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Background: The aim of this study was to evaluate atrophy rates, perfusion, and diffusion disturbances within the hippo-
campus, which is the site of characteristic changes in Alzheimer’s disease (AD) and mild cognitive impairment
(mai).

Material/Methods: Thirty patients with AD (mean age 71.2 yrs) — 34 with MCI (mean age 67.7 yrs) and 20 healthy controls (mean
age 68.1 yrs) — underwent structural MR examination followed by perfusion and diffusion-weighted imaging
on a 1.5 T scanner. Visual rating of hippocampal atrophy, planimetric measurements of hippocampal forma-
tion (HF) and perihippocampal fluid spaces (PFSs), and values of relative cerebral blood volume (rCBV) and ap-
parent diffusion coefficient (ADC) were assessed. The results were correlated with the MMSE scores.

Results: In AD we found decreased size of HF and increased diameters of PFSs and ADC values, compared to MCI and
control group. Compared to normal controls, the MCI group showed decreased HF size and increased diameters
of only medial PFS. There were no differences in rCBV values among all the subject groups. Planimetric mea-
surements of hippocampal atrophy showed the highest accuracy in diagnosing AD and MCI. In all patients, the
increased rates of hippocampal atrophy correlated with the increased ADC values. In MCI, MMSE scores corre-
lated with the HF size and ADC values.

Conclusions: In AD and MCI, hippocampal atrophy is associated with decreased tissue integrity without coexisting perfusion
disturbances. Of all evaluated hippocampal measurements, atrophy rates seem to be the most useful param-
eters in detecting changes among AD, MCl, and control subjects.
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Background

Alzheimer’s disease (AD) is the most common type of de-
mentia, and mild cognitive impairment (MCl) is regarded as
the predementia state. Both pathologies are caused by de-
generative process resulting in generalized atrophy, micro-
scopic amyloid plaques, and neurofibrillary tangles forma-
tion [1]. In AD, the neuropathological damage of the grey
matter begins in primary limbic areas such as hippocampi,
and spreads to associated limbic areas such as posterior cin-
gulate cortex, followed by the temporo-parietal, and final-
ly frontal cortices [2].

One of the first and most striking manifestations of AD is mem-
ory impairment. The hippocampus and adjacent structures are
crucial for memory; their bilateral destruction leads invariably
to the loss of this essential intellectual function [3]. Atrophy
of the medial temporal lobe (MTA), including the hippocam-
pus and entorhinal cortex, is a sensitive marker for AD [4-8].
MTA occurs early in the disease process and is also found in
MCI [5,7,9-12]. MTA can be assessed with visual inspection
[4,8,10], or using either planimetric or, more recently, volumet-
ric measurements performed on CT and MRI images [11-15].
Volumetric assessment of the hippocampal region, though
very accurate, is difficult to apply in routine clinical practice.
By contrast, the assessment of MTA using a standardized visu-
al rating scale is a quick and easy measurement, with a com-
parable accuracy [4,8,10] and results similar to volumetric as-
sessments of MTA [16].

Recent advances in MR techniques give opportunities to look
not only at anatomy and atrophy of the medial temporal lobe,
but also at microstructural alterations or perfusion disturbanc-
es within this region, which may be assessed with diffusion-
(DWI) and perfusion-(PWI) weighted imaging.

Diffusion-weighted imaging is a sensitive tool that allows quan-
tifying of physiologic alterations in water diffusion that result
from microscopic structural changes not detectable with an-
atomical MR imaging. Water diffusion can be measured with
the apparent diffusion coefficient (ADC) parameter. In AD and
MCI, increased ADC values were found, suggesting an expan-
sion of extracellular space due to neuron loss and disruption
of cell membranes [17-19].

