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Abstract

Background/Aims: Spatial memory can be impaired in amnestic mild cognitive impairment (aMCl). The present study inves-
tigates categorical spatial memory deficits using a virtual navigation-based reorientation task. Methods: Twenty-eight amnestic
single domain and 23 amnestic multiple domain patients were compared with 53 healthy elderly controls on the performance of
the virtual reorientation test (VReoT). Results: The reorientation performance of participants in both aMCI groups was signif-
icantly worse than that of controls suggesting that VReoT detects spatial memory deficits. No significant difference emerged
between the 2 groups of patients. A subsequent receiver—operating characteristic analysis showed that a score of 8 had a sensi-
tivity of 80.4% and a specificity of 94.3% (area under the curve = 0.90). Conclusion: The VReoT seemed to be accurate in
differentiating patients with aMCl from controls and may represent an evaluation supplement for spatial memory deficits in

prodromal stages of Alzheimer’s dementia.
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Introduction

Mild cognitive impairment (MCI) is known to be a transitional
stage of cognitive impairment between normal aging and early
dementia. The MCI cases range from 2% to 30% in normal
population and from 6% to 85% (with an average value of
40%) in clinical setting.! Following Petersen’s MCI classifica-
tion, it is possible to distinguish 4 subtypes, amnestic MCI sin-
gle domain ([aMClIsd]; memory impaired only), amnestic MCI
multiple domain ([aMCImd] memory impaired plus 1 or more
other cognitive domains), nonamnestic MCI single domain
([naMClsd]; impairment in 1 nonmemory domain), and
nonamnestic MCI multiple domain ([naMCImd]; impairment
in 2 or more nonmemory domains).>> These subtypes show
differences in clinical outcomes. Both aMClsd and aMCImd-
conditions are more likely to convert to Alzheimer’s disease
(AD), with remarkable differences in progression rates among
them. Non-aMCI conditions are instead more likely to convert
in other types of dementia, such as vascular dementia, fronto-
temporal dementia, or dementia with Lewy body.'

In individuals having MCI, the conversion to dementia is
often predicted by different cognitive impairments such as
mnemonic and executive dysfunction.*® Persons with MCI,

specifically aMCI, often show difficulties in spatial orientation
and in way-finding, such as learning unfamiliar routes and
remembering familiar ones, selecting and remembering land-
marks, inferring distances, and directions among locations
(topographical disorientation).”®

The interest on an accurate evaluation in spatial skills is
increasing also with the need to undertake interventions aimed
to support patients’ independence in orientation’'* and
improve the layout of dementia care units.'>'® Recent studies
have investigated spatial orientation and navigation deficits
in MCI, some of them adopting virtual reality as a profitable
methodology in the assessment process. This methodology has
a major advantage and offers practical and economic opportu-
nities to evaluate the spatial memory and cognition in clinical
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samples.”'7?° Hort and colleagues®' studied egocentric (ie,
adopting a self-based frame of reference®?) and allocentric
(ie, adopting an environment-based frame of reference®)
navigation in MCI subtypes: they used a virtual version of the
hidden goal task, a human analogue of the Morris water maze
task which required to process mainly coordinate (ie, defining
the euclidean properties of object position) than categorical
spatial relations (ie, capturing basic information such as
above/below, left/right).** They found that, in allocentric navi-
gation subtest, the performance of both aMCI groups was sig-
nificantly worse compared to that of the control group. Laczo
and colleagues® found largely similar results adopting the
same task in a real environment, with greater impairments of
aMCI groups in 3 subtests compared with the control group.
Consistently with previous findings, Irish and colleagues®
found that their everyday spatial tasks requiring navigation
(both mental and physical) dissociated MCI participants and
controls. Pengas and colleagues®® assessed topographical
memory in MCI, AD, semantic dementia, and control partici-
pants, using a Virtual Route Learning Test. Patients with AD
and MCI were significantly impaired in route learning perfor-
mance, while patients with semantic dementia and control parti-
cipants performed accurately. Similarly, Bird and colleagues,”’
adopting computer-generated landscapes, found an impaired
performance in topographical short-term memory and nonspatial
perception in aMCI and AD groups and an impaired nonspatial
short-term memory only in AD group.

