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Abstract
Objective—Evaluate electrophysiologic findings in incidental Lewy Body disease (ILBD).

Methods—ILBD, Control, and Parkinson's disease (PD) subjects had electrophysiological
evaluation within two years prior to autopsy. Data analyzed included surface electromyography
(EMG) of upper extremity muscles during rest and muscle activation, and electroencephalography
(EEG) recording at rest. For EMG, gross tracings and spectral peaks were analyzed. EEG
measures analyzed were background frequency and power in delta, theta, alpha, and beta bands.

Results—Three of ten ILBD subjects (30%) showed unilateral rhythmic EMG discharges at rest
without a visually apparent rest tremor. The ILBD resting EMG frequency was lower than in the
Control group with no overlap (P=0.03) and close to that of the PD group. The ILBD group had
significantly lower background rhythm frequency than the Control group (P=0.001) but was
greater than the PD group (P=0.01).

Conclusions—The electrophysiologic changes in ILBD cases are between those of Control and
PD, suggesting that these findings may reflect changes correlating with ILBD as a possible
precursor to PD.

Significance—Electrophysiologic changes in ILBD may assist with the identification of a
preclinical stage for Lewy body disorders and help the development of a therapeutic agent for
modifying Lewy body disease progression.
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Introduction
The Lewy body is the pathological hallmark of Parkinson's disease (PD) and dementia with
Lewy bodies (DLB). Lewy bodies have been reported in 10–30% of undiagnosed elderly
persons (Gibb and Lees, 1988; Adler et al., 2010). “Incidental Lewy Body Disease” (ILBD)
refers to the presence of Lewy bodies at autopsy in the absence of a clinical diagnosis. Our
group recently found decreased striatal tyrosine hydroxylase (TH) in subjects with ILBD,
and this finding was interpreted to possibly suggest that ILBD represents preclinical PD and
DLB (Beach et al., 2008a). Other investigators have confirmed that other striatal dopamine
markers are depleted in ILBD to levels intermediate between those of PD and control
(Dickson et al. 2008; Delledonne et al., 2008). Thus, these findings and those of other
groups suggest that such “incidental Lewy bodies” may be a precursor to the eventual
clinical onset of PD or DLB (Fujishiro et al., 2008; Frigerio et al., 2009; Markesbery et al.,
2009).

We have reported that ILBD cases in our brain bank do not have parkinsonian signs, other
movement problems, or cognitive findings that are out of proportion to similarly assessed
age-matched cases without Lewy bodies at autopsy (Frigerio et al., 2009). Both olfactory
dysfunction and constipation have been reported to be associated with ILBD (Abbott et al.,
2001; Ross et al., 2006). Such study of pre-mortem correlates of ILBD yields valuable
information regarding the putative preclinical state. Moreover, preclinical correlates will
have potential usefulness in clinical trials and other studies of preclinical disease. Our group
and others have reported that electroencephalographic (EEG) changes are progressive in PD
and differ according to cognitive state (Caviness et al., 2007a). In this study, we report pre-
mortem surface electromyography (EMG) and quantitative EEG (QEEG) findings in
subjects that were found at autopsy to have ILBD.

