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Abstract

We investigated whether MCI patients with hippocampal atrophy or multiple subcortical infarcts demonstrate
neuropsychological patterns and markers considered typical of Alzheimer’s disease (AD) and of vascular dementia
(VD), respectively. An extensive neuropsychological battery, including tests of memory, visual-spatial and executive
functions, language, attention, praxis and psychomotor speed, was administered to 36 mild cognitive impairment
(MCI) patients with hippocampal atrophy and 41 MCI patients with multiple subcortical infarcts. Both groups of
MCI patients were very mildly impaired and well matched in terms of MMSE scores. A clear, disproportionately
severe, episodic memory disorder was observed in MCI patients with hippocampal atrophy. A less specific
neuropsychological profile, consisting of impairment on an Action Naming task that is sensitive to frontal lobe
lesions, was observed in MCI patients with multiple subcortical infarcts. In MCI patients, a disproportionately
severe episodic memory impairment strongly points to an Alzheimer’s type brain pathology, whereas the prevalence
of executive deficits and other frontal lobe symptoms are a much weaker diagnostic marker of small vessel

subcortical disease. (JINS, 2008, 14, 611-619.)
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INTRODUCTION

The term Mild Cognitive Impairment (MCI) is used to iden-
tify nondemented patients who have an increased risk of
developing a dementia of the Alzheimer’s type (DAT). The
defining features of the MCI are the presence of subjective
memory complaints and objective memory impairment, the
absence of obvious impairment in other cognitive domains,
the absence of deficits in daily living activities, and an
absence of dementia (Dubois & Albert, 2004; Petersen et al.,
1999; Ritchie & Touchon, 2000). Studies conducted to date
have shown that MCI patients are at increased risk of devel-
oping DAT, although the nature of this risk is very different
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from study to study as a function of clinical, neuroradiolog-
ical, and neuropsychological variables (e.g., Nordlund et al.,
2005; Ritchie & Touchon, 2000; Shah et al., 2000). To
improve the validity of the MCI construct, Petersen et al.
(2001) have tried to differentiate various neuropsychologi-
cal subtypes of MCI, distinguishing “amnestic MCI,” from
“multiple cognitive domain MCI” and “single nonmemory
domain MCI”). In line with this distinction, Petersen et al.
(2001) and Dubois and Albert (2004) have shown that the
“amnestic” type shows the highest accuracy in predicting
progression toward DAT. Furthermore, Petersen et al. (2001)
have hypothesized that “multiple domain MCI” is most likely
to progress to vascular dementia (VD). However, Lopez
et al. (2005) maintained that this classification of MCI
patients does not capture the nature of the underlying pathol-
ogy. Supporting this argument, Nordlund et al. (2005)
claimed that very few subjects have isolated memory impair-
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ment and Rasquin et al. (2005) demonstrated that the “mul-
tiple domain MCI” subtype is predictive of later development
of both DAT and VD.

