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majority of LBD patients were referred back to primary care.
This underscores the importance of more education for primary
care physicians about diagnosing and treating non-Alzheimer’s

dementias.
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ngitudinal studies of RBD have shown that up to 93% of cases go on to
velop a synucleinopathy — PD, PDD, DLB or multiple system atrophy— if
oNéwed up for a sufficient number of years.

o 5 10 10 15
Time from IRBD diagnosis (years) Time from RBD onset (years)

Mumber at risk 44 27 10 r = 15

Figure 2: Rates of neurological-disease-free survival according to the time of (A) IRBD diagnosis and (B) estimated RBD onset
IRBED=idicpathic rapid-eye-movement (REM) sleep behaviour disorder. RED=REM sleep behaviour disorder.

Interpretation Most IRBD individuals from our cohort developed a Lewy body disorder with time. Patients who
remained disease-free at follow-up showed markers of increased short-term risk for developing PD and DLB in
IRBD, such as decreased striatal DAT binding. Our findings indicate that in most patients diagnosed with IRBD this
parasomnia represents the prodromal phase of a Lewy body disorder. IRBD is a candidate for the study of early
events and progression of this prodromal phase, and to test disease-modifying strategies to slow or stop the
neurodegenerative process.

Iranzo A et al, The Lancet Neurology, Volume 12, Issue 5, 2013, 443 - 453
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Diagnosis and management of dementia

with Lewy bodies

Fourth consensus report of the DLB Consortium

ABSTRACT

The Dementia with Lewy Bodies (DLB) Consortium has refined its recommendations about the
clinical and pathologic diagnosis of DLB, updating the previous report, which has been in wide-
spread use for the last decade. The revised DLB consensus criteria now distinguish clearly
between clinical features and diagnostic biomarkers, and give guidance about optimal methods
to establish and interpret these. Substantial new information has been incorporated about pre-
viously reported aspects of DLB, with increased diagnostic weighting given to REM sleep
behavior disorder and *23iodine-metaiodobenzylguanidine (MIBG) myocardial scintigraphy.
The diagnostic role of other neuroimaging, electrophysiologic, and laboratory investigations
is also described. Minor modifications to pathologic methods and criteria are recommended to
take account of Alzheimer disease neuropathologic change, to add previously omitted Lewy-
related pathology categories, and to include assessments for substantia nigra neuronal loss.
Recommendations about clinical management are largely based upon expert opinion since
randomized controlled trials in DLB are few. Substantial progress has been made since the
previous report in the detection and recognition of DLB as a common and important clinical
disorder. During that period it has been incorporated into DSM-5, as major neurocognitive
disorder with Lewy bodies. There remains a pressing need to understand the underlying neu-
robiology and pathophysiology of DLB, to develop and deliver clinical trials with both symp-
tomatic and disease-modifying agents, and to help patients and carers worldwide to inform
themselves about the disease, its prognosis, best available treatments, ongoing research, and
how to get adequate support. Neurology® 2017;89:1-13

GLOSSARY

AD = Alzheimer disease; CHEI cholinesterase inhibitor; DAT = dopamine transporter; DLB = dementia with Lewy bodies;
DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th edition; LB = Lewy body; MCI = mild cognitive
impairment; MIBG metaiodobenzylguanidine; MMSE Mini-Mental State Examination; MTL medial temporal lobe;
PD = Parkinson disease; PSG = polysomnography; RBD = REM sleep behavior disorder.

The Dementia with Lewy Bodies (DLB) Consortium last reported on diagnosis and manage-
ment in December 2005, and its reccommendations have been widely cited for both clinical
and research use.'” Changes made to the diagnostic criteria at that time increased diagnostic
sensitivity for DLB,' but detection rates in clinical practice remain suboptimal,? with many
cases missed or misdiagnosed, usually as Alzheimer disease (AD). The revised DLB criteria
presented here incorporate new developments since then and result from a review process that
combined the reports of 4 mulddisciplinary, expert working groups with a meeting that
included patient and care partner participation (appendix e-1 at Neurology.org). The Consor-
tium recognizes increasing interest in detecting early-stage disease; prodromal DLB criteria are in
development and will be reported separately.