It must be noted here that all the tasks described so far, and
specifically those based on Morris Water Maze paradigm, are
searching tasks of a target in a continuous space. Nonetheless,
there are also spatial memory tasks with a finite number of
possible positions for the target to assume, and they can be
valuably captured by simple spatial dichotomies such as
“left/right” and “near to/far from.” In the latter condition, the
encoding of spatial information requires less effort than the for-
mer one in which the target can assume, in principle, an infinite
number of positions.”*>° In addition, coordinate spatial rela-
tions rely more heavily than categorical ones on attention and
executive processes.’!

These issues have been previously addressed in a study by
Kessels and colleagues.”® They showed that the learning curves
of patients with MCI were similar (although overall less effi-
cient) than those of control participants on a spatial memory
task in which participants had to study and remember 10 com-
mon objects within 5 x 5 matrices (ie, with a finite number of
possible positions). By contrast, the learning curves of AD par-
ticipants were flat when compared with those of both MCI and
controls. This allowed to conclude that remembering objects
and their positions in space within a grid (thus within a limited
number of locations) is still plausible for people with MCI but
no longer for AD. To the best of our knowledge, there are no
studies that have specifically addressed the issue of memory for
objects within an empty square (ie, without grid or marked
positions) in people with MCI. In addition, there are no naviga-
tional studies with people showing cognitive decline, employ-
ing environments where searching tasks are strictly categorical.

The present study aims to fill this vacuum adopting the reorien-
tation paradigm,®*® which might constitute an evaluation sup-
plement in the assessment of spatial memory deficits in normal
and pathological aging.

The Reorientation Paradigm

People reorient themselves in an environment following 2
sources of information: (¢) geometric information consisting
of basic metric data (ie, the difference in length between the
walls of a room) and direction sense (the ability to distinguish
the left to the right with respect to the observer and among
objects) and (b) landmark information, which refers to distinc-
tive features of an environment (visual, auditory, haptic, and
olfactory cues).* Healthy individuals can rely flexibly on both
geometric and landmark information during the reorientation
process, in order to find a hidden target previously seen during
a learning phase. Several characteristics of the environment
affect reorientation strategies, such as shape (ie, rectangular,
square, and rhombic), size (small/large indoors, outdoor land-
scapes), visual characteristics of the landmark (shape, size,
color, and stability), and more importantly for the present
study, the relative position of the landmark with respect to the
target, that is, directly associated with the target (namely, posi-
tional landmark) or nondirectly associated with the target
(namely, directional target). The latter type of landmark—target
relationship can be clearly more demanding than the former,
also for young people controls.*> A common feature of reorien-
tation tasks is the discrete number of positions in which the tar-
get can be located. The target is usually placed in the corners of
the environment or in other noteworthy positions (eg, adjacent
to a landmark, on the center of a wall), which are usually
marked by a patch on the floor. Reorientation tasks, especially
in 3-demensional (3D) virtual version, have already been
demonstrated effective and consistent in discriminating men
and women and also in healthy young and old people.**"**
Knowledge about virtual reorientation tasks has recently been
further improved by Sutton et al,® which provided evidence for
differences in neural processing depending on whether a land-
mark was present or not.

The first aim of the present study was to describe and eval-
uate the virtual reorientation task ([VReoT] ie, a categorical
spatial task based on a cued recall procedure) in differentiating
elderly people with or without memory deficits. As described
above, VReoT was developed to test the role of single (ie,
landmark only and layout only) and conjoined spatial cues.
Moreover, it allows to evaluate the role of landmark and target
relationship. We expected that, at least, when landmark and tar-
get are directly associated with each other, the recovery of tar-
get position might be plausible and eventually spared in MCI
patients. A second aim was to find out which arrangement of
the tasks (or which shortest combination of them) could best
serve as a supplement of evaluation in differentiating between
healthy controls and MCI participants as well as between sub-
types of amnestic deficits in the prodrome of AD, recurring to
receiver—operating characteristic (ROC) analysis. Indeed, the
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unique functional magnetic resonance imaging study recording
neural network activation during VReoT>? demonstrated that
several areas within the medial temporal lobe showed increased
activation when a landmark was present. In contrast, reliance
on layout (ie, the shape of the environment) significantly
activated areas not related to medial temporal lobe, such as
prefrontal cortex and inferior temporal gyrus. Following these
suggestions, our expectation was that layout cue might be a
source of differentiation between aMClsd and aMCImd cases.