Some authors have investigated whether MCI patients with
different clinical presentations have different patterns of
neuropsychological impairment and tend to evolve toward
different types of dementia. In particular, these studies at-
tempted to clarify whether MCI patients showing high risk
factors for cerebrovascular diseases have a different pattern
of neuropsychological impairment from that of MCI patients
with no evidence of vascular risk factors. This line of research
followed from the observations that, according to some
authors, there are differences between the neuropsycholog-
ical patterns of DAT patients and those of patients with VD
resulting from small-vessel disease. The former consistently
show a predominance of episodic memory disorders (Gain-
ottietal., 1989,2001; Grahametal., 2004; Ingles et al., 2007,
Looi & Sachdev, 1999; Matsudaetal., 1998; Mendez & Ashla-
Mendez, 1991), whereas the latter appear to show a preva-
lence of executive dysfunction (Desmond, 2004; Jokinen et al.,
2005; Kertesz & Clydesdale, 1994; Kramer et al., 2002; Looi
& Sachdev, 1999; Padovani et al., 1995). Furthermore, psy-
chomotor retardation, considered to be a prominent conse-
quence of stroke (Ballard et al., 2003; Rasquin et al., 2004)
is also found in small-vessel subcortical dementia (Gainotti
et al., 2001), in vascular cognitive impairment (Desmond,
2004) and in association with recognized risk factors for vas-
cular dementia, such as white matter hyperintensities (Joki-
nen et al., 2005). A further difference between DAT and VD
could include phonological and semantic fluency, because
some authors (e.g., Canning et al., 2004; Jones et al., 2006),
but not others (e.g., Benthametal., 1997; Crossley et al., 1997)
have found a greater semantic fluency impairment in DAT
patients and a greater phonological fluency impairment in
VD patients. On the basis of these findings, it should be log-
ical to expect that different neuropsychological patterns would
emerge during the preclinical stages of DAT and VD, respec-
tively. However, the neuropsychological differentiation of
DAT from VD is not endorsed by all authors. Almkvist et al.
(1993), Meyeretal. (2002) and Laukka et al. (2004) observed,
for instance, a similar pattern of cognitive deficits in the pre-
clinical phases of VD and DAT patients. In addition, Reed
et al. (2007) recently reported that in patients with autopsy-
defined DAT and cerebrovascular disease, respectively, exec-
utive impairment is not a useful diagnostic marker for VD.
These observations suggest that ischemic factors may play
animportantrole in the pathophysiology of both vascular and
degenerative dementia (see de la Torre, 2004a,b for recent
reviews). This ischemic hypothesis is, however, at variance
with several studies, most notably the “Nun study” (Snow-
donetal., 1997). This study showed that the presence of sev-
eral subcortical infarcts does not increase the number of senile
plaques or neurofibrillary tangles, suggesting that a chronic
brain hypoperfusion is not a main determinant of these lesions.

In this study, we were interested in investigating the pre-
dictive accuracy of patterns of neuropsychological impair-
ment, as well as other visual-spatial or episodic memory
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markers of dementia that have previously demonstrated good
accuracy in distinguishing DAT from VD patients (Gainotti
et al., 1992) or DAT from other forms of dementia (Gainotti
et al., 1998). Therefore, the aim of our study was to evalu-
ate whether different neuropsychological patterns and mark-
ers of dementia are apparent in patients with MCI resulting
from multiple subcortical infarcts or from hippocampal atro-
phy, respectively. We advanced the following predictions:
MCT patients with hippocampal atrophy (preclinical DAT)
should show a predominance of episodic memory disor-
ders, whereas MCI patients with multiple subcortical infarcts
resulting from small-vessel disease (preclinical VD) should
show significant executive dysfunction and other deficits
related to frontal lobe damage, as well as psychomotor retar-
dation. Furthermore, semantic fluency tasks should be more
impaired in patients with preclinical DAT (hippocampal atro-
phy), whereas phonological fluency tasks should be more
impaired in patients with preclinical VD (multiple subcor-
tical infarcts). Finally, neuropsychological markers of demen-
tia should be able to differentiate MCI patients with multiple
subcortical infarcts from those with hippocampal atrophy.

MATERIAL AND METHODS

Patients

Over a 5-year period, approximately 500 patients were
referred to our Neuropsychology Service for the onset of a
mental deterioration. From this larger patient sample, we
selected 104 patients who satisfied MCI criteria (see below)
and who could be considered as preclinical DAT or preclin-
ical VD on the basis of the brain MRIL.

Criteria used to identify MCI patients

The clinical criteria suggested by Petersen et al. (1999)
were used to identify amnestic MCI patients. These criteria
included (1) the presence of subjective memory complaints
and objective memory impairment, (2) the absence of impair-
ment in other cognitive domains, and (3) the absence of
impairments in activities of daily living. Subjective mem-
ory complaints (documenting some form of awareness of
the memory deficit) were expected to be confirmed by neuro-
psychological data. Specifically, at least two scores below
cutoff points established for episodic long-term memory
tasks (see the neuropsychological battery section) were
required to identify objective memory impairment. Other
cognitive domains were considered to be impaired only if
they had been recognized by patients or by their relatives.
Therefore, patients and their relatives were systematically
asked whether the patient showed disturbances of language
or of judgment, disorders of spatial orientation or difficul-
ties in recognizing objects or persons. The diagnosis of MCI
was made only if patients and their caregivers reported an
absence of disturbance in these cognitive domains. The
absence of functional impairment was systematically doc-
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umented by reviewing ability to perform various daily liv-
ing activities (ADL).

