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Human anterograde amnesia can develop following bilateral damage to the hippocampus and medial temporal lobes, as in hy
njury, or following damage to the basal forebrain, as following anterior communicating artery (ACoA) aneurysm rupture. In both c

nestic deficit may be similar when assessed by standard neuropsychological measures. However, animal and computational mo
hat there are qualitative differences in the pattern of impaired and spared memory abilities following damage to hippocampus v
orebrain. Here, we show such a dissociation in human amnesia using a single two-stage task, involving conditional discrimination a
onsistent with a prior study, 10 individuals with anterograde amnesia subsequent to hypoxic brain injury were spared on acqu

mpaired at reversal. However, 10 individuals with amnesia subsequent to ACoA aneurysm showed the opposite pattern of impaired
ut spared reversal. The differences between groups cannot be easily ascribed to severity of mnestic or cognitive deficit, since the
roups performed similarly on neuropsychological tests of memory, intelligence and attention. The results illustrate qualitative diff
emory impairments in hypoxic and ACoA amnesics and highlight the importance of considering etiology in evaluating mnemon

n amnesic populations.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Hypoxic brain injury may result in relatively selective
ilateral neuropathology in the hippocampus (e.g.Fig. 1A;
esner & Hopkins, 2001; Manns, Hopkins, Reed, Kitchener,
Squire, 2003b; Manns, Hopkins, & Squire, 2003a). Such

ndividuals generally display a “pure” amnestic syndrome
ith dense memory impairments but relative sparing of non-

∗ Corresponding author. Tel.: +1 973 353 1080x3227;
ax: +1 973 353 1272.

E-mail address: myers@pavlov.rutgers.edu (C.E. Myers).

mnemonic functions such as intelligence and attention
Hopkins, Myers, Shohamy, Grossman, & Gluck, 2004; Press
Amaral, & Squire, 1989). Depending on the duration a
severity of the hypoxic episode, there may also be
specific degenerative neuropathology throughout the
leading to impairments in non-mnemonic function (
Fig. 1B; Bachevalier & Meunier, 1996; Gale & Hopkins
2004; Hopkins et al., 1995).

The anterograde amnesia syndrome can also be obs
in populations with very different underlying brain dam
such as individuals who survive aneurysm and ruptur
the anterior communicating artery (ACoA) (seeDeLuca &

028-3932/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2005.03.026
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Fig. 1. Representative magnetic resonance scans of amnesic participants; all scans shown in the radiologic view (left/right reversal). (A) T1 coronal view through
the body of the hippocampus in a representative individual who became amnesic following hypoxic brain injury. There is significant bilateral hippocampal
atrophy (arrow points to left hippocampus) and enlargement of the temporal horns of the lateral ventricles. (B) T2 coronal scan of another amnesic individual,
whose hypoxic episode resulted in bilateral hippocampal damage (right arrow points to left hippocampus) and extensive enlargement of the temporal horns,
cerebral atrophy (left arrow) and ventricular enlargement due to diffuse atrophic changes. (C and D) T2 axial scan of a representative individual whobecame
amnesic following ACoA aneurysm rupture. Right arrow in (C) indicates bilateral damage to basal forebrain and right arrow in (D) shows predominantlyleft
frontal damage. Left arrows in (C) and (D) point to clip artifact.

Chiaravalloti, 2002, for review). In ACoA aneurysm sur-
vivors where lesions have been localized, it appears that
damage limited to the basal forebrain results in a relatively
“pure” amnestic syndrome (e.g.Abe, Inokawa, Kashiwagi, &
Yanagihara, 1998; Morris, Bowers, Chatterjee, & Heilman,
1992; Phillips, Sangalang, & Sterns, 1987); damage extend-
ing into prefrontal areas may result in additional impairments
such as attentional decline and personality changes (Fig. 1C
and D;DeLuca & Chiaravalloti, 2002; DeLuca & Diamond,
1995; DeLuca, Bryant, & Myers, 2003). Among these am-
nesic patients, basal forebrain damage may extend to include
the medial septum/diagonal band complex, the lateral sep-
tum, the substantia innominata and the nucleus basalis. Am-
nesia has been observed in patients with damage to the me-
dial septum/diagonal band complex, but sparing other basal
forebrain structures such as nucleus basalis (e.g.Morris et al.,
1992; von Cramon, Markowitsch, & Schuri, 1993). Although