Methods

Participants

MCI participants recruitment. The MCI sample (N = 51) of the
present study was established by including outpatients demand-
ing for memory assessment (directly or referred from other
clinics, neurologists, and general practitioners) at the Memory
Clinic of the Department of Neuroscience and Sense Organs of
the University of Bari, Italy, a tertiary care referral center. In
the final sample, 13 patients and 8 other people were excluded
from further analysis following the consensus conference
criteria (see at the end of Diagnosis paragraph).

Healthy controls recruitment. In order to include cognitively
unimpaired controls, relatives or acquaintances of patients, as
well as volunteers from other sources, were invited to participate
in the study. The final sample size of healthy controls was 53.

Exclusion criteria. Preliminarily to the recruitment, candidates
were evaluated for the following exclusion criteria: evidence of
other neurological, psychiatric, systemic conditions or poten-
tially reversible causes of cognitive impairment that could
cause cognitive and functional impairments (eg, stroke, alco-
holism, medication, major depression, heart failure, renal or
hepatic dysfunction, and pulmonary disease), and vision loss.

Data were collected between February 2010 and June 2011.
All participants signed their informed consent prior to enrol-
ment in the present study. The review board of the institution
approved the study protocol, and the whole study was per-
formed in accordance with the Helsinki Declaration.

Clinical and Neuropsychological Assessment

Participants received a clinical evaluation and a standardized
neuropsychological battery. In particular, aMCI participants
were examined by neurologists, neuropsychologists, and clini-
cians specialized in aging cognitive disorders. Global cognitive
function was evaluated by the Mini-Mental State Examination.*’
Severity of dementia was assessed with the Clinical Dementia
Rating (CDR)*! and the 30-item Geriatric Depression Scale*?
was administered to rule out depressive symptomatology.
Verbal episodic memory was evaluated by the Short Story
Immediate and Delayed Recall Test,** and by the Rey Auditory
Verbal Learning Test.**** Nonverbal episodic memory was
evaluated by the delayed recall of the Rey-Osterrieth Complex
Figure Test.*® Short-term verbal and visuospatial working

memory were assessed by the Digit Span Forward, and by the
Corsi Block Tapping Test, respectively.*” Visuospatial func-
tion was checked by the copy of the Rey-Osterrieth Complex
Figure Test.*® Attention and psychomotor speed were investi-
gated by the Attentive Matrices,*® and by the Trail Making Test
A,*4 respectively. Language function and comprehension
were assessed by Boston Naming Test>® and by Token Test,
respectively.*® Executive function was evaluated by the
Semantic Word Fluency (animal naming),* the Phonological
Word Fluency,”' the Trail Making Test B,***’ the Frontal
assessment Battery,>* and the Clock Drawing Test.*® Evidence
of functional decline was based on the scores of the activities of
daily living (ADL)* and instrumental ADL,>* as reported by a
close relative or caregiver, and on the patient’s self-report.

Diagnosis

Consensus diagnosis was reached at expert multidisciplinary
conference, attended by the study physician, neuropsycholo-
gist, neurologist, and study coordinator. Diagnosis of MCI was
made according to Petersen’s” criteria: (1) subjective cognitive
complaint, preferably confirmed by an informant, (2) objective
impairments in the performance on the cognitive tests of
the assessment battery, at least greater than 1.5 standard devia-
tion below the scores of age- and education-matched normal
aged individuals, but not severe enough to reach dementia diag-
nosis, (3) preserved global cognitive function, (4) intact or min-
imal impairments in ADL, and (5) not demented.

According to the pattern of impairment on neuropsychologi-
cal evaluation, all patients with aMCI had memory deficits in at
least 2 episodic memory tests. In addition, participants classified
as aMCImd experienced deficits in at least 2 nonmemory tests
in one or more of the following cognitive domains: semantic,
language, visuospatial, and attention and executive functions.

