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Susceptibility to interference and intrusion errors in
consequence of the dominant hemisphere’s
hippocampal infarct: A case report

Moénika Andrejkovics', Petra Balla!, and Daniel Bereczki’
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We present a case of a man with an ischemic lesion of the left hippocampus. Detailed neuropsychological assess-
ment revealed susceptibility to retroactive interference and a tendency to make intrusion errors in addition to mild
deficits in the verbal memory processes. Although retroactive interference and intrusion errors are normally con-
sidered to be the manifestations of frontal lobe dysfunctions, the idea of susceptibility to interference has recently
begun to emerge in the literature, as an explanation of medial temporal lobe amnesia. Our data support this new
theory, suggesting that one role of the hippocampus is to decrease the interference during the learning processes.

Keywords: Left hippocampus; Susceptibility to interference; Intrusion error; Memory functions; Case report.

INTRODUCTION

During the last six decades a huge amount of
evidence has been collected on the role of the
hippocampus in memory and learning processes.
Some of the main functions of the hippocampus
are to form explicit or declarative memories (con-
scious memory for facts and events) (e.g., Bechara
et al., 1995; Squire, Stark, & Clark, 2004); to
transfer information to longer-term storage (e.g.,
Alvarez & Squire, 1994; Winocur, Moscovitch, &
Bontempi, 2010); and to store and retrieve infor-
mation relayed in the parahippocampal gyrus (e.g.,
Eichenbaum, 1997; Gabrieli, Brewer, Desmond, &
Glover, 1997). The left and right temporal lobes
have long been assumed to be specialized for verbal

or non-verbal cognitive functions, respectively (e.g.,
Coleshill et al., 2004; Golby et al., 2001; Jones-
Gotman et al., 1997; Milner, 1971; Papanicolaou
et al., 2002; Powell et al., 2005). People with lesions
to the hippocampus often exhibit anterograde
amnesia (Milner, Corkin, & Treuber, 1968; Scoville
& Milner, 1957), and mild retrograde amnesia is
usually also present. In a previous study, the more
damage was found in the hippocampus, the more
severe were the memory deficits (Rempel-Clower,
Zola, Squire, & Amaral, 1996). However, little is
known about the role of the hippocampus in such
processes as susceptibility to interference or making
intrusion errors during learning.

Retroactive interference is an empirical phe-
nomenon that occurs when subsequent material
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disrupts memory for previously learned infor-
mation causing performance decrements (Solesio
et al., 2009). In this case the storage of new expe-
riences interferes with memories encoded at an
earlier time, mostly if they are similar (Crouse,
1971). Retroactive interference can be one of the
main reasons for everyday forgetting (for review
see Wixted, 2004). Retroactive interference has tra-
ditionally been thought to be a manifestation of
frontal lobe dysfunction and supposed to be in
close connection with executive control mecha-
nisms (e.g., Anderson, 2003; Luria, 1966; Shallice,
1988; Shimamura & Jurica, 1994; Smith & Jonides,
1999; Stuss et al., 1982). According to these authors
the inhibitory control of unwanted memories is
a function which can overcome the interference
(i.e., controlling the influence of activated and dis-
tracting memories). These authors emphasize the
importance of monitoring irrelevant or inappro-
priate information, selecting appropriate responses,
and discriminating signals from noise as part of the
inhibitory control.

Recently, the idea of susceptibility to interfer-
ence has begun to emerge in the literature for
the explanation of medial temporal lobe amnesia.
Shapiro and Olton (1994) proposed that an impor-
tant function of the hippocampus is to reduce
associative interference during the learning process.
Therefore, memory impairment in amnesia can be
accounted for the inability to resist interference
from irrelevant information. Winocur, Becker, Luu,
Rosenzweig, & Wojtowicz (2012) have shown that
adult hippocampal neurogenesis has a role in the
mechanism that controls interference in memory.
The authors have pointed out that newly gener-
ated dentate gyrus cells are involved in the for-
mation of new contextual associations within the
hippocampus and help to differentiate between
conflicting content-dependent memories.

