THE NEUROCOGNITIVE MODEL
10 AND 4 YEARS ON




1) MOVE BEYOND THE PRESENTING COMPLAINTS
OF

CAN'T FALL ASLEEP
CAN'T STAY ASLEEP.

2) TO OPERATIONALLY DEFINE WHAT IS MEANT
BY

“HYPERAROUSAL”

3) TAKE INTO ACCOUNT OTHER ESSENTIAL
FEATURES OF INSOMNIA

FEATURES THAT MAY SPEAK TO THE ETIOLOGY
AND PATHOPHYSIOLOGY OF THE DISORDER.



INSOMNIA IS A DISORDER OF HYPERAROUSAL




Q: IN CHRONIC INSOMNIA

IS THE LEVEL OF AROUSAL
ENOUGH TO INTERFERE WITH SLEEP
INITIATION OR MAINTENANCE ?

DOES THE AROUSAL LEVEL COMPARE TO
THIS ?!




RE: OTHER ESSENTIAL FEATURES
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WHEN “AWAKE” THERE IS THIS PROBLEM
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WHEN “ASLEEP” THERE IS THIS PROBLEM
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THERE IS THE PERCEPTION

When you have insomnia,
you're never really asleep and
you're never really awake.

— Chuck Palahniuk
(Portland Native)
Fight Club

Complimenis Rebecca Bernert
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THERE IS THE RECOLLECTION

“l am sure, [and] many times too,
that | slept without knowing it -
but | never slept knowing it.”

-- Ernest Hemmingway
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IN BRIEF

 When Awake: Enhanced Exterio and Interioception
 When Asleep: Enhanced Exterio and Interioception

* Following Sleep: Enhanced Episodic Memory

The conseqguences:
Sleep is difficult to initiate and maintain;

Sleep is perceived as shallow,
as “in between state”, or as not sleep




THE SPECIFICS OF THE MODEL

e
[paper, we
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THE NEUROCOGNITIVE MODEL

[ Predisposing factors -

L Biopsychosocial factors_l_ ~ Vulnerability for

J, physical psychiatric
illness

-

Precipitating event
_ Acute biopsychosocial stress |

:

Perpetuating factars
Increased time in bed
| Staying awake in bed

Y

Neurocognitive factors
Conditioned arousal Cognitive alterations

Somatic Sensory processing

Information processing and

Cortical ;
shon-term memory formation

Cognitive Long-term memaory formation

.

Insomnia
—= Can'tfall asleep
—| Wake up frequently |=—

Perceived wakefulness vs PSG sleeplll-—

Sleep state misperception
COverestimation of wakefulness =—
Underestimation of sleep
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Precipitating event
Acute biopsychosocial stress

I Perpetuating factors I

Sleep extension (primary)
Sleep stimuli as econdary)

Perpetuating factors
Increased time in bed
Staying awake in bed

Neurocognitive factors

- Conditioned arousal  Cognitive alterations -1-

Somatic Sensory processing

¥ Information processing
Cortical and
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THE NEUROCOGNITIVE MODEL OF INSOMNIA

BASED ON THE BEHAVIORAL MODEL

THE NEUROCOGH

Predisposing factors
Biopsychosocial factors

Precipitating event
Acute biopsychosocial stress

Perpetuating factors
Inci d time in bed
Staying awake in bed

Neurocognitive factors
Conditioned arousal Cognitive alterations

Somatic Sensory processing

Infermation processing and
short-term memory formation

Cortical

Cognitive Long-term memory formation

Insomnia
Can't fall asleep
Wake up frequently

Perceived wakefulness vs PSG sleep

Sleep state misperception
Overestimation of wakefulness
Underestimation of sleep

sical psychiatric
illness

NATURE OF INSOMNIA OVER TIME

D Perpetuating
B Precipitating
B Predisposing

Threshold

Pre-Morbid Acute Early Chronic

SPIELMAN 1985



THE NEUROCOGNITIVE MODEL OF INSOMNIA

EXTENSION OF BEHAVIORAL MODEL

THE NEUROCOGNITIVE MODEL

Predisposing factors
Biopsychosocial factors Vulnerability for
physical psychiatric
illness
Precipitating event
Acute biopsychosocial stress

Perpetuating factors
In sed time in bed
Staying awake in bed

leurocognitive factors

Conditioned arousal Cognitive alterations

Infermation processing =

Cortical )
short-term memory formation

Cognitive Long-term memory formation

4 FACTOR MODEL

Insomnia
Can't fall asleep
Wake up frequently O Conditioned A = TARGET FOR CBT TX OF INSOMNIA
O Perpetuating -
Perceived wakefulness vs PSG sleep M Precipitating