Perfusion-weighted imaging is an advanced MR technique that
enables measurements of cerebral hemodynamics at the capil-
lary level. Among perfusion-weighted MR methods, the dynam-
ic susceptibility contrast (DSC) technique is most widely used.
It enables quantitative assessment of cerebral blood volumes
(CBV), thus providing information similar to that obtained in
PET and SPECT studies. The value of CBV is correlated with
vessel density and is lower in AD and MCI patients [20-22].
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To our knowledge, this is the first study evaluating correla-
tion of MTA with both diffusion and perfusion results within
the hippocampus in AD and MCI patients.

The aim of this study was to evaluate atrophy rates, as well
as perfusion and diffusion disturbances, within the hippocam-
pus in patients with AD and MCI, and to investigate whether
there are any relations among these changes. Sensitivity and
specificity of planimetric measurements, as well as PWI and
DWI, were assessed. The results of the neuroimaging tech-
niques were also correlated with scores of Mini-Mental State
Examination (MMSE).

Material and Methods

Material

Thirty subjects diagnosed with AD (mean age 71.2 yrs, 11 men,
19 women), 34 patients diagnosed with MCI (mean age 67.7
yrs, 13 men, 21 women), and 20 cognitively normal elderly con-
trols (mean age 67.7 yrs, 6 men, 14 women) were enrolled in
the study. Subjects with AD and MCI were outpatients referred
from the Department of Psychiatry, and the control subjects
were volunteers recruited from hospital employees and fam-
ilies of the patients. All AD patients fulfilled the DSM-IV and
NINCDS-ADRDA criteria for probable AD [23] and the diagnosis
of MCl was determined according to Petersen’s criteria [24,25].
The exclusion criteria for all 3 subgroups were severe head in-
jury, headache, current alcohol abuse or dependence, and loss
of 25% of body weight in the past year. Subjects with cerebral
vascular damage or vascular risk factors were also excluded
from the study. An additional exclusion criterion for the con-
trol group was any history of major psychiatric or central ner-
vous system illness.

All subjects underwent detailed psychiatric examination, as
well as laboratory and neuropsychological tests, including Mini-
Mental State Examination (MMSE) adjusted for age and ed-
ucation level, Clinical Dementia Rating (CDR), Clock Drawing
Test, Dem-Tect, and Global Scale of Depression (GSD). The dis-
tributions of age and gender, as well as the MMSE scores, for
each group are presented in Table 1.

The study was conducted in accordance with the guidelines of
the University Ethics Committee for conducting research in-
volving humans. All patients or their relative/caregiver provid-
ed signed consent to participate in the examination.

Methods

Data acquisition: All subjects underwent plain MR studies fol-
lowed by DWI and PWI on a 1.5 T MR scanner (Signa Hdx,
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Table 1. The distribution of age, gender and MMSE scores within the subject groups (mean + standard deviation).

AD McCI CG
Patient No. 30 34 20
Age (years) 71.248.0 67.7+8.7 68.1+7.1
Sex (Male/Female) 11/19 13/21 6/14
MMSE (points) 17.8+4.3 26.1£1.7 29.8+0.4

AD — Alzheimer’s disease; MCl — mild cognitive impairment; CG — control group; MMSE — Mini-Mental State Examination (scores 0-10
severe dementia; 11-18 moderate dementia; 19-23 mild dementia; 24-26 mild cognitive impairment without dementia; 27-30 normal

score),

GE Medical Systems) using a 16-channel HNS (head-neck-
spine) coil.

Structural MR examination

Plain MR examination included FRFSE T2-weighted coronal
and sagittal images, as well as FLAIR axial images. Axial im-
ages were parallel to the anterior commissure-posterior com-
missure (AC-PC) line.

Diffusion-weighted imaging (DWI)

Transverse single-shot echoplanar diffusion-weighted imaging
was carried out using the following parameters: TE 89.9 ms,
TR 8000 ms, slice thickness — 5mm, FOV 26 cm, matrix size
128x128, NEX - 1, diffusion sensitive gradient b=1000 s/mm?
in the 3 orthogonal directions, scanning time: 42 seconds. Axial
DWI images were parallel to the anterior commissure — poste-
rior commissure (AC-PC) line.

