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Abstract

Recent development of auditory-evoked magnetoencephalography (A-MEG) made
it possible to measure interhemispheric neural conduction time (INCT) of auditory
impulses. We estimated INCT with A-MEG and cognitive function with mini-mental
state examination (MMSE) in 85 elderly patients with chronic dizziness (CD) and found
that INCT was negatively correlated with MMSE scores (p<0.001). In 11 of 85
patients whose MMSE scores were within the normal range, A-MEG and MMSE were
repeated for the subsequent 4 years to find longitudinal changes in INCT and cognitive
function.  The 11 patients were divided into two groups according to the baseline
INCT values, such as Group A with normal INCT (n=7) and Group B with abnormally
prolonged INCT (n=4). In Group A, INCT and MMSE scores remained within the
normal range throughout the 4-year period. In Group B, INCT showed the tendency
towards progressive prolongation during the follow-up period, and MMSE scores
decreased to abnormally low levels at the third or fourth follow-up year in all the patients.
The present results suggest that rapid neural interaction of both cerebral hemispheres is
needed to maintain normal cognitive function. Abnormal INCT prolongation in elderly
subjects suggests subclinical cortical network dysfunction and may predict the future

development of cognitive deterioration.

Introduction

Auditory impulses originated from the unilateral ear reach the temporal auditory
cortex bilaterally, although detailed neural pathways have remained unclarified.
A-MEG studies have indicated that the latency of auditory-evoked neuronal action peak
(N10Om peak) detected at the temporal cortex ipsilateral to the auditory stimulation is
always delayed as compared with that deteced at the contralateral side [Pantev, 1998].
Regarding this phenomenon, our recent A-MEG study has suggested that auditory

impulses originated from the unilateral ear first arrive at the contralateral temporal cortex



and thereafter reach the ipsilateral temporal cortex through interhemispheric neural
connections, thus, leading to the delay of ipsilateral N100m peak latency [Oe, 2002].
Such a conduction manner of auditory impulses enables us to measure INCT with

A-MEG.

The cognitive function is operating on the basis of interactions of multiple cortical
regions in both cerebral hemispheres.  Provided the interacting neuronal conduction
is delayed, the cognitive function may not operate smoothly.  Little, however, has yet
been known as to whether the time required for cortical neural interactions is related

with the cognitive function.

During the last several years, we performed A-MEG and MMSE studies
simultaneously in 85 elderly patients who were complaining CD.  Our special interest
has been focﬁsed to the cognitive function of elderly CD patients, since they commonly
have white matter lesions, silent multiple infarctions and enlarged lateral ventricles on
‘MRI [Kerbcr, 1998], [Starr, 2003] and since they often have depressive state  [Starr,
2003] which is commonly seen in the early phase of dementia.  In the present study,
we studied the relationship between INCT and MMSE scores in 85 elderly patients with
CD.  Furthermore, in 11 of them who had normal MMSE scores at the baseline
measurements, A-MEG and MMSE were yearly followed up for the subsequent 4 years
to find longitudinal changes in INCT and MMSE.

Methods

11 normal volunteers with 52 15 years of age and 85 elderly patients complaining
of CD with 69 18 years of age were subjected to the study.  All the 85 patients with
CD had no history of stroke or other central nervous system diseases. They visited our
institute complaining of non-rotatory dizzy sensation continuing for more than 6 months.
Neurological examinations showed no focal neurological abnormality, such as nystagmus,
motor weakness, deep sensory impairments or limb-trunkal ataxia.  All the patients
underwent otorhinological examinations and auditory brain-stem response test. Those

patients with auditory impairments were excluded from the study, provided the lowest
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audible intensity at 1000 Hz was 30 dB or more, or the average lowest audible intensities
at 125-8000 Hz were 30 dB or more in the pure tone audiogram.  Furthermore, those
patients with brain-stem response showing waves 1, II, III, IV and V peak latencies
beyond ranges 1.77t0.19, 2.8310.15, 3.9010.19, 5.18t0.25 and 5.77t0.31 msec,
respectively, were excluded from the study. MRI (Siemens, 1.5 Tesla) performed in
all the patients displayed no definitive abnormality except for white matter lesions, silent
small infarctions or enlarged lateral ventricles which were observed more or less in all the

patients.

A-MEG studies were performed in all the 85 patients and 11 normal volunteers
using a superconducting quantum interference device system (MC-6400, Hitachi Ltd.).
Detailed methods were described elsewhere [Oe, 2002].  In brief, auditory-evoked MEG
study was performed as follows. Auditory stimuli with 90 dB in intensity and 1,000 Hz
tone-burst were provided in the right ear, and N100m peak latency was measured at both
temporal cortices. The INCT was calculated from the right and left N100m peak
latencies. Cognitive function was evaluated using MMSE scores. MMSE scores from
24 to 30 were judged normal, and the scores below 24 were judged abnormally low.
In 11 normal volunteers, MMSE scores were 30 exclusively, and INCT was 15.0 + 6.1
msec. Based on this result, INCT values 2.8- 27.2 msec (mean INCT plus or minus two

standard deviations of normal volunteers) were judged to indicate normal INCT range.

Following the measurements of the baseline INCT and MMSE scores, the
measurements were repeated yearly in 68 CD patients who agreed with the follow-up
studies. In 11 of them, both A-MEG and MMSE studies were fully performed for the
subsequent 4 years.  In the other 37 patients, only the second year follow-up study has
been so far completed. In the remaining 20 patients, the third year follow-up study has
been completed, although data of either the first year or the second year follow-up
study were not available. ~ Therefore, in the present study, only 11 patients with 4-year
full studies were subjected to the analysis of longitudinal changes in INCT and MMSE
scores . The 11 patients were divided into two groups according to the baseline INCT

values, such as Group A with normal INCT (2.8-27.2 msec) and Group B with
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abnormally prolonged INCT (more than 27.2 msec). - Longitudinal changes of INCT

and MMSE scores were compared between the two groups.