Intrusion error is an incorrect free recall of mate-
rial not presented during the target list or passage
(Fridberg, Brenner, & Lysaker, 2010). It repre-
sents false recollections and is one type of mem-
ory distortion. Patients who make intrusion errors
tend to have difficulties in maintaining the dis-
tinction between information coming from the
outside and their own associations and tend to
confuse data obtained at different times (Lezak,
2004, p. 424). Intrusion can be interpreted as a
sub-clinical tendency to confabulate (Dalla Barba,
Parlato, Iavarone, & Boller, 1995). Intrusion — like
susceptibility to interference — is generally thought
to be a consequence of frontal lobe dysfunction,

mainly impaired self-monitoring, deficit of source-
monitoring or impaired filtering (e.g., Dalla Barba
et al., 1995; De Anna et al., 2008; Incisa della
Rocchetta & Milner, 1993; Kopelman, 1978; Luria,
1966). However, there is also evidence suggesting
a role of the hippocampal formation in this pro-
cess (Crosson, Sartor, Jenny II1, Nabors, & Moberg,
1993; Desgranges et al., 2002; Deweer et al., 1995;
Lee, Loring, Flanigin, Smith, & Meador, 1988).
Nevertheless, an entirely clear picture has not
yet emerged either on the potential role of the
hippocampus in interference processes or on its part
in making intrusion errors.

In the present article we describe a case of a
young man, who had an ischemic lesion in the
dominant (left) hippocampus due to occlusion
of the posterior cerebral artery. The subsequent
neuropsychological consequences, particularly sus-
ceptibility to retroactive interference and tendency
for making intrusion errors are discussed.

CASE HISTORY
Neurological and neuroradiological findings

TN, a 31-year-old man, had an ischemic lesion in
the dominant (left) hippocampus. With the excep-
tion of a small lacunar lesion in the left thalamus
(in the ventral lateral nucleus), no other lesions
were detected. Following neurological investiga-
tion, he underwent a detailed neuropsychological
assessment.

TN had no remarkable disease or any risk
factors for cerebrovascular diseases (hypertension,
diabetes, heart-disease, thrombotic disturbance,
immunological disease or any other risk factors
for cerebrovascular disease) in his history. On the
night of his initial admission (in March of 2003) he
woke up feeling numbness and weakness in his right
extremities.

General physical examination revealed normal
findings. He reported mild hypesthesia on the right
side of the body, very mild paresis was suspected
in the right upper extremity, and slight uncertainty
was seen on the right side during the finger-nose
test. TN was fully alert, oriented and anxious.
Considering the mild objective signs the anxiety
seemed to be disproportionately severe. It led to
the initial diagnosis of conversion reaction. The
immediate CT examination did not find any lesions.
Due to the persisting complaint of hypesthesia an
MRI scan was performed eight days later that
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revealed a focal lesion of the left hippocampus, and
a small, approximately 2 mm lacunar lesion in the
left thalamus (in the ventral lateral nucleus). MR
angiography found occlusion of the left posterior
cerebral artery (Figure 1). Carotid and vertebral
Doppler examination and MR angiography did
not find any atherosclerotic lesions in the large
cranial vessels. Transthoracic and transesophageal
echocardiography excluded any possible source of
cardiac embolization. Detailed investigations did
not find any cause for thrombophilia that would
have justified anticoagulant treatment. TN received
antiplatelet medication and the right sided paraes-
thesia lasted for nine months before remission.

Although TN had no complaints of his cogni-
tive functions, he underwent a neuropsychological
examination because of the identified focal lesion of
the left hippocampus. During this period his only
complaint was the numbness of his right arm. He
attended school for 13 years. He had worked as a
chemist technician. He was right-handed.

Method of the neuropsychological
assessment

The detailed neuropsychological examination was
carried out at the Psychiatric Department of the
University of Debrecen in multiple sessions in
May 2003 (six sessions over three weeks) and was
repeated in September 2003 (five sessions over two
weeks).

The Hungarian version of the Wechsler Adult
Intelligence Scale-Revised (WAIS-R) (Kun &
Szegedi, 1996; Szakacs, 1995) and the Raven’s
Progressive Matrices (Raven, 1996) were used to
test TN’s 1Q. Attention functions were assessed
by means of the Toulouse-Piéron Attention Test
(Toulouse & Piéron, 1986) and the Bells Test
(Gauthier, Dehaut, & Joanette, 1989). The Digits
Forward part of the Digit Span subtest of the
WAIS-R was used to measure the immediate mem-
ory span for digits. The Rey Auditory-Verbal
Learning Test was taken (AVLT) (Rey, 1964,