Perfusion weighted imaging (PWI)

PWI was performed with the Dynamic Susceptibility Contrast
Enhanced method (DSC) using fast echoplanar T2*-weighted
gradient echo sequence with the following parameters:
TR=1.900 ms, TE=80 ms, FOV=30 cm, matrix=192x128, slice
thickness=8 mm without spacing, NEX — 1.0. Ten seconds after
the start of image acquisition, a bolus of a 1.0 mol/l gadobu-
trol formula (Gadovist, Bayer Health Care, Germany) in a dose
of 0.2 ml/kg of body weight was injected via a 20-gauge cath-
eter placed in the antecubital vein. Contrast was administered
with an automatic injector (Medrad) at a rate of 5 ml/s and
was followed by a saline bolus (20 ml at 5 ml/s). The whole
perfusion imaging lasted 1 min 26 s, in which sets of imag-
es from 13 axial slices were obtained before, during, and af-
ter contrast injection.

During the whole MR examination the subjects were instruct-
ed to keep their eyes closed. No sedation or anesthesia was
used in any of the patients.

Data postprocessing
Structural imaging

To assess the rates of medial temporal lobe atrophy, hippo-
campi and peri-hippocampal cerebrospinal fluid (CSF) spac-
es were evaluated.

Visual rating and planimetric measurements of the hippocam-
pal regions were assessed on coronal T2-weighted images on
the slices including pons.

Visual assessment was performed using the method proposed
by Scheltens et al, which is based on estimation of both the vol-
ume of the medial temporal lobe including the hippocampus,
and the volume of the surrounding CSF spaces, in particular the
temporal horn of the lateral ventricle and the choroid fissure
[4]. Scores ranged from O (no atrophy) to 4 (severe atrophy).

Planimetric measurements consisted of the calculations of the
transverse and vertical diameters of the hippocampus, trans-
verse and vertical diameters of the whole peri-hippocampal
CSF space (Figure 1A), as well as transverse diameters of me-
dial (choroid fissure) and lateral (temporal horn) CSF space
and vertical diameter of the superior CSF space (Figure 1B).
Measurements were made bilaterally.

Then several ratios were calculated, including: hippocampal in-
dex (HI) - the product of transverse and vertical hippocampal
diameters divided by the product of transverse and vertical di-
ameters of the whole peri-hippocampal CSF space (Figure 1A);
normalized hippocampal size (HS) - the product of transverse
and vertical diameters of the hippocampus divided by the trans-
verse diameter of the brain; medial CSF space index — width
of medial CSF space divided by width of the whole peri-hip-
pocampal CSF space; superior CSF space index — vertical di-
ameter of the superior CSF space divided by vertical diame-
ter of the whole peri-hippocampal CSF space; and lateral CSF
space index — width of lateral CSF space divided by width of
the whole peri-hippocampal CSF space (Figure 1B).
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Figure 1. (A) Measurements of the hippocampus and the perihippocampal CSF spaces. Hippocampal index = (1*2) divided by (3*4).
(B)- measurements of the lateral (1), superior (2) and medial (3) CSF spaces. Lateral CSF space index = 1 divided by 4,
superior CSF space index = 2 divided by 5, medial CSF space index = 3 divided by 4.

Figure 2. Placement of ROIs within hippocampi on ADC (A) and CBV perfusion maps (B).

Diffusion-weighted imaging

The diffusion-weighted images were post-processed using
Functool software (GE Medical Systems, ADW workstation 4.4).
ADC maps were computed pixel-by-pixel based on the Stejskal
and Tanner equation [26]. ADC values in mm?/s were obtained
using elliptical ROIs (size: 100-120 mm?) placed manually with-
in both hippocampi on ADC maps, with special attention paid
to avoid peri-hippocampal CSF spaces (Figure 2A).

