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Abstract— The status of remote memory in case N.A., patients receiving bilateral ECT, and patients
with Korsakoff syndrome was assessed using seven different tests. The extent and pattern of remote
mémory impairment depended upon the etiology of amnesia, appearing as a relatively brief
retrograde amnesia for N.A. and patients receiving ECT and as an extensive impairment covering
many decades for patients with Korsakoff syndrome. Differences in remote memory impairment
could not be explained by differences in the severity of anterograde amnesia, indicating that amnesia is
not a unitary disorder. We suggest that brief retrograde amnesia is typically present whenever
amnesia occurs and that extensive remote memory impairment is a distinct entity related to
superimposed cognitive deficits. These ideas and a review of previous studies lead to a comprehensive
proposal for understanding retrograde amnesia and remote memory impairment.

THE AMNESIC syndrome has been the subject of much interest in neuropsychology because of
what it might reveal about the organization and neurological foundations of normal
memory. The phenomenon of retrograde amnesia, that loss of memory can occur for the
period before the precipitating incident, has had a particularly large impact on ideas about
normal memory function [1-5]. However, conflicting views exist regarding both the extent
and pattern of retrograde amnesia and these have been used to support different ideas about
the nature of amnesia.

Specifically, clinical assessment of memory loss in patients with medial temporal
lobectomy has suggested that a relatively brief retrograde amnesia extends at least to several
months and at most to a few years prior to surgery [6, 7]. Formal testing of patients receiving
bilateral electroconvulsive therapy (ECT) has revealed a brief retrograde amnesia affecting
memory for public events and former television programs that occurred during the few years
prior to treatment [8-10]. These findings, together with studies of anterograde amnesia, are
consistent with theories of amnesia that emphasize deficiency in the storage or consolidation
of new information [1, 11, 12]. By contrast, formal testing of patients with Korsakoff
syndrome has revealed an extensive impairment of remote memory for public events
[13-15], famous faces [2, 13, 15], and famous voices [ 16] that covers several decades. These
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results support suggestions that amnesia involves a general defect in memory retrieval
[3,17]

Interpretation of these different results has been complicated by the fact that they reflect
different amnesic groups given different tests by different investigators. The present study
reports our assessment of remote memory capacity using seven different tests for each of three
etiologically-distinct amnesias: case N.A., patients receiving bilateral ECT, and patients with
Korsakoff syndrome. Some of the results with case N.A. and patients receiving ECT have
been reported previously, as described below, and they are included here to facilitate
comparisons between groups. In addition, we have assessed the severity of anterograde
amnesia in these three groups.

METHOD
Subjects
Case N.A. This patient has been severely amnesic for verbal material since 1960, when at the age of 22 years he
sustained a stab wound to the brain with a miniature fencing foil [12, 18]. Recent CAT scans have identified a lesion
in the left dorsal thalamus of this patient in a position corresponding to the dorsomedial nucleus [19]. His memory

deficit occurs despite above average intelligence (W.A.LS. = 124 [12]), and without any known defects in language or
visuoperceptual ability.

Patients receiving bilateral electroconvulsive therapy (ECT). The present group consisted of 12 females and 6 males
(mean age=47.1 years; mean education = 12.2 years) prescribed ECT for relief of depressive illness. Three patients
had received a previous course of treatment, and none had received ECT within the previous two years. Each patient
was tested on the day prior to the first treatment of their series, and again at least one hour after the fifth treatment,
when amnesia is present as a relatively circumscribed disorder (Table 1, and [20, 21]).

Patients with alcoholic Korsakoff syndrome. Nine alcoholic patients with Korsakoff syndrome residing in San
Diego County participated in these studies. This group of six men and three women averaged 53.8 years of age, with
an average of 13.0 years of education. Their average full-scale IQ was 101.1 and their average Wechsler Memory
Scale score was 76.2. Neuropsychological screening and independent neurological evaluation indicated that
memory impairment was the only remarkable defect of higher cortical function. All of these patients could draw a
cube and a house in perspective, and none had aphasia or apraxia.

Control groups for case N.A. A total of 28 male V.A. hospital employees served as control subjects for the
experiments in the present report. This subject pool was matched to N.A. for age (X = 38.9 years vs. 41 yearsfor N.A.),
education (X = 14.6 years vs. 13 years for N.A.), and WAIS subtest scores (general information: £=22.9 vs. 22 for
N.A.; vocabulary x=61.6 vs. 66 for N.A.).

Control groups for patients with Korsakoff syndrome. Two control groups were used for the patients with
K orsakoff syndrome. The first group consisted of 28 male alcoholics, enrolled in an alcohol treatment program, who
had been free of alcohol for a minimum of two weeks (X = five weeks). Their average drinking history was 25 years,
without history of head injury or liver disease. The alcoholics averaged 51.1 years of age (Korsakoff patients =53.8
years), had 114 years of education (Korsakoff patients=13.0 years), and had WAIS subtest scores of 17.8 for
information (Korsakoff patients=15.2) and 51.2 for vocabulary (K orsakoff patients =47.1). The alcoholics scored
better than the patients with Korsakoff syndrome on tests of new learning (three-trial, paired-associate learning
scores: 3.9, 6.8, 8.4; immediate and delayed paragraph recall: 6.6 and 5.0; cf. Table 1). The second control group
consisted of 29 (23 males and 6 females) non-alcoholic, medical inpatients or volunteers at the San Diego V.A.
Medical Center (mean age=55.3 years, mean education=12.9 years).