MRI criteria used to identify MCI patients with
multiple subcortical infarcts or with
hippocampal atrophy

All MCT patients underwent an MRI study in which two
main criteria, namely: (1) the presence of subcortical brain
infarcts less than 2 cm in size and (2) some degree of hip-
pocampal atrophy, documented with hippocampal volume-
try, were taken into account. Hippocampal volumetry was
evaluated by means of the segmentation protocol proposed
by Pruessner et al. (2000) in a study conducted on 40 nor-
mal adults. This method is based on a manual segmentation
of the hippocampus and on the use of a three-dimensional
software that allows simultaneous analysis of sagittal, coro-
nal and horizontal images. The pulse sequence used in the
study was the basic sequence of the Siemens (MPRAGE),
with acquisition parameters optimized to obtain a good
GM/WM contrast and focused on the hippocampal struc-
ture. The images were analyzed in stereotactic space.

Because subjects studied by Pruessner et al. (2000) were
younger than our patients, and hippocampal volume de-
creases with advancing age in healthy adults, we adopted
the cutoff points derived by a recent study of Lupien et al.
(2007). In this study, several age ranges were considered.
The values of 2860 mm? and 2240 mm?, corresponding
respectively to the mean volumetric values minus two stan-
dard deviations for the age ranges of 60-75 and 76-85
were taken as cutoff points for the corresponding age groups
of MCI patients.

We thought that, because we did not have a control group
of normal elderly adults in our study, the most appropriate
cutoff points would be 2 SD below the mean volumetric
values of normal adults of corresponding age identified by
Lupien et al. (2007).

On the other hand, MCI patients with subcortical infarcts
were identified using a criterion similar to that adopted in a
previous personal work on subcortical vascular dementia
(Gainotti et al., 2004). MCI patients were included in this
group if they presented three or more small subcortical
infarcts or two small infarcts and periventricular white mat-
ter hyperintensities. The presence of periventricular white
matter hyperintensities alone was not considered as a suf-
ficient criterion to be included in the study, even if white
matter hyperintensities are often associated with risk fac-
tors for vascular disease (Breteler et al., 1994; Longstreth
et al., 1996). Patients with both hippocampal atrophy and
subcortical infarcts were excluded from the study. On the
basis of these strict MRI criteria, 41 MCI patients were
included in the group with small subcortical infarcts (“vas-
cular” group), 36 in the group with hippocampal atrophy
(“atrophic” group), and 27 were excluded because they
showed both vascular and atrophic lesions. A group of 65
normal controls, matched to MCI patients on age and edu-
cational level, were also included in the study. Both MCI
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patients and normal controls were administered the MMSE
and an extensive neuropsychological test battery, that can
be considered to be an extended version of the Mental Deteri-
oration Battery (Carlesimo et al., 1996). Data included in
this manuscript were obtained in compliance with regula-
tions of our ethics review committees, in accordance with
the principles outlined in the Helsinki Declaration.