Methods
Pre-mortem clinical evaluation

The Banner Sun Health Research Institute (SHRI) Brain and Body Donation Program is an
autopsy program that enrolls volunteer subjects from the community, as well as targeted
patients with PD and Alzheimer's disease (AD), for standardized longitudinal pre-mortem
clinical assessments until death (Adler et al., 2002). Data for this study were obtained from
the 11 June 2010 version of the Banner Sun Health Research Institute Brain and Body
Donation Program database. All subjects signed informed consent approved by the SHRI
and Mayo IRBs. Subjects underwent prospective pre-mortem standardized longitudinal
movement disorder, behavioral neurology, and neuropsychological assessments as well as
biennial electrophysiological assessments with EEG and surface EMG recordings. Unified
Parkinson's Disease Rating Scale Part III motor (UPDRS III) and Hoehn and Yahr measures
were recorded on PD subjects. The neuropsychological battery for all subjects included
Folstein Mini-Mental Examination (MMSE), Auditory Verbal Test A7 (AVLT-A7), Stroop
Interference, Controlled Word Association Test (COWAT), Judgment of Line Orientation
(JLO), and Trails Making Test-B (TMT-B). Levodopa equivalents were calculated as
Hobson et al (Hobson et al., 2002). At time of death, subjects received final movement
disorder and cognitive diagnoses by consensus conference among a movement disorder
neurologist (CHA), behavioral neurologist (MNS), and neuropsychologist per previously
published criteria that include DSM-IV (Hughes et al., 1992; Hughes et al., 1993; Caviness
et al., 2007b). Exclusion criteria for this study included dementia, electrophysiologic
evaluation only greater than two years prior to death, or if they were taking anticonvulsant
or benzodiazepine medication because of possible alteration of EEG activity with these
agents. For subjects with multiple electrophysiological assessments available, the study
within two years of autopsy was used for the analysis.
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Neuropathology
Methods using a standardized series of brain regions (including olfactory bulb) stained with
H&E as well as immunohistochemically for α-synuclein have been previously described
(Beach et al., 2008b; Beach et al., 2009). The DLB Consortium staging system and the
Unified Staging System for Lewy Body Disorders were used to describe stages of Lewy
related pathology (Lewy bodies and Lewy neurites) (McKeith et al., 2005; Beach et al.,
2009). Brain regions examined included medulla, pons, substantia nigra, nucleus basalis of
Meynert, limbic regions including the amygdala, transentorhinal and cingulate cortices, and
frontal, parietal, and temporal neocortical regions. Lewy-related pathology scores using the
third DLB consensus conference methods were used to compare those subjects with and
without rest EMG discharges within the ILBD group (McKeith et al., 2005). The “Total
Score” equaled the sum of scores from all sampled areas. “Brainstem Total” equaled the
sum of scores from the medulla, pons, and substantia nigra, and “Neocortical Total” equaled
the sum of frontal, temporal, and parietal neocortex.

Definition of three subject groups
The ILBD and Control group criteria were the same as in our report on ILBD clinical
findings and included not meeting clinical criteria for the diagnosis of PD, and the absence
of pre-mortem clinical or post-mortem pathological evidence of dementia or movement
disorder secondary to neurodegenerative diseases. In addition, the ILBD group had Lewy-
related synucleinopathy present (Adler et al., 2010). PD criteria were as previously
published along the lines of UK brain bank criteria (Hughes et al., 1992; Hughes et al.,
1993; Caviness et al., 2007b). We included only PD without dementia cases, as dementia
was an exclusion criterion for all groups. Subjects were consecutively recruited and all
Control, ILBD, and PD cases were considered if electrophysiological data were available.

Electrophysiology recording
Surface EMG recording of upper extremity muscles and simultaneous EEG was acquired at
rest and then postural wrist muscle activation using the Neuroscan System (Sterling, VA) at
1,000 Hz, bandpass 1 to 200 Hz. The same EMG and EEG electrode locations were used as
in previous electrophysiological studies, including using Fz as reference and right mastoid
region as ground (Caviness et al., 2003; Caviness et al., 2007a). EMG recordings were made
from bilateral pectoralis major, deltoid, biceps, triceps, wrist flexor group, wrist extensor
group, abductor pollicis brevis, and first dorsal interossei. The subjects were coached to
have relaxed muscles for the rest condition and this was confirmed by surface EMG. The
rest condition was recorded for four minutes with one minute of eyes open quiet and
relaxed, one minute of eyes closed counting backward, and two minutes of eyes closed quiet
and relaxed. An EMG-EEG technician and electrophysiologist (JNC) were present during
the entire recording session to monitor behavioral state, on-line signal quality, and adequate
performance. During the two minutes of eyes closed quiet and relaxed, subjects were asked
every minute if they were awake and monitored for EEG evidence of drowsiness. When
muscle, eye movement/blink, or other artifacts were identified, the subject was coached until
a 100–120 second artifact-free recording was obtained. For postural wrist muscle activation,
data were collected during 20-second periods of only right wrist extension (60 degrees)
against gravity, alternating with 20-second periods of rest for 10 minutes. Adequacy of
performance was assessed during a practice period. For both of the rest and muscle
activation states, the subjects were observed for tremor by the electrophysiologist and
movement disorder expert (JNC).
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Raw data processing
Data were processed off-line using Neuroscan © software (EL Paso, TX, USA). Both resting
and muscle activation continuous files were divided into 4096-point (4095 ms for 0.24Hz
resolution) epochs that were consecutive and nonoverlapping. Epochs were inspected for
artifacts, but artifact rejection was rare due to close monitoring during acquisition. Subjects
were excluded if 20% or more of the traces had visible artifact. Further processing was
performed as below separately for surface EMG and quantitative EEG (QEEG).

