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The Fate of Old Memories after Medial Temporal Lobe Damage
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Damage to the hippocampal region and related medial temporal lobe structures (perirhinal, entorhinal, and parahippocampal cortices)
impairs new learning (anterograde amnesia) as well as memory for information that was acquired before the damage occurred (retro-
grade amnesia). We assessed retrograde amnesia with the Autobiographical Memory Interview (AMI) and with a news events test in six
patients with damage limited primarily to the hippocampal region (H group) and two patients with large medial temporal lobe lesions
(MTL group). On the news event test, the H group exhibited temporally limited retrograde amnesia covering ~5 years. On the same test,
the MTL group exhibited an extensive retrograde amnesia covering decades. Nevertheless, performance was relatively spared for very
remote time periods. On the AMI, all patients had intact remote autobiographical memory. Because our patients with hippocampal
lesions, as well as our patients with large MTL lesions, performed normally on the AMI, patients who perform poorly on the same test
presumably have damage beyond the hippocampus and related structures in the medial temporal lobe. The findings emphasize the

difference in the extent of retrograde amnesia associated with hippocampal lesions and large MTL lesions.
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Introduction

Damage to the hippocampal region (the CA fields, the dentate
gyrus, and the subicular complex) and related medial temporal
lobe structures (perirhinal, entorhinal, and parahippocampal
cortices) impairs new learning (anterograde amnesia) as well as
memory for information that was acquired before the damage
occurred (retrograde amnesia). Early descriptions of retrograde
amnesia led to the principle that recently acquired memories are
more impaired than remote memories (Ribot, 1881), and a large
literature involving both humans and experimental animals has
supported this idea (Squire and Alvarez, 1995; Frankland and
Bontempi, 2005). Nevertheless, questions remain about two as-
pects of retrograde amnesia. First, can damage limited to the
medial temporal lobe sometimes cause extensive, ungraded
memory loss rather than temporally graded retrograde amnesia?
Second, after medial temporal lobe damage, what is the status of
memory for remote autobiographical events?

With respect to the first question, some investigators con-
cluded that retrograde amnesia is temporally ungraded and that
recent and remote memories are similarly impaired (Sanders and
Warrington, 1971; Warrington, 1996). By this view, retrograde
amnesia can be lifelong, even when damage is reported to be
limited to the hippocampus itself (Cipolotti et al., 2001). Other
investigators concluded that retrograde amnesia is temporally
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limited and related to the extent and locus of damage (Eichen-
baum et al., 1999; Squire et al., 2004b). Thus, when damage is
restricted to the hippocampal region, retrograde amnesia can be
limited to several years (Reed and Squire, 1998; Manns et al.,
2003), but after much larger medial temporal lobe lesions, retro-
grade amnesia is temporally extended (Reed and Squire, 1998).

It is noteworthy that in the early study of five patients by
Sanders and Warrington (1971), the conclusion that retrograde
amnesia was extensive and ungraded was based on tests of news
events and famous faces that covered up to 38 years before the
onset of amnesia (mean, 32 years). On average, the patients were
20-24 years old at the time that the most remote events in the
news events test occurred and ~35 years old at the time covered
by the most remote items on the faces test. Another patient was
34-38 years old at the time covered by the most remote test items
(Cipolotti et al., 2001). To determine whether patients have un-
graded retrograde amnesia that extends into their early life, it
would be necessary to assess factual knowledge from earlier time
periods.

With respect to autobiographical memory, it has been pro-
posed that medial temporal lobe damage, or even limited hip-
pocampal damage, leads to a prolonged retrograde amnesia
(Hirano and Noguchi, 1998; Cipolotti et al., 2001; Steinvorth et
al., 2005; Moscovitch et al., 2006). In other studies, both patients
with limited hippocampal lesions, as well as patients with large
medial temporal lobe lesions, had intact autobiographical mem-
ory from early life (Rempel-Clower et al., 1996; Bayley et al., 2003,
2005b).

Studies of autobiographical memory present a number of
challenges. One difficulty is that a relatively small number of
patients have been studied, and anatomical information about
the patients is often limited. In a recent commentary, only two
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patients (N.T. and V.C.) were presented to
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Table 1. Characteristics of amnesic patients
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Our finding of intact remote autobio-

graphical memory was based on six pa-
tients for whom detailed anatomical infor-
mation was available (Bayley et al., 2003)
and a second study of five of the same pa-
tients (Bayley et al., 2005b). A further difficulty is that the most
comprehensive methods for assessing autobiographical memory
involve scoring tape-recorded narratives, for example, determin-
ing the number of details produced about events from early life.
Yet these methods are inevitably subjective, and it is difficult to
compare results across laboratories. A more satisfying approach
would be to use an instrument that is easy to administer in dif-
ferent settings.