Tests: remote memory

Television programs and past public events (recognition and simple recall). Based upon methods described
previously [22, 23], four-choice recognition tests were constructed to sample memory for 74 television programs
(Test 1) that were broadcast for a single season between 1963 and 1977 (approximately five for each year) and for 88
past public events (Test 2) that occurred between 1940 and 1979 (1940s, N =19; 1950s, N = 18;1960s, N = 24; 1970s,
N =27). In addition, the public events test was given in a simple recall format (Test 3).
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Famous faces (uncued and cued identification). In an updated version of ALBERT, BUTTERs and LEVIN’s test [15],
subjects were asked to identify 130 photographs of famous people who came into prominence at various times
between 1930 and 1979 (1930s, N =25; 1940s, N =24 1950s, 1960s and 1970s, N =27). In the present version of this
test, subjects first tried to identify each photograph without the benefit of cues (Test 4). Then, in a second pass
through those photographs that had not been identified (Test 5), subjects were given either a single name and asked
if it was correct (yes—no), or they were given three names and asked to pick the correct one (multiple-choice).
Incorrect names were individuals who were prominent in the same decade and in the same general area of endeavor
as the correct names and were obtained from Current Biographies. Yes—no and multiple-choice cues were alternated
for the photographs that belonged to each decade.

Television programs and past public events (detailed recall). These tests asked subjects to recall as much as they
could remember about the same one-season television programs and past public events sampled in the recognition
and simple recall tests (Tests 6 and 7). Methods for administering such tests and scoring transcripts have been
described previously [10, 12].

Tests: new learning capacity

Four tests were administered as outlined in Table 1: paired-associate learning, paragraph recall, cued word recall,
and picture recognition.

RESULTS
By test

Television programs and past public events (recognition and simple recall). Performance on
the TV recognition test is shown for all groups in Fig. 1. N.A. and his controls performed
similarly, scoring best in the most recent time period and more poorly in the more remote
time periods (Fig. la, [12]). Patients receiving bilateral ECT (Fig. 1b, [8]) exhibited a
marked impairment in recognizing names of one-season television programs broadcast one

TV :recognition
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F1G. 1. Recognition memory for the names of former one-season television programs. (A) Case N.A.
(B) Patients receiving bilateral ECT tested one hour after treatment No. 5. (C) Patients with alcoholic
Korsakoff syndrome.



340 NEAL J. CoHEN and LARRY R. SQUIRE

to three years before treatment (F = 12.8, P <0.01), and they scored lower for this time period
than for the two previous (i.e., more remote) time periods (F =159 and 4.2, Ps <0.01). There
was no impairment for the names of television programs broadcast 4 to 7 years before
treatment. Patients with Korsakoff syndrome (Fig. 1c) were impaired relative to both non-
alcoholic controls (F=12.3, P <0.005) and to alcoholic controls (F =4.7, P <0.05) across the
entire time period covered by the test (simple main effects: Fs<6.9, Ps <0.05).

Figure 2 shows performance on the public events recognition test for all groups. N.A.
(Fig. 2a) scored below the 999/ confidence interval calculated for the mean of his control
group for public events that occurred in the postmorbid period, subsequent to his accident
(1960s and 1970s combined: N.A.=74.5%, controls=85.6%,+2.49%) but scored slightly
above the mean of the control group for the premorbid period, before his accident (1940s and
1950s combined: N.A.=78.4%,, controls 75.5%, +3.7%). Patients receiving bilateral ECT
(Fig. 2b, [24]) performed similarly across time periods before ECT and one hour after the
fifth treatment. Performance after ECT was impaired uniformly across time periods (F = 5.0,
P <0.05). Patients with Korsakoff syndrome were impaired relative to alcholic controls
(Fig. 2c, F=20.2, P <0.001) across the entire time period sampled by the test (simple main
effects: Fs>4.8, Ps<0.05).

Public events : recognition

(a) (b) (c)
oo~ — r
sl o N=12) B i
N ALC
N (N=12)
8o ~< \ L L
Before
. ~), | EcrT P Ve
3 -~ RN
£ rof e P = Ao
O
© .
= L ]
8 eoF  NA - '\,/ =
i)
o After ECT .
| B / \.
S0 [
KOR
(N=9)
aol- - -
*
30 . L
| | 1 i | | | L | { 1

70s  60s 50s  40s 70s 60s 50s 70s  60s 50s 40s
Time period, 1940-1979

FiG. 2. Recognition memory for past public events. (A) Case N.A. (B) Patients receiving bilateral ECT
tested one hour after treatment No. 5. (C) Patients with alcoholic Korsakoff syndrome.

