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Hypoxic brain injury ¢an cause severe anterograde amnesia with intact intelligence and attention in
select patients. This neuropsychological profile is similar among a broad class of etiologies resulting
in damage to the hippocampus and associated medial temporal structures. Several recent studies have
demonstrated that subjects with anterograde amnesia can nonetheless acquire simple associative
tasks. In the present study, the performance of subjects with anterograde memory impairments re-
sulting from hypoxic brain injury on a conditional spatial discrimination was examined. Quantitative
magnetic resonance imaging revealed significant hippocampal atrophy in the hypoxic subjects. The
hypoxic subjects were able to acquire and reverse the discrimination, although they were slower rela-
tive to matched control subjects. Hypoxic subjects also showed a tendency to perseverate after reward

contingencies were reversed.

Hypoxic brain injury can result from a variety of eti-
ologies, including cardiac arrest, respiratory arrest, and
carbon monoxide (CO) poisoning. The severity of the in-
jury depends on the length and experience of the hypoxic
episode; although nonspecific degenerative neuropatho-
logic changes can ensue, the hippocampus appears to be
more selectively vulnerable than other brain structures.
For example, several recent studies have presented quan-
titative magnetic resonance imaging (MRI) analyses
showing significant reduction in hippocampal volume in
hypoxic subjects (e.g.. Hopkins, Gale, et al., 1995; Hop-
kins, Kesner, & Goldstein, 1995; Press, Amaral, & Squire,
1989). Alternatively. hypoxic brain injury may result in
diffuse damage throughout the brain in some cases {Bache-
valier & Meunier, 1996; Gale et al., 1999; Hopkins, Gale,
ctal., 1995). However, in select cases, cell death appears
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limited to (or particularly severe in} the hippocampus (e.g..
Hopkins, Gale, et al., 1995; Hopkins, Kesner, & Gold-
stein, 1995; Press et al., 1989; Zola-Morgan, Squire, &
Amaral, 1986).

Consistent with these anatomical findings is research
showing that hypoxic subjects may exhibit severe antero-
grade amnesia in the absence of impaired intelligence
and attention (Hopkins, Kesner. & Goldstein, 1995;
Press et al., 1989; Zola-Morgan et al., 1986). These find-
ings are similar to the anterograde amnesia syndrome ex-
hibited by individuals who sustain damage to the hip-
pocampus and related structures through stroke or other
insult to the medial temporal lobes (e.g., Zola-Morgan &
Squire, 1990). For these reasons, hypoxic brain injury is
often grouped within the broader class of etiologies re-
sulting in anterograde amnesia because of damage to the
hippocampus and related medial temporal lobe structures.

A small but growing literature is demonstrating that, al-
though subjects with anterograde amnesia are profoundly
impaired at acquiring new memories, they may still be
able to demonstrate associative learning at normal or near-
normal speed. For example. amnesic subjects have been
shown able to acquire classically conditioned motor re-
flex responses (Gabriéli et al., 1995), cognitive and motor
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Table 1
Demeographic Data for Hypoxic and Contrel Subjécts
1D Etiology Sex Age
Hypoxic subjects
H-1 ARDS M 72
H-2 ARDS F 74
H-3 ARDS M 19
H-4 C/RA M 32
H-3 Co F 43
H-6 C/RA M 37
Control subjects
C1 M 62
C-2 F 75
C-3 M 19
C-4 M 32
C-3 F 43
C-6 M 35

Note—ARDS, acute respiratory distress syndrome; C/RA, cardiac
and/or respiratory arrest; CO, carbon monoxide poisoning.

skills (Cohen, 1984), auditory and visual emotional con-
ditioning (Bechara et al., 1995), and probabilistic category
rules (Knowlton, Squire, & Gluck, 1994). As these asso-
ciative tasks become more complex, amnesic subjects often
demonstrate impairments. One example is conditional
spatial discrimination, in which subjects are rewarded for
a left or a right response, depending on which of two cues
is present. This kind of task is often disrupted in animals
with broad lesions of the hippocampus. and associated
structures (see, e.g., Kimble, 1963; Marston, Everitt, &
Robbins, 1993).