We have tested eight patients, seven of whom had undergone
whole-brain volumetric analysis. The patients were divided into
two groups based on the locus and extent of their lesions: six
patients have lesions thought to be restricted to the hippocampus
(plus dentate gyrus and subicular complex), and two patients
have large medial temporal lobe lesions. Retrograde amnesia for
fact memory was assessed using a news events test that covered
early adulthood and adolescence. Retrograde amnesia for auto-
biographical memory was assessed using the Autobiographical
Memory Interview (AMI) (Kopelman et al., 1989). This is a sim-
ple, standardized test that assesses two aspects of autobiographi-
cal memory: personal semantic memory and memory for specific
autobiographical incidents. In each case, the test covers three
time periods: the recent past (i.e., the past year), early adult life,
and childhood. The AMI has been used in other studies and
thereby allows comparisons to be made among patients studied
in different laboratories.

Materials and Methods

Participants

Eight amnesic patients participated (seven males) (Table 1). Of these, six
patients (H group: A.B.,, K.E., L.J.,, R.S., GW., J. R-W.) have bilateral
lesions thought to be limited to the hippocampal region (CA fields, den-
tate gyrus, and subicular complex). Two patients (MTL group: E.P., G.P.)
have damage to the hippocampal region as well as adjacent medial tem-
poral lobe cortex.

Although all the patients exhibited significant memory impairment, it
is clear from informal observation and from test scores that the two
patients in the MTL group are more severely amnesic than the patients in
the H group. For example, on a standard test of recognition memory [Rey
Auditory Learning Test (Rey, 1964)], patients A.B., K.E., L.].,, R.S., GW.,
and J.R.-W. scored 83, 88, 93, 87.3, 88, and 89.3% correct, respectively,
across five study test trials involving 15 target words (mean * SEM =
88.1 = 1.3% correct), whereas patients E.P. and G.P. scored 65 and 54%,
respectively (mean = 59.5 * 5.5% correct) (t, = 8.1; p < 0.001).
Nonetheless, the recognition memory scores of both patient groups were
impaired relative to controls [n = 8 from a study by Shimamura and
Squire (1986); mean = 97.6 * 0.38% correct; all p values <0.05]. Fur-
thermore, unlike the patients in the H group who have demonstrated
substantial new fact learning since they became amnesic (Manns et al.,
2003), the two patients in the MTL group have demonstrated little fact
learning (Bayley and Squire, 2005). Indeed, during repeated testing over

The Wechsler Adult Intelligence Scale-ll (WAIS-11I) and the Wechsler Memory Scale-Revised (WMS-R) yield mean scores of 100 in the normal population, with
an SD of 15. The WMS-R does not provide numerical scores for individuals who score below 50. Intelligence quotient (IQ) scores for J.R.W.and R.S. are from the
Wechsler Adult Intelligence Scale-Revised.

many weeks, they do not recognize that they have been tested before
(Bayley et al., 2005a).

A.B. became amnesic in 1976 after an anoxic episode associated with
cardiac arrest. K.E. became amnesic in 2004 after an episode of ischemia
associated with kidney failure and toxic shock syndrome. L.J. became
amnesic in 1988 during a 6 month period with no known precipitating
event. Her memory impairment has been stable since that time. Patients
R.S. and G.W. became amnesic in 1998 and 2001, respectively, after a
drug overdose and associated respiratory failure. Patient J.R.W. became
amnesic in 1990 after an anoxic episode associated with cardiac arrest.
Patients E.P. and G.P. became amnesic in 1992 and 1987, respectively,
after contracting viral encephalitis.