SUMMARY OF CHANGES While maintaining their previous structure, the revised DLB clinical diagnostic
criteria improve on earlier versions'? by distinguishing clearly between clinical features and diagnostic

Author affiliations are provided ar the end of the article.
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Inclusion of RBD improves the diagnostic
classification of dementia with Lewy bodies

Lo

ABSTRACT

Objective: To determine whether adding REM sleep behavior disorder (RBD) to the dementia with
Lewy bodies (DLB) diagnostic criteria improves classification accuracy of autopsy-confirmed
DLB.

Methods: We followed 234 consecutive patients with dementia until autopsy with a mean of 4
annual visits. Clinical diagnoses included DLB, Alzheimer disease (AD), corticobasal syndrome,
and frontotemporal dementia. Pathologic diagnoses used the 2005 DLB consensus criteria and
included no/low likelihood DLB (non-DLB; n = 1 36) and intermediate/high likelihood DLB (DLB; n =
98). Regression modeling and sensitivity/specificity analyses were used to evaluate the diagnos-
tic role of RBD.

Results: Each of the 3 core features increased the odds of autopsy-confirmed DLB up to 2-fold,
and RBD increased the odds by 6-fold. When clinically probable DLB reflected dementia and 2 or
more of the 3 core features, sensitivity was 85%, and specificity was 73%. When RBD was
added and clinically probable DLB reflected 2 or more of 4 features, sensitivity improved to 88%.
When dementia and RBD were also designated as probable DLB, sensitivity increased to 90%
while specificity remained at 73%. The VH, parkinsonism, RBD model lowered sensitivity to 83%,
but improved specificity to 85%.

Conclusions: Inclusion of RBD as a core clinical feature improves the diagnostic accuracy of
autopsy-confirmed DLB. Neurology® 2011;77:875-882







REM sleep RBD

/\@VIPAG [N\ @viPAG
/' ©SsubC 75 subC

[}
MNs | "o )
Table 2 | Core cortical components of the neural network underlying REM sleep. i Excitation A;

=] Inhibition

r——

Muscle

Muscle

Region Cluster size (mm?) Talairach coordinates (x, y, z) [BA]

AGAIVATIONS (REM > WRKING REST)

rtical regions

368 2,32, 2 [Area 24| REM Sleep RBD

Medial prefrontal cortex

PDS-‘ET or cingulate cortexflingual\gyrus 656 28, ~66, 4 [Areas 19, 30] o (V) FIGURE 1 | Neural substrate of REM sleep vs. waking rest. Significant
Parahippocampal cortex 1065 24, ~40, —10 [Areas 36, 37| E > E > meta-analytic clusters contributing to the neural substrate of REM sleep (as
48 16, —26, ~18 [Area 35| w L |§ w | { J | = a proxy for dream mentation). Axial slices are displayed in Talairach space,
Parahippocampalfentorhinal cortex| 104 18, —30, —6 [Areas 28, 35| o ™ n . ;.
with 3mm skip. Color bars indicate likelihood that peaks represent actual
Posterior parahippocampus/lingualjgyrus 496 —18, —50, —8 [Area 19] (O] le h p{,'n Ml Al ’5‘ i ‘W WIG\A m |§ (O L [ “.‘ \l\n \Idﬁ ke A 4,} ,l Ik\ peaks of difference at a given voxel. Activations (REM > waking rest) are in
2 22, 788, =G [Aveas 19, 361 T “‘f}'mv\" f’rh”"‘ il \‘M\‘ W Mb’ |":‘W}“'I‘II~ g w ‘w.l‘\"lM' IH 1 \\‘ Hﬂ%‘(&:”ﬁ“ﬁ red-yellow, deactivations (REM < waking rest) in blue-green.
Entorhinal cortex/hippocampus 360 22, —18, —14 [Areas 28, 35| Ll [ | ,I|‘ L |} L “ b w ‘ i H Y | \
Subcortical regions ?
ons/midbrain 688 8, —14, —18
Ca 472 -6, 16, 10
< WAKING REST)
Cortical regiol
Mid/posterior cingulate 752 —8, —34, 28 [Area 23|
Rostrolateral prefrontal cortex 456 32, 44, 20 [Area 10]
Inferior frontal gyrus 296 —486, 26, —2 [Areas 47 45)
Orbitofrontal cortex 256 32, 38, —10 [Area 11]
224 38, 36, —12 [Area 11]
120 18, 46, —14 [Area 11]
Superior longitudinal fasciculus 176 28, —42, 20