A small number of naMCI participants (n = 7) met criteria
for executive function deficit as single domain (n = 3) or
together with deficits in other domains (n = 4) excluding mem-
ory. Another small group of participants (n = 6) met criteria for
probable dementia. Eight other people showed borderline
scores at or below the critical threshold in only 1 neuropsycho-
logical test. Data of these people were excluded by further anal-
ysis since the sample size of their clinical groups was too small
compared with that of the other groups or they were unable to
be considered as MCI participants. The final arrangement of
the study sample was as follows: 28 aMClsd, 23 aMCImd, and
53 healthy controls.

Apparatus and Materials

An extended description of the apparatus used in this study was
included elsewhere.***¢ Freeware software, the C-G Arena was
used.”®> A computer monitor (19 in wide) displayed an environ-
ment in a first-person perspective view. The environment had an
internal structure composed by a circular, invisible arena, in
which the participants could move and explore freely controlling
their movements with a joystick. Five kinds of environments
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were created, one for each subtest described below. The VReoT
is an instrument designed to evaluate reorientation performance
in people with cognitive impairment, following a procedure sim-
ilar to that employed in comparative studies with rats,’® with
children,””>® and with older adults.>”*® The VReoT is composed
of 5 subtests, each carrying a different combination of spatial
information: (1) layout only (a rectangular room with all white
walls), (2) layout and positional landmark (a rectangular room
with 3 white walls and 1 blue wall, landmark directly associated
with the target), (3) layout and directional landmark (a rectangu-
lar room with 3 white walls and 1 blue wall, landmark not
directly associated with the target), (4) positional landmark only
(a square room with 3 white walls and 1 blue wall, landmark
directly associated with the target), and (5) directional landmark
only (a square room with 3 white walls and 1 blue wall, land-
mark not directly associated with the target).

Procedure

Each participant entered the laboratory and sat on a chair in
front of a computer screen and a joystick. Then, participants
received standardized verbal instructions about how to move
within the space in each task (for a description of instructions,
see Bosco et al*?). A suitable training phase was designed. Prior
to the start of the experiment, all participants were requested to
gain experience with the desktop virtual environment in order
to reach an adequate level of confidence with the apparatus.
When participants felt comfortable with controlling their
movements through the environment, they were allowed to
start to the experimental session. A learning and a testing phase
were separated by a 2-second black screen interval. Partici-
pants entered the learning environment, which contained a yel-
low sphere placed in 1 corner and 4 black response patches
located on the floor. They faced randomly one of the 4 walls.
In this phase, participants were explicitly requested to look for
the yellow sphere and to remember the corner in which the
sphere was placed. When they felt comfortable with the task,
they gave a signal to the research assistant, who promptly
pressed the space bar and the software virtually brought the
participant into the testing environment. The participants’
facial position was randomly changed in order to interfere with
their egocentric frame of reference. Entering the testing room,
the participants could reorient and find the hidden sphere
adopting a cue-based strategy. The testing environment had the
same characteristics of the learning environment with the fol-
lowing exceptions: the sphere was replaced by a blue box and
3 identical boxes were located in other corners. Participants
were informed that the yellow sphere was hidden but not
moved from the original location and they were requested to
discover the box housing the sphere by reaching the response
patch corresponding to that box. If the participant chose the
correct corner, a subroutine of the software brought him in a
new testing environment, identical to the previous except for
the participant’s facial orientation, again randomly changed
by the software. The participant was then again asked to
find the target. If the participant chose the wrong corner, a

subroutine brought him in the learning room, and she or he was
asked to look again for the sphere and to learn its position,
remembering the corner in which the sphere was placed. Each
subtest ended when the participant chose the correct corner for
3 times consecutively. Once this criterion was reached, there
was a 2-minute break and then another subtest was presented.
A new subtest could begin if the participants had reached cri-
terion on the previous one or they had already spent all their
12 learning opportunities available for it. The dependent vari-
able was the number of repetitions of the learning phase needed
by the participant to reach the criterion.

