
(‘episodic memory’, see below), the majority of amnesic
patients with unilateral temporal lobectomies or cases with
asymmetric bilateral temporal lobe lesions in Table 4 have
damage lateralized to the left. Functional neuroimaging in
healthy control subjects shows a similar left lateralized
hippocampal involvement in episodic or autobiographical
memory involving verbal (Maguire et al., 2000, 2001) and
non-verbal (Burgess et al., 2001; see also Spiers et al.,
2001b) material. However, the issue of laterality is not
entirely clear, as Kopelman and Stanhope (1998) found a
small number of patients with predominantly right-sided
lesions to be impaired on episodic memory tasks.

The assumption that bilateral hippocampal lesions neces-
sarily cause hippocampal amnesia has also been questioned.
Two patients have been reported with bilateral hippocampal
lesions who did not have the severe amnesia reported in the
other cases [the case described by Fujii er al. (1999), Table
2, and patient KHJ, Table 6]. However, patient KHJ had
grossly impaired performance on a delayed verbal recall test
following an operation which removed extra left medial
temporal lobe tissue, and the case reported by Fujii et al.
(1999) was reported to have a severe retrograde episodic
memory loss for at least 10 years. It is possible that in each
of these cases insufficient bilateral hippocampal damage
occurred to produce the profound amnesia seen in the other
cases. Interestingly, Isaacs et al. (2000) found episodic
memory to be somewhat impaired in children born pre-
term with significantly reduced hippocampal volumes (by
approximately 10%), but not nearly as severely reduced
as in the developmental amnesics reported with bilateral
hippocampal reductions greater than 25% (Vargha-Khadem
et al., 1997, 2001).

Characterizing the deficit

Memory loss can occur for information encountered after the
precipitating lesion, this is known as anterograde amnesia (see
‘Anterograde performance’ in Tables 1-7)—for information
acquired before the precipitating lesion, this is known as
retrograde amnesia (see ‘Retrograde performance’ in Tables
1-7). We consider anterograde amnesia first. A standard
measure for assessing the extent of anterograde memory loss
is the difference between the patient’s intelligence and
memory quotients (IQ and MQ, respectively; Scoville and
Milner, 1957). These scores are given in the tables where
available. Traditionally a difference of 20 points was used
as a criterion for considering a case amnesic (Butters and
Cermak, 1980). However, due to associated problems (e.g.
patients with high IQ and normal MQ can be classed as
amnesic), many patients are described as amnesic even
though the difference is less than 20 points.
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The episodic memory deficit and spared mnestic
abilities

There is some debate regarding the nature of the memory
loss that characterizes the amnesic syndrome. In the following
we characterize ‘hippocampal amnesia’ as those deficits
common to all the cases reported and then discuss the deficits
that vary across cases. Amnesics are often first identified by
their inability to remember personally experienced events.
This type of memory is referred to as episodic memory and
has been characterized as the ability to remember consciously
the events and their unique spatiotemporal context (Tulving,
1972). Kinsbourne and Wood (1975) were the first to describe
amnesia as a selective loss of episodic memory, and it is
acknowledged that its impairment ‘forms the basis of the
classic amnesic syndrome’ (Baddeley, 1995). Every case in
Tables 1-7 shows some degree of impairment on tests of
episodic memory (see ‘Anterograde performance’ in Tables
1-7).

While the loss of episodic memory is a constant feature of
hippocampal amnesia, there are also a number of consistently
spared mnestic abilities. None of the cases was reported to
have impaired short-term memory (typically tested using
digit span—the immediate recall of verbally presented digits)
or to be impaired on tasks which involve learning skills or
habits, priming, simple classical conditioning and simple
category learning (for examples see ‘Anterograde perform-
ance’ in Tables 1-7). These latter spared abilities have been
collectively described as non-declarative memory (Squire,
1992), implicit memory (Graf and Schacter, 1985) or proced-
ural memory (Cohen and Eichenbaum, 1993), and there is
good agreement that they do not depend on the hippocampus.

Beyond this basic distinction, a number of controversies
remain. These include the effects of lesion size, how best to
characterize the type of memory that is impaired and the extent
of the anterograde and retrograde memory impairments. We
consider these various issues below.