For seven of the eight patients, estimates of medial temporal lobe
damage were based on quantitative analysis of magnetic resonance im-
ages compared with data for 19 controls (for K.E.,R.S., G.W.,JRW,,E.P.
and G.P.), or 11 controls (L.J.). Nine coronal magnetic resonance images
from six of these seven patients (all but J.R.W) are available at www.
jneurosci.org as supplemental material to Shrager et al. (2006) and for
five of the patients (all but E.P. and G.P.) at www.neuron.org as supple-
mental material to Wais et al. (2006). The volume of the full anterior—
posterior length of the hippocampus and the parahippocampal gyrus
were measured following published procedures (Amaral and Insausti,
1990; Insausti et al., 1998). For each patient, the hippocampal and para-
hippocampal gyrus volumes were divided by the intracranial volume to
correct for brain size (Gold and Squire, 2005). In the H group, K.E., L.J.,
R.S., G.W., and J.R.W. have an average bilateral reduction in hippocam-
pal volume of 49, 46, 33, 48, and 44%, respectively (all values >3 SDs
below the control mean). On the basis of two patients (L.M. and W.H.)
with similar bilateral volume loss in the hippocampus for whom detailed
postmortem neurohistological information was obtained (Rempel-
Clower et al., 1996), this degree of volume loss likely reflects nearly com-
plete loss of hippocampal neurons (Gold and Squire, 2005). In compar-
ison, the volume of the parahippocampal gyrus is reduced by 17, —8, 1,
12, and 6%, respectively (all values within 2 SDs of the control mean).

A.B. is unable to participate in magnetic resonance imaging (MRI)
studies but is thought to have hippocampal damage on the basis of etiol-
ogy (anoxia) and a neurological examination indicating well circum-
scribed amnesia. In addition, high-resolution computed tomography
images obtained in 2001 were consistent with damage restricted to the
hippocampal region (Schmolck et al., 2002). In the MTL group, patients
E.P.and G.P. have an average bilateral reduction in hippocampal volume
of 97 and 96%, respectively (all values >9 SDs below the control mean).
In addition, the volume of the parahippocampal gyrus was reduced by 94
and 93%, respectively (all values >10 SDs below the control mean).

Additional measurements, based on four controls for each patient,
were made for the frontal lobes, lateral temporal lobes, parietal lobes,
occipital lobes, insular cortex, and fusiform gyrus (Bayley et al., 2005b).
In the H group, the only volume reduction in these regions >1.3 SDs of
the control mean was the parietal lobe of R.S. (Bayley et al., 2005b). This
finding for patient R.S. likely reflects natural variation in the parietal lobe
volume rather than damage to this brain region because the parietal lobes
are highly variable in size (Raz et al., 2005). In addition, no evidence of
parietal lobe damage is apparent in R.S.’s MRI scan. He also obtained a
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normal score on the block design test [scaled score, 11; Wechsler Adult
Intelligence Scale—Revised (Wechsler, 1981)], which is known to be sen-
sitive to parietal lobe damage (Lezak, 1995). For E.P. and G.P., the vol-
umes of each of the major lobes are all within 9 and 13% of control
volumes, respectively. E.P.’s lesion also includes the rostral portion of the
fusiform gyrus (39% on the left and 68% on the right) and the insula,
which is reduced in size (32% on the left and 30% on the right). G.P.’s
lesion includes the fusiform gyrus (41% on the left and 56% on the right)
and the insula (80% on the left and 49% on the right).

Three groups of controls participated. One group consisted of 13 in-
dividuals (nine males), who served as controls for the autobiographical
memory interview. These individuals averaged 65.6 years of age and 14.6
years of education (H group: mean age, 51.6 years; mean education, 13.9
years; MTL group: average age, 64.8 years of age at test; average educa-
tion, 14.0 years). Two additional control groups participated in the news
events test. One group (n = 13; 10 males) was matched to the H group.
They averaged 59.8 years of age and 15.0 years of education (H group:
mean age, 55.7 years; mean education, 13.5 years). The second group
(n = 7; four males) was matched to patient E.P. They averaged 77.1 years
of age and 11.7 years of education.

Memory tests

Autobiographical Memory Interview. This standardized test (Kopelman et
al., 1989) quantifies the recall of autobiographical incidents and personal
semantic facts using a structured interview. Participants were asked to
provide information from three different time periods: childhood (until
18 years old), early adulthood (19-29 years old), and recent (within the
last year). For the autobiographical portion of the test (autobiographical
memory), participants were asked to recall three unique events from each
of the three time periods (e.g., “Describe an incident that occurred to you
while attending high school.”). The maximum score was 9 for each time
period (maximum three points per item, 0—3 scoring scale). The portion
of the test that assessed personal facts (Personal Semantic Memory) con-
sisted of 41 items (childhood, n = 12; early adulthood, n = 16; recent,
n = 13). Participants were asked to recall personal semantic knowledge
(e.g., “What was your home address while attending high school?”), and
the maximum score was 21 for each time period. For each patient, the
accuracy of their responses was ascertained by interviewing at least two
family members who were familiar with virtually his/her entire lifetime.
Responses were assigned a score of zero if the data were found to be
inaccurate. Data for five of the patients in the present study have been
published previously for parts of this test (Reed and Squire, 1998; Bayley
et al., 2003).