Statistical Analysis

The data were analyzed using SPSS 16.0 statistical software.
We obtained demographic data (gender, age, and years of edu-
cation) and scores on screening instruments and VReoT. A
one-tailed value of P < .05 was determined to be statistically
significant. Pearson’s chi-square analysis was performed to
assess for differences in the distribution of gender and CDR
scores among different diagnostic groups. A series of univari-
ate analysis of variance (ANOVA) were carried out to compare
means from 3 diagnostic groups for demographic data, scores
on cognitive and neuropsychological tests used to establish a
diagnosis, and scores on VReoT. The confounding effects of
potentially disturbing variables, such as depression, were con-
trolled for by analysis of covariance (ANCOVA). Pairwise
comparisons were carried out with Scheffé post hoc tests.
Effect size estimates were reported by calculating partial eta-
squared for each significant effect. The diagnostic accuracy
and the optimal cutoff scores of the VReoT were assessed by
calculating the area under the ROC curve (AUC). Positive like-
lihood ratios were calculated from the sensitivity and specifi-
city values.

Results

Table 1 illustrates demographic characteristics, mean age/edu-
cation adjusted scores on the neuropsychological screening
tests, and statistical significance for comparisons between diag-
nostic groups. There were no significant differences of gender,
age, and years of education among the 3 groups. As expected,
the frequency of 0 and 0.5 in CDR scores are differently distrib-
uted across the 3 groups (P < .001). The comparisons between
the 2 MCI and control groups on Geriatric Depression Scale
were also significant. Further analysis was required in order
to control for this variable, potentially associated with poorer
performance. The average scores of neuropsychological mea-
sures for each group were compatible with Italian normative
data,*> 45493152 oyen though they were rather low; this result
was probably associated with the low level of education of the
study sample.

Two omnibus ANOVAs and 2 corresponding ANCOVAs
(controlling for scores on Geriatric Depression Scale) were
conducted on number of learning trials needed to correctly
reach the criterion of 3 consecutive correct responses (Table 2).
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Table |. Sociodemographic Characteristics of Participants, Mean Scores on the Neuropsychological Screening Tests and, According to
Diagnostic Groups, Statistical Tests for Their Differences.

aMClsd aMClmd Healthy Control aMCl aMClmd aMCl vs
(N = 28) (N =123) (N=53) vs HC vs HC aMClmd

Age, years 69.89 + 5.17 7391 + 472 68.06 + 5.96 NS NS NS
Gender (F/M) 17/11 15/8 29/24

Education, years 946 + 5.21 574 + 3 9.7 + 431 NS NS NS
CDR (0/0.5) 6/22 3/20 53/0

MMSE 26.15 + 2.03 25.35 + 3.23 28.19 + 1.88 <.001 <.001 NS
ADL 582 + 0.48 5.87 + 0.34 598 + 0.14 NS NS NS
IADL 7.77 + 0.59 7.74 + 0.69 794 + 0.23 NS NS NS
Geriatric Depression Scale 9.07 + 6 10.65 + 4.56 436 + 3.37 <.001 <.001 NS
Short Story Immediate Recall 596 + 3.46 4.7 + 201 12.55 + 5.65 <.001 <.001 NS
Short Story Delayed Recall 8.57 + 4.07 7 + 398 1491 + 4.17 <.001 <.001 NS
Rey’s |5 Words Immediate Recall 3121 £ 75 323 + 6.79 3991 £+ 6.27 <.001 <.001 NS
Rey’s |5 Words Delayed Recall 446 1+ 1.1 391 + 1.31 83 4+ 257 <.001 <.001 NS
Rey’s Complex Figure Delayed Recall 10.25 + 3.11 9.13 + 4.44 17.02 + 491 <.001 <.001 NS
Digit Span 4.89 + 0.83 4.65 + 0.78 542 + 1.0l NS <.001 NS
Corsi Block 4.54 + 0.88 5.04 + 0.82 579 + 5.26 NS NS NS
Rey’s Complex Figure Copy 29.75 + 2.98 26.39 + 84| 29.36 + 5.65 NS NS NS
Visual Search (Attentive Matrices) 4286 + 7.26 4152 4+ 6.16 47.11 4+ 12.46 NS NS NS
Trail Making Test A 63.11 + 24.03 119.57 + 63.02 55.04 + 22.43 NS <.001 <.001
Boston Naming Test 11575 + 3.35 116.13 + 3.45 115.62 + 14.19 NS NS NS
Token Test 3048 + 1.24 29.35 £+ 1.56 30.8 + 2.29 NS <.05 NS
Frontal Assessment Battery l6.11 + 1.69 13.7 + 1.33 16.13 + I.13 NS <.001 <.001
Phonological Word Fluency 28 + 8.66 29.17 + 8.23 3098 + 15.64 NS NS NS
Semantic Word Fluency 19.14 + 7.12 16.39 + 6.11 20.19 £+ 7.21 NS NS NS
Trail Making Test B 171.13 + 59.52 24226 + 70.28 148.37 + 50.17 NS <.05 <.05
Clock Drawing Test 8.77 + 1.28 6.26 + 2.85 9.1l +£ 1.7 NS <.001 <.001