Perfusion-weighted imaging

The dynamic images were post-processed using Functool soft-
ware (GE Medical Systems, ADW workstation 4.4). CBV maps
were computed on a pixel-wise basis from the first-pass data as
described by Belliveau et al. [27]. Regional CBV values were ob-
tained using elliptical ROIs (size 80-100 mm?) placed manually
within hippocampi (Figure 2B). Since CBV values obtained with
this methodology are not absolute measurements and must
be related to the reference standard, all CBV values from hip-
pocampi were normalized to the mean values in the cerebellar
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Table 2. Mean results of planimetric measurements, ADC and rCBV values from both hippocampal regions in AD, MCl and the control
group with the results of analysis of variance (ANOVA) and the post hoc Tukey LSD test.

Subject groups (SD)

post hoc Tukey test, p values

Parameter ANOVA
(mean) mcl p values AD vs CG ADvs MCI  MCl vs CG

Visual rating ((2)8)8 (182) (ggi) <0.0001* <0.0001* <0.0001* 0.0004*
Hip’i):gz)r:‘pal (8:(2)3) (g:ﬁ) (g:g;) <0.0001* <0.0001* <0.0001* 0.004*
Hipp:ic;mpal (g:gij,) (g:gfg) (g:g?;) <0.0001* <0.0001* <0.0001* 0.029*
ng;ailn(;sei (8:(3)2) (g:(z)z) (g:ég) <0.0001* <0.0001* <0.0001* 0.0002*
i‘;‘;‘zsci’;dcjf (8:32) (8:32) (82?471) <0.0001* <0.0001* 0.0002* 0.34
i;;i;ailnzsei (81(2;) (g: (1)2) (g:éi) <0.0001*  <0.0001* 0.001* 0.1

ADC (8:?;) (g:?g) (g:gg) 0.059 0.01* 038 0.09

rCBV (g:?i) (gzzg) (gf’; 0.26 0.14 0.19 0.72

AD - Alzheimer’s disease; MCl — mild cognitive impairment; CG — control group; SD — standard deviation; mean (mean value for the
right and left side); ANOVA — analysis of variance; * statistically significant p values less than 0.05.

cortex (circular ROIs, size 525 mm?), which is the region less
affected in AD compared to other cortical measures [28].

Statistical analysis

A group comparison of demographics was performed using
analysis of variance (ANOVA) for continuous variables (age)
and Pearson chi? for categorical variables (gender).

Differences in the results of the visual and planimetric assess-
ment, as well as ADC and rCBV values among the AD, MCl and
control subgroups, were evaluated using ANOVA followed by
the LSD test as a post-hoc test. Associations between plani-
metric measurements, as well as perfusion and diffusion re-
sults, were assessed using Pearson’s correlation coefficient.

From multiple performed measurements, only those show-
ing the most significant differences among patient subgroups
were selected to check their sensitivity and specificity in dis-
tinguishing AD and MCI. To assess accuracy of the evaluated
MR methods, Youden coefficient was calculated according to
the equation: (sensitivity + specificity) — 1.

Correlations between the results of visual rating, planimetric
measurements, rCBV or ADC values and the results of cognitive
test were estimated for AD and MCI patients using Pearson’s
correlation coefficients.

Statistical computations were performed using Statistica PL
software package version 4.0, and p<0.05 was set as the sig-
nificance level.

Results

There were no significant differences in age (analysis of vari-
ance; p=0.19) and sex distribution (chi?=0.37, df=2, p=0.82)
among the 3 groups of subjects.

AD patients showed significantly higher results of Scheltens’
visual rating scale within right and left hippocampus than
the MCI and the control group (p<0.0001). The MCI group,
compared to the control subjects, also showed higher rates
of visually assessed atrophy within right (p=0.0007) and left
(p=0.001) hippocampus. Mean results of visual rating of the
right and left MTA are shown in Table 2.