Performance of all groups on the public events simple recall test can be seen in Fig. 3. N.A.
(Fig. 3a) scored below the 99 % confidence interval calculated for the mean of his control
group for public events that occurred after 1960. For the period prior to 1960, N.A. exceeded
the control group means. Recall of public events by patients receiving bilateral ECT (Fig. 3b,
[25]) was impaired one hour after the fifth treatment (F=12.3, P<0.01), and this
impairment was particularly marked for the 1970s (F=9.9, P<0.01). Patients with
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Public events : simple recall

(a) {(b) (c)
70 - — -
[
‘\ N=10
60 I 7 \ - -
ped \ ALC
sof- <7 \. - Before - ’_O(\NHZ)
. EC o S~
8 Y s ~
= | C 7 | d
g (N=8) [ / g
*
£ AN
g 3zor- RN I/ -
£ 7 .
20|~ . [~ g— B \
N.A. After o
ok | ECT B . KOR
- (N=9)
[ ]
] l 1 l ] L l ] 1 !
70s  60s  50s 40s 70s 60s 50s 70s 60s 50s 40s
Time period, [1940-1979

341

F16. 3. Simple recall of past public events. (A) Case N.A. (B) Patients receiving bilateral ECT tested
one hour after treatment No. 5. (C) Patients with alcoholic Korsakoff syndrome.

Korsakoff syndrome (Fig.3c) were impaired relative to alcoholic controls (F=35.1,
P <0.001) across the entire time period sampled by the test (simple main effects: Fs> 8.6,
Ps <0.01).

Famous faces (uncued and cued identification). Performance for all groups without cues is
shown in Fig. 4. N.A’s performance for his premorbid period was in marked contrast to his
performance for the period since 1960 (Fig. 4a). He identified more faces from the 1930s and
1940s than any control subject. Yet he exhibited a profound impairment when asked to
identify faces that became known during the two decades since his accident, scoring for the
1960s and 1970s below the 959, confidence interval calculated for the mean of his control
group. He performed worse than any control subject for the 1970s and worse than all but
one control subject for the 1960s. Though yes-no and multiple-choice cues aided his
performance, the cues did not compensate for his anterograde amnesia for the period since
1960. With cues, he still performed worse than any control subject for the 1970s and worse
than all but one control subject for the 1960s.

Patients receiving bilateral ECT were impaired in identifying famous faces without the
benefit of cues (F=18.5, P<0.005; Fig. 4b). There was no statistical evidence for the
impairment to be greater in the more recent time period (interaction of treatment x time
period, F=24, P>0.05). Yes-no and multiple-choice cues enhanced performance both
before and after ECT, and reduced the impairment associated with ECT. The difference
between before-ECT and after-ECT performance with cues was not significant (F=1.8,
P>0.2).

Patients with Korsakoff syndrome showed an extensive memory defect without cues
(Fig. 4¢) as well as with cues. Their defect was significant compared to alcoholic (uncued:
F=90, P<001; cued: F=128, P<0.01) and non-alcoholic (uncued: F=9.2, P<0.01;
cued: F=13.6, P<0.01) control subjects. Their defect was also temporally graded, being



342 NEAL J. COHEN and LARRY R. SQUIRE
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FiG. 4. Identification of famous faces without cues from the period 1930-1979. (A) Case N.A. (B)
Patients receiving bilateral ECT tested one hour after treatment No. 5. (C) Patients with alcoholic
Korsakoff syndrome.

larger for the more recent decades (interaction of group x decades: Fs=4.8 and 6.7 for
uncued and cued identification, respectively; P <0.001); and was significant for each decade
both without the benefit of cueing (simple main effects: Fs> 5.1, Ps <0.05) and with yes—no
and multiple-choice cues (Fs> 5.0, Ps <0.05). Thus the cues did not alleviate the amnesia. In
addition, the performance of the alcoholics diverged from that of the matched non-alcoholic
controls, differing significantly for the 1970s (uncued: F=7.0, P<0.05; cued: F=9.6,
P <0.01).

Television programs and past public events (detailed recall). Recall of details about past
television programs and past public events is shown in Figs 5 and 6. On the TV detailed
recall test (Fig. 5a, [12]), N.A. was markedly impaired for programs that broadcast since his
accident in 1960, performing below the 99 9 confidence interval calculated for the mean of his
control group for 1973-1974, but he was normal at recalling programs that were broadcast
during the five years prior to his accident. Patients receiving ECT exhibited a marked
impairment in recall of programs broadcast one to two years before treatment (F=38.5,
P <0.01), but had good recall of programs broadcast three to eight years before treatment
(1970-1972; F=1.0, P>0.3;1967-1968: F=2.6, P >0.1). This temporal gradient of amnesia
was reflected in a significant interaction between treatment and time period (F=11.2,
P <0.01). In addition, performance after ECT was significantly poorer for the affected recent
time period than for the next more remote period (P <0.05, Tukey’s HSD test for multiple
comparisons).