Abbreviations: MCI, mild cognitive impairment; aMClsd, amnestic MCl single domain; aMClmd, amnestic MCI multiple domain; HC, healthy controls; CDR,

Clinical Dementia Rating; MMSE, Mini-Mental State Examination; ADL, activities

Table 2. Means and Standard Deviations of Number of Trials Needed
Participants.

of daily living; IADL, instrumental ADL; NS, not significant.

to Reach the Criterion for Each Environment and for Each Group of

aMClsd aMClimd Healthy Control Total
Mean + SD Mean + SD Mean + SD Mean + SD
Layout only 261 + 2.15 2.78 + 2.39 1.30 + 1.76 1.98 + 1.76
Layout + positional landmark 1.36 + 0.68 2.00 + 1.00 1.02 + 0.14 1.33 + 0.70
Layout + directional landmark 254 + 1.43 3.13 + 2.63 1.19 + 0.48 1.98 + 1.68
Positional landmark only 1.68 + 0.82 2.04 + 143 1.08 + 0.33 1.45 4+ 091
Directional landmark only 282 + 1.93 3.70 + 293 1.15 4+ 0.36 2.16 + 2.01

Abbreviations: aMClsd, amnestic MCl single domain; aMClmd, amnestic MCI multiple domain; SD, standard deviation.

According to the aims of the present study, only the main and
interaction effects related to the variable groups were reported.
Analysis 1 was performed to assess the difference in perfor-
mance among the 3 groups of participants in the rectangular
environment with all white walls (layout only condition). This
environment has a chance level of 0.5 for each trial (and a bino-
mial probability to reach the criterion of three consecutive cor-
rect responses of 0.125); consequently, it has to be analyzed
independently from the other environments showing a different
pattern of chance level probabilities. Analysis 2 was per-
formed on the other 4 environments. Independent variables
were groups as between-participants variable and shape
(rectangular and square) and landmark—target relationship

(positional and directional) as within-participants variables.
All these 4 environments have a chance level of 0.25 for
each trial (and a binomial probability to reach by chance the
criterion of 0.015).

Analysis |

The main effect of groups was significant (£ 191 = 9.47,
P < .001; np> = 0.16). Scores of Geriatric Depression Scale
showed to be different among the 3 groups. After control-
ling for level of depression, the main effect of groups was
still significant (F5 190 = 3.84, P < .05; np2 = 0.07). The
post hoc (Scheffé method) showed that both groups of aMCI
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Figure |. Mean number of trials needed to reach the criterion (stan-
dard deviations in bars) in positional and directional VReoT subtests, for
aMClsd, aMClmd, and HC. VReoT indicates virtual reorientation test;
MCI, mild cognitive impairment; aMClsd, amnestic MCl single domain;
aMClImd, amnestic MCI multiple domain; HC, healthy controls.

participants performed worse (both P < .01) than healthy
control (1.3 + 1.76). Nonetheless, difference between
them was not significant (aMClsd 2.61 + 2.15, aMCImd
2.78 £ 2.39).

Analysis 2

The main effect of groups was significant (£,,0; = 33.74,
P<.01; np2 = 0.40). The interaction between groups and land-
mark-target relationship was also significant (F5 ;01 = 8.67,
P <.001; np2 = 0.15). Again, an ANCOVA was performed to
control for the scores on the Geriatric Depression Scale. The
main effect of groups (F,190 = 20.66, P <.001; np2 =0.29) and
the interaction between groups and landmark/target relationship
(F2,100 = 3.61, P <.05; np2 = —0.07) were still significant. Post
hoc analysis of the main effect (Scheffé method) showed that
aMClsd (2.1 + 0.85) and aMCImd (2.72 + 0.81) differed (both
P < .01) by healthy controls (1.11 + 0.80). However, they did
not differ between them. Finally, as showed in Figure 1, healthy
control learned in a comparable way both positional and direc-
tional relationships. On the contrary, the aMCI groups appeared
much impaired when the relationship between landmark and tar-
get was directional rather than positional.