Semantic memory

One of the most contentious issues remains the involvement
of the hippocampus in semantic memory. Semantic memory
is defined as memory for factual knowledge, such as: Paris
is the capital of France. Squire and others have argued that
hippocampal amnesia includes a loss of both episodic and
semantic memory, with the deficits present for both anterog-
rade and retrograde semantic memory (e.g. Squire, 1992).
Many cases do show anterograde semantic memory deficits.
Impaired new semantic learning has been demonstrated in
HM (Table 6), by his impaired learning of the definitions of
words that had entered the general vocabulary after the onset
of his amnesia (Gabrieli et al., 1988). A similar pattern of
impaired new semantic learning is observed in selective
hippocampal patients GD (Table 1; Shimamura and Squire,
1987) and VC (Table 1, Cipolotti et al., 2001). However, a
number of early-onset hypoxic patients have been reported
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by Vargha-Khadem et al. (1997) and Gadian et al. (2000) who
show relatively preserved acquisition of semantic memory in
the context of severely impaired episodic memory (see
Table 1). It has been argued in the case of early-onset hypoxic
patients that a functional re-organization of the brain may have
occurred during development in which extra-hippocampal
regions take on the role of the hippocampus. However, the
late-onset selective hippocampal case PS (Table 1) also shows
evidence of post-morbid semantic learning with vocabulary
and famous faces (Verfaellie et al., 2000). Even patients with
more extensive lesions have been found to have normal post-
morbid vocabulary and facts (e.g. case RS(ii), Table 5;
Kitchener et al., 1998). The involvement of the hippocampus
in retrograde semantic memory loss is similarly controversial
(see below). Patients who show semantic memory loss in the
presence of normal episodic memory provide further evidence
against a simple declarative account (Kapur et al., 1994).
Thus, the hippocampal role in semantic memory remains
unclear and the testing of more patients with selective
hippocampal lesions on standardized tests is required.

Familiarity-based recognition and lesion size

Another controversial issue is whether the hippocampus is
necessary for recognition tests that can be solved by familiar-
ity judgements. It has been suggested that the hippocampus,
fornix and anterior thalamus are required for recollection of
the context of events but not for familiarity-based item
recognition, and that this latter function is served by the
perirhinal cortex and the mediodorsal nucleus of the thalamus
(Aggleton and Brown, 1999). By contrast, the declarative
theory (e.g. Reed and Squire, 1997) states that recognition
memory depends on the hippocampus and that tests of
recognition are critical tests of hippocampal amnesia (even
where the damage is selective). Similar to the issue of
semantic memory, findings are not consistent between cases.
Patients RB, GD, VC and PS (Table 1) all show deficits
on tests of recognition, such as Warrington’s Recognition
Memory Test (Warrington, 1984). However, the develop-
mental cases reported by Vargha-Khadem et al. (1997) and
Gadian et al. (2000) all show spared recognition when the
recognition test can be solved by a sense of familiarity.
Spared recognition is not only found in developmental cases,
but also in late-onset cases such as YR (Table 1) and DF
(Table 2). A number of patients with bilateral fornix damage
have also been reported with normal recognition (McMackin
et al., 1995; Table 3). In an alternative formulation to the
declarative theory, Baddeley er al. (2001) suggest a link
between semantic and recognition memory such that informa-
tion may enter into the semantic store via repeated repetitions
of stimuli which are held in a recognition system that is
independent of the (hippocampal) episodic system. Although
recent evidence from patient YR suggests this does not
generalize to late-onset patients (Holdstock ef al., 2001b).
One possibility is that patients with impaired recognition
memory have additional damage compared with those that

do not. This hidden damage might be extra-hippocampal
(e.g. Bachevalier and Meunier, 1996) or might relate to
differences in the functional integrity of the residual
hippocampal tissue itself (e.g. Maguire et al., 2001; Table 1).
Indeed, of the eight cases (W1, JL, LJ, PH, RM, HW, Table 1
and WH, LM, Table 2) identified as having hippocampal
damage using the MRI method described in Squire et al.
(1990), two cases (WH and LM) have had autopsies, and both
also had entorhinal damage (Rempel-Clower et al., 1996).

Based on evidence from patients with selective hippocam-
pal lesions (RB and GD, Table 1), patients with hippocampal
formation lesions (e.g. WH and LM, Table 2), and patients
with more extensive temporal lobe lesions (EP and GT,
Table 6), Squire and colleagues have suggested that the larger
the lesion the more profound the amnesia (e.g. Rempel-
Clower et al., 1996). While this assertion appears to be true
for these cases, it is inconsistent with other cases. Selective
cases YK (Table 1, IQ = 94) and BE (Table 1, IQ = 128)
have MQs of 52 and 59, respectively, while the less selective
case JT (Table 6, IQ = 126), who has a large bilateral medial
temporal lobe lesion, has an above-average MQ score of
120. Such observations indicate that even selective lesions
can cause a severe amnesia and that the location and
completeness of a medial temporal lobe lesion are more
important than its overall size.

Retrograde amnesia: extent and temporal
gradients

In addition to the severe anterograde memory loss described
above, a significant retrograde amnesia has been observed
in a large number of cases of hippocampal amnesia (see
‘Retrograde performance’ in Tables 1-7). However, the
duration of the retrograde amnesia is extremely variable,
with some cases showing virtually no loss (e.g. RB, Table 1;
Zola-Morgan et al., 1986) and others reported as showing a
complete inability to remember any information from any
period of their lives (e.g. LD, Table 5; O’Connor et al,
1992). Difficulties in determining the effect of hippocampal
damage on retrograde amnesia arise from a number of
sources. For many reported cases there was no attempt to
characterize a loss of memories prior to the lesion (these
studies are indicated by ‘Not described’ in the ‘Retrograde
amnesia’ column of the tables). For many of the other cases
there was no formal assessment with a standardized test.
Even when standardized tests are applied there can be
problems with validation of the results. While some tests
match for the salience of the stimuli at all time periods (e.g.
Sanders and Warrington, 1971), others do not (e.g. Reed and
Squire, 1998). Low or varying motivation in some cases (e.g.
GD, Table 1) can make the interpretation of performance
difficult. For more discussion of the difficulties of testing
retrograde amnesia see Warrington (1996) and Kapur et al.
(1999).