The Neuropsychological Battery

The neuropsychological battery was based on tests of epi-
sodic long-term verbal memory [Rey Auditory Verbal Learn-
ing Test (RAVLT): immediate (IR) and delayed recall (DR)
and delayed recognition], (Rey, 1958), long-term visual-
spatial memory [Rey-Osterreith Complex Figure delayed
reproduction (ROCFR)] (Lezak, 1995), immediate verbal
and visual-spatial memory (Digit and Spatial Span), limb
and oral praxis, constructional praxis (Rey-Osterreith Com-
plex Figure copy (ROCFC) and drawing designs with and
without landmarks), phonological and semantic/categorical
verbal fluency, and the Raven’s Standard Progressive Matri-
ces (Raven, 1949), considered as a visual deductive reason-
ing task. Subjects were also given a group of tests sensitive
to frontal lobe lesions, including a demanding attentional
task (Multiple Features Targets Cancellation/MFTC) (Gain-
otti et al., 2001), a test of temporal rule induction (Villa
et al., 1990) and the Stroop interference test (Perret, 1974),
each of which explores various facets of executive func-
tions. In the MFTC, the patient is presented with an array of
80 small squares, each containing two variously oriented
lines, and is asked to cancel as quickly as possible each of
the 13 items that match a model placed immediately above
the array, whereas in the “Temporal rule induction” the
patient is asked to identify and predict the rule according to
which binary sequences of red and blue tokens are pre-
sented. A further task, aiming to contrast relative impair-
ments of the frontal and temporal lobes consisted of a naming
task based both on objects and actions (Miceli et al., 1994).
In this task, the patient must name 30 drawings represent-
ing high frequency words (cigarette, radio, monkey, etc.)
and 28 drawings representing simple actions (to run, to kiss,
to cut, etc.), producing nouns and verbs, respectively. Cappa
etal. (1998) demonstrated that frontal lobe dementia patients
are more impaired naming actions than objects, whereas
DAT patients show the opposite pattern of impairment. Sim-
ilar results, namely a greater impairment in the generation
of verbs than in the generation of nouns, have been obtained
by Peran et al. (2003, 2004) in patients with “subcortical”
forms of dementia (Huntington’s disease and Parkinson’s
disease).

Timed tasks, namely phonological (PhF) and categorical
verbal (CF) fluency tasks, the lines cancellation (LC) test
(Albert, 1973), the Multiple Features Targets Cancellation
(MFTC) task and the naming time of the Stroop interfer-
ence test were used to evaluate psychomotor speed. In addi-
tion to the scores obtained on the various tasks of the battery,
we also took into account a certain number of neuropsycho-
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logical markers, obtained on the Raven’s Matrices, and on
drawing designs with and without landmarks and in the
RAVLT, that had demonstrated ability to distinguish DAT
patients from VD patients and from persons with other forms
of dementia (Gainotti et al., 1992, 1998). These markers are
(1) the “closing-in” phenomenon on drawing tasks; (2) the
tendency to give globalistic or “odd” responses on the
Raven’s Matrices; (3) the serial position effects (primacy,
recency, and recency/primacy ratio) on the immediate recall
trials of the RAVLT; (4) the decay of memory traces (abso-
lute memory decay and saving score index) on the Delayed
Recall of the RAVLT; (5) the number of false alarms on
delayed recognition of the RAVLT. Scores obtained in the
various tests and on the putative “neuropsychological mark-
ers” of dementia were used to evaluate whether vascular
and degenerative forms of MCI can be distinguished on the
basis of neuropsychological criteria.

Table 1 reports the main demographic (age, educational
level, and gender) characteristics and the mean MMSE val-
ues of vascular and atrophic MCI patients and of normal
controls.

No difference was found between normal controls and
vascular or atrophic MCI patients with respect to demo-
graphic characteristics. The MMSE values of MCI patients
were, as expected, only mildly impaired (though signifi-
cantly worse than those obtained by normal controls) and
were not significantly different in vascular and atrophic
forms of MCI.

Statistics

Data were analyzed using multiple one-way ANOVAs, with
the groups representing the independent variable and the
neuropsychological variables constituting the neuropsycho-
logical tasks. Post hoc comparisons were carried out by
means of multiple “Tukey tests for unequal sample size”.
Because a large number of variables was analyzed, Bonfer-
roni correction for multiple comparisons was performed
and a per-comparison « level of p = .002 was considered as
significant. Frequency distributions of pathological scores
and markers among MCI groups were analyzed by y? with
Yates correction.

G. Gainotti et al.
RESULTS

Patterns of Neuropsychological Impairment

To evaluate the patterns of neuropsychological impairment
shown by atrophic and vascular forms of MCI, we com-
pared mean scores obtained on the neuropsychological tests
by normal controls and the two MCI patient categories, and
we identified the frequency of pathological performance
obtained on these tests by each MCI group.

Mean scores obtained by normal controls and
vascular or atrophic MCI patients on the
various tests of the Neuropsychological Battery

Table 2 reports the mean scores obtained by patients with
vascular and atrophic forms of MCI and by normal controls
on the neuropsychological tests, as well as the time taken to
perform the timed tests.