the size and placement of the basal forebrain makes it difficult
to localize the nucleus basalis via neuroimaging, the one pub-
lished case report of an ACoA amnesic who came to autopsy
(Phillips et al., 1987) reported that the nucleus basalis was
spared. Two other case reports considered amnesic individu-
als with documented damage to the basal forebrain including
the septal area but in whom the nucleus basalis was not in-
volved (Goldenberg, Schuri, Gromminger, & Arnold, 1999)
or minimally affected (Abe et al., 1998). Thus, although it is
premature to make any definitive statements, it appears that
a lesion in the nucleus basalis is not necessary for amnesia
in basal forebrain-damaged patients. Rather, the majority of
research appears to suggest that the memory impairments
following basal forebrain damage in ACoA amnesia can be
primarily attributed to damage to the medial septum/diagonal
band complex (see alsoEveritt & Robbins, 1997; von Cramon
& Markowitsch, 2000).
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All amnesic individuals, regardless of lesion site, by defi-
nition have dense memory impairments, most notably accel-
erated forgetting of new fact and event information. Because
of this similarity, it has often been convenient to consider a
unified “organic amnesia” syndrome, in which similar dys-
function is expected regardless of lesion site. Similarly, ani-
mals with hippocampal region or basal forebrain damage dis-
play many common impairments (seeGray & McNaughton,
1983). Despite these similarities, the two lesions are not iden-
tical; animal and computational models have suggested that
there are qualitative differences in the pattern of impaired and
spared memory abilities following hippocampal versus basal
forebrain damage (e.g.Myers, Ermita, Hasselmo, & Gluck,
1998; Myers et al., 1996; Ridley, Baker, Harder, & Pearson,
1996; Solomon, Solomon, Van der Schaaf, & Perry, 1983; ).

For example, classical delay eyeblink conditioning is
spared in rabbits with hippocampal lesions (e.g.Schmaltz
& Theios, 1972; Solomon & Moore, 1975) but severely dis-
rupted in rabbits with basal forebrain (medial septal) lesions
(Allen, Padilla, & Gluck, 2002; Berry & Thompson, 1979).
The same pattern has been obtained in humans: individu-
als with amnesia resulting from hippocampal damage are
spared at delay eyeblink conditioning (Gabrieli et al., 1995;
Weiskrantz & Warrington, 1979; Woodruff-Pak, 1993), but
ACoA amnesics, with basal forebrain damage, are strongly
impaired (Myers et al., 2001). By contrast, once the initial
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1994; Rokers, Mercado, Allen, Myers, & Gluck, 2002). As a
result, septal lesion serves to disrupt hippocampal function,
slowing initial learning; however, because the hippocampus
is anatomically intact, hippocampal-dependent learning is not
abolished, only retarded. The model thus correctly accounts
for findings that medial septal lesion in animals slows simple
stimulus–response learning but that hippocampal-dependent
processing survives (seeMyers et al., 1996, 1998).

One question is whether a similar distinction holds in hu-
man patients with bilateral hippocampal or basal forebrain
damage. If so, this would be an initial dissociation between
the qualitative pattern of mnestic deficits in these two amnesic
populations.

To address this question, the current study directly con-
trasts hypoxic and ACoA amnesic patients on a single task:
conditional discrimination and reversal (based on an origi-
nal design byDaum, Schugens, Channon, Polkey, & Gray,
1991). Previously, we had demonstrated that amnesic indi-
viduals with hypoxic brain injury could acquire this task as
quickly as controls but were impaired at reversal (Myers et
al., 2000); we expected to replicate this pattern in the cur-
rent study with a new group of hypoxic subjects. By contrast,
we expected the ACoA group to show the opposite pattern:
slow learning followed by little or no impairment on reversal.
If so, this would represent a double dissociation of amnesic
etiologies within a single learning task.
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al) lesions or disruptions are often spared at subsequent
er tasks, such as reversal, latent inhibition and learned
vance, that are disrupted in hippocampal-lesioned an
seeMyers et al., 1996, 1998, for review).