The right and left HIs showed significantly lower values in AD
compared to the control group (p<0.000), in AD compared to
MCI (p<0.000), as well as in MCI compared to the control group
(right: p=0.012, left: p=0.006). The mean results of bilateral
Hls measurements are shown in Table 2.

Similarly, the right and left HSs showed significantly lower
values in AD compared to the control group (p<0.000), in AD
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Table 3. Accuracy of planimetric measurements as well as ADC values from the hippocampal region in distinguishing AD and MCI from
healthy controls.

Parameter fete Cut Sensitivit Specificit: Jouden Accurac
(mean) subgroups point values y P y coefficient y
Mean scores of AD >2.0 0.7 0.95 0.65 0.89
visual rating Ml >15 0.64 0.85 0.49 0.77*
AD <0.4 0.9 0.95 0.85 0.98*
Mean HI
MCI <0.47 0.52 0.80 0.32 0.31
AD <0.076 0.93 0.85 0.78 0.96*
Mean HS
MCI <0.096 0.85 0.50 0.35 0.71
Medial CSF space AD >0.24 0.83 0.9 0.73 0.95*
index Mcl <0.2 0.76 0.7 0.46 0.77**
AD >0.98 0.43 0.8 0.23 0.63
Mean ADC
MCI >0.98 0.38 0.8 0.18 0.61

AD - Alzheimer’s disease; MCl — mild cognitive impairment; ADC — Apparent Diffusion Coefficient; Youden coefficient — (sensitivity
+ specificity) — 1; * the highest results of accuracy in distinguishing AD from healthy controls; ** the highest results of accuracy in
distinguishing MCI from healthy controls; HI — hippocampal index; HS — hippocampal space; CSF — cerebro-spinal fluid.

compared to the MCI group (p<0.0001), and in the MCI com-
pared to the control group (p=0.029).

Evaluation of the values of the peri-hippocampal CSF spaces
revealed the following results. In AD, compared to the control
group, significantly higher values of both medial (p=0.000), lat-
eral (p=0.000) and superior (right: p=0.049, left: p=0.000) CSF
space indices were found. In AD, compared to MCl, significant-
ly higher values of both medial (p=0.000), both lateral (right:
p=0.02, left: p=0.000), and both superior (right: p=0.03, left:
p=0.000) CSF space indices were noticed. On the other hand,
in MCl compared to CG, only both medial CSF spaces showed
significantly higher indices (right: p=0.02, left: p=0.000). Mean
values of bilateral medial, superior and lateral CSF space indi-
ces are shown in Table 2.

Mean hippocampal ADC results, as well as separate ADC
measures from the right and left hippocampus, showed the
highest values in AD, intermediate in MCl, and the lowest in
the control group. Significantly increased ADC values were
found only in AD patients compared to the control group,
and regarded values from the right (p=0.02) and left hip-
pocampus (p=0.01) as well as mean hippocampal ADC val-
ue (p=0.01). Mean ADC values for both hippocampi are
shown in Table 2.

No significant differences among the subject groups were
found in rCBV values from both hippocampi. Mean rCBV val-
ues within both hippocampi are shown in Table 2.

In MCI and AD patients there were significant correlations
between mean ADC values and several hippocampal mea-
sures such as mean results of visual rating (r=0.3, p=0.009),
and mean HI (r=—0.4, p=0.000), as well as mean HS (r=—0.43,
p=0.000), mean medial CSF space index (r=0.34, p=0.005), and
mean lateral CSF space index (r=0.31, p=0.01).

In both patient groups rCBV values did not show any correla-
tions with the planimetric measures or ADC values (p>0.05).

The results of sensitivity, specificity, accuracy and the values
of Youden coefficient for parameters rating MTA showing the
most significant differences among patient subgroups (visual
rating scale, mean HI, mean HS and mean medial CSF space)
and for mean ADC values are shown in Table 3. The highest
accuracy in distinguishing AD from normal controls was found
for mean HI, mean HS, and mean medial CSF space index, while
the highest accuracy in distinguishing MCI from normal con-
trols was revealed for the scores of visual rating and mean
medial CSF space index (Table 3).