Consistent with the MMSE data, results reported in Table 2
show that the severity of cognitive impairment of our vascu-
lar and atrophic MCI patients was quite mild overall, because
most test scores were not significantly worse than those
obtained by normal controls. As a group, MCI patients were
more impaired than controls on episodic memory, naming,
and time-dependent attentional tasks. Furthermore, when a
comparison was made between atrophic and vascular MCI
patients, the former group was strikingly more impaired on
episodic memory tasks, and particularly on verbal (RAVLT)
and visual-spatial (ROCFR) measures of delayed recall. In
addition, atrophic MCI patients were marginally more
impaired than the vascular patients with respect to the num-
ber of false alarms shown on the MFTC. On the other hand,
vascular MCI patients were significantly more impaired only
on a test sensitive to left frontal lesions, namely the “Action
Naming” task. On some complex timed tests (namely MFCT —
time and Stroop test — Interference time), both vascular and
atrophic MCI patients were slower than normal controls, but
not significantly different from each-other. Even if it is pos-
sible that different mechanisms could account for the slow-
ing shown by vascular and atrophic forms of MCI, the time
taken to perform the MFTC and the Stroop tests did not dis-
tinguish vascular from atrophic forms of MCI.

Table 1. Demographic and MMSE comparisons among control subjects and vascular and

atrophic MCI

Atrophic MCI Vascular MCI Controls
(n:36) (N: 41) (n:65)
Mean (SD) Mean (SD) Mean (SD) p level
Age 71.20 (6.07) 71.65 (5.9) 70.98 (3.98) .37
Educational level 9.61 (4.8) 8.7 (4.44) 9.32 (4.12) .66
MMSE 25.66 (2.47) 26.58 (1.65) 28.29 (1.07) <.001
Gender (M/F) 18/18 26/17 37/28 n.s.
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Table 2. One-way ANOVA comparisons between vascular and atrophic MCI and Normal controls

Atrophic MCI Vascular MCI Controls
Mean (SD) Mean (SD) Mean (SD) p level*
RAVLT IR. 25.61 (6.1) = 28.4 (7.15) < 37.29 (8.1) .000
RAVLT DR 1.86 (2.49) < 4.58 (2.31) < 8.26 (2.65) .000
RAVLT Recogn.—Hits 9.97 (3.9) = 10.41 (3.33) < 12.59 (1.95) .000
RAVLT Recogn.—False alarms 5.27 (5.53) = 3.26 (5.67) < .83 (.96) .000
RAVLT Recog.—Accuracy 74.5 (12.01) = 79.26 (16.9) < 90.61 (6.98) .000
ROCFR-recall 4.17 (4.36) < 9.78 (4.71) = 11.24 (8.78) .000
Immediate Visual Memory 17.62 (3.79) = 18.40 (1.75) = 18.81 (2.77) 13
Span—forward 5.17 (0.90) 5.05 (1.04) = 5.38 (1.28) 31
Span—backward 3.38 (0.86) = 3.32 (0.81) = 3.92 (1.04) .01
LC-hits 57.7 (3.0) = 59.64 (0.54) = 59.91 (.29) .09
LC-time 62.36 (28.7) 59.60 (37.6) > 44.65 (13.2) .001
MFTC-Hits 11.074 (2.13) = 10.43 (2.50) < 11.55 (1.58) .02
MFTC-False alarms 2.5(.7) > .87 (2.22) = 55(91) .01
MFTC-Accuracy 90.60 (9.08) = 89.49 (9.8) < 94.0 (6.3) .01
MFETC-Time 102.9 (43.9) 102.7 (46.68) > 80.12 (33.8) .002
Praxis—Limb 19.1 (2.14) 19.4 (.78) = 19.5 (.84) .07
Praxis—Oral 18.7 (1.98) = 19.3 (1.30) = 19.2 (.67) .03
Praxis—copy 9.7 (2.38) 9.1(2.8) = 9.7 (2.9) .53
Praxis—copy with landmarks. 63.64 (12.8) 65.3(6.7) = 64.33 (3.5) .28
ROCFR-Copy 28.08 (7.3) = 27.7 (6.99) < 29.55 (4.6) .04
Raven 23.78 (4.04) 23.82 (3.66) = 25.2(5.4) 21
Phonological Fluency (PF) 23.78 (8.3) 23.2 (8.43) = 24.5 (9.6) .63
Categorical Fluency (CF) 14.41 (4.15) = 14.6 (3.87) = 14.87 (3.7) .84
Naming Actions 26.1(1.98) > 24.7 (3.22) < 27.1(1.2) .000
Naming Objects 27.0 (2.77) = 27.4(2.97) < 29.7 (1.3) .000
Stroop test-Interf-T 59.2 (21.56) = 70.29 (26.54) < 53.7 (16.5) .001
Stroop test-Interf-E 1.95 (2.549) 1.53 (1.77) = .90 (1.63) .014