Surface EMG analysis (rest and muscle activation)
In addition to gross inspection for rhythmic modulation and/or discharges, tracings were
processed with EMG signal rectification. 50–60 epochs were created during the resting
condition (using whole resting file) to maximize the detection of low amplitude activity, and
another 50–60 (to match same number at rest) epochs were created during the muscle
activation condition with resting periods rejected. These epochs were passed through a 10%
cosine window, and then processed with a fast Fourier transform (FFT) and averaged to
produce an averaged FFT power spectrum of EMG activity for both the resting and muscle
activation for each subject. The presence or absence of clearly distinct peaks in the FFT
spectrum was assessed both for bilateral upper extremity muscles in the resting state and for
the right wrist extensor muscle activation task.

QEEG analysis
Tracings obtained only during the resting state with eyes closed quiet and relaxed were
processed as in a previous study (Caviness et al., 2007a). Individual files yielded 25–30
epochs. These epochs were passed through a 10% cosine window, and then processed with a
FFT and averaged to produce an averaged FFT power spectrum for each subject. The
dominant posterior background rhythm frequency was defined as the peak background
frequency assessed by using the spectra at P3, P4, and Oz. The global relative EEG
bandpower for each frequency band was calculated using all electrodes (except Fp1, Fp2,
A1, A2) as a percentage of overall summed EEG power across all designated frequency
bands (delta, theta, alpha, beta) and averaged for each subject. We designated frequency
bands in hertz (Hz) as follows: delta: 1.5–3.9 Hz; theta: 4–7.9 Hz; alpha: 8–12.9 Hz; beta:
13–30 Hz. A cutoff of 1.5 Hz was used to minimize interference from movement artifact.

Statistical Analysis
The ILBD group was compared to both the Control group and the PD group. Comparisons
for continuous measures were made using the pairwise contrasts from an analysis of
variance model. Adjusted comparisons were made using the pairwise contrasts from a
general linear model with terms for group, age, and sex. First order interactions were also
tested. Comparisons for dichotomous measures were made using the Fisher exact test. In the
ILBD group, subjects with rest EMG discharges were compared to those without by using
the two-sample t-test. Significance was set at P<0.05 for all comparisons.

Results
Subjects

The database search identified the following subjects for screening: 11 ILBD; 32 Control;
and 7 PD. Two subjects in the Control group were excluded because of excessive artifact in
electrophysiologic recordings by the above criteria. One subject in the ILBD group and two
subjects in the Control group were excluded due to use of anticonvulsant or benzodiazepine
medication at the time of the EEG examination. All PD subjects were on dopaminergic
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treatment at the time of testing, and if there was a history of treatment response fluctuation,
the recording was in the “ON” condition.

Age, sex, clinical, and electrophysiology measures of the three groups and statistical data are
given in table 1. Asterisks for statistical significance for the pairwise comparisons are shown
in table 1 when the overall F test or chi-square test is significant. In the analysis of variance
model, no interactions were detected for any comparisons. Mean age was slightly older in
the ILBD group than in the PD group. Two subjects in the PD group had Hoehn and Yahr
score 2, one had score 2.5, three had score 3, and one had score 4. Levodopa equivalents in
the PD group ranged from 300 to 1050 mg, with a mean of 520 mg (SD 290).

UPDRS score was considerably higher for the PD group than in the ILBD group (P<.001).
The COWA was significantly decreased for the PD group (P<.03) but increased for the
Control group (P<.04) when compared to the ILBD group. For the TMT-B score, the ILBD
group had a higher score than the Control group (P<.002).