Patients with K orsakoff syndrome could recall very few details about the former television
programs sampled by this test (Fig. 5c), and were impaired relative to alcoholic controls
across the entire 15 years sampled (F=8.5, P <0.01; simple main effects: Fs>4.5, Ps <0.05).
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Fi1G. 5. Recall of details about former one-scason television programs. (A) Case N.A. (B) Patients
receiving bilateral ECT tested one hour after treatment No. 5. (C) Patients with alcoholic Korsakoff
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F1G. 6. Recall of details about past public events. (A) Case N.A. (B) Patients receiving bilateral ECT
tested 610 hours after treatment No. 5. (C) Patients with alcoholic Korsakoff syndrome.
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N.A'’s performance on the public events detailed recall test was compared to two different
control groups (Fig. 6a). Two control groups were used because N.A.’s education had been
interrupted by his accident and his educational level is therefore lower than that of most
individuals with comparable 1Q test scores. Accordingly, in matching control subjects to
N.A., we selected two separate groups matched for either WAIS subtest scores (mean
information subtest: 23.9 vs. 22 for N.A.; mean vocabulary subtest: 64.8 vs. 66 for N.A.) or
for educational level (mean=13.0 vs. 13 for N.A.) N.A’s recall for the two decades following
his accident was profoundly impaired relative to the recall of these control subjects, falling
below the 999, confidence interval calculated for the means of the two control groups. In
addition, unlike his performance on any of the other remote memory tests, N.A.’s recall of
public events from the period prior to his accident was also impaired, below the 959
confidence interval calculated for the mean of the control groups.

Performance of patients receiving bilateral ECT is presented in Fig. 6b. These patients
were markedly impaired in recalling events from the 1970s (F=8.9, P <0.01), but were
unaffected in their recall of events from the 1950s (F <1, P>0.3). There was a significant
interaction of treatment and time period (F=6.1, P <0.02).

The patients with Korsakoff syndrome (Fig. 6¢) could recall few details about public events
sampled by this test; and, compared to the alcoholic controls, were markedly impaired over
the entire time period (F=35.8, P<0.001; simple main effects: Fs>12.1, Ps<0.01). In
addition, their pattern of performance differed significantly from that exhibited by the
alcoholic controls (interaction of group x decade: F=5.7, P <0.005).

New learning capacity. Performance of the different patient groups on tests of anterograde
amnesia is shown in Table 1. The severity of the anterograde deficit across the four tests was
comparable among groups. This similarity in new learning capacity contrasted with the
marked difference in remote memory capacity among these same groups.

Table 1. Severity of anterograde amnesia

Test description Patient group

N.A* ECTY Korsakoff
A. Paired-Associate Learning, 10 noun-noun pairs [12] 0,0,2 1.1,34,46 0.6,09, 2.1
{(Number correct out of 10 on each of 3 trials) (N=8) (N=9)
B. Paragraph Recall [12] (Number of segments recdlled, 4.5/0 — 4.1/0
at immediate test/after 12 min delay) (N=9)
C. Cued Word Recall, 36-word list [56] 8.8 8.4 6.6
(Number correct out of 36, corrected for guessing) (N=8) (N=6)
D. Picture Recognition, 120 pictures [45] — 1.5+0.16 1.74+0.15
(d’+S. E., after 10 min delay) (N=9) (N=1T)

*N.A. was not tested on picture recognition because his chronic amnesia is largely for verbal material.

tDifferent ECT patients were used for each memory test: for A, testing occurred six to ten hours after the fifth
treatment ; for C, testing occurred 50-90 min after each of the first four treatments; for D, testing occurred two hours
after the fourth and fifth treatments. The score for Test D is the most useful estimate of the amnesia associated with
ECT because it was given very close to the time during the course of treatment as the remote memory tests. Scores for
Tests A and C are more conservative estimates of their amnesia because these tests were given at a time when
amnesia is somewhat less severe [21].
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By patient group

Case N.A. As measured by six of seven tests, his remote memory appeared intact for the
premorbid period, prior to his accident in 1960. However, N.A.’s detailed recall of public
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CVenis (r'ig. daj; was impalrﬁu relative to two different control Broups for the premﬁruid

period, though this defect was not nearly as severe as for the postmorbid period (1960s and
1970s). Although in a previous test of detailed recall of public events, N.A.’s performance for
the 1950s was intact [12], the present findings suggest that N.A.’s memory for the premorbid
period may not be entirely normal. Possible explanations of N.A.’s difficulty in recalling
details about the 1940s and the 1950s wiil now be considered.

First, it is possible that compared to recognition or simple recall tests, the detailed recall

test permits a more fine-grained estimate of remote memory capacity [12] and that N.A’s

defect in remote memory for the 1940s and 1950s on this test reflects true retrograde amnesia.
Thus, the three different public events tests given to N.A. in the present study (recognition,
simple recall, detailed recall, ordered with respect to our judgment of information demand;
Figs 2a, 3a and 6a) revealed progressively more remote memory impairment, which extended
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Second, it is possible that N.A.’s impaired performance for the premorbid period may
occur as a result of his anterograde amnesia. Since N.A’s anterograde amnesia isolates him
considerably from current events, there can be little incorporation into memory of new
information and there can be little elaboration or reorganization of previously established
memories based upon new information. Accordingly, N.A.’s poor recall of events from the
1940s and the 1950s could reflect his social isolation and failure to add new information since
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Some support for this “social isolation” hypothesis comes from previous studies of remote
memory in normal subjects [22, 26]. In one study, [26] subjects in their 30’s at the time of

testing recalled more about past publ1c events from all time periods (1890s-1960s) than did
subjects in their 20’s. In the other study [22], subjects who averaged 25 years of age at the time
of testing did better (75+ 3%, correct) on questions about events that occurred during their
first 13 years of life than did subjects who were 15-16 years of age at the time of testing
(‘1\4‘1‘3/0 correct). The critical pomt from these two studies is that buu_pcua auquuc SOmie
information about public events after they occur. N.A., however, became isolated from public
events at the age of 22 years, and he could not subsequently have acquired as much
information about public events that had occurred when he was young as could have normal
subjects from his generation.