likely activation and deactivation from a meta-anal idies of REM sleep compared to a ba:

st. Notably, every cortical cluster of activation overlaps (converge a care component of the DMN, except for one cluster in le

[Area 19] [compare with Table 3 and Figure 2). Conversely, significant clusters of deactivation overlap with DNMN regions in only one case out of seven. The

cluster labeled as in superior longitudinal fasciculus is approximate only. BA, Brodmann area;, DMN, default mode network; PET, positron emission tomography;
REM, rapid eye movement.

Fox et al, 2013
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residue”(Freud,
-eam-lag” effect

‘elevant and emotionally salient events eam content as day residue and
dream lag effects, but nieretal.,2005).

e presence of emotional and personally relevant content in dreams may be related to the fact that emotional and
impactful events are preferentially consolidated in memory (McGaughetal.,2002;Nishidaetal., 2009).While dreaming
ontains clear episodic autobiographical elements, memories only rarely get“replayed”in dream content (~1-2% of reports;
se et al.,2003).

E f/ﬁs hechos de la misma materia de los cuales estdn hechos los suenos “El Beso” Pablo Neruda



Otask, subjects al Recent studies suggest that the DMN

planning for the future, and -/, -/ o0 could be envisioned as the anatomo-
functional structure subtending ((Id-

Es» in the Freudian metapsychology.



Low entropy: coupled-stable reality

coupling (corresponding to a stable condition linked to reality checking) .

checking netwo

decoupling (corresponding to an entropic state with connectivity motifs which form
and fragment across time)

Posterior cingulate, medial

prefrontal cortex, and
hippocampus
Superior frontal, temporo-

parietal junction, anterior insula

Frontal eye fields, dorsolateral
prefrontal cortex, posterior
parietal cortex

Task-independent thought-mind
wandering

Activation of other networks,
engages attention to salient
stimuli

Voluntary orienting, processing
of cognitive information

High entropy: decoupled unstable
PCC, randomly connecting motifs




in Tables 1 and 2.

Correlation coefficient

(%)
saEne

EEG band limited power

Fig.3. Temporal evolution of connectivity within DMN at the single-subject level. (A) Composite single-slice maps (Z = 25) of correlation with seed in PCC. Each
image represents the average of 2 10-min correlation maps (for full data see Fig. 53). Periods of deep sleep (indicated by colored background) coincide with a

reduced involvement of frontal regions; this is confirmed by the region-based analysis shown in B, which shows reduced correlations with ACC and MPFC in the 01. 1'
presence of a robust correlation within PCC. Corresponding levels of band-limited EEG activity are given in C, with the following definitions: lower delta: <2 Hz; H I 2 O O 9
upper delta: 2-4 Hz; theta: 4-8 Hz; alpha: 8-12 Hz; and beta: 12-20 Hz). o rov I Z e q 4