Daum, Schugens, Channon, Polkey, and Gray (1991)
recently considered conditional spatial discrimination in
human subjects with unilateral temporal lobe resection.
Subjects saw an animated mouse running through a T-
maze and had to guide the mouse into the left or right
maze arm to obtain a reward; the correct choice was de-
termined by the screen background color. Daum et al.
found that subjects with right temporal lobe (RTL) re-
section were impaired at acquiring the response rule, but
not at reversing it. The same study found no acquisition or
reversal deficits in subjects with left temporal lobe (LTL)
removal and only a mild reversal deficit in subjects with
frontal lobe damage. Since the temporal lobe resections
included hippocampal removal, Daum et al. concluded
that the right hippocampus and associated nearby struc-
tures were critical for acquiring the conditional spatial
discrimination. However, the RTL subjects in the Daum
et al. study do not appear to have been densely amnesic;
for example, Daum et al. report that, although about half
of the LTL subjects were impaired on the verbal paired
associate subtest of the Weschler Memory Scale (WMS),
the RTL subjects performed within the normal range.

The purpose of the present study was to examine a
population of hypoxic subjects with anterograde amnesia
on a conditional spatial discrimination modeled after the
Daum et al. (1991) paradigm. Subjects were selected from
a population that had expetienced hypoxic brain injury re-
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sulting in severe memory deficits and hippocampal dam-
age. The aim of the study was to address several basic
questions. First, could this amnesic population acquire a
conditional spatial discrimination? If so, would hypoxic
subjects acquire the conditional spatial discrimination at
the same speed as matched control subjects? Would hy-
poxic subjects be able to reverse this discrimination, and at
what speed? And finally, apart from overall speed of learn-
ing, would hypoxic subjects show any qualitative differ-
ences from matched controls in the pattern of errors?

METHOD

Subjects

Six individuals who had experienced a hypoxic episode were re-
craited for this study. The etiologies of the hypoxic subjects in-
cluded cardiac/respiratory arrest, CO poisoning, and acute respira-
tory distress syndrome {ARDS). These subjects were recruited
through the LDS Hospital Carbon Monoxide and ARDS Studies
program in Salt Lake City, except for Subject H6 who was recruited
and tested at Rush-Presbyterian--St. Luke’s Hospital in Chicago.
The demographic data are summarized in Tabie 1.

Six age- and gender-matched control subjects were recruited
through local advertising in Salt Lake City and Newark. There were
4 males and 2 females in each group. The mean age of the hypoxic
subjects was 46.2 years (SE = 9.1), and the mean age of the control
subjects was 46.3 years (SE = 8.6). There was no significant differ-
ence for age between the two groups {# test: £(10) = 0.15, p = 88].
The mean education level of the hypoxic group was 12.0 & 0 years;
and the mean education level of the control group was 13.0 =
1.2 years. There was no significant difference for education level
between the two groups [¢ test: #(10) = 1.93, p = .08].

Informed consent was obtained for all the subjects. No control
subject had a prior history of neurologic disorder, alcohol or drug
abuse, or psychiatric disturbance.

Neuropsychological Testing

The hypoxic subjects were tested approximately 1 year after the
hypoxic event. Hypoxic subjects were administered a battery of neu-
ropsychological tests to assess memory, intelligence, and attention.

To assess memory, subjects were administered the revised WMS
{WMS-R). This test generates a variety of subscores, including a
General Memory Index (GMI), a Deiayed Recall Index, and an
Attention/Concentration Index. These scores are age adjusted, with
normal performance defined as 100 % 15. Onthe WMS-R GMI the
mean score was 83,3 (SE = 7.3), and for the Attention/Concentration
Index the mean score was 101.3 (SE ='9.3). As'is shown in Table 2;
the hypoxic subjects generally exhibited poor memory perfor-
mance, particularly on the Delayed Recall Index: All except H1 and
H2 scored more than one standard deviation below normal. Two
subjects received the lowest possible score-of 50 on the Delayed Re-
call Index.

In-addition, the subjects were administered the Rey-Osterrieth
Complex Figure Test (complex figure), which involves copying &
complex geometric figure (36 points possible) followed, after
30 min, by a recall test in- which subjects are asked to draw the fig-
ure from memory. The hypoxic subjects were slightly impaired on
the copy portion and dramatically impaired on the recall portion.
Table 2 shows the copy and delay recall scores, as well as the dif-
ferences between these scores and age-adjusted norms {Spreen &
Strauss, 1991). All hypoxic subjects except H6 scored well below.
age-appropriate means. Two hypoxic subjects (H1 and H2) scored
within the normal range on the WMS-R Delayed Recall index.
However, on the copy of a complex figure, these two individuals
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Table 2
Neuropsychology Test Results for Hypoxlc Subjects,