Analysis of correlations between the MMSE scores and the
MR measurements within hippocampi showed several sig-
nificant associations only in the group of MCI patients. The
MMSE scores showed significant correlations with the mean Hl
(r=0.4, p=0.026), mean HS (r=0.04, p=0.02), mean medial CSF
space index (r=—0.42, p=0.01), and mean ADC value (r=—0.49,
p=0.006). In AD patients there were no correlations between
MMSE scores and any of the hippocampal measurements.
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Discussion

We observed significant differences in MTA using visual rat-
ing scale, with AD subjects showing the highest and MCI pa-
tients intermediate rate of hippocampal atrophy compared to
age-matched healthy volunteers, as has been previously re-
ported [4,10]. Though visual rating using Scheltens’ scale has
been proved to be a reliable and standardized method [4], it
is still prone to subjective assessment. To make our assess-
ment of MTA more objective, we also performed planimetric
measurements of the hippocampal region in a manner similar
to Scheltens’ criteria. We measured hippocampal index, which
reflected the size of hippocampus related to the size of the
perihippocampal CSF spaces. In Scheltens’ rating scale the vi-
sual assessment of the hippocampal region also regards as-
sessment of the height of the hippocampus and the sizes of
medial, superior, and lateral CSF spaces surrounding the hip-
pocampus. Planimetric measurements showed the smallest
sizes of hippocampi in AD, and intermediate in MCI patients,
compared to normal controls. The results of our planimetric
measurements paralleled the results of visual rating scale,
which is in agreement with other studies also reporting strong
correlations of Scheltens’ scale with volumetric studies [29].

We also measured sizes of medial, superior, and lateral CSF
spaces surrounding the hippocampus. We found increased
diameters of all CSF spaces in AD compared to MCI and nor-
mal controls. On the other hand, in the MCI group, compared
to the normal controls, only the medial CSF spaces were en-
larged. This is in agreement with the Scheltens’ criteria of MTA,
in which the first visible change is the increased middle cho-
roid fissure width [4]. This finding reflects the pattern of MTA
that starts in the medial aspects of the medial temporal lobe.

We also introduced a planimetric measurement of the hippo-
campal formation itself, independent of the size of the peri-
hippocampal fluid spaces, which was called HS. This parame-
ter was used to avoid overestimation of the MTA in patients
with subcortical atrophy and subsequently enlarged CSF spac-
es. As expected, HS showed the lowest values in AD, interme-
diate in MCl, and highest in normal controls.

There is still uncertainty about the clinical value of MTA for the
diagnosis of AD and MCI. Studies looking at the specificity of
MTA for AD have shown results ranging from 50% to 96% [8]
in moderate to severe cases of AD. In our study, 4 parameters
describing the rates of MTA (including visual rating scale, HI,
HS and the size of the medial CSF space) revealed significant
differences between all evaluated subjects. In AD, sensitivity
of planimetric measurements ranged from 0.83 to 0.93 and
specificity between 0.85 and 0.95, and was higher than spec-
ificity and sensitivity of visual rating (0.7 and 0.95, respective-
ly). On the other hand, in MC|, visual rating scale and mean

Zimny A et al:
Quantitative MR evaluation of atrophy, as well as perfusion and diffusion alterations
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medial CSF space index showed higher sensitivity and spec-
ificity (0.64 and 0.85; 0.76 and 0.7, respectively) than other
planimetric measurements. Similar results were obtained by
Du et al, who reported sensitivity and specificity of hippocam-
pal volumes to be as high as 0.78 and 0.90 in distinguishing
AD, and 0.52 and 0.79 in distinguishing MCI [5]. In the study
by Korf et al., the visual rating of MTA was found to have a
strong predictive value of conversion to AD, stronger and also
independent on age, gender, education, MMSE, CDR Sum of
Boxes, and Verbal Delayed Recall, as well as the presence of
hypertension, depression, APOE eta 4 allele, and white mat-
ter hyperintensities [10].