News events test. This test was a modified version of a test constructed
by Manns et al. (2003). Tests of past public events, like this one, are
sufficiently specific that it is difficult to answer the questions correctly
unless an individual has lived through the time period in question (War-
rington and Silberstein, 1970; Squire, 1974). For the H group, their 13
controls, and patient G.P., the test included 279 questions about news
events that had occurred between 1951 and 2005 [e.g., Which state’s
contested electoral votes were the deciding factors in George W. Bush’s
controversial win of the presidency? (Florida); What tire manufacturer
recalled thousands of tires? (Firestone)]. Because E.P. was older than the
other patients in the study, he and his seven controls were given the same
279 questions that the other participants received, plus 21 additional
questions covering the period 1938—1950. All testing was in a free-recall
format and took place across two to three sessions. The data for each
patient and two to three controls matched to each patient for age and
education (seven controls for E.P. and G.P.) were analyzed according to
the year in which the patient became amnesic. In this way, a score for each
patient and each patient’s controls was calculated for the period of an-
terograde amnesia and in 5 year intervals for a period of up to 30 years of
retrograde amnesia. For example, for G.W. who became amnesic in 2001,
87 questions assessed his anterograde time period (2001-2005), and 136
questions assessed his retrograde time period (1971-2000). His perfor-
mance was not recorded for the 56 remaining questions, which would
have assessed the time when he was younger than 11 years. For E.P., who
became amnesic in 1992, 171 questions assessed his anterograde time
period (1992-2005), and 129 questions assessed his retrograde time pe-
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Figure 1. Performance on the Autobiographical Memory Interview. A, Scores on items that

assessed factual knowledge about a person’s own past (maximum score, 21). B, Scores onitems
thatassessed memory for autobiographical events (maximum score, 9). Error bars indicate SEM.

riod (1938-1991). Thus, his memory was sampled back to the time
51-55 years before the onset of his amnesia when he was 15-19 years old.
Across participants, an average of 35 questions was used for each of the
time intervals sampled (minimum, 8.0 questions at the —25 to —30 year
interval).

Results

Autobiographical Memory Interview

The H group exhibited mild memory impairment limited to the
recent time period (Fig. 1), which reached significance in the case
of autobiographical events ( p = 0.05). Memory was intact for
personal facts and for autobiographical events from early adult-
hood and childhood. The MTL group was markedly impaired at
recollecting both personal facts and autobiographical events
from the recent time period ( p values = 0.02). Performance was
numerically low, albeit not significantly so, in the early adult time
period and fully intact for childhood (all p values >0.05).

News events test

Figure 2 shows the performance of six patients with damage to
the hippocampal region (H) and 13 controls (CONs) on ques-
tions about news events (1951-2005). For the period of antero-
grade amnesia, the H group performed more poorly than con-
trols (patients, 32.7 = 2.5% correct; controls, 61.5 = 4.2%
correct; t,;) = 4.46; p < 0.001). Thus, since the onset of their
amnesia, these patients have not acquired as much information
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Figure2. Recall performance on a test of news events that occurred from 1951 to 2005. The
scores for six patients with damage limited primarily to the hippocampal region and 13 controls
have been aligned relative to the onset of amnesia (see Materials and Methods) so that perfor-
mance can be shown for the time period after the onset of amnesia and for 5 year intervals
preceding the onset of amnesia (retrograde amnesia). The data point at —5 represents 1-5
years before amnesia, the point at — 10 represents 6 —10 years before amnesia, and so on. Error
bars indicate SEM.

about news events as their healthy counterparts. In addition, the
H group exhibited temporally limited retrograde amnesia cover-
ing a period of ~5 years before the onset of amnesia. For the time
period 1-5 years before amnesia, the patients were marginally
impaired relative to controls (patients, 32.1 * 5.0% correct; con-
trols, 50.2 = 5.7% correct; t,,) = 1.97; p = 0.066). In addition,
the patients performed even better for the 610 years before am-
nesia than for the 5 years immediately preceding amnesia (41.6 vs
32.1% correct; t5) = 3.67; p < 0.02). Further, an ANOVA com-
paring patients and controls for the 1-5 years and 6-10 years
preceding amnesia revealed an interaction of group by time pe-
riod (F(; 7y = 4.7; p < 0.05). For more remote time periods
(11-30 years before amnesia), performance of the patients and
controls was virtually identical (patients, 42.6% correct; controls,
41.6% correct).

