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Fluctuating levels of consciousness (FC) are a key feature in neurodegenerative dementias, yet clinical identification
is poor, hindering accurate diagnosis. One hundred and nineteen patients (32 Dementia with Lewy Bodies (DLB),
57 Alzheimer’s disease (AD) and 30 controls) with clinical scores of FC were assessed using an attentional task.
Cortical arousal was assessed in 25 of these patients using electroencephalography. Over 90 s both variability in
attention (p < 0-0001) and fluctuations in electrocortical activity (p < 0-0001) correlated with clinical FC scores, and
with each other (p < 0-0001). Variability in attention and electrocortical arousal are accurate FC markers and can
assist differential diagnosis of AD and DLB. Previous work has underestimated the intensity and hence impact of FC

in dementia. Copyright © 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

Fluctuating levels of consciousness (FC) are
common and important in all major neurodegen-
erative dementias. They are characterised by
periodic shifts in the level of arousal from episodes
of lucidity to reduced awareness and even stupor.
These alterations in consciousness are reported in
80-90 per cent of patients suffering from Dementia
with Lewy Bodies (DLB) (Byrne et al., 1989;
McKeith et al., 1992), the second most common
neurodegenerative dementia (Gomez-Tortosa et al.,
1998; Kosaka, 1995), and 20 per cent of patients
with Alzheimer’s disease (AD) (Kolbeinsson and
Jonsson, 1993; Robertson et al., 1998).

Current assessment methods of FC rely on
expert clinical judgement. Although symptom
recognition has been achieved in some specialist
centres, inter-rater reliability is poor (Litvan et al.,
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1998; McKeith et al., 1996b; Mega et al., 1996),
precluding symptom characterisation and evalua-
tion of the impact upon the patient. Improved
precision with simple, descriptive screening tests
for FC would not only elucidate further the clinical
profile but also reveal the consequence of these
dramatic fluctuations on daily activities. Moreover,
accurate markers of FC could enhance the diag-
nostic accuracy between degenerative dementia
subtypes (Ballard, 1998; McKeith et al., 1996b), a
key issue given the severe neuroleptic sensitivity
reactions in DLB sufferers (Ballard et al., 1998;
McKeith et al., 1999).

Existing theoretical models suggest a severely
compromised ascending cholinergic system as the
prime candidate in the genesis of FC (Perry et al.,
1998; Walker and Ballard, 1998). The reduction in
afferent cholinergic projections are believed to
result in an unstable level of cortical activation,
with corresponding fluctuations in consciousness
and cognitive performance, particularly attention
(Ayre et al., 1998; McKeith et al., 1995). Investiga-
tions using serial measures of electroencephalo-
graphy EEG and cognitive examinations may
therefore prove accurate markers of FC.
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We evaluated attentional performance and elec-
trocortical activity across 90 s, 1 h, and 1 week, in
patients clinically diagnosed as AD or DLB and in
healthy elderly volunteers. Our hypothesis was that
variability in these measures over time would
significantly correlate with clinical FC scores.

MATERIALS AND METHODS

One hundred and nineteen subjects were assessed in
two cohorts from a dementia case register of
consecutive referrals to old age psychiatry services
in Tyneside, UK, with an informant in close
contact. DLB patients from the register with
Mini-Mental State Examination (MMSE) (Fol-
stein et al., 1975) scores of over 5, together with AD
patients matched for age, gender and dementia
severity were recruited, as well as age and gender
matched controls. Patients were examined using
structured psychiatric and physical assessment (for
full methodology see Ballard et al., 1998). Identi-
fication of FC relied upon the expert clinical
judgement of two old age psychiatrists, using a
semi-standardised instrument, quantifying the fre-
quency and duration of FC episodes on a 0—4 scale,
based upon an informant interview. Frequency and
duration scores were multiplied together to pro-
duce an overall severity score from 0 to 12 (by
definition a score of 16 is not possible as this would
reflect continuous stupor). Operationalised clinical
diagnoses were made using the NINCDS ADRDA
AD criteria for AD (McKhann et al., 1984) and the
consensus criteria for DLB (McKeith et al., 1996a).
Cohort 1. A pilot group of 25 subjects exhibiting
a range of FC scores (11 DLB, 10 AD and 4
healthy elderly volunteers) were assessed. Mean
ages for the study groups were: DLB 78-7 & 6-6,
AD 78:8+3-9, healthy elderly volunteers
77-5+ 4-5. The mean MMSE score was 19+ 5.7
for the DLB cohort and 16-9 +4-2 for the AD
cohort. FC scores ranged from 0 to 12, with a mean
FC score of 9 for DLB patients (range 0—12), 2 for
AD patients (range 0—4) and 0 for the healthy
volunteer group. All subjects underwent neuropsy-
chological and neurophysiological assessment.