Why should there be a difference between medial se
nd hippocampal lesion? To explain these and related re
yers et al. (1996, 1998)developed a computational mod
f hippocampal–basal forebrain interaction. This mo
ssumes that the hippocampus and associated media
oral structures are important for developing representa
f environmental regularities, including stimulus–stimu
ssociations and the context in which learning occ
hese new representations can then be incorporated
ngoing stimulus–response learning in other brain a
uch as cerebellum and striatum. Thus, the model corr
ccounts for the findings that hippocampal lesion sp
imple stimulus–response learning, but disrupts learning
equires knowledge of stimulus–stimulus and contex
egularities (see alsoGluck & Myers, 1993; Myers & Gluck,
994). Human data, where available, also seem to fit this

ern: for example, amnesic patients with bilateral hippoc
al damage may be spared on initial discrimination lear
ut subsequently impaired when challenged to revers

earned stimulus-outcome mappings (e.g.Carrillo et al.,
001; Myers, Hopkins, Kesner, Monti, & Gluck, 2000).

In this model, the basal forebrain—specifically the
ial septum/diagonal band complex—operates in a loop
ippocampus and modulates the rate at which the hippo
us stores new information (see alsoHasselmo & Schnel
-

-

. Methods

.1. Participants

Ten individuals (five males and five females) with ant
rade amnesia subsequent to hypoxic brain injury pa
ated in the experiment. Demographic and etiology in
ation for these individuals is shown inTable 1. Structura
euroimaging, available in six hypoxic patients, confi

hat three patients had bilateral medial temporal lobe d
ge while in three patients, the damage extended to in
iffuse brain atrophy. All hypoxic participants were at le
year post-injury at time of testing. Hypoxic participa
ere tested at LDS Hospital, Salt Lake City, Utah, an

he Memory Disorders Project, Rutgers University, New
J.
A second group of amnesic participants (six males

our females) with anterograde amnesia resulting from
erior communicating artery aneurysm rupture formed
CoA group.Table 1shows that these individuals were som
hat older than the hypoxic group (independent-sampt-

est,t(18) = 2.41,p = .027) but did not differ in education lev
t(18) = 1.18,p = .255). All ACoA participants were at lea
months post-surgery at time of testing. ACoA particip
ere tested at Kessler Medical Research Rehabilitation
ducation Corporation, West Orange, NJ.
The presence of a surgically implanted metal clip to c

rol bleeding in many ACoA aneurysm survivors preve
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Table 1
Demographic and etiology information for the hypoxic (H13–H28) and ACoA (A1–A10) participants, with brain CT and MR findings where available

ID Sex Age Ed. Etiology and imaging

H13 M 51 18 Anoxia: CRA; MR scans show bilateral medial and anterior temporal lobe damage
H16 F 37 12 Anoxia: drug overdose; CT, MR scans show bilateral medial temporal lobe damage
H19 M 19 12 Hypoxia: ARDS; MR scans show bilateral damage limited to hippocampus
H22 F 28 12 Hypoxia: ARDS; no imaging available
H23 M 17 11 Anoxia: hemlock poisoning; MR scans show generalized brain atrophy
H24 M 34 14 Hypoxia: CO poisoning; MR scans show generalized brain atrophy
H25 M 18 12 Hypoxia: ARDS; no imaging available
H26 F 42 12 Hypoxia: ARDS; CT scans show generalized brain atrophy
H27 F 57 14 Hypoxia: ARDS; no imaging available
H28 F 78 12 Hypoxia: ARDS; no imaging available

Mean (S.D.) 37.3 (17.9) 12.9 (1.0)

A1 M 62 12 ACoA aneurysm rupture; damage in basal forebrain confirmed by surgical report
A2 F 45 12 ACoA aneurysm rupture; damage in basal forebrain confirmed by surgical report
A3 F 64 12 ACoA aneurysm rupture; damage in basal forebrain confirmed by surgical report
A4 F 29 16 ACoA aneurysm rupture; CT scans confirm basal forebrain lesion
A5 M 50 18 ACoA aneurysm rupture; CT scans confirm basal forebrain lesion and small right frontal-parietal lesion
A6 F 67 12 ACoA aneurysm rupture; CT & MR scans confirm basal forebrain lesion
A7 F 58 12 ACoA aneurysm rupture; CT scans confirm basal forebrain lesion
A8 M 66 18 ACoA aneurysm rupture; damage in basal forebrain confirmed by surgical report
A9 M 61 14 ACoA aneurysm rupture; damage in basal forebrain confirmed by surgical report
A10 M 53 15 ACoA aneurysm rupture; damage in basal forebrain confirmed by surgical report

Mean (S.D.) 55.5 (11.7) 14.1 (2.5)

Age and education (Ed.) in years; CRA, cardiac/respiratory arrest; ARDS, acute respiratory distress syndrome; CO, carbon monoxide poisoning; CT, computed
tomography and MR, magnetic resonance.

