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A pencil rescues impaired performance on a visual
discrimination task in patients with medial temporal

lobe lesions
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We tested proposals that medial temporal lobe (MTL) structures support not just memory but certain kinds of visual per-
ception as well. Patients with hippocampal lesions or larger MTL lesions attempted to identify the unique object among twin
pairs of objects that had a high degree of feature overlap. Patients were markedly impaired under the more difficult task
conditions. However, the deficit was fully rescued when patients used a pencil to draw lines between the twin pairs, thereby
eliminating the need to hold material in memory as they worked at each display. The perceptual demands of the task were
presumably the same with or without this memory aid. Accordingly, the results suggest that the deficit on this and similar
tasks, which involve comparisons across stimuli, are better understood in terms of impaired memory rather than impaired

perception.

[Supplemental material is available for this article.]

Studies of the medial temporal lobe (MTL) have suggested that le-
sions to the MTL impair long-term memory while sparing imme-
diate and working memory as well as perceptual and intellectual
functions (Baddeley and Warrington 1970; Milner 1972; Shrager
et al. 2008; Squire and Wixted 2011). Recently, there have been
proposals that the MTL nevertheless serves a role in circumstances
when tasks impose little or no delay (Warren et al. 2011, 2012;
Watson et al. 2013). One key idea is that the MTL is important
for perception in addition to memory. By this view, the perirhinal
cortex is needed for discriminating among stimuli with com-
plex features that include overlapping elements (Murray and
Bussey 1999; Bussey et al. 2003; Lee et al. 2005; Barense et al.
2007, 2012; Baxter 2012a; Erez et al. 2013). For example, patients
with MTL lesions were impaired when they needed to shift atten-
tion back and forth between seven stimuli with highly similar
features in order to identify the unique item (Barense et al.
2007). One important issue in such studies is that, even though
the stimuli are presented simultaneously, the number and com-
plexity of the stimuli might sometimes exceed what can be man-
aged within working memory (Lee and Rudebeck 2010; Jeneson
and Squire 2012). As a result, long-term memory would be needed
to support performance. A recent study of visual discrimination
ability with MTL patients provided support for this view (Knutson
et al. 2012).

In the present study, we tested the object discrimination abil-
ity of patients with MTL lesions using stimuli with high degrees of
feature overlap. In each display, five, seven, or nine stimuli were
presented (two, three, or four twin pairs plus a unique object).
Participants needed to appreciate the conjunction of multiple
features in order to identify the unique object. In a first condition,
patients were impaired at the higher difficulty levels when they
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inspected each display and tried to find the unique object. This
finding replicated previous work with this task (Barense et al.
2007; Knutson et al. 2012). In a second condition using the same
displays, participants were instructed to use a pencil to draw
lines between each twin pair. We reasoned that in this condition
the perceptual demands of the task should remain the same.
However, using a pencil should eliminate the need to hold ma-
terial in mind and reduce the burden on working memory.
Accordingly, if the deficit found in the first condition reflects im-
paired perception, performance should remain impaired. If the
deficit reflects impaired memory, performance should now be
intact.

Seven memory-impaired patients participated (Table 1). Of
these, six have damage thought to be limited to the hippocampus
(CA fields, dentate gyrus, and subicular complex), and one has
larger lesions of the medial temporal lobe (MTL). K.E. became am-
nesic in 2004 after an episode of ischemia associated with kidney
failure and toxic shock syndrome. L.J. (the only female) became
amnesic during a 6-mo period in 1988 with no known precipitat-
ing event. Her memory impairment has been stable since that
time. D.A., R.S., and G.W. became amnesic in 2011, 1998, and
2001, respectively, after drug overdoses and associated respiratory
failure. ].R.W. became amnesic in 1990 following an anoxic epi-
sode associated with cardiac arrest. Estimates of MTL damage
were based on quantitative analysis of magnetic resonance (MR)
images from 19 age-matched, healthy males for K.E., R.S., GW.,
and J.R.W.,, eight younger healthy males for D.A., and 11 age-
matched, healthy females for patient L.J. (Gold and Squire
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Table 1. Characteristics of memory-impaired patients appear in any location in the display
(Fig. 1).

Age Education  WAIS-III WMS-R The difficulty of each display was
Patient Gender (years) (years) 1Q Attention Verbal Visual General Delay manipulated by varying the number of
DA M 30 12 95 104 % o1 % 56 o‘p]ects in each display (five, seven, or
K.E. M 71 13.5 108 114 64 84 72 s5  nine), the number of appendages on
LJ. F 75 12 101 105 83 60 69 <50 e€ach object (two or four), the number
R.S. M 56 12 99 99 85 81 82 <50 of body colors in each display (two dif-
G.w. M 53 12 108 105 67 86 70 <50  ferent body colors or only one body
J-RW. M 49 12 90 87 65 95 70 <30 color), and the differences among the
G.P. M 67 16 98 102 79 62 66 50

appendages (relatively salient or more

WAIS-III is the Wechsler Adult Intelligence Scale-lll and the WMS-R is the Wechsler Memory Scale-Revised.
The WMS-R does not provide numerical scores for individuals who score below 50. IQ scores for R.S. and
J.R.W. are from the WAIS-Revised, and the 1Q score for D.A. is from the WAIS-IV.