There is another way in which anterograde amnesia could be responsible for N.A’s
impairment in recall from the premorbid period. Successful recall of details from remote
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that help the subject create specific contexts to recover past memories, especially for
information that is difficult to retrieve [27]. Recall from recent memory has also been shown
to benefit from successful selection and establishment of specific “perspectives” or search
strategies by which information can be reconstructed [28]. Anterograde amnesia could
interfere with the ability to maintain and keep track of such sirategies, particuiarly when they
are used to sustain or direct memory search for prolonged periods of time. However, the
finding that retrograde amnesia following ECT can be restricted to the few years prior to
treatment, even for tests of detailed recall (Figs 5b and 6b), would appear to discount this
notion. If N.A’s poor detailed recall is to be attributed to a problem with search strategies,
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the impairment would have to be part of an additional defect superimposed on his amnesia
that is not shared by patients receiving ECT.

Whatever the correct interpretation of N.A.’s poor detailed recall of past public events
from the period before his accident, it should be emphasized that this impairment was not as
severe as his impairment for the period following his accident and that no impairment was
observed at all for six other tests of remote memory, including a test of detailed recall of
former one-season television programs (Fig. 5a).

Patients receiving ECT. Before ECT, the pattern of performance across time periods
differed considerably among tests. After ECT, the pattern of impairment appeared to be
related to the pattern of performance before ECT. Thus, on all three tests for which
performance before ECT yielded a forgetting curve, (Figs. 1b, 5b, and 6b), ECT produced
temporally-graded retrograde amnesia. On tests for which performance before ECT was
similar across all time periods (Figs 2b and 4b), ECT produced a remote memory impairment
that affected all past time periods equally. On the test that yielded irregular performance
before ECT (Fig. 3b), ECT selectively impaired memory for the 1970s. On this test, before
ECT performance was better for the 1970s than for the 1960s, and temporally-graded
retrograde amnesia did occur across this portion of the test.

The finding that retrograde amnesia following bilateral ECT can be temporally graded has
been taken as confirmation of RiBor’s Law [29] that memories grow more resistant to
disruption as time passes after learning. This change that occurs as time passes could provide
a basis for gradual reorganization and restructuring [30], and for the development of
schemata [31], that have been suggested to occur in normal memory with the passage of time.
By this view there develops gradually after learning a representation of the original
experience that has lost detail through forgetting, but whose organization has become more
abstract, schematized and more resistant to disruption.

Several alternative formulations that attempt to explain these findings without postulating
the development of resistance with the passage of time have been considered in detail
elsewhere and found to be inconsistent with the data [10]. Thus, temporal gradients of
retrograde amnesia like those observed here cannot be explained by sampling bias in test
construction, or as a simple inability to perform well after ECT, or by a selective effect of ECT
on material that will be quickly forgotten and that is necessarily most abundant in recent time
periods.

Temporally-graded retrograde amnesia was not observed for memory tests that before
ECT yielded similar scores across all time periods. As discussed previously [32],
development of resistance in long-term memory might be related to the course of normal
forgetting, such that resistance develops while forgetting occurs. If this view is correct, then
temporally-graded retrograde amnesia should be easiest to observe with tests that produce a
forgetting curve in normal memory. Those tests that do not yield a forgetting curve in normal
memory might actually be assessing memories from different time periods that have been
forgotten to about the same degree or have not been forgotten at all. These memories would
have therefore developed a similar degree of resistance to disruption, or no resistance to
disruption; and under these conditions temporally-graded retrograde amnesia would not be
expected to occur.

Patients with alcoholic Korsakoff syndrome. For each of seven tests of remote memory,
patients with Korsakoff syndrome demonstrated a severe and extensive impairment that
included the most remote time period sampled by each test. Furthermore, for six of the seven
remote memory tests their impairment appeared temporally graded, affecting recent time
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periods to a greater extent than more remote time periods. The only exception was detailed
recall of former one-season television programs (Fig. 5c) for which performance was too poor
to permit any clear pattern to emerge.

Previous investigations of remote memory impairment in patients with Korsakoff
syndrome ([2, 13-16], see Table 2) have led to disagreement concerning both the extent and
pattern of the impairment. These two issues now seem resolved. With respect to the extent of
remote memory impairment, our findings indicate that this impairment extends to the most
remote time period sampled, in agreement with the results of three previous studies [ 13, 15,
16]. Although two different studies [2, 14] reported patients with Korsakoff syndrome to
have an extensive remote memory impairment that did not include the most remote time
periods, methodological problems with these studies weaken that interpretation [5, 15].
Taken together, the available evidence from all studies of remote memory impairment in
patients with Korsakoff syndrome strongly suggests that this defect in remote memory is
extensive and covers the majority of their adult life.