MRI imaging; in addition, in many cases, the clip creates a
large artifact on neuroimaging, making it difficult to visual-
ize much of the basal forebrain. The four ACoA participants
for whom brain scans were obtained confirm basal forebrain
lesions; in the remaining cases, ACoA aneurysm rupture and
basal forebrain damage were confirmed by surgical report;
there is also the possibility of basal forebrain plus additional
frontal lobe damage in these participants, as the ACoA vas-
cularizes other frontal lobe regions in addition to the basal
forebrain (e.g. participant A5).

Twenty healthy adults (10 males and 10 females) served
as the control group. These individuals were matched for
age and education to the amnesic groups. The 10 controls
matched to the hypoxic group had an average age of 37.3
years (S.D. 17.8) and education of 12.9 years (S.D. 0.99), nei-
ther of which differed from the hypoxic group (independent-
samplest-tests, allp > .300). The 10 controls matched to the
ACoA group had an average age of 49.5 years (S.D. 15.7)
and education of 13.3 years (S.D. 1.34), neither of which
differed from the ACoA group (independent-samplest-tests,
all p > .500). All healthy controls were screened to exclude
presence of prior neurologic or psychiatric history, including
depression or presence of any medication known to affect
cognition. Control participants were tested at the Memory
Disorders Project, Rutgers University, Newark, NJ.

2

ts of
i log-

ical or behavioral) testing. Procedures conformed to guide-
lines established by the Federal Government and were ap-
proved by the IRB at participating institutions.

Amnesic participants were administered a battery of neu-
ropsychological tests, including the Wechsler Adult Intel-
ligence Scale-Revised (WAIS-R), the Wechsler Memory
Scale-Revised (WMS-R) and the Rey-Osterrieth Complex
Figure Test (ROCFT).

All participants were then administered the conditional
spatial discrimination task. This task was based onMyers et
al. (2000)and took the form of a computerized game in which
the participant guided an animated mouse in a T-maze. The
game was implemented on Macintosh ibook or equivalent
computers, programmed in the SuperCard language. Partic-
ipants were seated at a comfortable viewing distance from
the screen. The keyboard was masked except for two adja-
cent keys, labeled “left” and “right”, which the participant
used to enter responses. The computer screen displayed the
following instructions: “You are a hungry mouse in a maze.
Direct your mouse left or right to eat as much cheese as pos-
sible. Press the button to begin.” The experimenter read these
instructions aloud to the participant, demonstrated the “left”
and “right” response keys and pressed the computer mouse
button to begin the experiment.

On each trial, a T-maze was displayed with a black square
at the end of each arm serving as a visual blocker. The mouse
a
a
T until
t ight
.2. Procedure

All control and amnesic participants signed statemen
nformed consent before initiation of any (neuropsycho
ppeared in the start box at the bottom of the screen (Fig. 2A)
nd ran to a choice point in the center of the maze (Fig. 2B).
he mouse hesitated there, wavering back and forth,

he participant pressed a key to send it into the left or r
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Fig. 2. Screen events during one trial of the discrimination task. (A) At the
start of a trial, an animated rat appears at the bottom of a T-maze and runs
up to the choice point and wavers there until the participant presses a key to
guide the rat into the left or right maze arm. (C) If the response was correct, a
piece of cheese is revealed and a “happy” sound is played and (D) otherwise,
there is no cheese and a “sad” sound is played. Placement of cheese on a
given trial depends on screen background brightness; here, light gray signals
that cheese is available in the right arm, and dark gray signals that cheese is
available in the left arm.

maze arm. If the participant chose correctly (Fig. 2C), then
when the mouse reached the end of the maze arm, the blocker
was removed to reveal cheese and a “happy” mouse sound
was played through the computer speakers. If the participant
chose incorrectly (Fig. 2D), then when the mouse reached
the end of the maze arm, the blocker was removed to revea
no cheese and a “sad” mouse sound was played through th
computer speakers.