615

*Bold values p correspond to significant differences among groups after Bonferroni correction for multiple comparisons (p:.05 =

p:.002).

Frequency of pathological performances
obtained on the tests of the Neuropsychological
Battery by each MCI group

When the number of impaired scores obtained by each MCI
group on the tests of the Neuropsychological Battery was
considered, results similar to those observed when compar-
ing the means of vascular and atrophic MCI patients were
obtained. To demonstrate this comparison, we report the
cutoff scores obtained in our control group in Table 3. These
cutoff scores, set at 1.67 SD from the control means, corre-
sponded to a statistically derived 5th percentile of the con-
trol group. The number of atrophic and vascular MCI patients
scoring below these cutoff points on the various tests of the
Neuropsychological Battery are also reported in Table 3.
Datareported in Table 3 show that: (1) on most neuropsy-
chological tasks, the proportion of impaired scores is rather
low, both in vascular and in atrophic forms of MCI. (2) The
proportion of atrophic MCI patients obtaining an impaired
score on the verbal (RAVLT) delayed recall and on the visual-
spatial (ROCFR) delayed reproduction is, however, very high
(approximately 80%), and arather high frequency of impaired
scores is also observed on the Naming tasks. In particular,
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vascular MCI patients show a significantly higher number of
impaired scores (60.9%) on the Action Naming task.

In the statistical comparison between atrophic and vas-
cular MCI patients, the former group demonstrated a sig-
nificantly greater number of impaired scores on the RAVLT
DR, RAVLT Recognition—Accuracy and ROCFR recall, and
also showed a significantly higher number of false alarms
on the MFTC. On the other hand, a significantly higher
number of vascular MCI patients obtained impaired scores
on the Action naming task.

Neuropsychological Markers of MCI

Table 4 reports the mean scores (or the frequency of occur-
rence) of the neuropsychological markers observed in
patients with vascular and atrophic forms of MCI. Table 4
also reports the results of the statistical analyses, which
were carried out by means of ¢ tests in the comparisons
between mean scores and of Yates corrected y? in the com-
parisons between frequencies of occurrence.

Results reported in Table 4 are quite consistent with those
observed in Tables 2 and 3 from two points of view: first,
only the markers of long-term memory impairment (pri-
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Table 3. Frequency of impaired neuropsychological scores among MCI groups

