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Abstract: The DMS48 is a visual recognition memory test designed to detect the
memory changes that occur in early Alzheimer disease (AD). Group studies
indicate that pat ients with amnestic mild cognit ive impairment (aM CI) are
impaired on this task. However, within the aMCI group, some patients have normal
performance on the DM S48 while others are impaired (about 80% of aM CIs
subjects). We conducted a series of neuroimaging experiments, which included
SPECT and Voxel Based Morphometry studies. We showed that aMCI patients
wi th normal performance on the DM S48 exhibi ted decreased uptake of the
radioactive tracer and gray volume loss in the frontal lobes. In contrast, in the
group of aMCI patients failing on the DMS48, these abnormalities were present in
the medial temporal lobe and the temporo-parietal regions, as observed in early AD.
These studies suggest that evaluation of recognition memory could be useful to
discriminate aMCI patients at high risk for AD. In addition, they provide evidence
that the syndrome of aM CI includes pat ients with dist inct memory defici ts
corresponding to distinct patterns of brain dysfunction, and probably to different
diseases.   

Over the past years, the diagnosis of early AlzheimerÕs disease (AD) has
become the focus of intensive research, as curative treatment may soon
become available. The rationale of such an intensive effort relies on the idea
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that AD, at the earl iest phase of the disease, is characterized by l imited
clinical deficits and circumscribed pathology. Diagnostic tools currently
under evaluation for early AD include biomarkers, such as genetic risk
factors and stigmata of A D pathology in ci rculating f luids, metabol ic
neuroimaging studies (SPECT, TEP, magnetic resonance specroscopy),
along with structural (volumetric) and functional MRI. Although promising,
none of  these techni ques has proven to be concl usi ve and  cur rent
identification of patients at risk for AD still relies principally upon clinical
evaluation. Consequently, neuropsychological  assessment remains the
primary tool used to diagnose AD. The use of neuropsychological batteries,
and in particular those assessing memory functions, has been recommended
by the qual i ty  standard subcommi t tee of  the A mer ican A cademy of
Neurology.

Various procedures can be used to assess memory functions. However,
the clinical relevance of these procedures has often to be established. Here,
we present a series of argument that support the view that the DMS 48, a
test of visual recognition memory derived from the Delayed Matching to
Sample paradigm, can be useful for the diagnosis of early AD.

The major neuropathological hallmarks of AD consist of neuritic plaques
and neurofibrillary tangles (NFT). A lthough the neuropathological criteria
that remain in use for the diagnosis of AD are based on the distribution of
neuritic plaques, clinical symptoms have been shown to correlate with the
regional  distr ibution of N FT. N FT develop according to a hierarchical
spatio-temporal  pattern of progression, w hich is highly simi lar across
patients (Braak and Braak, 1991). In stage I, NFT initial ly develop in the
transentorhinal cortex, an intermediary region between the perirhinal cortex
and the entorhinal cortex. In stage II, NFT spread medially to the entorhinal
cortex. The subsequent stages (I I I  and IV) are character ized by severe
destruction of the perirhinal and entorhinal cortices and by gradual damage
to the hippocampal formation. In the later stages (V and VI) the pathological
process has severely involved the hippocampus and has progressed to the
isocortex. This pattern of NFT development has been estimated to account
for about 85% of all AD cases. In the remaining cases, the distribution of
lesion is atypical, beginning in the posterior parietal or temporal regions.
N FT may develop several  decades before the expression of  cl i ni cal
symptoms. However several studies have suggested that subtle cognitive
deficits can be observed as early as in stage II, and maybe in stage I.

Studies in monkeys have show n that lesions of  the per i rhinal  and
entorhinal  cor tex resul t  in severely  impai red per formance on v isual
recogni t ion memory tasks (M eunier  et al ., 1993), w hi le hippocampal
damage does not significantly impair performance. The crucial role of the
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perirhinal cortex in visual recognition memory is also compatible with data
collected in human case studies (see Barbeau et al., 2005). Based on these
stud ies, w e hypothesized that  pat ients w i th ear l y  A D should  show
impaired visual recognition memory.

We developed a test of visual recognition memory that we called the
DMS48. The DMS48 is based on the classic delayed matching to-sample task
used in nonhuman primates, in which monkeys have to choose between a
target and a distractor during the recognition phase. In the DMS48, stimuli
consist of colored draw ings. During the encoding phase, all subjects are
asked to consecutively look at 48 pictures and to say whether each contain
more or less than three colors. After a 2-min interfering task, the 48 pictures
(targets) have to be recognized and differentiated from a first set of 48
distractors (Set 1). Each target is shown simultaneously w ith a distractor,
presented in equal proportion on either the left or the right side of the sheet,
and the subject is asked to identify the target, if necessary using forced-
choice recognition. With no prior warning, a second recognition task is
conducted one hour later with a different set of distractors (Set 2). Half of
the targets are displaced from the left to the right side of the sheet between
Set 1 and 2. In this paper, results are discussed in reference to Set 2, as we
are mainly interested in studying delayed recognition.