Rhythmic EMG Activity during Rest
Three of the ten subjects (30%) with ILBD showed rhythmic EMG discharges at rest with
corresponding spectral peaks. An example of the surface EMG polygraphy and frequency
spectrum is shown in figure 1. None of the ILBD subjects showing these discharges had a
visually apparent rest tremor, all had unilateral discharges, and none had muscle activation
tremor or peaks in their muscle activation spectra. In contrast, only four of 28 Control
subjects (14%) had rhythmic EMG discharges at rest. None of these four Control subjects
had a visually apparent rest tremor, three of the four had bilateral discharges, and all had
accompanying visually apparent muscle activation tremor with peaks in their muscle
activation spectra. The most distinguishing characteristic between the resting EMG
discharges between these two groups was that ILBD rest EMG frequency was lower than in
the Control group with no overlap (P=0.03). One of the three ILBD cases with rhythmic
EMG discharges at rest had three electrophysiological exams (biennial) before death,
another had two exams, and the third case had a single exam. All exams for these three
ILBD subjects showed the rhythmic EMG discharges at rest, revealing that low-frequency
subclinical rest EMG discharges in these three ILBD cases were present for 5.1, 3.3, and 1.7
years before the incidental Lewy bodies were detected on autopsy.

Within the ILBD group, all three cases with rhythmic EMG discharges showed an agonist-
only activation pattern. These three cases showed relatively low-amplitude EMG activity
with a mean 80 μV (range 60–110) for during maximal sustained amplitude of the positive-
negative deflection in the EMG polygraphy. The mean theta power for the ILBD cases with
rhythmic EMG discharges trended higher than those without (P<.04). All other QEEG
measure comparisons were not significant.

In the PD group, four of seven subjects (57%) showed unilateral rhythmic EMG discharges
at rest, and all four of these subjects had a visually apparent rest tremor. Three of the four
with rest tremor showed a reciprocal agonist-antagonist pattern and one subject showed a
co-contraction agonist-antagonist pattern. No rest tremor was observed in other locations.
The mean resting EMG discharge frequency was almost identical to that of the ILBD group
(Table 1). Figure 2 (left panel) shows the frequency values for those demonstrating rest
EMG discharges/spectral peaks among the three groups. However, the PD mean for during
maximal sustained amplitude of the positive-negative deflection for the rest tremor in the
EMG polygraphy was higher (mean=387.5 μV, range 270–510) with no overlap when
compared to the ILBD group.
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Rhythmic EMG Activity during Postural Activation
Four of the ten subjects (40%) with ILBD showed bilateral rhythmic EMG modulation with
spectral peaks during muscle activation. These subjects did not have rest EMG discharges.
Only one of these four subjects had a small visually perceptible tremor (grade 1). Seventeen
of 28 Control subjects (61%) showed rhythmic EMG modulation with spectral peaks during
muscle activation. Eleven of these 17 Control subjects showed a small bilateral visually
perceptible tremor (grade 1). All seven PD subjects (100%) showed bilateral rhythmic EMG
modulation with spectral peaks during muscle activation. Two PD subjects demonstrated a
grade 2 activation tremor, three had a grade 1 activation tremor, and two showed no visually
perceptible tremor. Rhythmic EMG modulation with spectral peaks during muscle activation
was more common in PD than ILBD subjects (P=.03). The frequency of the muscle
activation discharges was not different between the three groups. In all groups, muscle
activation rhythmic frequencies at or above the physiologic range (>9 Hz) were not
associated with visually perceptible tremor. Figure 2 (middle panel) shows the frequency
values for those demonstrating muscle activation EMG discharges/spectral peaks among the
three groups.

Quantitative Electroencephalography
The ILBD group had significantly lower background rhythm frequency mean than the
Control group (P=.001) while having a higher background rhythm frequency than the PD
group (P=.01). Figure 2 (right panel) shows the background rhythm frequency values for the
three groups. Theta bandpower was higher in the PD group than for ILBD subjects (P=.003).
No other frequency bands showed a significant difference among the three groups. When
adjusting for age and sex, the differences remained statistically significant (Table 1).

Lewy Related Pathology Scores in ILBD cases
Lewy related pathology staging and scores in selected brain regions are given in table 2 for
the ILBD cases. All ILBD cases with rhythmic rest EMG discharges had Lewy related
pathology in the substantial nigra (subjects 1, 4, 7 in table 2), but two cases (subjects 5 and
10) had grade 1 Lewy-related pathology in the substantia nigra but no rhythmic rest EMG
discharges. Comparisons of selected areas and total scores are given in table 3. The mean
Total Score of all brain regions for ILBD cases with rhythmic rest EMG discharges was 15.0
(N=3, SD 7.8) versus only 4.3 (N=7, SD 3.0) for those without rhythmic rest EMG
discharges (P=.01). The Brainstem Total Lewy related pathology score was 7.7 (N=3,
SD=1.5) among subjects with rest tremor discharges versus only 1.71 (N=7, SD=0.95)
among those without rest EMG discharges (P<.001).