Figure 1. No changes can be seen on the CT image made in the acute phase (A). MRI reveals ischemic lesion restricted to the left
hippocampus (B and C, arrows). With MR angiography the right posterior cerebral artery originating from the basilar artery can be
clearly seen (D, arrow), but there is no flow in the left posterior cerebral artery.
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Spreen & Strauss, 1998) to assess the imme-
diate word span, verbal learning, susceptibil-
ity to interference and delayed recall of words.
Paired associate word learning was examined by
the Hungarian Ranschburg-Ziehen probe (Nyiro,
1961). Recalling a coherent verbal material (a
newspaper article) was measured by the Story
Recall of the Rivermead Behavioural Memory Test
(RBMT) (Wilson, Cockburn & Baddeley, 1985).
The Benton Visual Retention Test (BVRT) (Sivan,
1992) and the Rey-Osterrieth Complex Figure Test—
Recall(ROCF) (Osterrieth, 1944; Spreen & Strauss,
1998) were used to assess the visual memory. The
Rey Visual Design Learning Test (VDLT) (Rey,
1964) was applied to measure the visual learning
processes. The Controlled Oral Word Association
Test (COWAT) (Benton & Hamsher, 1989; Spreen
& Strauss, 1998) was used as a measure of the
verbal (letter) fluency and the Five-point Test
(Regard, Strauss & Knapp, 1982; Spreen & Strauss,
1998) was done to assess the figural fluency.
Constructional praxis was measured by the ROCF-
Copy test (Osterrieth, 1944; Spreen & Strauss,
1998).

Result of the neuropsychological
assessment

General intellectual function

TN’s Full Scale I1Q in the Hungarian version of
the WAIS-R score was 123, indicating a very high
level of intelligence. His verbal 1Q score was also
123, and his performance 1Q score was 121 show-
ing balanced intelligence-structure (Table 1). This
test showed no impairment. TN scored 46/60 on
the Raven’s Progressive Matrices indicating a high
level of conceptualizing spatial and numerical rela-
tionships.

Further main results of the detailed
neuropsychological examination are summarized
in Table 2.

Attention. The attention tests indicated no
deficits in TN. He had an appropriate scanning
strategy, and his attention performance was good.

Verbal memory and learning. TN’s result of the
digits forward task was within the normal range.
His immediate word span had an average level
under overload condition (Rey AVLT Trial I). TN
exhibited some deficit in verbal learning, which
did not improve four months later. At time of the

TABLE 1
TN'’s scores of the Hungarian version of the WAIS-R
Full Scale IQ 123
Verbal 1Q 123
Performance IQ 121
Information 130
Comprehension 107
Digit Span 128
Arithmetic 116
Similarities 112
Digit Symbol Coding 139
Picture Arrangement 109
Picture Completion 122
Block Design 108
Object Assembly 102

first examination there were signs of susceptibil-
ity to interference (retroactive inhibition) and there
was a tendency for making intrusion errors, mainly
semantic type (i.e., semantically related to the word
to memorize). The retroactive inhibition improved,
but the tendency for making intrusion errors did
not change four months later. Mild deficit was
found in the delayed recall, which showed improve-
ment four months later. TN performed poorly on
the test of paired associate word learning, both in
immediate and delayed recall. The learning of “easy
associations” (e.g., girl-boy) was nearly intact, but
the number of mistakes went up while learning
“harder” word pairs (e.g., wall-mirror). By the
time of the second examination his immediate and
delayed recall had become normal, which was a
significant improvement. Story recall was almost
intact with a mild tendency for intrusion errors.

Visuo-spatial memory and learning. On the BVRT
TN performed at the highest level, which indicated
spared immediate visuo-spatial memory and recon-
struction. In the immediate recall of the ROCF
test TN reached a good level. TN’s visual learning
process proved to be intact by the use of Rey VDLT.

Executive functions. On the COWAT, TN’s
adjusted score was on the ‘low normal’ level. Since
his verbal 1Q was very high, this COWAT value
revealed difficulties in generating words under con-
trolled conditions. There were no errors, but his
reaction time was long at the first letter, and became
normal at the second and third letters (20, 5, and
5 seconds respectively). In the Five-point Test TN
accomplished the task within the time-limit with-
out any mistakes. He used rotation as a strategy.
The test refers to fluid and flexible visuo-spatial
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TABLE 2