In a preliminary study, all patients with mild and moderate probable AD
were impaired on the DMS48, whereas patients w ith Parkinson disease
(PD) performed near the level of control subjects (Barbeau et al., 2004). The
DMS48 was also submitted to a group of subjects meeting the criteria for
amnestic Mild Cognitive Impairment (aMCI) according to  Petersen et al.,
1999. Briefly, aMCI was defined by the presence of memory complaints, an
isolated memory impairment on testing and normal activ i t ies of dai ly
living. Memory functions were assessed using the Free and Cued Selective
Reminding test (an impairment was defined by a FCSR score of at least 1.5
SD below the mean of control subjects on the free delayed recall). Patients
w ith aMCI were found to be impaired on the DMS48, their performance
being intermediate between that of control subjects and patients with mild
AD. However, a large dispersion was observed in the aMCI group: some
patients scored below controls on the task (78% of the patients), whereas the
others succeeded. This l ead us to suggest  that  at  l east  tw o d i st i nct
mechanisms were responsible for the objective memory impairment of
aM CI  pat i ents. M ore speci f i cal l y , w e hypothesi zed  that  memory
dysfunction of aMCI patients with normal scores on the DMS48 could result
from frontal or subcorticofrontal dysfunction that affects recal l  but not
recognition, whereas impaired performance on this task could be related to
lesions of the medial temporal lobes affecting storage due to AD.

These predictions were evaluated in a subsequent study using 99mTc-
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ECD SPECT. Distinct patterns of cerebral hypoperfusion were found when
comparing the two subgroups of aMCI patients w ith normal or impaired
performance on the DMS48 (Guedj et al., 2006). aMCI patients with normal
performance on the DMS48 showed relative left prefrontal hypoperfusion
and no perfusion defect in the temporal or parietal  lobes (Figure). This
contrasted w i th bi lateral  hypoper fusion of  the medial  temporal  lobe
(including perirhinal and entorhinal cortices) and of the posterior cingular
and temporoparietal cortices observed in the aMCI subgroup with impaired
visual recognition memory. This latter pattern of perfusion was very similar
to what is usually observed in early AD. Importantly, the difference of brain
perfusion observed between the two aMCI groups could not be explained
by a difference in severity of cognitive decline, as mean MMSE scores and
age did not differ.

Figure 1
Patterns of cerebral hypoperfusion of patients succeeding or failing on the DMS48

In a second study, the pattern of gray matter (GM) loss between both
subgroups w i th normal  or  impai red per formance on the DM S48 w as
compared  using Voxel -Based M orphometry  (VBM ) (Barbeau et  al .,
unpublished data). VBM allows the automatic analysis of the entire cortex
with no a priori hypothesis about the sites of GM loss. aMCI patients with
normal  per formance on the DM S48 show ed  gray  mat ter  l oss that
predominated in the frontal lobes. In contrast, aMCI patients with impaired
performance on the DMS48 exhibited gray matter loss that predominated in
the right medial temporal lobe (including the entorhinal cortex) and the
bilateral temporo-parietal regions. Entorhinal atrophy is considered as a
good predictor for further conversion to AD. In addition, VBM  studies
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per formed  i n moderate A D usual l y  show  a l oss of  GM  l oss that
predominates in poster ior regions including the insula, temporal  and
parietal lobes, and no or little GM loss in the frontal lobe. The pattern of GM
loss observed in aMCI patients failing on the DMS48, which predominates
in medial temporal lobe and posterior areas, is thus again very similar to
that observed in probable AD.

These two neuroimaging studies bring strong arguments supporting the
hypothesis that aMCI patients failing on the DMS48 display abnormalities
of the medial temporal lobe, and in particular of anterior subhippocampal
structures (the perirhinal and entorhinal cortices). A lthough longitudinal
follow-up of these patients is still under process, these data clearly indicate
that the subgroup of  aM CI pat ients fai l ing on the DM S48 should be
considered at very high risk to further develop a dementia of the AD type.
In addition, these studies bring further evidence that the syndrome of aMCI
includes patients w ith distinct memory deficits corresponding to distinct
patterns of brain dysfunction, and probably to several underlying diseases. 

Acknowledgement: Supported by AP-HM PHRC 2001/ 54. The DMS48, a test
designed for research purposes, can be dow nloaded at the fol low ing address:
ht tp :/ / w w w .sf -neuro.org (Greco f i l e; compulsory  f ree regi st rat i on), or  at
http://www.cerco.ups-tlse.fr/~DMS48
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