The present findings also bear on the issue of whether this impairment is equally severe for
all affected time periods or whether it is temporally graded. In agreement with several
previous studies [2, 14-16] the present results indicate that remote memory impairment in
Korsakoff syndrome is temporally graded. It is greatest in the recent time periods and smaller
in more remote time periods. One previous study [ 13] found remote memory impairment to
be constant across all time periods tested ; but as discussed elsewhere [ 5, 15, 337, performance
on this test was confounded by a floor effect that could have masked a temporally-graded
impairment. Accordingly, the available evidence argues strongly that remote memory
impairment in patients with Korsakoff syndrome is temporally graded.

The finding that the remote memory impairment exhibited by patients with Korsakoff
syndrome was different from that exhibited by the other amnesic patients raised the
possibility that their impairment might depend on certain unique features of the Korsakoff
syndrome; specifically, the insidious onset of their disease and the presence of cognitive
deficits other than amnesia that could impair performance on remote memory tests.

Thus Korsakoff syndrome occurs with an insidious onset, which is accompanied by the
gradual appearance of anterograde amnesia [34] and which might be expected to result in
impaired performance on remote memory tests for the time period during which the disease
was developing. The present findings and previous work [337] have confirmed this idea by
showing that chronic alcoholics as well as patients with Korsakoff syndrome consistently
performed more poorly for the most recent time period than for a more remote time period.
Control subjects did not show this pattern. Thus, alcoholics seem to exhibit a gradual decline
over the years in the ability to acquire new information. In the case of the patient eventually
identified as having Korsakoff syndrome, who develops more severe anterograde amnesia
than the alcoholic, this gradual change could be expected to result in an extensive, tempor-
ally-graded impairment of remote memory.

The other factor that could contribute to the remote memory impairment of patients with
Korsakoff syndrome is the occurrence of deficits in cognitive function. For example, they
have difficulty with tests of concept formation and problem solving [35, 36], perceptual
processing [35, 37-397, and rapid switching of cognitive set [ 35, 40]; and they are impaired
on the Halstead category test [41]. More importantly, perhaps, Cermak has reported
patients with Korsakoff syndrome to have an impairment in retrieval from semantic memory
[42] and in retrieval strategies for recently acquired information [43]; reconstructive deficits
that might contribute uniformly to remote memory impairment across all past time periods.
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In summary, the extent and pattern of remote memory impairment exhibited by patients
with Korsakoff syndrome contrasted with the performance of case N.A. and patients
receiving bilateral ECT. The results suggest a role for (1) progressive anterograde amnesia,
which exerts a greater effect on recent years than on more remote years and which might
explain the temporally-graded pattern of their remote memory impairment ; and (2) cognitive
deficits that affect all past memories equally, and that might explain the extensiveness of their
remote memory impairment.

DISCUSSION

The results of the present tests, together with the results of previous studies of remote
memory and amnesia, demonstrate clearly that etiologically-distinct amnesic groups differ
markedly with respect to the extent and pattern of remote memory impairment (Table 2). In
the present study, these differences in remote memory occurred despite similarity in the
severity of anterograde amnesia among the patient groups. Thus the severity of anterograde
amnesia can provide no explanation for the profound differences among the same groups in
remote memory capacity. Accordingly, the extensive remote memory impairment exhibited
by patients with Korsakoff syndrome is not inextricably coupled to anterograde amnesia.
Furthermore, the differences in remote memory impairment that have been observed in
amnesia must mean that amnesia can take qualitatively different forms.

It should be noted that qualitative differences are also known to exist among amnesic
groups in the domain of anterograde amnesia. In studies designed to assess forgetting rates in
anterograde amnesia, patients with Korsakoff syndrome and case N.A. differed from the
noted patient H.M. and from patients receiving bilateral ECT. N.A. and patients with
Korsakoff syndrome exhibited a normal rate of forgetting for material they were able to learn
[44, 45], while H.M. and patients receiving ECT exhibited an accelerated rate of forgetting
[45, 46]. This finding has suggested that the “stage” of memory function disrupted in N.A.
and in Korsakoff syndrome is different than in the other groups, and it provides support for
the present view that amnesia is fundamentally a non-unitary disorder [45, 46]. The
remainder of the discussion takes amnesia as a non-unitary disorder and considers the two
identified forms of remote memory dysfunction, temporally-limited retrograde amnesia and
extensive remote memory impairment, as distinct entities.

Temporally-limited retrograde amnesia. Retrograde amnesia, ranging from several months
to a few years, has been described clinically in cases HM. and N.A. [6, 12], and in other
surgical and head trauma patients [6, 7, 47]. In the case of patients receiving ECT, objective
evidence for temporally-limited retrograde amnesia has been obtained repeatedly with
formal tests (Table 2). As discussed previously [10, 32], temporally-limited retrograde
amnesia implies a process in normal memory whereby recently acquired memories gradually
become more resistant to disruption with the passage of time. In addition these ideas provide
support for the hypothesis that amnesia reflects a consolidation defect, whereby an
impairment occurs in the formation of new memories and in the recall of memories that have
been formed recently [1, 4]. Although the term consolidation has often been used to refer to a
process of information transfer from a labile short-term store to a more stable long-term store
in the minutes, hours, or perhaps days after learning, it is now widely held that gradual
reorganization and restructuring can occur in long-term memory for a period of years [30].
Accordingly, a brain injury that interferes with this process would result in a defect in the
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formation of new stable memories (anterograde amnesia) and a concomitant defect in
accessing information that was undergoing this gradual process when the brain injury
occurred (retrograde amnesia).