On each trial, cheese was present in either the left or right
maze arm; its placement depended on the background screen
brightness (unbeknownst to the participant). Thus, cheese
was located in the right-hand arm if the background was light
gray and in the left-hand arm if the background was dark gray.
Trials were pseudorandom but fixed, with the constraint that
the cheese never occurred in the same arm more than three
times in a row.

This initial acquisition phase lasted until the participant
made eight consecutive correct responses or to a maximum
of 50 trials. If the acquisition criterion had not been reached,
the program terminated. Otherwise, the reversal occurred: the
color-cheese mapping was reversed so that cheese was in the
left-hand arm for a light gray background and in the right-
hand arm for a dark gray background. The participant was
given no indication that a reversal had occurred. This reversal
phase continued until the participant made eight consecutive
correct responses or to a maximum of 50 trials. The total
experiment took approximately 10–15 min to complete.

3. Results

3.1. Neuropsychological testing

Table 2shows the results of neuropsychological testing
ure
of

ored

Table 2
Neuropsychological test scores for the hypoxic and ACoA group

WAIS-R VIQ WAIS-R PIQ WMS-R Gen. WM elay

H13 102 88 84 72
H16 104 117 88 108
H19 111 77 65 96
H22 84 88 86 63
H23 92 71 50 69
H24 85 80 76 69
H25 93 74 77 75
H26 87 79 78 75
H27 82 84 70 63
H28 91 74 81 69

Mean (S.D.) 94.2 (11.5) 87.0 (12.0) 72.3 (12.2) 79.1
A1 93 87 85 80
A2 82 78 60 72
A3 87 96 60 50
A4 80 78 70 78
A5 88 75 65 70
A 103
A 50
A 91
A 101
A 96

M 79.1

W of 1 erformance.
T 0–3 ler Memory
S OCFT, Rey-Osterrieth Complex Figure Task; Gen., general memory index; Attn/Conc.,
a

6 105 108 78
7 119 100 70
8 95 88 94
9 95 70 58
10 98 90 83

ean (S.D.) 93.1 (9.6) 83.2 (13.2) 72.3 (12.2)

AIS-R and WMS-R scores are shown as index scores with a mean
he ROCFT copy and delay recall are shown as raw scores (range
cale-Revised; WAIS-R, Wechsler Adult Intelligence Scale-Revised; R

ttention/concentration index and Delay, delay memory index.
l
e
in the two amnesic groups. The WAIS-R VIQ is a meas
of verbal intelligence with an expected normal mean
100 (S.D. 15). Most of the amnesic participants sc

S-R Attn/Conc. WMS-R Delay ROCFT Copy ROCFT D

58 30 10
71 36 3
50 33 10
76 28 14
50 32 2
50 34 12
50 28 3
85 12 9
78 34 22
97 13 0

(19.2) 66.5 (17.2) 28.0 (8.6) 8.5 (6.7)
53 12 4
57 34 26
50 24.5 6
57 34 22
57 35 21
50 36 13.5
63 36 8
76 33 14
63 22 4
82 28 15

(19.2) 60.8 (10.7) 29.5 (7.9) 13.4 (7.8)

00 and standard deviation of 15 with higher scores indicating better p
6) with higher scores indicating better performance. WMS-R, Wechs
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within the normal to low–normal range. WAIS-R PIQ, a
measure of non-verbal intelligence, was slightly lower than
VIQ in most amnesic participants. These two measures did
not differ significantly between hypoxic and ACoA groups
(independent-samplest-tests, all p > .500). Both groups
also showed evidence of frontal dysfunction, as indexed by
WMS-R attention/concentration score, but this likewise did
not differ between groups (p > .500).

Both amnesic groups showed severe impairments on the
delay memory components of both the WMS-R and ROCFT,
consistent with their classification as amnesics. However,
there was no significant difference between groups on these
measures, nor on the WMS-R general memory or ROCFT
copy score (independent-samplest-tests, allp > .100). There
were also no significant differences on any of these measures
between patients with available neuroimaging and those for
whom neuroimaging was not available (independent-samples
t-tests, allp > .200).