With Means and Standard Deviati
WMS-R WAIS-R Rey-Osterrieth
Subject GMI Delay Attn (FSIQ) Copy Delay Diff
Hi 97 89 116 102 21 2 -9.8
H2 113 104 97 109 19 ) —6.8
H3 65 50 96 95 32 10 -9.5
H4 70 50 87 90 32 3 — 145
HS 89 80 88 1o 36 26 +6.8
Heé 81 57 124 99 na. na. na.
M. 85.8 77 1013 99.2 28.0 9.6 —6.8
SD 17.8 2.7 15.2 6.4 7.5 9.6 79

Note—WMS-R, Weschler Memory Scale-Revised; WAIS-R, Weschler Adult Intel-
ligence Scale-Revised; GMI, General Memory Index; Delay, Delayed Recall Index;
Attn, Attention/Concentration Index: FSIQ, Full-Scale Intelligence Quotient; n.a., not
available. The Rey~Osterrieth Diff score is the difference between the mean Delay

score and the age-appropriate norm.

scored 21 and 19, but only 2.0 and 5.0 on the delayed recall of the
complex figure. All the hypoxic subjects were significantly im-
paired on at least one of the two memory. measures.

Hypoxic subjects were administered the Weschler Adult Intelli-
gence Scale-Revised {WAIS-R), to assess intelligence. This test
generates age-adjusted scores, including the Full-Scale Intelligence
Quotient (FSIQ}), with normal performance defined as 100 = 15. For
the 6 hypoxic subjects, the mean FSIQ score was 99.7 (SE = 2.7},
the mean Verbal Intelligence Quotient was 101.2(S£ =3.4), and the
mean Performance Intelligence Quotient was 98.2 (SE = 4.7}
Table 2 shows that for all of the hypoxic subjects, FSIQ scores were
within the normal range.

Finally, the Attention/Concentration Index of the WMS-R, a
measure of attention, was administered, with age-adjusted scores of
100 = 15 considered normal. Hypoxic subjects’ performance was
within the normal range. On the basis of these tests, all the hypoxic
subjects exhibited impaired memory, based on the WMS-R De-
layed Recall Index and/or the Rey-Osterrieth delay recall scores,
but their performance on the WAIS-R FSIQ and the WMS-R
Attention/Concentration Index was within the normal range.

Neumimaging
T i MR images were acquired-at 1.5

Tcsla wnh a quadriture head cm! using standard clinical protocols.
Sagittal Ti-weighted (500/11/2; TR/TE/excitations) images were
first acquired, followed by axial and coronal proton density and T2-
weighted {3000/31; 90/1) spin echo images. For the axial images,
the stice thickness was 5 mm, with a 2-mm interslice space. Images
were acquired ona 256 X 192 matrix with a 22-cm field of view for
the axial images and a 24-cm field of view for the sagittal images.
Coronal images were 3-mm-thick interleaved slices acquired on a
512 X 256 matrix with a 22-cm FOV. Flow compensation, an infe-
rior saturation puise, and variable handwxdth were used.

Quantitative magnetic r Quantitative, or
volumetric, analysis of cerebral structures obtained from MRI
(QMRY) were performed on all patients as per the methods de-
scribed previously (using the software ANALYZE; Bigler et al,,
1997; Biomedical Imaging Resource, 1993; Blatter et al, 1995).
Hippocampal volumetric measures were obtained in 4 of the 6 sub-
jects. We were unable to obtain MR images in 2 subjects, since 1
subject lived in Chicago and the other refused MR imaging. We used
a normative database that allowed comparisons with specific age-
and gender-matched control groups, as described by Bigler et al.
Hippocampal volume was considered abnormal if it was more than
one standard deviation below the mean based on this normative
sample.

it PR

Procedure: C patial Discri

The conditional spatial discrimination task was an adapfation of
that described by Daum et al. (1991) and took the form of a com-
puterized game in which the subject viewed an animated mouse
running in a T-maze. The game was implemented on Macintosh LC
and PowerBook series computers, programmed in the SuperCard
language. The keyboard was masked, except for two adjacent keys,
labeled “left” and “right,” which were used to record the subject’s
responses. The subjects were seated in a quiet room and shown the
following instructions on a computer screen: “You are a hungry
mouse in a maze. Direct your mouse feft or right to eat as much
cheese as possible. Press the button to begin.” The experimenter
read these instructions aloud to the subject, 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 appeared in
the start box at the bottom of the screen (Figure 1A)and ranto a
choice point in the center of the maze (Figure 1B). The mouse hes-
itated there, wavering back and forth, until the subject pressed a key
to send it into either the left or the right maze arm. If the subject
chose correctly (Figure 1C), 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. [f the sub-
ject chose incorrectly (Figure 1D), when the mouse reached the end
of the maze arm, the blocker was removed to reveal no cheese, and
a “sad” mouse sound was played through the computer speakers.