TN’s neuropsychological profile
Cognitive function Result
Accuracy of attention (Toulouse-Piéron Attention Test) 99%
Visual scanning strategy (Bells Test) intact
Verbal memory:
Immediate digit span 8
Immediate word span 7/15
Immediate word span 4 months later 9/15
Word-list learning process (Rey AVLT) 7-9-13-13-12 +
Word-list learning process (Rey AVLT) 4 months later 9-8-11-13-12 +
Proactive inhibition (Rey AVLT) 7—6
Proactive inhibition (Rey AVLT) 4 months later 9—10
Retroactive inhibition (Rey AVLT) 126 ++
Retroactive inhibition (Rey AVLT) 4 months later 12—9 +
Intrusion errors (Rey AVLT) yes +
Intrusion errors (Rey AVLT) 4 months later yes +
Delayed recall of words (Rey AVLT) 8/15 +
Delayed recall of words (Rey AVLT) 4 months later 11/15
Paired associate word learning, immediate recall (Ranschburg-Ziehen probe) 18/25 ++
Paired associate word learning, immediate recall (Ranschburg-Ziehen probe) 4 months later 24/25
Paired associate word learning, delayed recall (Ranschburg-Ziehen probe) 13/25 +++
Paired associate word learning, delayed recall (Ranschburg-Ziehen probe) 4 months later 23/25
Story recall, immediately (RBMT) 12/21*
Story recall, immediately (RBMT) 4 months later 12/21*
Story recall, delayed (RBMT) 11/21%
Story recall, delayed (RBMT) 4 months later 1121+
Visuo-spatial memory:
Immediate recall (BVRT) 10/10
Immediate recall, incidental memory (ROCF - Recall) 24,5/36
Learning process (Rey VDLT) 6-9-12-14-14
Delayed recall (Rey VDLT) 14/15
Constructional praxis (ROCF — Copy) 36/36
Executive functions: verbal (letter) fluency (COWAT F-A-S) 29 +
Executive functions: figural fluency (Five-point Test) 35/35

The neuropsychological examination revealed susceptibility to retroactive interference and a tendency to make intrusion
errors. Furthermore, the verbal memory functions have been impaired and the visuo-spatial memory processes have been

spared. Some of these mild deficits disappeared four months later.

+ mild deficit; ++ moderated deficit; +++ severe deficit
* was intact apart from a few intrusion errors

thinking and good ability to generate novel
responses.

Constructional praxis. TN completed the ROCF-
Copy test without making any mistakes, and he
had an appropriate strategy for visuo-spatial con-
struction. In the Block Design of the WAIS-R he
achieved an average level which also shows intact
constructional praxis.

Summary of the patient’s
neuropsychological profile

TN had a very high level of general intelligence with
balanced verbal and performance IQ levels. He had

intact attention functions, visuo-spatial memory,
visuo-spatial learning functions and constructional
praxis. He had mild difficulties with processing ver-
bal material. He showed a mild deficit in the verbal
learning ability which did not improve four months
later. There were signs of susceptibility to inter-
ference (retroactive inhibition) and a tendency for
making intrusion errors, mainly of semantic type.
The retroactive inhibition improved, but the ten-
dency for making intrusion errors did not change
four months later. The result of the delayed recall
revealed a mild deficit showing a slightly dimin-
ished retention of the learned verbal material. This
problem showed improvement by the second exam-
ination. On the paired-associate word learning test,
TN’s achievement was poor, but four months later
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his immediate and delayed recall showed signifi-
cant improvement. Story recall was almost intact
with some tendency for intrusions. In addition, TN
had slight difficulties in generating words (in letter
fluency).

DISCUSSION

In the case of this 31-year-old man with an ischemic
lesion in the dominant (left) hippocampus, the
neuropsychological assessment revealed a suscep-
tibility to interference (retroactive inhibition type),
and a tendency for making intrusion errors (seman-
tic type). Retroactive interference is usually con-
sidered to be a sign of frontal lobe dysfunctions,
since the frontal cortex is supposed to be involved
in the executive control of inhibition functions and
selective retrieval (e.g., Luria, 1966; Shallice, 1988;
Shimamura & Jurica, 1994; Smith & Jonides, 1999;
Stuss, et al., 1982). However, there are data show-
ing the importance of the medial temporal lobe in
retroactive interference as well. In patients under-
gone medial temporal lobectomy, Garcia et al.
(2008) revealed a positive correlation between the
volume of resection and the resulting retroactive
interference. Solesio et al. (2009) detected increased
activity in the left medial temporal lobe and the left
anterior ventral prefrontal cortex by magnetoen-
cephalography in healthy elderly subjects during
retroactive interference. Recently, an explanation
of medial temporal lobe amnesia with the help
of the idea of susceptibility to interference has
been emerging. Wixted (2004) has linked the notion
of increased susceptibility to interference with
the storage/consolidation impairment, arguing that
structures in the medial temporal lobe are critical
for the consolidation of the new memories. There
are other authors who also suggest that temporal
lobe amnesia can be characterized by an increased
susceptibility to interference (Shapiro et al., 1994;
Winocur, 1985). Shapiro and Olton (1994) pro-
posed that a major function of the hippocampus
is to reduce associative interference during learn-
ing. They argue that the hippocampus is active in
tasks carrying substantial negative transfer from
interference, and that hippocampal function is cru-
cial for accurate performance. Consequently, one of
the functions of the hippocampus may be to orga-
nize to-be-remembered information so that positive
transfer, when possible, is maximized, and negative
transfer, when present, is minimized.