2005). D.A,, K.E., LJ.,R.S., G.W., and J.R.W. have an average bilat-
eral reduction in hippocampal volume of 35, 49, 46, 33, 48, and
44%, respectively (all values >2.9 SDs from the control mean).
On the basis of two patients (L.M. and W.H.) with similar bilateral
volume loss in the hippocampus for whom detailed post-mortem
neurohistological information was obtained (Rempel-Clower
et al. 1996), the degree of volume loss in these six patients
likely reflects nearly complete loss of hippocampal neurons. The
volume of the parahippocampal gyrus (temporopolar, perirhinal,
entorhinal, and parahippocampal cortices) is reduced by —5%,
11%, —5%, 10%, 12%, and —17%, respectively (all values within
2 SDs of the control mean). The minus values indicate instances
where the volume was larger for a patient than for controls. The
volumes for parahippocampal gyrus differ a little from volumes re-
ported previously for these patients (Knutson et al. 2012) and are
based on newly published, more detailed guidelines for identify-
ing the caudal border of the gyrus (Franko et al. 2012).

One patient (G.P.) has severe memory impairment resulting
from viral encephalitis. G.P. has demonstrated virtually no new
learning since the onset of his amnesia, and during repeated test-
ing over many weeks he does not recognize that he has been tested
before (Bayley et al. 2005). G.P. has a bilateral reduction in hip-
pocampal volume of 96%. The volume of the parahippocampal gy-
rusis reduced by 94%. Eight coronal MR images from each patient,
together with detailed descriptions of the
lesions, can be found in Supplemental

subtle). Combinations of these compo-
nents were used to create easier displays
(difficulty levels 1-4, eight trials/diffi-
culty level) and more difficult displays
(difficulty levels 5-8, eight trials/dif-
ficulty level) (for details, see Knutson
et al. 2012). At all difficulty levels, each appendage of the unique
object always appeared on at least one of the twin pairs in the dis-
play. Accordingly, more than one appendage always needed to be
considered to distinguish the unique object from the twin pairs.
One of the eight displays at difficulty level 6 was identical to the
display illustrated in an earlier study (Fig. 2c in Barense et al.
2007).

In the first condition, participants were told that they would
see pictures of objects on a computer screen and that one objectin
each display did not have a twin pair. The task was to identify the
unique object. The displays were presented in blocks of eight trials,
beginning with difficulty level 1 and progressing to difficulty level
6. Difficulty levels 7 and 8 were presented in a subsequent testing
session (with the exception of one hippocampal patient and one
control participant who received difficulty levels 1-8 during
one session). A printed reminder of the instructions was in view
throughout testing. Performance was self-paced, and participants
identified their choice by pointing to the computer screen.
Accuracy and response times were recorded. The patients with
hippocampal lesions and the controls were tested once. Patient
G.P. with large MTL lesions was tested on two occasions separated
by 1 mo.

In a second condition (scheduled up to 3 mo later), difficulty
levels 5-8 (32 trials) from the standard test were presented on

Material.

Eight healthy individuals (five
male) served as controls for the memo-
ry-impaired patients. Controls averaged
58.4+6.1 yr of age (range =23-76)
and had 14.1 £ 0.5 yr of education. All
procedures were approved by the Insti-
tutional Review Board at the University
of California San Diego. Participants

s,
& e

@ ¢ 9
¢ ¢ @

gave written informed consent prior to
participation and were compensated.
The test consisted of 64 unique dis-
plays of five, seven, or nine nonsense ob-
jects, termed Fribbles, as used in earlier
studies of object perception (Williams
and Simons 2000; Barense et al. 2007).
The Fribbles were computer generated
using Bryce 5 software (Corel Corpora-
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tion) and were composed of a main body
and two or four appendages. Each dis-
play contained two, three, or four twin
pairs plus one unique object that did
not have a twin. The unique object could

Figure 1.

www.learnmem.org 608

Sample displays. The task was to identify the unique object (asterisk). (Top row) Represen-
tative displays from difficulty levels 1 and 4. (Bottom row) Representative displays from difficulty levels 5
and 8. At all difficulty levels, every appendage appeared on more than one object, and the unique
object could not be identified by the presence of a single feature. Instead, the conjunction of multiple
appendages defined the unique object.
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Figure 2. Accuracy at identifying the unique object for controls (CON,
n = 8), patients with hippocampal lesions (H, n= 6), and a patient with
large medial temporal lobe lesions (MTL, n = 1) across eight levels of dif-
ficulty (eight trials/difficulty level). Patient performance was similar to that
of controls at difficulty levels 1-4 (A) but was impaired at difficulty levels
5-8 (B). Brackets show SEM.

individual sheets of paper, and participants were instructed to use
a pencil to draw lines between each twin pair as each pair was
identified. The intention of this condition was to eliminate the
need to hold any material in mind as participants worked at
each display. All the participants used the pencil, and afterward
some commented that, with the aid of the pencil, there was no
need to keep track of which twin pairs they had already identified.
The instructions were in view throughout testing, and perfor-
mance was self-paced. The data to be presented were based on ac-
curacy and response times for all trials (correct and incorrect). The
patients with hippocampal lesions and controls were tested once.
Patient G.P. with large MTL lesions was tested on two occasions
separated by 8 mo. Performance for five of the six patients in
the hippocampal group was reported previously for difficulty lev-
els 1-6 (first condition only). Performance of this group in the sec-
ond condition (with the pencil) is presented here for the first time.
In addition, performance for G.P. was reported previously for the
first condition and for one of the two tests in the second condition
(Knutson et al. 2012). In total, G.P. was tested on four occasions
extending across 1 yr.