On each trial, cheese was present in either the left or the right
maze arm; its placement depended on the background screen
brightness. For all the subjects in the present experiment, cheese
was located in the right-hand arm if the background was light gray
and in the teft-hand arm if the background was dark gray. This map-
ping was held consistent actoss subjects because of the small num-
ber of subjects in the present study; in their earlier study, Daum
et al. (1991) counterbalanced mapping and found no significant ef-
fects of this mapping. All the subjects received the same trial order.
which was a pseudorandom series of trials constrained so that the
same background never occurred more than three times in a row.

This initial acquisition phase lasted until the subject made eight
consecutive correct responses or to a maximum of 90 trials. At this
point, the first reversal occurred: The color-cheese mapping was
revetsed so that cheese was in the left-hand arm fora light-gray
background and in the right-hand arm for a dark-gray background.
The subject was given no indication that a reversal had occurred.
This first reversal phase continued unti! the subject made eight con-
secutive correct responses or to a maximum of 50 trials.
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(A) start of Trial
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(B) buring Trial

(C) correct Response

(D) incorrect Response

Figure 1. Screen events during an experimental trial. At the start of a trial, the animated
mouse appears in the start box (A), runs to the choice point (B), and wavers there until the sub-
Jject responds by pressing the “left” or “right™ key. The mouse then runs to the chosen maze arm.
If this choice was correct, cheese is revealed, and a “happy” mouse sound is played (C). If the
choice is incorrect, there is no cheese, and a “sad” sound is played (D).

Elaborating-on the otiginal paradigm of Daum et al, (1991), we
added a second and third reversal phase. These reversals were also
unsignaled, and each lasted until the criterion of eight consecutive
correct responses was reached or to a maximum of 50 trials.

After the third reversal was completed, the subjects saw a mes-
sage informing them how many pieces of cheese they had found
during the experiment and thanking them for participating. The
total experiment tock approximately 10-15 min to complete, de-
pending on how quickly the subject reached criterion ineach phase.

Data Collection

The computer recorded individual responses and target responses
for each trial. The computer terminated a phase when the subject
achieved eight consecutive correct responses or when the maximum
number of trials was exhausted. For each subject, the total trials to
criterion (including the final eight consecutive correct) was recorded
for each phase. Since each reversal was unsignaled to the subject,
it was expected that each subject should respond incorrectly on the
first trial following the reversal; optimally, 2 subject might then im-
mediately change response rules and proceed to make eight con-
secutive responses. Such a one-trial reversal would result in a score
of nine for the reversal phase.

Alternatively, a subject might require several trials before suc-
cessfully reversing the response rule. Several authors have noted
that reversal typically involves three distinct phases (e.g., Eichen-
baum, Fagan, & Cohen, 1986; Jones & Mishkin, 1972). The phases
include a perseveration phase, defined as a string of incorrect re-
sponses before the old response rule is abandoned, a phase of mixed
correct and incorrect responses while new response rules are eval-
uated, and finally, a correct phase leading to criterion performance.
Here, the perseveration phase is of particular interest, since diffi-
culty abandoning previously reinforced strategies is noted in sev-
eral patient populations, especially those with frontal damage (e.g.,
Lezak, 1995). Accordingly, the computer calculated a perseveration
score for each subject for each reversal, defined as the number of

consecutive incorrect responses following areversal, excluding the
first (obligatory) incorrect response.

RESULTS

Magnetic Resonance Imaging Results

All 4 of the hypoxic patients with QMRI had signifi-
cant hippocampal atrophy, since the right and left hip-
pocampal volumes were at least one standard deviation
below the normal control group. Clinical brain MRI re-
ports by the neuroradiologist, for the 4 hypoxic subjects,
indicated no evidence of lesions or other structural ab-
normalities. Table 3 shows the volumetric hippocampal
data for the hypoxic subjects. The mean number of stan-
dard deviations from age-matched normal control sub-
jects for the hypoxic subjects’ right hippocampus was
—2.83 = 1.7 (SE = 0.87), and for the left hippocampus,
it was —~2.01 ® 1.5 (SE = 0.75). Figure 2 shows coronal
sections through the hippocampus of a hypoxic subject
(H-4) and an age-matched normal individual.