The ROC Curves

As described briefly in the closing part of the introductory para-
graph, one of the aims of the present study was to carry out an
initial evaluation of the diagnostic potential of VReoT both in
differentiating patients from healthy controls, as well as the 2
groups of MCI participants. A related aim was to determine the
best short version of VReoT. Table 3 shows AUC values for
VReoT total score and for the shortest best subtest arrange-
ments, between each diagnostic group versus controls and

between the 2 aMCI groups. A cutoff greater than 7 on the total
score proved to be the best threshold to discriminate both aMCI
patients and the 2 subgroups of aMClsd and aMCImd from
healthy controls, with sensitivity ranging from 78.6% to
82.6% and specificity equal to 94.3%. The AUC values for
VReoT total score between each diagnostic group versus
controls varied from 0.877 to 0.931 (P <.001). The AUC value
for the comparison between aMClsd and aMCImd was 0.609
(P >.1). Likelihood ratio values varied from 13.9 to 14.6. The
ROC curves are shown in Figure 2.

Discussion

Two groups with aMCI and single or multiple domain impair-
ment and a group of healthy controls were compared in a vir-
tual reorientation task. Following Kessels et al,”® our results
extended to a 3D navigation task the notion that a categorical
2-dimensional spatial task is suitable for patients with aMCI.
They generally reached the learning criteria largely within the
limit of 12 repetitions. Nonetheless, they were prevented to use
basic spatial cues with the same efficacy as healthy controls.
Our findings are consistent with those documenting that spatial
memory deficits in orientation/navigation task occur not only
in AD**®° but also in aMCI,**"*62 and also with the suggestion
that the assessment of orientation deficits might be useful in
monitoring the progression of the disease to AD.*"**** Qur
experimental procedure also evaluated the function of a land-
mark in both positional (directly associated with the target) and
directional (indirectly associated with the target) condition.
The interaction effect between the 2 types of landmark and the
groups showed that healthy controls can use both types effec-
tively. On the contrary, patients with aMCI failed significantly
more in the subtest characterized by directional landmark. This
result can be explained by theoretical models which point out
that the salience of a spatial cue might be proportional to its
associative strength: the more the landmark is contingent to the
target, the more it will be crucial for the retrieval of the target
itself.> The low associative strength of a landmark far from the
target seemed to be critical for aMCI participants, who could be
probably affected by an initial degenerative damage in the
medial temporal lobe structures.*

As shown by the ROC analysis, VReoT had a relevant
diagnostic function (in terms of sensitivity and specificity) for dif-
ferentiating between all aMCI, regardless of its subtypes, and
healthy controls. Unfortunately, the utility of VReoT was limited
in differentiating aMClsd from aMCImd. In particular, no evi-
dences emerged on the possible role of layout/geometry informa-
tion in such kind of distinction. Likelihood ratio values showed
that VReoT might significantly improve aMCI diagnostic pro-
cess. Indeed, for patients who have a positive result, positive Like-
lihood Ratio (LR+s) greater than 10 significantly increase the
probability of disease.®® In other terms, a score of 8 or higher is
about 14 times more likely to come from a patient with aMCI than
from a control participant. In order to evaluate the usefulness of
abbreviated forms of VReoT, operative characteristics were
calculated also on shortest best subtest arrangements. Although
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Table 3. Cutoff, Sensitivity, Specificity, Likelihood Ratio, Area Under Curve (AUC), Standard Error and Associated Probability for Both VReoT
Scores (ie, Sum of Scores of All Subtests), and the Shortest Best Subtest Arrangements (ie, knew that A = Layout Only, B = Layout and
Positional Landmark, C = Layout and Directional Landmark, D = Positional Landmark Only, E = Directional Landmark Only), for Each Group
Comparison. Z Scores and Associated Probabilities Were Calculated to Compare the AUCs for Each VReoT Score and the Shortest Best