In summary, both amnesic groups showed strong memory
deficits, with modest cognitive and attentional deficits, but
on none of these measures did the two amnesic groups differ
from each other.

3.2. Conditional discrimination task

No significant differences on the conditional discrimina-
t the
h ere-
f

ion
f one
i to
r s of
v es
f
w
p roup
w trol
g id
n

oup
d nifi-

cant group effect (ANOVA,F(2,36) = 4.71,p = .015) with
no effect of age (F(1,36) = 0.61,p = .441). Tukey HSD pair-
wise tests confirmed that the ACoA group made significantly
more errors than the control group (p = .011) while the hy-
poxic and control groups did not differ (p > .500). The differ-
ence between ACoA and hypoxic groups was not significant
(p = .153).

Fig. 4A shows mean trials to criterion during reversal for
those participants who reached criterion in the acquisition
phase. All ACoA and control participants reached criterion
on the reversal, while three of the hypoxic participants
did not. Again, there were significant group differences
(ANOVA, F(2,30) = 10.74,p < .001) with no effect of age
(F(1,30) = 1.09, p = .305). Now, however, Tukey HSD
pairwise tests confirmed that the hypoxic group performed
worse than the ACoA and control groups (allp < .030), while
the ACoA and control groups did not differ (p > .500).

A similar pattern emerges from consideration of the mean
total errors committed during reversal (Fig. 4B): a significant
group effect (ANOVA,F(2,30) = 17.26,p < .001) with no ef-
fect of age (F(1,30) = 1.02,p = .320). Tukey HSD pairwise
tests confirmed that the hypoxic group performed worse than
the control and ACoA groups (allp < .010) while the control
and ACoA groups did not differ (p > .500).

Operationally, the reversal phase can be divided into three
sub-phases: a perseverative phase consisting of those trials
i t is
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F r all pa -
c hase. B
ion task were found between the controls matched to
ypoxic and ACoA groups; data from all controls were, th

ore, pooled.
Fig. 3A shows mean trials to criterion during acquisit

or each group. Three individuals in the ACoA group,
n the hypoxic group and two in the control group failed
each criterion within the maximum 50 trials. An analysi
ariance (ANOVA) confirmed significant group differenc
or total number of acquisition trials (F(2,36) = 5.00,p = .012)
ith no effect of age (F(1,36) = 1.77,p = .193). Tukey HSD
airwise tests confirmed that performance in the ACoA g
as significantly worse than either the hypoxic or con
roup (allp < .05), while the hypoxic and control group d
ot differ from each other (p > .500).

Fig. 3B shows mean total errors committed by each gr
uring the acquisition phase. Again, there was a sig

ig. 3. Performance on the conditional discrimination acquisition fo
onsecutive correct responses and (B) mean total errors during this p
mmediately following reversal for which the participan
till using the old (now incorrect) response rule, a mi
hase consisting of some correct and some incorrec
ponses during which the new rule is acquired and a co
hase consisting of consistently correct responding a

he new rule. During the perseverative phase, particip
ake a string of consecutive incorrect responses.Fig. 4C

hows the mean perseverative errors for each group
eginning of the reversal phase. Again, there was an effe
roup (ANOVA,F(2,30) = 13.87,p < .001) with no effect o
ge (F(1,30) = 0.23,p > .500), with the hypoxic group makin
ore perseverative errors than the control and ACoA gr

Tukey HSD, allp < .05) while the control and ACoA grou
id not differ (p = .240).

Fig. 4D shows mean trials to criterion (not including
al eight correct responses) in the subsequent mixed p

rticipants, in terms of (A) mean total trials before criterion of eightin-a-row
ars represent standard error.
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Fig. 4. Performance on the reversal phase, for subjects who completed the acquisition phase, in terms of (A) mean total trials before criterion of eight-in-a-
row consecutive correct responses and (B) mean total errors during this phase; (C) shows mean perseverative errors, defined as consecutive incorrecttrials
immediately following the unsignaled reversal and (D) shows mean number of trials to reacquisition, once subjects stop making perseverative errors. Bars
represent standard error.

once perseverative responding stopped. There was still a sig-
nificant group effect (ANOVA,F(2,31) = 7.90,p = .002), with
the hypoxic group making more errors than the control group
(Tukey HSD,p = .001). The ACoA and control group did not
differ (p = .515). Comparison ofFigs. 3A and 4Dshows that
the control group completed the mixed phase of reversal (once
perseverative responses are excluded) in significantly fewer
trials that it took them to complete acquisition (two-tailedt-
test,p < .001), suggesting a learning set effect. The hypoxics
showed no such learning set effect, taking about as long to
learn the new rule (after perseveration) as they had taken to
learn the original acquisition (two-tailedt-test,p > .500).