Conditional Spatial Discrimination

All the subjects acquired the original conditional dis-
crimination within the maximum 90 trials. Figure 3A
shows the total trials to criterion on the acquisition phase.
The hypoxic subjects averaged 39.7 trials to criterion
(SE = 10.5), whereas the control subjects averaged only
22.0 trials (SE = 7.2). This difference failed to reach sta-
tistical significance (Mann—Whitney U= 26.0, p > .05).
Figure 3B shows the total errors on the acquisition phase.
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1

(MRI)

Data for Hypoxic and Normative Subjects

Control Subjects:
Hippocampal Volume in cc?

Hypoxic Subjects:

Number of SDs

Hippocampal Volume incc?  pean +5p Mean £5D Below Normals
1D Right Left Right Left Right/Left
H-1 1.82 2.06 255 £0.28 2.58 £ 0.24 —35/-181
H-2 noMRI

H-3 2.19 2.34 2,63 + 028 268+ 0.25 —1.6/-14
H-4 1.41 1.29 2.77 £ 0.27 2,64 £ 0.32 —5.0/—4.2
H-5 242 238 255 £0.28 258024 =~1.5/~1.06
H-6 no MRI

Note—The normative data from age-matched normal control subjects were taken from

Bigler et al. (1997).

Again, the hypoxic subjects averaged more errors than did
the control subjects, but this difference failed to reach sta-
tistical significance on an analysis of variance [ANOVA;
F(1,10)=1.85, p > .05]. Thus, the hypoxic subjects were
not impaired, relative to control subjects, in acquiring the
conditional spatial discrimination.

The control subjects reversed the discrimination
quickly, reaching criterion within an average of 10.3 tri-
als (SE = 1.1). Four control subjects made optimal one-
trial reversals. By contrast, the hypoxic subjects averaged
15.8 trials to reverse (SE = 1.4}, and no hypoxic subjects
made one-trial reversals. The difference between hypoxic
and control groups was significant [F(1,10)=9.44, p =
.0127; thus, the control subjects were faster to reverse the
discrimination than were the hypoxic subjects.

(R)

All the subjects completed all reversals within the max-
imum allowable trials. Figure 4 shows the average errors
on each of the three successive reversals for the control
and hypoxic subjects. Over all three successive reversals,
the hypoxic subjects made significantly more errors than
the control subjects did [repeated measures ANOVA,
F(1,10)=5.33, p = .04]. By the third reversal, all the con-
trol subjects made at least two optimal one-trial reversals,
whereas only 1 hypoxic subject (H-6) made two one-trial
reversals and 2 hypoxic subjects (H-2 and H-4) never made
a one-trial reversal.

Figure 5 shows the mean number of perseverative re-
sponses for each reversal, defined as the string of con-
secutive incorrect responses immediately following a re-
versal, excluding the first, obligatery incorrect response.

Figure 2. Magnetic resonance images of coronal through

the hipp in a hypoxic and a control subject. The hypoxic

subject (panel A) showing bilateral atrophy of the hippocamipus (arrows) is compared with the normal subject in panel B, The sub-

ject shown in panel A is hypoxic subject H-4 of the present study.
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The control subjects made virtually no perseverative re-
sponses, tending to abandon the old response strategy as
soon as it ceased to be rewarded. The hypoxic subjects,
on the other hand, showed more perseverative errors, a
difference that, although small in magnitude, was highly
significant [repeated measures ANOVA, F(1,10) = 6.54,
p = .028]. There was no within-subjects effect of repeated
reversal [F(2,20) = 1.46, p = 26].

DISCUSSION

The first finding of this study was that subjects with
anterograde amnesia resulting from hypoxic brain injury
could learn and reverse a conditional spatial discrimina-
tion. This adds to a small but growing literature docu-

3
i

ey
o
i

Mean Errors to Criterion

menting that humans with anterograde amnesia can ac-
quire simple categorization tasks (e.g., Knowlton, Ramus,
& Squire, 1992; Knowlton et al., 1994).