-5 5
z-score

Correlation coefficient

deep sleep

Fig. 1. The default mode network during wake and sleep. Composite maps showing correlations with PCC during (A) wake and (B) deep sleep, and their
significant difference as determined from statistical t test (C). A significant reduction of involvement of frontal regions is seen during deep sleep, whereas the
posterior cingulate-inferior parietal correlations are preserved. The Z maps in A and B are both thresholded at Z = +5.0; the t map in Cis thresholded at t =
+3.5. Both positive (yellow-red) and negative (blue) correlations are shown. Z values, t values, and Talairach coordinates of all significant clusters are reported

— S - o
— R

— Lower delta

— Upper delta

— Theta

-~ Alpha
Beta

Wake Deep Sleep

¥

~°

-3.53.5 Fig. 2. Connectivity of the main components of the DMN during wake and
t-value deep sleep. The connectivity within (disks) and between components (lines)
was determined from temporal correlation analysis of average time courses
within each ROI. The ROIs were defined as the voxels within each anatomic
region that are significantly connected to the PCC seed during wake, using a
low threshold (P = 0.0001, uncorrected). The size of the disks represents
within-region connectivity, whereas thickness of lines represents between-
region connectivity. During deep sleep, the posterior areas (bilateral IPC and
PCC) strengthen their connectivity, whereas the connections between frontal
and posterior regions are lost. See also Tables 3 and 4. MF = medial prefrontal/
anterior cingulate cortex; IPl = left inferior parietal/angular gyrus; IPr = right
inferior parietal/angular gyrus; PC = posterior cingulate/precuneus.

DMN persist throughout the whole physiologic range of levels of
consciousness, from wake to deep sleep; however, the strength
of the correlations, and by implication the integrity of the DMN,
is dynamically modulated by the level of consciousness.



disinhibited into a high entropic state

, self-referential information (identity) is partly preserved, but reality checking is'noti
primitive or infantile state of consciousness

dreams and

Y LX X TA

Franciotti et al 2013 Graff-Radford 2015
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Orbital gyri

Frontal gyri

thalamus or hippocampus

Precentral
gyrus

Parietal
gyri

Occipital g

Fig. 1. Some circuitry of the thalamo-cortical complex as seen in a horizontal slice. Thalamic nuclei are represented by the central colored blobs. Cortico
thalamic projections are represented on the left, thalamo-cortical projections on the right (with associated color-coded cortical projection areas). The more
massive cortico-thalamic projections are represented by thicker lines. Not all nuclei or projections are shown, differentiated, or labeled. Most limbic and
other subcortical projections to thalamus are not shown. Note the reciprocal connections between the thalamic nuclei and their associated cortical areas
Note also the lateral projections to the TRN of both cortico-thalamic and thalamo-cortical fibers. ATN: Anterior thalamic nuclei; DM: dorso-medial nucleus;
LGN: lateral geniculate nucleus; MGN: medial geniculate nucleus; TRN: thalamic reticular nucleus: P: pulvinar nucleus; VN: ventral nuclei. Based on
Nieuwenhuys et al. (2007,

Ward, 2011




For example, v ells is relatively hyperpolarized,
excitatory inputs activate T-type calcium channels that initiate rhythmic burst activity,
leading to synchronization of the EEG (as occurs during non-REM sleep).
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e

slow theta

including PD, cor

focal, lobar or widespreac

(4-8 Hz), replacing the tonic gammc rimotor and
cognitive functions, and the alpha activity during waking rest. The TCD theory

postulated that a portion of the thalamocortical system is trapped in spindle-like
theta activity whereas other parts of the brain remain in the waking state, with
gamma band activations, at the edge of the dysrhythmia-locked brain portions,
in a condition akin to dissociated states of parasomnias.

Cortex

Figure 5 In the top Thalamocortical dysrhythmia (TCD)
model in PD-DLB.