Neuropsychological tests

Attentional ability was assessed using a validated,
well-tolerated computerised Choice Reaction Time
task (CRT) (Simpson et al., 1991). The CRT task
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requires sustained attentional responses across a
90-s period, producing a within trial standard
deviation (SD) value as a measure of performance
variability. The CRT trial was repeated three times
in | h and a further three times over 1 week, again
using SD across each time frame as a measure of
fluctuation. The coefficient of variation (CV) was
applied to account for any differences in mean
length of reaction time.

Neurophysiological tests

Electroencephalography was recorded from 17
primary channel electrodes, placed according to
the international 10-20 system. The power fre-
quency spectra were calculated on the average of
45 x 2's epochs of resting eyes open (REO) and
resting eyes closed (REC) in three separate trials
across | h. The total averaged power values
(uV?/Hz) for all electrodes were calculated in the
delta (0-3-9 Hz), theta (4—7-9 Hz), alpha (8§—14 Hz)
and beta (14-1-26 Hz) frequency bands. For each
frequency band, the SDs across the three repeat
trials in 1 h were used as a measure of fluctuating
electrocortical activity.

Visual evoked potentials (VEPs) were elicited
using an ‘oddball paradigm’. The averaged ampli-
tude (uV) and latency (ms) of the P,,, waveform for
each of the three trials across 1 h were measured;
peak to peak N,P, . for amplitude and time of P,
peak after stimulus presentation for latency.
Standard deviations in both P,;, amplitude and
latency across all three trials were calculated as
correlates of fluctuating cortical cognitive ability.

Cohort 2. A second larger cohort of 94 subjects
(22 DLB, 46 AD and 26 healthy elderly volunteers)
exhibiting a range of FC scores were assessed using
the same standardised clinical protocol (except for
cognitive impairment), which was evaluated using
the Cambridge Assessment for mental disorders in
the elderly, section B-CAMCOG (Roth et al.,
1986).

There were 55 (58 per cent) female subjects, and
their mean ages were: DLB 77 +7-7, AD 80 + 7-2
and healthy elderly volunteers 74 +7-7. Mean
CAMCOG scores were 61-5+ 17-5 for DLB pati-
ents and 63 + 16-1 for those with AD. FC scores in
this cohort ranged from 0 to 12, with a mean FC
score of 6 for DLB patients, 1 for AD patients and
0 for the healthy volunteer group.

All subjects were assessed using a single 90s CRT
trial (see Neuropsychological tests).

Hum. Psychopharmacol. Clin. Exp. 14, 483-489 (1999)
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Statistical analysis

Correlations used Spearman’s rank method, com-
paring the clinical FC score (0-12) against
variability in CRT (separately for SD and CV).
An optimal cut-off in CRT variability, derived
from cohort 1, was used to calculate sensitivity,
specificity, positive predictive value and negative
predictive value for distinguishing DLB from AD
in the combined cohort.