Discussion
Our results suggest that electrophysiological changes in surface EMG activity and EEG
spectra can occur even when Lewy bodies present at autopsy are “incidental.” All these
ILBD cases were prospectively examined by movement disorder experts and
neuropsychologists pre-mortem and did not receive a PD or dementia diagnosis. In this
study, both the low-frequency surface EMG activity at rest and spectral EEG changes in the
ILBD cases were between those of autopsied confirmed Control and PD cases. Both
findings support the concept that ILBD cases may possibly represent a preclinical stage of
Lewy body disorders rather than a variant of normal aging. Moreover, these
electrophysiological findings were detected in the absence of clinically significant findings
on pre-mortem assessment when compared to a similarly assessed Control group. Similar to
other studies of ILBD, we can not predict what proportion of our ILBD cases would have
progressed to PD or DLB. Finally, we suggest that these electrophysiology correlates have
potential usefulness in the study of early PD and DLB.
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We believe that these low-frequency rest EMG discharges found in the ILBD group
represent subclinical rest tremor related to presymptomatic PD or DLB. The proportion of
our ILBD cases with subclinical rest tremor (3 out of 10) is smaller than the published
proportion of PD patients that present with rest tremor from two published large databases
(47% and 59%) (Jankovic et al., 1990; Utti et al., 2005). Thus, it may be that with more
disease progression, rest EMG discharges are more likely to occur and be clinically
manifest. Among our ILBD cases with rest EMG discharges, the lower frequency values
distinguished the ILBD group from the Control group. Indeed, the highest rest EMG
frequency value in the ILBD group was 1Hz lower than the lowest rest EMG value in the
Control group. The rest tremor values in our ILBD group are within the characteristically
low 3.5–5.5 Hz frequency range of PD (Hallett, 1986; Deuschl et al., 2003;). The rhythmic
EMG discharges in the ILBD group were not accompanied by a visually apparent tremor.
This may reflect that fact that the rest discharges were of lower amplitude than those of the
PD cases, and without antagonist activation. It is known that rest tremor muscle discharges
in PD may be present without a visually perceptible tremor, and spectral analysis of rectified
EMG provides objective assessment of the oscillating discharges (Deuschl et al., 2003). The
rest EMG discharges in the four Control cases, unlike the ILBD cases, were associated with
muscle activation tremor. It is very unlikely that the rest tremor discharges in the ILBD
group represents poor relaxation of muscle. First, all three subjects with rest tremor
discharges in the ILBD group did not have activation tremor. Second, constant monitoring
for poor muscle relaxation in all four limbs ensured a relaxed state. All these combined
findings suggest that these rest EMG discharges may represent early abnormal activity that
could evolve into clinically apparent rest tremor associated with Lewy body disorders. Our
findings do not support strong sensitivity of rhythmic EMG discharges for detecting ILBD
(30%), nor do we know with certainty that similar ILBD cases would indeed develop PD or
DLB during life. Longitudinal study that follows control subjects to the eventual
development of PD is needed to help answer this question. However, if confirmed, the
specificity of low-frequency resting EMG discharges for ILBD could be useful in algorithms
for early Lewy body disorder detection when other instruments for sensitivity are also being
employed (Postuma et al., 2010).

The finding that the ILBD EEG background rhythm frequency is intermediate between
Control and PD is an unexpected finding. Despite the mean background rhythm value still
being within the normal alpha frequency range, the tendency toward downward spectral shift
of this rhythm in ILBD may represent the first QEEG change seen in Lewy body disorders.
We know that QEEG changes occur with PD, PDDementia, and DLB, but more work is
needed to develop these measures as valid biomarkers (Caviness et al., 2007; Aarsland et al.,
2008). Since most ILBD cases do not have cortical Lewy bodies, the question arises as to
what might be the substrate for the EEG changes. One possibility is that the QEEG change
in ILBD is from subcortical pathophysiology. The EEG background rhythm is known to be
at least partially dependent on normal activity from subcortical centers. Abnormal
subcortical influence via the cortical-basal ganglia-thalamo-cortical loop may cause the
background rhythm frequency to shift lower. Decreased direct subcortical projections, such
as from the nucleus basalis of Meynert, may also have such an effect, as seen in animal
models (Stewart et al, 1984; Buzsaki et al., 1988). EEG spectral power partially normalizes
after cholinesterase inhibitor treatment in PD-Dementia (Bosboom et al., 2009).
Alternatively, intrinsic neocortical neuron dysfunction may occur before Lewy bodies are
discovered on microscopic examination (Libow et al., 2009). This is supported by the
finding of oxidative stress in the neocortex of ILBD regardless of neocortical Lewy body
presence or absence (Dalfo et al., 2005).