0 Y

Fig. 4 Support vector machine learning differentiates between
thalamocortical dysrhythmia disorder (N = 277) including tinnitus, pain,
Parkinson, and depression vs. healthy controls subjects (N = 264). dACC
dorsal anterior cingulate cortex, sgACC subgenual anterior cingulate cortex,
INS insula, PHC parahippocampus, AUD auditory cortex, So somatosensory
cortex, Mo motor cortex, PCC posterior cingulate cortex, 0 theta, p beta, y
gamma




op;
ep (mind-
body is awake

4. Status diss emi-continuous
movements. Impa , sometimes, confabulation
nd mental confusion.

/ Mahowald and Schenck 1991




VH

ep;
c ( mind-

le the body is awake
RBD :

parasomnias

......

dissoclatus: m delirivn ILOUS or semi-continuous

movements. Impaired level of x Coghifive flutiudtions tention and, sometimes, confabulation

nd mental confusion.

Mahowald and Schenck 1991



Table 1 Revised®'Z criteria for the clinical diagnosis of probable and possible
dementia with Lewy bodies (DLB)

Essential for a diagnosis of DLB is dementia, defined as a progressive cognitive decline of
sufficient magnitude to interfere with normal social or occupational functions, or with usual daily
activities. Prominent or persistent memory impairment may not necessarily occur in the early
stages but is usually evident with progression. Deficits on tests of attention, executive function,
and visuoperceptual ability may be especially prominent and occur early.

Core clinical features (The first 3 typically occur early and may persist throughout the course.)

Fluctuating cognition with pronounced variations in attention and alertness.

Recurrent visual hallucinations that are typically well formed and detailed.

REM sleep behavior disorder, which may precede cognitive decline.

One or more spontaneous cardinal features of parkinsonism: these are bradykinesia (defined as
slowness of movement and decrement in amplitude or speed), rest tremor, or rigidity.

Supportive clinical features

Severe sensitivity to antipsychotic agents; postural instability; repeated falls; syncope or other
transient episodes of unresponsiveness; severe autonomic dysfunction, e.g., constipation,
orthostatic hypotension, urinary incontinence; hypersomnia; hyposmia; hallucinations in other
modalities; systematized delusions; apathy, anxiety, and depression.

Indicative biomarkers

Reduced dopamine transporter uptake in basal ganglia demonstrated by SPECT or PET.
Abnormal (low uptake) *23iodine-MIBG myocardial scintigraphy.
Polysomnographic confirmation of REM sleep without atonia.

Supportive biomarkers Th e case O DLB

Relative preservation of medial temporal lobe structures on CT/MRI scan.

Generalized low uptake on SPECT/PET perfusion/metabolism scan with reduced occipital
activity = the cingulate island sign on FDG-PET imaging.

Prominent posterior slow-wave activity on EEG with periodic fluctuations in the pre-alpha/
theta range.
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EEG abnormalities highly correlated with FC (only
PDDF had the same alterations)

Bonanni et al, Brain 2008
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lde e for TCD in PD-DLB. The 5-to-8 Hz EEG was only recently

firmed as an uncontroversial feature of DLB, considered a
qllmqu of cognitive decline rather than of motor symptoms. The

ormal EEG of DLB patients is characterized by the

pearance of this fast-theta or pre-alpha activity during
akefulness [Bonanni et al 2008, 2015, 2016]. lts presence
predicts occurrence of cognitive decline, tracks the evolution of
mild cognitive impairment in PD and is correlated with the
severity of cognitive fluctuations in DLB. The pre-alpha activity
appears initially as a pseudoperiodic inscription on normal
resting state background activity predominantly in the frontal
regions, and becomes, with time, diffusely present on all scalp
derivations recording cortical activity. Its pattern is , as
typical of thalamocortical spindling activity. In patients with
severe dementia, rhythmic pre-alpha becomes less clearly
distinguishable, as it is concealed by slower (theta—delta)
arrhythmic activities, which are due to cortical disconnection.

EEG alterations in DLB
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Specific Patterns of Neuronal Loss in the Pulvinar
Nucleus in Dementia With Lewy Bodies
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