RESULTS

Neuropsychology

Cohort 1. Highly significant correlations were found
between the FC score and both the within trial 90-s
CRT variability (r = 0-67, p < 0-0001) and across
trial 1-h variability (r = 0-67, p < 0-0001), but not
across 1 week (r = 0-40, p < 0-09), with the CV
producing similar results (90-s CRT: r = 041,
p < 0-003; 1-h CRT: r = 0-56, p < 0-001; 1-week
CRT: r=036, p<0-10). These correlations
remained positive when focused within specific
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disease groups for the 90-s and 1-h time frames
using SD (90-s: DLB r = 0-76, p < 0-0001, AD
r=2054, p<0001; 1-h: DLB r=0-58,
p < 0:0001, AD r = 0-69, p < 0-0001). The level
of variability in performance for individual subjects
was similar across both 90-s and 1-h time
frames (r = 0-70, p < 0-0001). Comparative CRT
performance examples are shown in Figure 1.

Neurophysiology

EEG power spectrum
FC score correlations. Significant associations were
apparent between the clinical FC score and the
variability (SD) in the delta power spectrum across
the 1-h period (REO: r = 0-42, p < 0-03; REC:
r = 0-44, p < 0-02; Figures 2a,b) and also with the
total averaged power in the theta band (REO:
r=0-35, p < 0-08; REC: r = 0-40, p < 0-05). All
the results are shown in Tables 1 and 2.

Between group correlations. Variability in theta
band power across 1 h significantly discriminated
between the healthy volunteers and dementia

—4®- Subject A (Clinical FC score = 0)

—g@- Subject B (Clinical FC score = 12) |
i

N

&

Figure 1.

Fluctuating profiles in CRT across a single 90-s trial for two individual subjects of different clinical FC

scores. Subject A does not suffer from FC (0), demonstrating a relatively consistent and fast CRT attentional
performance. Subject B suffers severely from FC (12), demonstrating a slower, continuously variable pattern of CRT

attentional performance

Copyright © 1999 John Wiley & Sons, Ltd.
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Figure 2. (a) Topographical brain maps illustrating stability in repeat trials of delta power (uV2/Hz) across 1 h in the resting eyes closed paradigm for a subject
with a clinical FC score of 0. (b) Topographical brain maps illustrating variability in repeat trials of delta power (uV?/Hz) across 1 h in the resting eyes closed
paradigm for a subject with a clinical FC score of 12
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Table 1. Spearman’s correlation coefficient analysis
between variability (SD) in band frequency power across
three repeat trials in 1 h and clinical FC scores for resting
eyes open (REO) and resting eyes closed (REC)
paradigms (7 = 25). N/S indicates a non-significant
result

Power band  Resting eyes open  Resting eyes closed
(REO) paradigm (REC) paradigm
Delta r=042(p =0-03) r=044(p =002
Theta r = 0-30 (N/S) r =029 (N/S)
Alpha r =025 (N/S) r = 0-18 (N/S)
Beta r =039 (N/S) r=0-17 (N/S)
Table 2. Spearman’s correlation coefficient analysis

between total average band frequency power (WV?/Hz)
across three repeat trials in 1 h and clinical FC scores for
resting eyes open (REO) and resting eyes closed (REC)
paradigms (n = 25). N/S indicates a non-significant
result

Power band  Resting eyes open  Resting eyes closed
(REO) paradigm (REC) paradigm
Delta r = 0-34 (N/S) r =026 (N/S)
Theta r=035(p=0-08) r=040(p=005)
Alpha r = 0-08 (N/S) r = 0-36 (N/S)
Beta r = 0-04 (N/S) r=0-01 (N/S)

cohorts (REO Mann Whitney U-test: z = 2.7,
p < 0-006; REC Mann Whitney U-test: z = 20,
p < 0-03), but did not differentiate between the
dementia subtypes.

Significant correlations were evident independ-
ently between fluctuating CRT performance and
delta power band variability (REO: r = 0-438,
p <0-02; REC: r=0447, p<0-02) demon-
strating strong internal consistency for these
markers of FC.

Visual evoked potential P, measures. Fifteen of
the 25 subjects (8§ DLB, 7 AD, and 4 healthy elderly
volunteers) completed the VEP trials (mean FC
scores: DLB =8, AD =1 and elderly volun-
teers = 0).