A more defined picture is beginning to emerge for ILBD. Several recent studies favor the
view that individuals with ILBD would develop symptoms of PD or DLB if they had lived
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long enough. There are several reasons for this hypothesis. The Lewy bodies in ILBD cases
are found in multiple brainstem and subcortical locations along the lines of symptomatic
Lewy body staging systems (Braak et al., 2003; DelleDonne et al., 2008; Beach et al., 2009).
Substantia nigra involvement occurs in many ILBD cases but seemingly with less neuron
loss than in PD (DelleDonne et al., 2008). The fact that markers of dopamine terminals in
the striatum are decreased in ILBD cases further suggests preclinical abnormal nigrostriatal
function (Dickson et al., 2008; DelleDonne et al., 2008; Fujishiro et al., 2008). Our finding
that subclinical EMG discharges at rest occur in ILBD cases with more brainstem Lewy
related pathology may suggest that pathology reaches a threshold in the brainstem for such
EMG activity to occur. It is possible that more pathology develops before a rest tremor is
seen. The EEG changes that we found suggest that mild cortical dysfunction may be present
in some ILBD subjects. It is also interesting to note that within the ILBD group, the cases
with rhythmic EMG discharges at rest had a trend toward more EEG theta bandpower which
may suggest more subclinical progression that correlates with both electrophysiologic
findings. Based on our earlier study of clinical abnormalities in ILBD cases, only Trails B, a
cognitive test reflecting frontoexecutive function, was found to be decreased in ILBD (Adler
et al., 2010). In another study, mild cognitive impairment was found in a proportion of PD
cases at time of initial diagnosis (Aarsland et al., 2009). More study is needed to determine
whether early EEG changes correlate with mild cognitive abnormalities, or whether the
QEEG biomarker may be able to predict which ILBD cases could represent preclinical DLB
rather than PD. Moreover, it would be important to know whether individuals with EEG
changes early in their Lewy body disease course are more likely to show early dementia or
MCI.

Finally, it is of great interest that the low-frequency subclinical rest EMG discharges in the
ILBD cases were present for 5.1, 3.3, and 1.7 years before the incidental Lewy bodies were
detected on autopsy. It would be useful to study retrospective electrophysiologic changes in
individuals that eventually develop PD or DLB to determine the length of time preclinical
EMG and QEEG changes are present in such individuals. The notion that there is a long
preclinical stage in the onset of Lewy body disorders is profound. Such an interval offers
tremendous opportunity if an effective therapeutic agent can be found to prevent or inhibit
the biochemical processes associated with disease progression of Lewy body disorders.
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Figure 1.
Surface EMG rest discharges from a PD subject (top), and surface EMG rest discharges and
their Fast-Fourier Transform (FFT) averaged spectra from an ILBD subject (bottom).
Top-Surface EMG polygraphy of left wrist flexors and left abductor pollicis brevis from a
PD subject. Bottom-Surface EMG polygraphy of left wrist flexors and left abductor pollicis
brevis and their FFT averaged spectra show a distinct at about 5 hertz for both muscles from
an ILBD Subject. Note that the PD rest tremor discharges are much larger than for the ILBD
rest tremor discharges that have no visible rest tremor.
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Figure 2.
Frequency value plots among Control, ILBD, and PD for rest and activation EMG
discharges and EEG background frequency.
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Table 3

Lewy body scores among subjects with and without rest tremor discharges in the group with ILBD.

Rest Tremor

Yes No P

N 3 7

Olfactory Bulb (0–4 points); mean (SD) 1.33 (0.58) 1.6 (1.5) .80

Brainstem Sum (0–12 points); mean (SD) 7.7 (1.5) 1.71 (0.95) <.001

Neocortical Sum (0–12 points); mean (SD) 1.0 (1.7) 0.0 (0.0) .30

Total Sum (0–40 points); mean (SD) 15.0 (7.8) 4.3 (3.0) .01
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