The hypoxic subjects did take a somewhat greater
number of trials than did the control subjects to reach cri-
terion on the original discrimination, although this dif-
ference fell short of statistical significance. On average,
the hypoxic subjects required 39.7 trials to acquire the dis-
crimination. In their study, Daum et al. (1991) reported
that subjects with right temporal lobectomy acquired the
same discrimination with a median of about 37 trials.
Daum et al.’s control subjects mastered the acquisition
with a median of just over 20 trials, which is again com-
parable with the mean of 22 trials in our control subjects.
Thus, although the difference between the hypoxic and

I
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Figure 4. Mean trials to criterion performance on the three successive re-

versals, RI-R3.
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Figure 5. Mean perseverative errors, defined as consecutive er-
rors following a reversal (excluding the first, oblig: Y error),
for each reversal phase R1-R3.

the coritrol subjects in the present study fell short of sta-
tistical significance, it is quite consonant with the results
of Daum et al., who found impaired acquisition follow-
ing right temporal lobectomy.

Hypoxic brain injury may result in bilateral damage
to the hippocampus and related medial temporal lobe
structures in select subjects (Hopkins, Gale, et al., 1995;
Hopkins, Kesner, & Goldstein, 1995; Press et al., 1989;
Squire & Zola, 1996). In fact, 4 of our 6 subjects had doc-
umented bilateral medial temporal lobe damage. The re-
maining 2 subjects had etiologies and neuropsychological
profiles that would be consisted with presumed bilateral
medial temporal lobe damage; their performance on'the
conditional spatial discrimination was not obviously dif-
ferent from that of the subjects for whom imaging was
available. Thus, it is possible that the present results re-
flect involvement of medial temporal structures in con-
ditioned spatial discrimination. This would be consistent
with a recent study showing that ischacmic damage re-
sulting in selective lesions of hippocampal subfield CAl
can suffice to cause a strong impairment in a conditional
visuospatial task similar to that considered here but spare
several other simpler visual and spatial discriminations
(Ridley, Timothy, Maclean, & Baker, 1995).

Daum et al. (1991) also found that their unilaterally Ie-
sioned subjects with right temporal lobectomy were not
impaired at reversing the conditional spatial discrimina-
tion. This. contrasts with the hypoxic subjects in the pre-
sent study, who showed significant reversal impairments.
Whereas about 50% of Daum et al.’s subjects with right
temporal lobectomy showed one-trial reversal, none of
the hypoxic subjects in the present study showed one-trial
reversal on the first reversal phase. The hypoxic subjects
continued to show impairments even after multiple suc-
cessive reversals. The control subjects, by contrast, per-
formed close to the optimum on all three reversals. In ani-
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mals, medial temporal damage has been shown sometimes
to impair reversal of a conditioned spatial discrimination
(e.g.. Fagan & Olton, 1986; Silveira & Kimble, 1968) and
has sometimes been shown to have no effect (e.g., Marston
etal., 1993; Zola & Mahut, 1973). Hippecampal region
damage has also been shown sometimes to impair non-
spatial reversal learning (e.g., Berger & Orr, 1983). The
data from the present study suggest that human amnesic
subjects are impaired at reversal; further studies are again
indicated to determine whether individuals with bilateral
medial temporal damage from other etiologies reliably
show similar impairments.

Ong important finding in this study is that the hypoxic
subjects showed significantly more perseverative errors
than did the matched controls, continuing to apply a previ-
ous response rule even after the reversal occurred. Daum
etal. (1991) reported no such perseverative deficits in the
subjects with (right or left) unilateral temporal lobe re-
section; however, there was a slight tendency to perse-
verate noted among subjects with frontal resection. Thus,
one interpretation of the present results is that the hypoxic
group did indeed have collateral frontal damage that in-
creased perseveration. However, this is unlikely, given
the hypoxic subjects’ clinical and quantitative MRI data.
A second possibility is that hippocampal damage itself
contributes to increased perseveration in some individu-
als, consistent with various descriptions of hippocampal-
lesioned animals as being unable to inhibit previously re-
inforced strategies (e.g.. Douglas, 1967; Kimbie, 1968).

One difficulty in evaluating subjects with hypexic
brain injury is that, although hippocampal region dam-
age may be dramatic and visible (Figure 2), there may be
more diffuse damage that is not so easily assessed but may,
nonetheless, impact performance (Bachevalier & Meu-
nier; 1996; Hopkins, Gale, et al., 1995). The:clinical MR
and QMRI data from our hypoxic subjects support the
idea that hypoxia may result in selective: damage of the
hippocampus, with relative sparing of the frontal lobes
and visual association cortex. However, it is possible that
functional imaging techniques, such as positron emission
tomography and single photon computed tomography,
may demonstrate more widespread damage to other neural
structures. Further studies are obviously indicated to ex-
plore this issue more fully.
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