In support of this idea, studies of experimental amnesia in animals [47] as well as reports of
traumatic amnesia in man [48] have stressed that anterograde amnesia and temporally-
limited retrograde amnesia occur together. In the case of human traumatic amnesia, more
severe anterograde amnesia is associated with more prolonged retrograde amnesia [48].
WICKLEGREN has explicitly suggested that anterograde and brief retrograde amnesia involve
a common mechanism [49].

We suggest that temporally-limited retrograde amnesia typically occurs in the amnesic
syndrome and that its extent, up to a few years, correlates with the severity of anterograde
amnesia. In Korsakoff syndrome, such a pattern of retrograde amnesia would necessarily be
obscured by extensive remote memory impairment. Moreover, since the extensive remote
memory impairment exhibited in Korsakoff syndrome seems fundamentally different from
temporally-limited retrograde amnesia, the relationship that anterograde amnesia has with
temporally-limited retrograde amnesia need not imply a similar relationship between
anterograde amnesia and extensive impairment of remote memory.

Premorbid vs. postmorbid memory and theories of amnesia. The finding that retrograde
amnesia can be restricted to a few years and that premorbid memory can be less affected than
postmorbid memory has several important implications for the neuropsychology of memory.
First, the affected brain regions of such patients are not the permanent sites of memory
storage. Instead, the affected structures appear to constitute an essential neuroanatomic
system for the formation, maintenance, or retrieval of new memories. Second, the findings
rule out a general retrieval explanation for all amnesias. A general retrieval defect should
involve memory for all past events and not just memory for events that have occurred since
the onset of amnesia. It should be noted that retrieval explanations (e.g. [17, 50]) derive
largely from work with patients with Korsakoff syndrome who, as we shall discuss below,
have not demonstrated this distinction between premorbid and postmorbid memory.

One version of a general retrieval theory based on patients with Korsakoff syndrome [17]
has supposed that amnesic patients are unable to retrieve from episodic, autobiographical
memory. Informal observations of N.A. or of patients receiving ECT could appear consistent
with this idea because they have little difficulty with use of language or social skills, which
involve semantic information ; yet they cannot remember the episodic events of daily life. We
submit, however, that this observation relates to the distinction between premorbid and
postmorbid memory, and not to a distinction between semantic and episodic memory. By
our view, the ability of amnesic patients to engage normally in conversations and other day-
to-day activities is due to the preservation of premorbidly acquired information, be it
semantic or episodic. Indeed, there appear to be several problems with the hypothesis that
amnesic patients cannot retrieve from episodic memory. First, amnesic patients have well-
documented difficulties in acquiring such semantic information as new vocabulary words
and new names. Second, like other general retrieval theories, this one can offer no
explanation for the difference between premorbid and postmorbid memory observed in cases
H.M. [2] and N.A., and in patients receiving ECT. Finally, even in patients with Korsakoff
syndrome who, as we shall discuss below, have difficulty recalling previously established
memories, the deficit is not limited to personal, episodic memory. Their deficit includes non-
autobiographical, general information about former television programs, past public events,
and famous public figures.
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The distinction between premorbid and postmorbid memory, and the facts of retrograde
amnesia, seem to indicate a role for diencephalic and bitemporal structures in the formation
of new memories, and in the elaboration or maintenance of such memories for a few yearsina
manner that permits their successful retrieval. Studies of forgetting rates in anterograde
amnesia, discussed above, suggests in addition that these brain regions may contribute in
different ways to accomplishing this function.

Extensive remote memory impairment. In contrast to the relatively brief retrograde
amnesias observed for N.A. and for patients receiving ECT, patients with Korsakoff
syndrome exhibited an extensive remote memory impairment on all seven tests. This
difference occurred despite the fact that the severity of the anterograde amnesia deficits
exhibited by these groups was quite comparable. The existence of two kinds of remote
memory impairment, as well as two kinds of anterograde deficit (see above), suggests that
there may be at least two qualitatively distinct amnesic syndromes corresponding to the
different areas of the brain where damage results in memory impairment. Thus, the nature of
the deficit would differ according to whether the patient suffers dysfunction of either the
medial temporal region (H.M. and perhaps patients receiving ECT [S51] or of the
diencephalon (patients with Korsakoff syndrome and N.A.). This idea raisés the possibility
that the locus of the brain damage specifies both the nature of the anterograde deficit and the
extent of remote memory impairment. However, if the differences among amnesic groups in
remote memory impairment are to be understood in terms of differences in locus of lesion,
then case N.A. with diencephalic damage should, like Korsakoff patients, have extensive
remote memory impairment. Although N.A.’s impaired detailed recall of past public events
(Fig. 6a) is consistent with this notion, his performance on the other tests differed
substantially from that of patients with Korsakoff syndrome. Indeed, he exhibited intact
premorbid memory on six of the seven tests.