Cutoff Atrophic MCI Vascular MCI

scores*® (N°~%) N °~%) x?
RAVLT IR <23 11-30.5 11-26.8 .86
RAVLT DR <4 30-83.3 11-26.8 .000
RAVLT Recogn.—Hits <10 9-25.0 11-26.8 .93
RAVLT Recogn.—False alarms >2 18-50 15-36.6 .33
RAVLT Recog.—Accuracy <80 21-58.3 15-36.6 .09
ROCFR-recall <8 28-71.7 19-46.36 .01
Immediate Visual Memory <14 8-22.2 3-7.3 12
Span—forward <4 1-2.7 1-2.4 .53
Span-backward <3 3-8.3 3-7.3 .79
LC-hits <59 8-22.2 4-9.75 .23
LC—time >66 5-13.8 10-24.4 .38
MFTC-Hits <9 7-19.4 17-41.5 .07
MFTC-False alarms >2 10-27.7 2-4.8 014
MFTC-Accuracy <84 8-22.2 12-29.3 .66
MFTC-Time >135 7-19.4 11-26.8 .62
Praxis—Limb <18 1-2.7 1-2.4 53
Praxis—Oral <18 4-10 2-4.8 .55
Praxis—copy <5 2-5.5 5-12.2 .53
Praxis—copy with landm. <58 5-13.8 5-12.2 .90
ROCFR-Copy <23 9-25 7-17.1 .56
Raven <17 2-5.5 1-2.4 .90
Phonological Fluency (PF) <10 3-8.3 6-14.6 .61
Categorical Fluency (CF) <9 4-10 2-4.8 .55
Naming Actions <26 10-27.7 25-60.9 007
Naming Objects <28 17-47.2 23-56.1 .58
Stroop test-Interf-T >80 8-22.2 12-29.3 .66
Stroop test-Interf-E >3 8-22.2 6-14.6 57
*Cutoff scores were set at 1.67 SD from the control means, according to values corresponding to the 5th percentile of the control
groups.

macy effect; primacy minus recency and absolute decay or The markers of memory decay on the RAVLT were par-

decay ratio) distinguished the atrophic from the vascular ticularly helpful in differentiating the two groups, because
forms of MCI; second, the visual-spatial markers were very a complete loss of the memory trace in delayed recall was
rare in both forms of MCI, suggesting that the severity of  observed in a high percentage (33%) of atrophic, but only
cognitive impairment was very mild in this sample. in very few (2.4%) vascular forms of MCI.

Table 4. Comparisons of neuropsychological markers among MCI groups

Atrophic MCI Vascular MCI
Neuropsychological marker Mean (SD) Mean (SD) p level

Primacy effect (first 5 words in IR) 8.30 (4.37) 10.26 (3.58) .035

Recency effect (last 5 words in IR) 12.54 (4.30) 11.74 (4.31) 42

Primacy minus Recency —5.12 (7.34) —-1.9(6.1) .04

Absolute decay (frequency) 12/36 1/41 .0009
(Yates correct)

. [DR]
Decay ratio ————— 0.29 (0.33) 0.68 (0.31) .001
[(OIV +V)/2]

Closing In 1/36 0/41 94
(Yates correct)

Absurde Responses Raven 1/36 0/41 .94

(Yates correct)
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DISCUSSION

Results of our study suggest that a pattern of neuropsycho-
logical impairment mainly consisting of episodic memory
deficits, is typical of MCI patients with hippocampal atro-
phy, whereas a different neuropsychological profile, con-
sisting of impaired performance on the Action Naming task
is observed in vascular forms of MCI. Two methodological
features of the study allow us to maintain that these results
are not due to confounding variables, such as the presence
of mixed forms of MCI or of a different severity of cogni-
tive impairment in the two matched groups. First, by includ-
ing in the study only MCI patients whose MRI showed
three or more subcortical infarcts, in the absence of hippo-
campal atrophy (“Vascular MCI”) or hippocampal atrophy
in the absence of subcortical infarcts (“atrophic MCI”), we
excluded all patients with both hippocampal atrophy and
subcortical infarcts. Second, we ensured that the severity of
cognitive impairment of our vascular and atrophic MCI
patients was quite mild overall and that the two groups
were well matched in terms of severity of impairment. The
generally high MMSE scores and the comparability of mean
scores obtained by both MCI groups on most neuropsycho-
logical measures confirm that our vascular and atrophic
MCT patients were equally mildly impaired.