In summary, the ACoA group was slower to acquire the
conditional discrimination than controls, with some ACoA
participants failing to reach criterion within the maximum 50
trials. However, those ACoA individuals who did reach cri-
terion subsequently reversed as well as controls. In contrast,
the hypoxic group acquired the conditional discrimination
quickly, but was then impaired at reversal and showed higher
level of perseverative responding than the other groups.

4. Discussion

Results from the conditional discrimination task suggest
that performance among amnesic groups differs as a result
o fore-
b ion
a rsal.

By contrast, the ACoA group was impaired on acquisition
but then went on to reverse well.

The impaired acquisition in the ACoA group cannot be
easily ascribed to global cognitive or attentional impairments
in the ACoA group, since the hypoxic group had similar lev-
els of impairment (Table 2). The pattern of impaired acqui-
sition but good performance on a subsequent transfer task is
consistent with other data in ACoA amnesia (Myers, Bryant,
DeLuca, & Gluck, 2002). It is also consistent with the pre-
dictions of the computational model ofMyers et al. (1998),
which expects basal forebrain/medial septal damage to re-
sult in slow initial learning but preserved ability to perform
subsequent transfer operations, including reversal.

An alternate interpretation of the learning deficit might
note that the ACoA variably vascularizes prefrontal areas, and
indeed the patient group showed attentional impairments that
are consistent with some degree of frontal damage.Petrides
(1985) concluded that posterior dorsolateral frontal cortex
was the critical frontal region for acquisition of spatial con-
ditional discrimination. However, ACoA patients generally
do not show dorsolateral prefrontal damage, nor do they typ-
ically show an impairment in tests sensitive to dorsolateral
prefrontal function (seeMavaddat, Kirkpatrick, Rogers, &
Sahakian, 2002, for review).

By contrast, ACoA patients often display ventrome-
dial prefrontal damage and are often impaired on tests of
v king
( tal
a air-
f etiology and lesion site (hippocampus versus basal
rain). The hypoxic group learned the initial discriminat
s quickly as healthy controls, but was impaired at reve
entromedial prefrontal function such as decision-ma
Mavaddat et al., 2000). Because the ventromedial prefron
rea operates in a loop with striatum, the ACoA imp
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ment might reflect disruption of a striato-frontal loop; pa-
tients with caudal dysfunction, such as Parkinson’s disease,
are impaired on conditional discrimination learning (e.g.
Vriezen & Moscovitch, 1990). However, patients with ven-
tromedial prefrontal and/or striatal damage are generally
also impaired on reversal of conditional discriminations (e.g.
Fellows & Farah, 2003; Freedman & Oscar-Berman, 1989;
Hornak et al., 2004), while our ACoA patients did not show
reversal deficits. In fact, many researchers in the field now
argue that while frontal damage may underlie personality
changes in ACoA patients, it is more likely to be basal fore-
brain projections to medial temporal lobe areas that medi-
ate the memory loss in these patients (e.g.DeLuca, 1993;
Selden, Gitelman, Salamon-Murayama, Parrish, & Mesulam,
1998).

In contrast to the spared reversal learning in the ACoA
group, the hypoxic group did show impaired reversal.
These results are consistent with the predictions of our
computational model, which expects hippocampal lesion
to spare simple stimulus–response learning, but not the
additional representational learning that would underlie
efficient reversal (Gluck & Myers, 1993). Our prior study
with different hypoxic individuals with bilateral hippocam-
pal damage also found a selective reversal deficit (Myers
et al., 2000). The hypoxic patients in the current study
had somewhat more diffuse brain damage and greater
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r aled
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be consistent with the hypoxic deficit observed in the current
results.