Figure 3 shows the performance of the two patients with large
medial temporal lobe lesions (E.P. and G.P.) and seven controls
on questions about news events (1938-2005). The patients per-
formed very poorly in their period of anterograde amnesia (E.P.,
3.8% correct; G.P., 4.0% correct; controls, 38.5 = 4.6% correct).
In addition, both E.P. and G.P. exhibited extensive retrograde
amnesia covering many years before the onset of their amnesia.
Nevertheless, both patients improved their scores as the ques-
tions covered more remote time periods. G.P.’s scores improved
when the questions covered the period >20 years before the onset
of amnesia. Specifically, whereas G.P.’s scores were >2 SDs below
the control scores for three of the four most recent time periods,
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Figure3. Recall performance onatest of news events that occurred from 1938 to 2005 (E.P.)

and from 1951 to 2005 (G.P.). The scores for the two patients with large medial temporal lobe
lesions and seven controls have been aligned relative to the onset of amnesia (see Materials and
Methods) so that performance can be shown for the time period after the onset of amnesia and
for 5 year intervals preceding the onset of amnesia (retrograde amnesia). The data pointat —5
represents 1-5 years before amnesia, the point at — 10 represents 6 —10 years before amnesia,
and so on. Error bars indicate SEM.

he scored within 1.1 SDs of controls at the —21 to —25 year time
period and he scored as well as controls at the —26 to —30 year
period when he would have been 12-16 years old. E.P. exhibited
extensive retrograde amnesia covering 30 —50 years. Nevertheless,
his performance improved when the questions concerned events
that had occurred >30 years before his amnesia, and he reached
normal levels for the period 4650 years before amnesia when he
was 2024 years old. Specifically, E.P. scored consistently >2 SDs
below the control scores except at three of the four most remote
time periods (—40, —50, and —55 years; —1.7, —0.5, —1.1 SDs,
respectively). There were also two earlier time points (—20 and
—30 years) when E.P. scored zero but where (because of variabil-
ity in the control scores) he scored only 1.6 SDs below the
controls.

We note that the older controls (mean age, 77.1 years) who
were matched to E.P. and G.P. performed worse on the news
events test than the younger controls (mean age, 59.8 years) who
were matched to the patients with hippocampal lesions (overall
performance for the period 1951-2005, 31.6 * 2.9% vs 45.7 =
4.2%; t(;5) = 2.30; p < 0.04). The finding that older adults typi-
cally perform less well than younger adults on tests about news
events has been well documented (Warrington and Silberstein,
1970; Squire, 1974).

Discussion

The effects of medial temporal lobe damage on autobiographical
memory and memory for news events were examined in two
groups of patients. Six patients had damage limited primarily to
the hippocampal region (H group), and two patients had exten-
sive damage to the medial temporal lobe that included perirhinal
and entorhinal cortices, and much of the parahippocampal cor-
tex (MTL group). There were two main findings. First, retrograde
amnesia can be either temporally limited or quite extended, de-
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pending on the amount of damage (hippocampus vs hippocam-
pus plus adjacent medial temporal cortex). As measured by the
news events test, the H group had a retrograde amnesia of ~5
years. On the same test, the MTL group exhibited a retrograde
amnesia that extended 20-30 (G.P.) or 30-50 (E.P.) years. Yet,
even when retrograde amnesia was extensive, memory for very
remote time periods was relatively spared. The second main find-
ing was that all the patients had intact remote autobiographical
memory from their childhood and adolescence.