A feature of retrograde amnesia that has attracted much
attention is the existence of a temporal gradient (Ribbot,



1882) such that memories formed early in life are purported
to be preserved relative to recent memories (e.g. HM, Table
6). To account for this it has been suggested that the
hippocampus has only a time-limited role in memory, with
memories becoming consolidated in neocortex after a certain
time (Marr, 1971; Squire, 1992). It has been postulated by
Squire and colleagues (Squire, 1987, 1992; Squire and
Alvarez, 1995) that both semantic and episodic (i.e. declarat-
ive) memory are consolidated from hippocampus to neocor-
tex, so that temporally extensive retrograde amnesia only
occurs following temporal lobe lesions which extend beyond
the hippocampus, with larger lesions producing more extens-
ive retrograde amnesia. Evidence for this has come from the
study of patients such as RB (Zola-Morgan et al., 1986),
GD, LM and WH (Rempel-Clower et al., 1996). While
findings with some selective hippocampal patients such as
BE and LC (Table 1; Kapur and Brooks, 1999) support this
hypothesis, findings from others do not. Two cases which
provide evidence to the contrary are the case reported by
Victor et al. (1961; Table 6) and patient VC (Cipolotti et al.,
2001; Table 1). The patient described by Victor et al. (1961)
was found to have extensive temporal lobe lesions, but was
described as having a well-defined retrograde amnesia for
only 2 years prior to the damage. Selective hippocampal
patient VC (Table 1) shows a virtually flat loss across all
time intervals with extensive testing. The contrast between
VC and patients RB and GD is puzzling. All three appear to
have similar pathology and yet VC has an extensive retrograde
amnesia, while the other two have a retrograde amnesia
limited to 1-2 years. It is possible that subtle differences in
pathology between the cases may play a decisive role: the
hippocampal lesion is confined to CAl region in GD and
RB but is not in VC, but differences in the matching of the
salience of cues over different time periods may also be a
factor (Warrington, 1996).

Fractionating retrograde amnesia: alternatives to a
simple consolidation hypothesis

As with anterograde amnesia, retrograde amnesia can be
divided along similar lines into episodic (or autobiographical)
memory and semantic memory. Semantic retrograde amnesia
can be further subdivided into knowledge about one’s personal
past (autobiographical semantics) and general world know-
ledge (such as public events and famous faces). For a more
detailed discussion see Kapur (1999). As with anterograde
memory, inspection of Tables 1-7 shows episodic memory
to be more consistently impaired in retrograde amnesia than
semantic memory. There is often some semantic retrograde
memory loss (for autobiographical semantic information,
famous faces), but this is usually less severe than the
autobiographical episodic retrograde amnesia (e.g. DRB,
Table 7). Focusing on this dissociation, an alternative model
of consolidation has been proposed in which semantic memor-
ies are consolidated to neocortex but episodic memories
remain dependent on the hippocampal region for life (Nadel
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and Moscovitch, 1997; Fujii et al., 2000). An interesting
feature of the tables presented here is that retrograde amnesia
appears to be limited in the few cases with fornix lesions
that have been tested (Table 3). This is consistent with the
suggestion that the afferent supply of acetylcholine to the
hippocampus via the fornix is important for learning (e.g.
Hasselmo, 1999). By contrast, efferents from the hippocam-
pus to the entorhinal cortex and medial temporal lobe may
have a greater role in the recollection of remote memories.

Conclusion

In summary, there is a great deal of variation in the memory
impairments of hippocampal amnesics. One consistent feature
is a severe loss of post- and often pre-morbid episodic
memories in virtually all patients with bilateral hippocampal
damage. Even apparently selective hippocampal patients can
show a dramatic loss, such that the patient cannot remember
any personal experience from before the lesion or any event
they have encountered thereafter (e.g. VC, Table 1). The
preservation of short-term memory and a number of mne-
monic abilities which have been called procedural, implicit
or non-declarative are also consistent features of hippocampal
amnesia. Semantic memory and familiarity-based recognition
may or may not be spared in hippocampal amnesics. The
extent and types of retrograde amnesias are also extremely
variable, with episodic memories being most affected. Future
research with increasingly sophisticated neuropathological
and neuroimaging techniques, combined with comprehensive
neuropsychological testing will be required to identify the
crucial factors and locations involved in these different
patterns of impairment.
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