Among the hypoxic group, diffuse cortical damage could
have included some frontal damage, although specific frontal
lesions were not visible on those patients for whom neu-
roimaging was available. Such an interpretation would be
generally consistent with the common finding of reversal
deficits in patients with frontal lesions (e.g.Swainson et al.,
2000) and with the trend for reversal deficit among frontal
patients in theDaum et al. (1991)study. The good ac-
quisition performance of the hypoxic group in the current
study would appear to argue against significant dorsolateral
frontal damage, since thePetrides (1985)study implicated
that brain region in conditional discrimination learning (see
alsoPetrides, 1990); however, it is again possible that ventro-
medial or diffuse frontal damage could have contributed to
the reversal impairment in these patients.Freedman, Black,
Ebert, and Binns (1998)have suggested that at least some
kinds of perseveration may be associated specifically with
medial and orbitofrontal damage and this would be consis-
tent with the increase in perseverative responding among
the hypoxic group in the current study as well as the mild
(one or two trials) perseveration observed in the frontal pa-
tients in theDaum et al. (1991)conditional discrimination
study.

In contrast to the mild impairment in their frontal patients,
D al
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t left
t their
s pat-
t eral
h cam-
p but
t func-
t nts,
m lving
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sim-
p tion
a ween
t ndi-
v lting
f re-
on-mnemonic (attentional and cognitive) deficits than th
n the prior study; their reversal deficit was correspondin
omewhat more pronounced. Again, the reversal impair
n the current hypoxic group cannot simply be ascribe
lobal attentional impairments, since the ACoA group—w
eversed well—had similar attentional impairments reve
y neuropsychological testing.

The hypoxic group made more perseverative errors
ither the control or ACoA group (Fig. 4C), but their im-
airment remained even after perseverative errors were

racted (Fig. 4D). One explanation of this finding is that t
ypoxic group may have been more tired or frustrated

he other groups, leading to slower learning simply bec
hey were less motivated. A second possibility is that
ixed phase masks continued perseverative respond

he hypoxic group, a period during which the hypoxic gr
ried new responses but also occasionally reverted to th
esponse rule. A third possibility is suggested by compa
igs. 3A and 4D; excluding perseverative responses, the

rol group appeared to show a learning set effect—lear
new response rule more quickly in the reversal phase

n the initial acquisition phase—while the hypoxic group
ot. This is consistent with the prediction of our intact mo

hat reversal learning should be faster than initial acq
ion because stimulus representations formed during i
earning can be used during subsequent reversal and m

apped to new outcomes (Gluck & Myers, 1993). Becaus
hese stimulus representations depend on hippocampal
tion in the model, the model predicts no such reversal f

tation following hippocampal-region damage, which wo
aum et al. (1991)found that individuals with unilater
primarily right-side) temporal lobe resection were sign
antly impaired on acquisition of the conditional discrimi
ion, but were not impaired on the reversal.Petrides (1985
lso found impairments on spatial conditional associatio
atients with right-side temporal lobe damage, but on

hat damage extended to include the hippocampus (se
etrides & Milner, 1982).
Considering those results in combination with the cur

esults, one interpretation is that extrahippocampal co
reas within the right temporal lobe normally subserve
uisition of this task while the hippocampus subserves re
al learning. According to this view, right temporal lobe
ients are slow on learning if forced to use their surviving
emporal lobe but then, having done so, are able to use
urviving hippocampus to mediate reversal. The opposite
ern would obtain in the hypoxic patients, who have bilat
ippocampal damage but relative sparing of extrahippo
al temporal regions; these patients would learn quickly

hen not reverse easily. Further studies, and particularly
ional imaging of hypoxic and temporal lobectomy patie
ay shed further light on how these patients go about so

his type of task and what types of brain system are nece
nd sufficient for such learning.

In summary, the results from this study suggest that a
le two-phase task, such as the conditional discrimina
nd reversal task, can provide a double dissociation bet

he memory impairments in two amnesic populations: i
iduals with hippocampal/medial temporal damage resu
rom hypoxic brain injury and individuals with basal fo
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brain damage resulting from ACoA aneurysm rupture. These
differences occur in spite of the fact that the memory and
attentional deficits on standard neuropsychological tests are
similar across the two amnesic groups. Understanding these
differences may have implications for understanding the nor-
mal function of the brain structures involved, as well as in the
design of rehabilitation techniques to address each popula-
tion’s pattern of impaired and residual memory abilities.
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