Returning from the methodological to the factual data, we
can say that the severity of episodic memory impairment in
MCT patients with hippocampal atrophy was consistently
shown: (1) by the very low value of the mean scores obtained
by these patients on the on the verbal (RAVLT ) and visual-
spatial (ROCFR) delayed recall tasks of the Neuropsycho-
logical Battery, (2) by the very high percentage of patients
obtaining impaired scores on the same tasks, and (3) by results
obtained when we took into account the neuropsychological
markers drawn from the same tests. This pattern of impair-
ment was expected on the basis of the neuropathological con-
comitants of DAT, because the first elementary lesions in this
disease involve the entorhinal cortex and the hippocampus
(Braak & Braak, 1991), disconnecting the Papez circuit from
information coming from the outside world and thus hinder-
ing the formation of new episodic memories. These data are
also consistent with the recent results of van de Pol et al. (2007),
who showed that in MCI patients, reduced hippocampal vol-
ume at the baseline predicts subsequent accelerated rates of
hippocampal atrophy, suggestive of the accumulation of Alz-
heimer-type pathology, which may clinically manifest itself
in the future. This finding does not mean that episodic mem-
ory was impaired in isolation in our atrophic MCI patients,
because executive functions, naming and performance on
timed attentional tasks were also significantly impaired. An
explanation of this observation, also framed in terms of the
neuropathological staging of DAT, could be that the patho-
logical process was spreading from the temporolimbic to the
neocortical association areas in some of our atrophic MCI
patients. If this interpretation is correct, during the follow-up
of these patients, we should observe that the conversion to
DAT should be more rapid and more frequent in patients with
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severe but not isolated impairment of memory functions.
Unfortunately, the number of patients followed up for 1 or
more years is, to date, insufficient to check this prediction.

If we pass, now, to the pattern of impairment observed in
patients with Vascular MCI, we see that this pattern mainly
reflects poor scores on a task sensitive to frontal lobe dam-
age (such as the Action Naming task), but is less salient than
that observed in degenerative forms of MCI. This neuropsy-
chological marker seen in our vascular MCI patients, sug-
gesting a likely frontal lobe involvement, is consistent with
the hypothesis assuming that small vessel subcortical demen-
tia may be due to the disruption of corticostriatal loops that
subserve the functions of the frontal lobes, coursing through
the frontal white matter (Alexander & Crutcher, 1990; Cum-
mings, 1993). The fact that a greater impairment in the gen-
eration of verbs than in the generation of nouns has been
reported by Peran et al. (2003, 2004) in patients with other
“subcortical” forms of dementia (Huntington’s Disease and
Parkinson’s Disease) also supports this interpretation.

The greater saliency of the neuropsychological pattern of
impairment shown by atrophic MCI patients could be due
to three main reasons: (1) the distribution of lesions in vas-
cular MCI patients is rather scattered, being due to disrup-
tion of different components of the above mentioned
corticostriatal loops, such as the basal ganglia, the thala-
mus, and the white matter tracts connecting the frontal cor-
tex with these subcortical nuclei (Alexander & Crutcher,
1990; Cummings, 1993); (2) the nonhomogeneous nature
of the cognitive deficits observed in patients with frontal
lobe lesions (Dubois et al., 2000; Shallice & Burgess, 1991);
(3) the observation that in patients with nondegenerative
forms of MCI, the pattern of cognitive impairment is less
consistent and more fluctuating in time. Lopez et al. (2007)
have, indeed, rightly noted that when the subject’s cogni-
tive deficits could be due to nondegenerative conditions
(such as a small-vessel subcortical pathology), a greater
proportion of MCI patients remain cognitively stable or
return to a normal baseline. These reasons could contribute
to explain the conflicting results of previous studies dealing
with the patterns of cognitive impairment observed in VD
and DAT patients (e.g., Desmond, 2004; Laukka et al., 2004;
Looi & Sachdev, 1999; Meyer et al., 2002; Reed et al.,
2007). It is also possible that the absence of a clear neuro-
psychological pattern in vascular MCI patients was due to
their small sample size (and hence to insufficient statistical
power ) but this hypothesis is at variance with the fact that
a clear and consistent neuropsychological pattern was found
in the even smaller group of atrophic MCI patients. In any
case, our findings in patients with atrophic and vascular
forms of MCI are consistent with results recently obtained
by Reed et al. (2007) in DAT and VD patients with autopsy-
defined pathologies, because both studies show that a severe
memory impairment strongly points to an Alzheimer’s type
brain pathology, whereas the prevalence of executive defi-
cits, other frontal lobe symptoms or psychomotor slowing
are a much weaker diagnostic marker of small vessel sub-
cortical cerebrovascular disease.
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