Subtest Arrangements, Following Hanley and McNeil’s formula.>® z =

A—A

+/SE2+SEZ—2rSE, SE,

Cutoff  Sensibility, %  Specificity, % Likelihood ratio AUC SE P z P

aMCl vs HC VReoT score >7 80.4 94.3 14.2 0902 0.032 <.00l 0.81 NS
Sum of D and E >2 84.3 8l.1 4.5 0.883 0.035 <.001

aMClsd vs HC VReoT score >7 78.6 94.3 13.9 0.877 0.048 <.001 0.22 NS
Sum of D and E >2 82.1 8l.1 4.4 0.870 0.048 <.001

aMClmd vs HC VReoT score >7 82.6 94.3 14.6 0.931 0.038 <.001 1.10 NS
Sum of A, Cand E >5 78.3 86.8 5.9 0.907 0.041 <.001

aMCImd vs aMCIsd VReoT score >7 82.6 21.4 1.0 0.609 0.081 NS —1.12 NS
Sum of Band D >3 78.3 429 1.4 0.700 0.075 <.05

Abbreviations: aMCl, amnestic mild cognitive impairment; aMClsd, amnestic MCI single domain; aMClmd, amnestic MCI multiple domain; SE, standard error;
AUC, area under the curve; HC, healthy control; VReoT, virtual reorientation test.
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Figure 2. The ROC analysis for VReoT: comparisons between the
diagnostic groups and the healthy controls group and between the 2
diagnostic groups. ROC indicates receiver-operator characteristics;
VReoT, virtual reorientation test.

AUC:s for the abbreviated forms did not differ significantly from
AUC:s for the full forms for each group comparison, there was a
considerable loss in specificity, and consequently, a significant
lowering of likelihood ratios. These considerations led to con-
clude that administration of the full form of VReoT is always pre-
ferable to any other of the shortest forms. Such forms failed to
provide appropriate diagnostic outcomes, although more eco-
nomical in terms of fatigue for the patient and time commitment
for the clinician.

This study has some critical points. First, the recruitment of
MCI participants took place in a tertiary care referral center.
These patients are typically more symptomatic and impaired
than those recruited from the community, and the distribution
of cognitive impairment in clinical population may differ from

that in the community. Moreover, our sample of patients
showed a level of depression higher than that showed by our
healthy controls. This difference was statistically controlled
by the ANCOVA that has attenuated the effects of group mem-
bership without eliminating them. This result is compatible
with the data reported by Doniger et al,” which showed that
a computerized battery for the detection of MCI and mild
dementia were marginally affected by higher levels of depres-
sion in patients than in controls. Second, there were small num-
bers of cases in the 2 aMCI subgroups, and this may have led to
some inaccuracies (under- or overestimation) in the calcula-
tions of operating characteristics of the test.

Further studies are required in order to extend the investiga-
tion to a community-based sample®® and to calculate positive
and negative predictive values, using the prevalence of MCI
from the general population.®” Moreover, adding a group of
naMCI and a group of AD would lead to a better understanding
of spatial orientation deficits, also in those patients showing
impairment in cognitive domains other than memory and in
patients with an advanced stage of cognitive decline, respec-
tively. Finally, it would be interesting to introduce a 10 minutes
delayed task to compare performance in the retrieving and in
the maintenance of spatial memory cues.

In conclusion, the VReoT presented here showed to be
an easy-to-use tool recurring to very basic spatial informa-
tion; it evaluated spatial orientation and navigation abilities
emphasizing the use of categorical spatial relations (ie,
right/left to, near to/far from) and minimizing the contribu-
tion of coordinate spatial relations (ie, euclidean distance
from a target), as mainly assessed by previous works.?!:¢!-7°
The failure of patients with aMCI in retaining spatial infor-
mation, in a very simple reorientation task, may suggest that
episodic categorical (nonverbal) spatial memory evaluated
by VReoT could be eligible as an additional measure charac-
terizing aMCI decline. It could be used to supplement current
standard clinical protocols'” usually characterized by exten-
sive evaluation of verbal memory and by tasks strongly
mediated by language.
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