Perhaps a better way to understand the differences in remote memory impairment among
different amnesic groups is to suppose that extensive remote memory impairment is an entity
that is superimposed upon amnesia. Patients with Korsakoff syndrome have extensive
remote memory impairment, and, as discussed above, have deficits in cognitive abilities not
shared by other amnesic patients. In addition, the brain lesions associated with their disease
can be extensive compared to that of other amnesic groups, often involving a number of
structures in the diencephalic midline, cerebellum, and cortex. Accordingly, patients with
Korsakoff syndrome might have an underlying memory disorder common to other amnesias
but, by virtue of the extent of their brain lesions, have other superimposed deficits that impair
performance on a variety of tasks, including tests of remote memory. By this view, the locus of
brain lesions specifies the nature of the anterograde deficit, and the extent of brain lesions
specifies the extent of remote memory impairment. The poor remote memory performance of
post-encephalitic patients is consistent with this view. Like H.M., post-encephalitic patients
have considerable temporal lobe damage [52]; but, like patients with K orsakoff syndrome,
they often have additional damage to other areas of the brain (in their case, cingulate gyrus
and posterior orbital frontal cortex [53]). These patients, in contrast to H.M. and patients
receiving ECT, are reported to have an extensive remote memory impairment like that
associated with Korsakoff syndrome [54]. It should be noted that MAIR, WARRINGTON and
WEISKRANTZ [55] reported two patients with Korsakoff syndrome who at autopsy were
found to have rather restricted lesions but who had nevertheless displayed extensive remote
memory impairment. In this report, too, the patient with the more extensive pathology (in
thalamus and cerebral cortex) had exhibited more extensive remote memory impairment.
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Taken together, these ideas lead to the suggestion that the locus and extent of brain lesions
are separate factors that determine the particular pattern and extent of both anterograde
amnesia and remote memory impairment as observed in etiologically-distinct amnesic
groups. These ideas lead also to the prediction that other amnesic patients who exhibit
extensive remote memory impairment will, with careful testing of cognitive abilities, exhibit
reconstructive deficits.

SUMMARY

The present studies suggest several general conclusions about amnesia and the
neuropsychology of memory: (1) amnesia is a non-unitary disorder. (2) Brief retrograde
amnesia and extensive remote memory impairment are distinct entities. Brief retrograde
amnesia is present whenever amnesia occurs, and its extent is correlated with the severity of
anterograde amnesia. Extensive remote memory impairment is not inextricably tied to the
amnesic syndrome and may be related to certain other cognitive deficits that impair the
ability to reconstruct past memories. (3) The characteristics of amnesia are determined by
both the locus and extent of brain lesions. The locus (diencephalic or bitemporal) specifies the
nature of the anterograde deficit, and the extent specifies the extent of remote memory
impairment. (4) The brain regions affected in amnesia appear to be specialized for the
formation of new memories, and for their elaboration and maintenance for a few years after
learning in a manner that permits their successful retrieval. (5) As time passes after learning
some information in memory becomes more resistant to disruption, through a process that
continues for years.
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Résumé :

On s'est assuré, en utilisant plusieurs tests différents,
de 1'état de la mémoire ancienne dans le cas N.A. chez les
malades ayant regu un &lectrochoc bilatéral et chez les
malades avec syndrome de Korsakoff. L'importance et le type
du trouble de la mémoire ancienne dépendait de 1'é&tologie de
1'amnésie, apparaissant comme une amnésie rétrograde relative-
ment bréve chez N.A. et chez les malades avec électrochoc et
comme un trouble s'étendant sur plusieurs décennies chez les
malades avec Korsakoff. Les différences dans le trouble de
la mémeire ancienne ne pouvaient pas @tre expliquées par des
différences dans la gravité de l'amnésie antérograde ; ce
gqui indique que l'amnésie n'est pas un trouble unitaire.

Nous suggérons qu'une bréve amnésie retrograde est typiquement
présente quand survient l'amnésie et qu'un trouble de la
mémoire ancienne important est une entité distincte, liée a
des déficits cognitifs surimposés. Ces idées de méme gu'une
revue des études antérieures conduisent & un essai de
compréhension de l'amnésie rétrograde et du déficit de 1la

mémoire ancienne.
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Zusammenfassung:

Das Altgedichtnis wurde bei dem Fall N. A., bei Patienten, die bilateral Elektro-
krampfbehandlung erhielten und bei Patienten mit Korsakoff-Syndrom mit verschiedenen
Tests untersucht. Das AusmaB und das Muster der.Ged#4chtnisstérung hing von der Atio-
logie der Amnesie ab, es war eine relativ kurze retrograde Amnesie fir N. A, und fiir
Patienten die Elektrokrampfbehandlung erhielten und eine sehr ausgedehnte Beeintrich-
tigung fiir viele Jahrzehnte bei Patienten mit Korsakoff-Syndrom. Unterschiede in der
Beeintrichtigung des Altgedidchtnisses konnten nicht durch Unterschiede in der Schwere
der anterograden Amnesie erkldrt werden. Daraus ergibt sich, daB die Amnesie keine
einheitliche Storung ist. Wir schlagen vor, daB eine kurze retrograde Amnesie in typi-
scher Weise vorhanden ist, wann immer eine Amnesie auftritt, und daf eine linger
dauernde Stérung des Altgeddchtnisses eine Einheit ist, die zu iiberbgemden kognitiven
Stérungen Beziehungen hat. Diese Gedanken und ein Uberblick iiber frithere Untersu-
chungen fiihren zu einem Vorschlag fiir ein umfassendes Verstindnis der retrograden

Amnesie und der Stérung des Altgedédchtnisses,