We suggest that some patients who have been described as
having ungraded and extensive retrograde amnesia might have
exhibited a temporal gradient if earlier time periods had been
tested. For example, patient N.T. was initially reported to have an
ungraded retrograde memory impairment for factual knowledge
(Sanders and Warrington, 1971). Yet, the test of news events that
she was given extended to only 30 years before the onset of her
amnesia when she was 23 years old. The test of famous faces
extended to only 15 years before the onset of her amnesia when
she was 37 years old. Similarly, patient V.C. exhibited an ex-
tended and ungraded retrograde amnesia for news events and
famous faces, but the tests did not cover time periods when he
was younger than 34 years (Cipolotti et al., 2001). It would be
interesting to assess his retrograde amnesia with tests that include
items from early adulthood or adolescence.

Our conclusion that severely amnesic patients can recall in-
formation about very remote news events is limited to patients
who have bilateral damage restricted mainly to the medial tem-
poral lobe. Other memory-impaired patients have been de-
scribed who have more extensive damage that includes lateral
temporal cortex (Damasio et al., 1985; Reed and Squire, 1998;
Kapur, 1999). These patients all had extended, ungraded retro-
grade amnesia covering a number of years, and it is possible that
their remote memory performance would be poor even on tests
that cover very early time periods. Note that E.P. and G.P. both
have some volume reduction in the fusiform gyrus and insular
cortex. Accordingly, one cannot exclude the possibility that dam-
age in these regions contributed to the severity and extent of their
retrograde amnesia. Nonetheless, it is of interest that, despite
their large lesions, both patients exhibited good memory for the
most remote time periods.

The relatively short temporal gradient of retrograde amnesia
in patients with hippocampal lesions is consistent with the view
that the human hippocampus has a time-limited role in the for-
mation and storage of semantic knowledge. By this view, memo-
ries are initially dependent on the hippocampus as well as on
distributed regions of neocortex. Through a gradual process of
consolidation and reorganization, connections among the corti-
cal regions are progressively strengthened until the cortical mem-
ory is independent of the hippocampus (McClelland et al., 1995;
Squire and Alvarez, 1995). Temporally limited retrograde amne-
sia has also been frequently observed in experimental animals
with a time scale ranging from weeks to months (Squire et al.,
2004a; Frankland and Bontempi, 2005). In the case of large me-
dial temporal lobe lesions that damage the perirhinal, entorhinal,
and parahippocampal cortices in addition to the hippocampus,
as in patients E.P. and G.P., the retrograde amnesia covers several
decades. These cortices must have a role in memory storage that
extends well beyond the temporary role of the hippocampus it-
self. The concept of consolidation, as it applies to hippocampal
function, does not easily apply to the adjacent cortex.

The findings for autobiographical memory were similar to the
findings for factual knowledge. Remote autobiographical mem-
ory was intact in all the patients that we studied. Indeed, seven of
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the eight patients obtained the maximum score of nine points on
the childhood portion of the autobiographical incidents schedule
of the AMI (L.J. scored 8 points). Similar findings with the AMI
were reported for patients M.R. and P.D. (Eslinger, 1998) and for
patient B.E. (Kapur and Brooks, 1999), all of whom had bilateral
damage thought to be limited to the medial temporal lobe. In
contrast, other memory-impaired patients have been reported
(usually in single-case studies) to do poorly on the childhood
portion of the AMI [patient Y.K., 4/9 points (Hirano and Nogu-
chi, 1998); patient V.C., 1/9 points (Cipolotti et al., 2001); patient
T.T., 0/9 (Maguire et al., 2006); patient K.C., 2/9 (Rosenbaum et
al., 2004); patient R.S., 0/9 (Kitchener et al., 1998); patient E.K.,
4/9 (Eslinger, 1998)]. It has been proposed that the autobio-
graphical narratives of patients with medial temporal lobe lesions
lack the richness of detail that appears in the narratives of con-
trols and that this deficiency can be detected only by using sensi-
tive tests (Nadel et al., 2000). Others have suggested that unless
comparable techniques are used across laboratories, differences
in findings might be caused by how autobiographical memory is
assessed (Rosenbaum et al., 2004). The present study addresses
these points. We used a simple standardized test and found very
remote memory to be intact. The different results recorded in the
literature cannot be attributed to differences in test procedures,
subjective testing methods, or obscure scoring techniques.

