MRI-Based Volumetry of Medial Temporal Lobe Possibly Predictsthe Cognitive Declinein Alzheimer’s Disease
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Purpose

With the prospect of disease-modifying drugs, reliable diagnosis of Alzheimer’s disease (AD) at its earliest stages isincreasingly important, because treatment effects
may be most beneficial before the pathological progressiswell advanced. A major clinical challengeis the objective, non-invasive tracking of biomarkers of neuronal and
functional deterioration. Most previous neuroimaging studies reported that the amygdal ohippocampal atrophy is associated with the onset and progression of AD.
Measures of the volumes and rates of atrophy of these structures therefore should be a sensitive means of detecting the earliest changes in the disease » 2 Given this
premise, we hypothesized that dynamic medial temporal 1obe atrophy could predict the progression of AD. Therefore, in this pilot longitudinal study, we used quantitative
MRI techniques to investigate the role of MTL volumetry in predicting the cognitive decline among AD patients.

Methods
Eighteen patients meeting NINCDS-ADRDA criteria of probable AD (68 + 8 years, 7 men, 11 women) 1 -
were recruited for this 2-year follow-up study. All subjects provided their informed consent prior to entering 120 o

the study. At baseline and 2-year after the baseline, all subjects underwent an MRI scanning and
neuropsychological assessment. All MRI scans were performed on a 1.5-Tesla Siemens Magnetom MRI
Scanner (Siemens Medical, Germany). Spin echo sequence was used to acquire the oblique coronal
T1-weighted images (T1WI). The slices were perpendicular to the long axis of hippocampus (TR/TE =
500ms/15ms, matrix 256 x 256, dlice thickness = 5mm, no gap). The oblique coronal TIWI covered the
hippocampus, amygdala, and parahippocampal gyri (PHG). On the oblique coronal TIWI, the volumes of
hippocampus, amygdala, and PHG were obtained as described previously °. The amygdala-hippocampal
complex (AHC) combined the structure of hippocampus and amygdala. Briefly, an experienced investigator

change of ADAS-Cog total score (%)

(intrarater reliability 1CC = 0.98) obtained the ROIs of hippocampus, amygdala and PHG and calculated the 2 °

volumes with an in-built program. The normalized volumetric ratio (NVR) to intracranial volume (ICV) was T T
used for analysis. The cognitive function was assessed with the Mini-mental State Examination (MM SE),

Wechsler Memory Scale-R (WMS-R), and AD Assessment Scale — Cognitive subscale (ADAS-Cog). change of PHG volume (%)

The percentage of change of each end-point measurement from the baseline measurement was used for - - .
. ) i X X i igure 1. Curvilinear effects of PHG volumetric change on the change
statistical analysis. Paired samplet test was used to compare the difference between the baseline and end-point of AD_AatS_Cog total scoreamong AD patients during 2-year follow-up
measurements. Correlation analysis was used to examine the relationship between the changes in cognitive examinations

function with the changes in normalized MTL volumes. Three-level
regression analysis was deployed to investigate the utility of baseline
measurements in predicting the change of cognitive function. In the

Table 1. The model s predicting the change of the total score of MMSE, WM S-R and ADAS-Cog
among AD patientsin a2-year follow-up (n = 18)
MM SE change percentage WMS-R change percentage  ADAS-Cog change percentage

first level, subjects demographic background (age, education) was model B SEB B B SEB B B SEB B
entered; in the second level, the baseline cognitive measurement was Background
. ; f : : age 090 08 023 075 052 035 073 122 013
entered, _and in the third level, the baseline normalized volumes of education 1243 708 045 311 381 021 2180 1177 053
MTL regions were entered. Cognitive measurement
MMSE, 202 172 031

Results WMS-R, 029 043 021

We observed a significant reduction of normalized hippocampal ADAS-Codo 032 oo o

volume after 2-year follow-up (p < 0.05). The change of normalized Normalized volume

hippocampus, -15528 6300 -0.759*  -37.06 2563 -0.33 4211 6619 0.4
volume of amygdala, PHG, and AHC was not statistically significant amygdalag 1226 3168 -0.13 14593 7815 056
(p > 0.05). The total score of MMSE, WMSR, and ADAS-Cog PHGo 3195 2670 042 272 1364 007 10125 4057  0.906*
decreased significantly at 2 years after the baseline (p < 0.001). ARG, 10288 549 _0.77

*p<0.05 The subscript 0 indicates the baseline measurements.

As shown in Fig. 1, there was a curvilinear relationship between
the change of ADAS-Cog total score and the change of normalized PHG volume (R? = 0.25, p < 0.05), suggesting the advanced PHG atrophy might be associated with the
cognitive impairment in AD. The models predicting the changes in the score of MMSE, WMS-R, and ADAS-Cog are summarized in Table 1. It clearly shows that the
baseline normalized hippocampal size is a significant predictor of the change in MM SE score, suggesting the baseline hippocampal size might be associated with the
advanced cognitive declinein AD. Also, the baseline normalized PHG volume has a significant predictability for the change of ADAS-Cog total score. This further adds
evidence that the advanced PHG atrophy is possibly related to the cognitive declinein AD.

Discussion

There are two major findings from this pilot study. Firstly, we observed a curvilinear effect of PHG volumetric change on the cognitive change measured with
ADAS-Cog. The middle portion of the curve exhibits the ADAS-Cog score increases with the reduction of PHG volume, suggesting within this limit, the advanced PHG
atrophy may be associated with the cognitive decline. The reason for the changing trend of such relationship at both ends of the curve remains unclear. One possible
explanation is that beyond the optimal range of PHG volume, the PHG might be functionally overloaded or underloaded, and its capacity to modulate the cognitive
function might be confounded by other brain structure-behavior associations. Secondly, our results show that baseline hippocampal size is a significant predictor for the
change of MM SE score, and the baseline PHG size for the change of ADAS-Cog total score. These findings add more evidence that the baseline MTL volumetry is
possibly useful to predict the cognitive declinein AD. Prior studies have produced equivocal findings concerning the advantage of MRI structural measures in tracking
the progression of AD *®. Further longitudinal investigations with a larger sample, and on the therapettic effect of AD drugs are certainly warranted. If the outcome is
positive, it may be implicated that the structural technique could be used to monitor the progression of AD with or without AD drug treatment.
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