Furthermore, TN had a tendency for making
intrusion errors, mainly of semantic type. Rouleau,

Imbault, Laframboise, & Bédard (2001) pointed
out that semantically related intrusions, which may
reflect encoding of the words to remember on a
deeper semantic level than unrelated or prior list
errors, are not resulting exclusively from frontal
lobe pathology. Dalla Barba et al. (1995) also men-
tioned that it might be possible that frontal lobe
dysfunction could be responsible for only severe
intrusions (e.g., semantically unrelated intrusions).
In the case of our patient, the intrusions were
semantically related to the original words, thus can-
not be considered to be severe — i.c., frontal type —
intrusion errors, but it might refer to an impaired
hippocampal function.

Further results of TN’s neuropsychological
examination are in line with the findings of pre-
vious research: 1. TN had mild difficulties in the
processing of verbal, but not visuo-spatial mate-
rial. It has long been recognized that there is a
material-dependent lateralization in the brain (e.g.,
De Renzi, Zambolin, & Crisi, 1987; Golby et al.,
2001; Jones-Gotman et al., 1997; Milner, 1971;
Papanicolaou et al., 2002; Powell, et al., 2005;
Vallar, Papagno, & Cappa, 1988). 2. TN’s verbal
memory span (digit span, and immediate recall
of a word list and a story) was intact, while his
list-learning ability was mildly deficient. Previous
research has shown that the hippocampus is essen-
tial for the learning process but not for the memory
span (Cave & Squire, 1992; MacKinnon & Squire,
1989; Spiers, Maguire, & Burgess, 2001; Squire,
1992; Victor & Agamanolis, 1990). Clinical and
research data indicate that patients with amnesia
— even with very different etiologies — have a rel-
atively intact short-term memory capacity with
significant long-term memory impairments in com-
mon (Baddeley & Warrington, 1970; O’Connor &
Verfaellie, 2002). TN’s memory performance was
similar to the results of amnesic patients. 3. In our
subject, the result of the delayed recall revealed a
mild deficit showing a slightly diminished reten-
tion of the learned verbal material. Researchers
have indicated that the hippocampus plays a role
in the delayed recall (Helmstaedter & Elger, 1993,
1996; Kilpatrick et al., 1997). 4. In the paired
associate word learning task TN’s achievement
was poor, but the story recall was almost intact
except for a mild tendency to make intrusion errors.
Previous research has shown that formation of the
new item-item associations is critically dependent
on medial temporal structures, but learning verbal
information with high semantic structure (e.g., text)
is often intact or only mildly impaired in patients
with medial temporal pathology (Saling et al., 1993;
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Squire, 1992; Wood, Saling, O’Shea, Berkovic, &
Jackson, 2000).

It has to be noted that besides the focal lesion
in the hippocampus, TN also had a small lacunar
lesion in the left thalamus (in the ventral lateral
nucleus). Although the thalamus is a critical brain
structure in the mediation of different cognitive pro-
cesses, among them memory functions, the ventral
lateral nucleus of the thalamus is not supposed to
be involved in memory processes (Vallar, 1999).
All things considered, all of the above-mentioned
impairments can be attributed to the lesion of the
left hippocampus.

CONCLUSIONS

Our data have shown that lesion of the dominant
(left) hippocampus can lead to increased suscepti-
bility to retroactive interference and to a tendency
to make semantically related intrusion errors. These
phenomena were detectable while executing ver-
bal but not visuo-spatial memory tasks. Our data
support those new theories which propose that
one of the main roles of the hippocampus is to
decrease interference during the learning process.
Nevertheless, further research is required to learn
more about the exact nature of this function.

Consistent with previous findings, we also found
mild signs of deficits in the verbal memory pro-
cesses. Some of these difficulties disappeared four
months later. These mild and transitory symp-
toms did not cause any problems in TN’s activ-
ities of daily living. Mild memory problems can
be the only manifestation of strokes that are lim-
ited to the hippocampus. However, in some cases
there is not apparent clinical manifestation of
the memory impairment and only comprehensive
neuropsychological examination may reveal the
subtle deficits of the memory.
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