The likely explanation for why some patients perform well on
the AMI and others do not s that there are differences in the locus
and extent of the lesions. Our results show that even patients with
extensive damage to the medial temporal lobe (E.P. and G.P.) can
obtain maximum scores on the childhood portion of the test.
This result suggests that those patients who do poorly on the same
test, including Y.K,, V.C., T.T., K.C, R.S,, and E.K,, as cited
above, must have some damage beyond what is present in pa-
tients E.P. and G.P. Indeed, additional damage has been identi-
fied in most of these cases. Patient K.C. has significant damage in
frontal, parietal, and occipital cortices (Rosenbaum et al., 2005),
patient V.C. has evidence of hypometabolism in the right thala-
mus and in right parietal cortex (Kapur et al., 1999), patient R.S.
has damage to the basal forebrain and medial frontal lobe (Kitch-
ener etal., 1998), T.T. has evidence of abnormality in the anterior
temporal lobes [case 8 (Vincent et al., 2004)], and patient E.K. has
bilateral lesions involving lateral temporal cortex (Eslinger,
1998). In addition, remote autobiographical memory was sub-
stantially impaired in three other patients, who had damage to
one or more cortical areas including the lateral temporal and
frontal lobes (Bayley et al., 2005b). Others have also emphasized
the importance of lateral temporal and frontal lobe pathology for
understanding impaired remote autobiographical memory (Es-
linger, 1998; Kapur, 1999; Kopelman et al., 1999; Bright et al.,
2006). There is a need for thorough, quantitative anatomical in-
formation for all the patients being studied.

Data from the AMI about autobiographical incidents have not
been reported for two other patients (H.M. and N.T.) who were
described as having impaired remote autobiographical memory.
The well known patient H.M. sustained a bilateral medial tempo-
ral lobe resection at the age of 27 years for the treatment of severe
temporal lobe epilepsy that had begun at age 10 (Corkin et al.,
1997). H.M. was long considered to have intact remote autobio-
graphical memory from before the age of 17 (Corkin, 1984; Sagar
et al., 1985). More recently, however, H.M.’s remote autobio-
graphical memory was reported to be impaired (Steinvorth etal.,
2005). H.M. was asked to provide details for a single event from
each of five time periods. Although he was unable to recall a
memory from early childhood (0-11 years old), for a more recent
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time period (12—17 years old) he produced nearly 100 details and
scored above the control mean. The data thus provide a some-
what ambiguous picture. Yet even if H.M. is considered deficient,
there is some question whether his deficiency can be attributed to
his medial temporal lobe lesion. Extended retrograde amnesia for
autobiographical events has been reported in patients with tem-
poral lobe epilepsy who have not had surgery (Kapur, 1997). In
addition, recent MRI scans document a number of abnormalities
outside H.M.’s medial temporal lobe, including cortical and sub-
cortical atrophy, large amounts of abnormal white matter, and
subcortical infarcts (Salat et al., 2006). These findings are thought
to have appeared during the last decade, and they complicate the
interpretation of H.M.’s autobiographical memory abilities,
which were assessed during the same time period.

Patient N.T. had a right temporal lobectomy and was subse-
quently found postmortem to have left hippocampal damage
(Warrington and Duchen, 1992). The large right temporal lobe
excision left intact only part of the superior temporal gyrus. It is
therefore puzzling that N.T.’s retrograde amnesia has been attrib-
uted to selective hippocampal damage (Chan et al., 2002). Fur-
ther, although N.T. was described as having impaired autobio-
graphical memory from early life, formal assessments were not
conducted. The observation was made that N.T. was “very un-
clear about what she had done in the war years. .. during the
1939/1940 period” when she was 32—33 years old in London dur-
ing the Blitz. Nothing is reported about her autobiographical
memory from before that time. Thus, it is not known whether
N.T.’s memories from her childhood, adolescence, and even early
adulthood were intact or impaired.

There are two ways to understand cases where retrograde am-
nesia for factual knowledge or autobiographical events is de-
scribed as extensive and ungraded. One possibility is that mem-
ory was not fully evaluated and that a more complete description
of retrograde amnesia would reveal that very remote memory is
intact. The second possibility is that significant damage is present
outside the medial temporal lobe (e.g., in lateral temporal cor-
tex), and that the presentation of retrograde amnesia in this cir-
cumstance is distinct from, and does not generalize to, what is
found after restricted medial temporal lobe lesions. The present
findings rule out a third possibility, namely, that damage limited
largely to the medial temporal lobe, or the hippocampus itself,
causes extensive and ungraded retrograde amnesia for factual
knowledge or autobiographical events.
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