Results

In 85 elderly patients with CD, MMSE scores ranged from 18 to 30, and INCT
ranged from 3.2 to 68.5 msec. MMSE scores were abnormally lowered in 12 of 85
patients showing 23 or less.  In these 12 patients, silent infarcts, white matter lesions
and enlargement of lateral ventricles on MRI were more remarkable as compared with
those in the other 73 patients.  INCT was abnormally prolonged in 22 of 85 patients
showing values more than 27.2 msec. In 8 of these 22 patients, MMSE scores were
abnormally lowered, while in the other 14 patients MMSE scores were within the normal
range.  Fig. 1 illustrates the relationship between INCT and MMSE scores in the 85
elderly patients with CD.  There was a significant negative correlation between

INCT and MMSE scores (r = -0.542, p<0.001).

Longitudinal changes of MMSE scores and INCT in 11 CD patients whose baseline
MMSE scores were within the normal range are shown in Fig.2 (Group A) and Fig. 3
(Group B).  There were 7 patients in Group A.  Their mean age was 7318 years. In
Group A, the baseline INCT was 8.117.3 msec, and the baseline MMSE scores were
29.0:1.3.  In this group, all the patients continued to show normal INCT and normal
MMSE scores throughout the follow-up period except for one patient whose MMSE
score decreased to 23 at the fourth follow-up year.  There were 4 patients  in Group
B. Their mean age was 71110 years. In Group B, the baseline INCT was 35.1 6.0
msec all showing abnormally longer values. However, the baseline MMSE scores were
normal showing 27.411.1.  In this group, INCT showed gradual increase with the
passage of time. ~ MMSE scores remained within the normal range in all the patients
until the second follow-up year. At the third follow-up year, MMSE scores decreased
to the abnormally low levels in 2 of 4 patients (22 and 23). At the fourth follow-up
year, MMSE scores decreased to the abnormally low levels in all the patients showing
21.511.3.  None of 11 patients in Groups A and B had noticeable episode suggesting

stroke during the follow-up period. However, in all the patients ot Group B, MRI
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obtained in the fourth follow-up year displayed increases of silent infarcts and/or white

matter lesions as compared with that obtained at the beginning of study.

Discussion

Previously, Pekkonen et al. reported that N100Om latency in A-MEG was delayed in
patients with Alzheimer’s disease [Pekkonen, 1999].  In the present study, INCT was
found to increase negatively correlating with MMSE scores in elderly patients with CD.
The present results are compatible with those reported by Pekkonen et al.. As
reported in the previous MRI stuides [Kerber, 1998}, [Starr, 2003], elderly patients
with CD commonly have multiple small silent infarcts, white matter lesions and enlarged
lateral ventricles. Similar MRI changes were observed also in our patients with CD.
MRI findings in elderly CD patients are, thus, similar to those in patients with
multi-infarct dementia.  MMSE scores in the baseline measurements were abnormally
lowered in 12 of our 85 CD patients.  Those 12 patients can be regarded multi-infarct

dementia, provided abnormal MMSE score reduction indicates dementia.

In the present study, the baseline INCT was abnormally prolonged inspite of normal
MMSE scores in 14 of 85 CD patients.  Such a dissociation led us to perform the
follow-up study.  The follow-up study was perfomed in 11 patients with normal
MMSE in the baseline measurements. In 4 of them whose baseline INCT was
abnormally prolonged, INCT increased progressively during the follow-up period.
~ All these 4 patients showed MMSE reduction to the abnormally low levels at the third or
fourth follow-up year.  Multi-infarct dementia is considered most appropriate for the
diagnosis of these 4 patients judging from their MRI findings, although no stroke episode
was appreciated during the follow-up period. Thus, abnormal INCT prolongation
preceded 3-4 years to abnormal MMSE reduction in these patients.  The cognitive
function works under rapid interactions of multiple cerebral regions interconnected with
neurons.  The interhemispheric neuronal conduction time may be an important factor
determinating the cognitive function.  The degeneration or loss of interhemispheric
neurons in elderly subjects may cause prolongation of INCT and may eventually bring

about the deterioration of cognitive function. Longitudinal measurements of INCT with
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A-MEG can be carried out easily in elderly subjects repeatedly.  The measurment may
be useful to predict the development of cognitive impairment in elderly subjects and may

greatly contribute to the preventive medicine of dementia.
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MMNISE score

Figure 1. Relationship between interhemispheric neural conduction time and

mini-mental state examination scores in 85 elderly patients with chronic dizziness.
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Figure 2. Longitudinal changes of INCT and MMSE scores in Group A
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Figure 3. Longitudinal changes of INCT and MMSE scores in Group B
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EFIES et dlrot MMSE R37 INCT SDS a7
1 84/% 5.43 30 2.0 msec 57.5
2 59/ 5.85 27 2.4 36.3
3 79/% 5.17 30 9.3 31.3
4 74/55 5.43 28 10.0 50.0
5 74/%& 3.92 30 2.9 41.3
6 73/% 3.06 30 21.0 42.5
7 69/% 4.86 28 12.0 50.0
8 68/%& 2.07 26 41.7 37.0
9 58/% 2.33 27 38.0 26.0

10 81/5% 2.37 27 32.5 32.0
11 73/5% 2.60 29 28.0 41.3

_78._