Visual rating and simple linear measurements are very reliable
and fast methods to estimate MTA. Volumetric assessment of
the hippocampal region, though very accurate, is difficult to use
in routine clinical practice. Reasons for this include the need
for digital MRI data, the time consuming nature of region-of-
interest analysis, and the fact that automated hippocampal
volume measurement techniques are not widely available. The
main advantage of visual rating and planimetric measurements
is that they are fast and easy to use. Wahlund et al reported
the time spent on visual rating of MTA (1-2 min) to be 10-fold
shorter than time spent calculating the medial temporal lobe
volume (10-12 min) in a single subject [29].

The second major aim of our work was to estimate diffusion
and perfusion disturbances within hippocampal formations in
AD and MClI patients, and their relation to the severity of MTA.

The diffusivity of water depends primarily on the presence of
microscopic structural barriers in tissue such as membranes
of cell bodies, axons, and myelin sheaths, which can alter the
random motion of water molecules. Pathologic disruption of
the cell membranes, and loss of myelin and axonal processes
may diminish the restriction of water motion and lead to in-
creased diffusivity measured by ADC parameter. Several DWI
studies revealed higher ADC values within the posterior cin-
gulate region, as well as occipital and parietal white matter in
patients with AD, compared to normal controls [18,30,31]. On
the other hand, Bozzao et al did not find any significant chang-
es in ADC values between AD and normal controls in multiple
brain locations [21]. The number of DWI studies of the hip-
pocampal formation is limited in the literature, and their re-
sults are also contradictory. Hanyu et al and Bozzao et al did
not find any differences in hippocampal ADC values between
AD and normal controls [21,31], but Kantarci et al found ele-
vated ADC values within the hippocampi in AD and MCI pa-
tients compared to normal controls [18]. Moreover, elevated
ADC values in MCI patients were also able to predict conver-
sion to AD [19]. As in those studies, we found increased ADC
values within both hippocampi in AD and MCI patients com-
pared to normal controls, but only in the AD group did the ADC
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values reach the level of significant difference. In our study
ADC values were not able to differentiate AD from MCI, and
MCI from the control group. Reaching the same specificity of
80% as Kantarci et al., we found slightly lower values of sen-
sitivity in distinguishing AD and MCI patients from controls
(0.43 and 0.38, respectively), compared to the 0.57 and 0.47
found by Kantarci [18]. Different ADC values in AD and MCI
patients compared to controls indicate that DWI is sensitive
to subtle microstructural changes that occur in the course of
degenerative process of AD type, but showing less accuracy
than visual and planimetric MTA rating in distinguishing AD
and MCI from healthy controls.

The third evaluated pathological process within the hippocam-
pus regarded disturbances of cerebral microcirculation mea-
sured with PWI using the parameter of rCBV. The studies on
the use of this method in diagnosis of AD and MCl are still lim-
ited in the literature [20,21,32,33], but they parallel changes in
metabolism and blood flow seen with PET and SPECT [34-37].
In AD, significant hypoperfusion was found in the posterior
cingulate, temporo-parietal, and frontal sensori-motor cortices
[20,22,33]. The results of perfusion studies within the hippo-
campus have been contradictory. Some of them revealed sig-
nificant hypoperfusion within hippocampal formation in AD
and MCI patients compared to controls [21,33], which was not
confirmed by Luckhaus et al. [38]. In our study, we did not find
any significant changes in perfusion parameters among the 3
evaluated groups. Even more interesting, we observed slight-
ly increased rCBV values in AD patients compared to the con-
trol group and the MCI subgroup. On one hand, this fact may
be explained by the technical problems we encountered in the
evaluation of this region, especially in AD patients, due to small
sizes of both hippocampi and close proximity of choroid plexus
in temporal horns of lateral ventricles, inclusion of which, with-
in ROIs, may lead to an overestimation of the perfusion param-
eters [39]. In their first study, Cavallin et al also experienced dif-
ficulties in interpreting DSC images in the temporal regions [40].
On the other hand, another explanation of relatively high perfu-
sion parameters in hippocampi of the AD patients could be the
presence of luxury perfusion in those structures. This hypothe-
sis was drawn from the results of SPECT and PET studies of the
medial temporal structures, which did not reveal significant de-
crease in blood flow in early AD [41] or even in mid-to-moder-
ate AD, despite significant reduction of oxygen metabolism [42].