FC score correlation. Variability in the P,
latency demonstrated a trend towards correlating
significantly with clinical FC scores at electrode
sites P_, P, and P, (r = 0-41, p < 0-07; r = 043,
p < 0-06; r = 043, p < 0-006, respectively). Signifi-
cant negative associations were evident between the
total averaged amplitude and clinical FC score at
P_, P, and P, (r = —0-49, p < 0-03; r = —0-45,
p < 0-05; r = —0-45, p < 0-05, respectively).

Copyright © 1999 John Wiley & Sons, Ltd.
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Cohort 2. Again, highly significant correlations
were seen between 90-s variability in CRT and the
clinical FC score (SD: r = 0-53, p < 0-0001; CV:
r=042, p<0-:0001). Correlations remained
significant when focused within each disease
group (DLB: r = 0-52, p < 0-001; AD: r = 0-37,
p < 0:01).

When combining data from the two cohorts
(n = 119), the 90-s CRT variability continued to
correlate strongly with clinical FC score (SD:
r=0-54, p <0-0001; CV: r =0-48, p < 0-0001),
and significantly differentiated between the two
dementia types (Mann Whitney U-test: z = 2-7,
p < 0-006). The optimal 90-s CRT SD cut-off value
of >450 ms, derived from cohort 1, discriminated
well between the two dementias (sensitivity 45 per
cent, specificity 93 per cent, positive predictive
value 79 per cent, negative predictive value 74 per
cent).

DISCUSSION

One hundred and nineteen patients were invest-
igated in two cohorts from a case register with
established accuracy of clinical diagnosis against
neuropathological assessment. Variability in atten-
tional performance, measured using a CRT trial,
proved to be a sensitive marker of FC both within
90 s and in repeat tests across | h. Furthermore,
this effect held separately in both AD and DLB
patients, providing compelling evidence that varia-
bility in attention is closely related to FC.

Fluctuations in electrocortical activity across 1 h,
measured using EEG, also correlated with clinical
scores of FC, and with the measure of variable
CRT performance. The variable pattern of neural
activity displayed in the EEG, particularly in the
slow delta frequency band, could be key in the
genesis of FC. The significant correlation between
variability in the cognitive P;,, waveform and
FC score, indicate considerable variability and
deficiency in cortical cognitive responses in the
most severely affected patients. These results add
significantly to the hypothesis that a strong
relationship exists between fluctuating cortical
excitation and FC.

This study clearly demonstrates a continually
fluctuating symptom profile for FC, indicating past
clinical observations may have seriously under-
estimated the prevalence and the impact which this
symptom has on daily performance, making tasks
of sustained attention particularly difficult. Hence,
there is a need to specifically target FC in clinical

Hum. Psychopharmacol. Clin. Exp. 14, 483—489 (1999)
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trials, which should prove feasible with the devel-
opment of a reliable measurement tool.

In the combined cohort, good discrimination
was seen between AD and DLB cases using the
optimal CRT cut-off derived from the pilot cohort.
A specificity of 93 per cent was achieved for the
diagnosis of DLB cases. It is suggested that
fluctuating CRT performance should be included
within the framework of the existing clinical
criteria for DLB (McKeith et al., 1996a), particu-
larly considering its brevity and simplicity. It also
avoids the problems of inter-rater reliability seen
with clinical FC assessments (Litvan et al., 1998;
McKeith et al., 1996b; Mega et al., 1996). The
current data also suggest that this method will be a
helpful adjunct in excluding an operationalised
clinical diagnosis of AD.

It has been proposed that FC, and thus
fluctuating cognitive abilities including attention
(McKeith et al., 1996), result from an impaired
ascending cholinergic activating system (Perry et al.,
1998; Walker and Ballard, 1998). The present
findings are consistent with this hypothesis. These
new assessment tools will now facilitate specific
correlative studies in this area.

CONCLUSION

Variability in attentional performance and electro-
cortical activity are closely correlated with FC,
forming reliable assessment tools that identify a
continually fluctuating clinical topography. Such
measures highlight the likely impact of FC, which
should be targeted specifically as a key symptom in
treatment trials. CRT variability also significantly
differentiated AD from DLB, with additional
diagnostic implications.
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