At difficulty levels 1-4 all participants performed well (Fig.
2A). Controls scored 94.3% correct, patients with hippocampal le-
sions scored 89.6% correct, and patient G.P. with large MTL le-
sions scored 98.4% correct. Response times were similar as well
(controls =12.9 £ 1.7 sec, hippocampal patients=11.5+0.6
sec, patient G.P. = 13.2 sec). At difficulty levels 5-8 the displays
were more challenging (Fig. 2B). Controls scored 78.1% correct,
but patients with hippocampal lesions (52.6% correct) were im-
paired (tq2)= 3.0, P <0.05). G.P. (60.9% correct) was impaired
as well (one-sample t-test ;) =3.2, P<0.05). Response times
were similar for controls and G.P. (65.7 = 9.0 sec and 70.3 sec),
but patients with hippocampal lesions responded more quickly
(37.1 £ 3.1 sec, t12) = 2.7, P < 0.05 relative to controls). The faster
mean response times of the hippocampal patients appear to be
due to response times at difficulty level 8 (55.8 £35.5 sec vs.
142.5 + 22.2 sec for controls). For levels 5-7, the response times
of hippocampal patients and controls were similar (f;2)= 1.4,
P> 0.20).

Figure 3 shows performance at difficulty levels 5-8 when par-
ticipants were given a memory aid to eliminate the need to hold
material in mind as they worked at each display. In this condition,
all participants performed well. Controls scored 86.3% correct, pa-
tients with hippocampal lesions scored 81.3% correct, and patient
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G.P. with large MTL lesions scored 87.5% correct. The memory aid
did not significantly improve control performance (78.1% correct
in Fig. 2B vs. 86.3% correct in Fig. 3, P > 0.10), but substantially
improved the performance of both the hippocampal patients
(by 28.7%, paired t-test, t5)= 9.7, P < 0.01) and G.P. (by 26.6%).
Response times were similar for controls, hippocampal patients,
and patient G.P. (§7.8 £6.6 sec, 51.7 + 1.9 sec, and 63.0 sec,
respectively).

To summarize, on tests of visual discrimination, patients per-
formed well at the easier difficulty levels (1-4), but were impaired
at difficulty levels 5-8. Three points deserve emphasis. First, pa-
tients were impaired only in the more difficult conditions (diffi-
culty levels 5-8), even though at every difficulty level the task
required discriminating among objects with overlapping features.
This finding suggests that some other component of the task
(besides the requirement to make perceptual discriminations) ac-
counts for impaired performance. Second, the finding of an im-
pairment in patients with circumscribed hippocampal lesions
(not only patients with lesions that include the perirhinal cortex)
suggests that the impairment is attributable to factors common
to both brain areas, not to factors specific to perirhinal cortex.
Inasmuch as the hippocampus has not been linked to object dis-
crimination, the impairment after hippocampal lesions suggests
that the impairment may be related to the importance of the
hippocampus for long-term memory. Third, the impairment in
patients was rescued by using a memory aid, a condition intended
to reduce the burden on working memory. Specifically, there were
28 occasions when performance was tested with the memory aid
(seven patients x difficulty levels 5-8). Performance improved
with the memory aid on 22 of these 28 occasions and remained
the same on six occasions. Because the perceptual demands of
the task were presumably the same with or without the memory
aid, this finding provides particularly strong evidence that the def-
icit should be understood in terms of impaired memory rather
than impaired perception.

Our results support earlier suggestions that memory likely
plays a role in many of the tasks used to investigate the MTL'’s pro-
posed role in visual perception (Hampton 2005; Suzuki 2009).
Further studies of this issue will benefit from task designs that
reduce the role of memory in task performance (e.g., Lee and
Rudebeck 2010; Barense et al. 2012b). Last, in all studies of MTL
function, there is the important issue of establishing the locus
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Figure 3. Accuracy scores for controls (CON, n = 8), patients with hip-
pocampal lesions (H, n=6), and a patient with large medial temporal
lobe lesions (MTL, n=1) across difficulty levels 5-8. In this condition,
participants used a pencil to draw lines between the twin pairs, thereby
eliminating the need to hold material in mind as they worked through
each display. With this aid, patients performed as well as controls.
Brackets show SEM.
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and extent of brain damage within patient groups and the possi-
bility that direct or indirect damage lateral to the MTL might con-
tribute to the deficits that are identified (Knutson et al. 2012;
Insausti et al. 2013).
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