We also aimed to evaluate any associations between the 3 path-
ological processes, such as hippocampal atrophy, microstructur-
al damage, and perfusion disturbances in AD and MCI patients.
In all patients the increasing rate of MTA was correlated with
the increasing water diffusivity within hippocampal formation.
This result is not surprising, since the increased diffusivity in
the brains of patients with AD and MCI has been attributed to
the loss of neuronal cell bodies, axons, and dendrites, causing
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enlargement of the extracellular space where water diffusivity
is faster. Loss of hippocampal neuron cell bodies, synapses and
dendrites early in the pathological progression of AD leads to
macroscopic atrophy of the hippocampus, which can be assessed
with planimetric measurements [19]. On the other hand, we did
not notice any differences in rCBV among the subject groups,
despite different rates of MTA. This finding may confirm the re-
sults of previous SPECT and PET, as well as a few DSC MRI stud-
ies revealing that perfusion measurements are not related to
brain atrophy [21,38,41,42]. These data also support earlier in-
dications that perfusion and volume changes within hippocampi
are at least partially dissociated in the pathogenesis of AD [38].

We also investigated correlations between pathological chang-
es within hippocampal region and the scores of neuropsycho-
logical tests such as the MMSE. Only in the subgroup of MCI
patients were the lower MMSE values significantly associated
with the increased rates of MTA and the increased ADC values,
but AD patients did not show any correlation between MMSE
scores and hippocampal pathology. The explanation of these
findings may be that in AD, brain pathology is more wide-
spread and not only hippocampal changes influence the cog-
nitive state in these patients, while in MCl in the early stag-
es of dementia the crucial pathology is the most pronounced
and focused in hippocampi, which has a direct influence on
cognition. Correlations of MTA with MMSE, as well as sever-
al executive functions, including flexibility, inhibition, working
memory and set shifting performance, have already been re-
ported [4,5]. This implies an important role of MTA in age-re-
lated decline, and its important role in memory and learning.
Hippocampi have connections with the prefrontal cortex, what
may explain the correlation between MTA and MMSE. Results
of previous studies show the importance of the prefrontal-
hippocampal circuit with regard to working memory perfor-
mance. This implies that diminished functioning of this circuit,
as a consequence of MTA, results in decreased working mem-
ory performance and hence impaired executive functions [5].

Conclusions

In patients with AD we found significant rates of medial tem-
poral atrophy with increased diffusivity of water reflecting mi-
crostructural changes with no detectable alterations in blood
perfusion within the hippocampus. In MCl we also showed an-
atomical and microstructural changes similar to those found
in AD, but less severe, which reflects the fact that involvement
of the hippocampi occurs very early during the pathological
progression of AD type degeneration.

Progressing atrophy of hippocampi is associated with the in-
creasing water diffusivity, but not with the changes in perfu-
sion, in patients with AD and MCI.
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Of several hippocampal measurements, Scheltens’ visual rat-
ing scale and simple planimetric measurements of hippocam-
pal index, hippocampal size, and medial CSF space index are
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the methods showing the highest accuracy in distinguishing
between AD, MCI, and the control group.
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