H Predisposing
Sleep state misperception
Overestimation of wakefulness
Underestimation of sleep Threshold=—-———m—--

Pre-Morbid Chronic Acute Tx + Response




THE NEUROCOGNITIVE MODEL OF INSOMNIA

EXTENSION OF PHYSIOLOGIC MODEL — SANS ASSUMPTIONS

THE NEURQCOGNITIVE MODEL

[ Predisposing factors .
__Biopsychosocual factors___ " Vulnerabili ty for

l physical psychiatric
iliness
Precipitating event
| Acute biopsychosocial stress |

|

Perpetuating factors
Increased time in bed
| Staying awake in bed

Y

Neurocognitive factors

Conditioned arousal

e
| Cortical ]
Y W

Insomnia
—= Can't fall asleep
—+| Wake up frequently |<—

Perceived wakefulness vs PSG sleep-_'Id—

Sleep state misperception
Overestimation of wakefulness =—
Underestimation of sleep

NOT NECESSARY
1O ASSUME THAT

AROUSAL IS AROUSAL

CONDITIONED VS. ELICTED

ARRAYED IN 3 DOMAINS



THE NEUROCOGNITIVE MODEL OF INSOMNIA

EXTENSION OF PHYSIOLOGIC MODEL — SANS ASSUMPTIONS

THE NEUROCOGNITIVE MODEL

; Predisposing factors .
Biopsychosocial factors |

-——

Vulnerability for )
l physical psychiatric
— illness
Precipitating event h

_Acute biopsychosocial stres:-;__'_ . NOT NECESSARY TO ASSUME THAT
S AROUSAL AND SLEEP
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Neurocognitive factors
Conditioned arousal g Mitive alterations

Somatic

Cognitive

i Neurocognitive factors
Insomnia
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THE NEUROCOGNITIVE MODEL OF INSOMNIA

Neurocognitive factors

Conditioned arousal Cognitive alterations

STARTLE & ORIENT

Somatic Sensory processing
Cortical Information processing and IDENTIEY & RESPOND
. short-term memaory formation
Cognitive Long-term memory formation REMEMBER

'

Insomnia
—=| Can'tfall asleep |=—
—| Wake up frequently

Perceived wakefulness vs PSG sleep |-—

' Sleep state misperception )
Overestimation of wakefulness =—
Underestimation of sleep




HOW MIGHT ONE ASSESS THE MODEL ?




Conditioned arousal

Somatic =

Y
Cortical
A

= Cognitive

HOW MIGHT ONE MEASURE
CORTICAL/COGNITIVE AROUSAL ??

SLEEP RELATED COGNITIVE AROUSAL COULD BE MEASURED BY
MEMORY & PERCEPTION TASKS

SLEEP RELATED CORTICAL AROUSAL COULD BE MEASURED BY
QEEG
ERPs
FUNCTIONAL IMAGING



Conditioned arousal

Somatic =

Y
Cortical
A

= Cognitive

HOW MIGHT ONE MEASURE
CORTICAL/COGNITIVE AROUSAL ??

MEMORY & PERCEPTION TASKS
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LONG TERM MEMORY FOR WORD STIMULI

LONG TERM MEMORY = RECOGNITION
WORD STIMULI PRESENTED AT 5 SLEEP ONSETS: NSO & 4 FORCED AWAKENINGS
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WHY DIDN’T THE DATA LOOK LIKE THIS ?

LONG TERM MEMORY = RECOGNITION
WORD STIMULI PRESENTED AT 4 SLEEP ONSETS: NSO & 3 FORCED AWAKENINGS

ISSUES
WILL THE EXPLICIT VS IMPLICIT MEMORY BE RELEVANT 2



CONDITIONED AROUSAL

SOMATIC
CORTICAL /’
COGNITIVE

HOW MIGHT ONE MEASURE
CORTICAL/COGNITIVE AROUSAL ??

QEEG

HIGH FREQUENCY EEG



BETA (B) EEG
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STANDARD PSG TRACING (NORMAL GAINS & FILTERS
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PSG TRACING (2N° CHANNEL WITH y GAINS & FILTERS)

AT P e e — TN AP p AR

NORMAL TRACE (0.3 - 20 Hz)
STAGE 1 AT 5 pv / mm

y TRACE (35 - 45 Hz)
STAGE 1 AT 0.001 pv / mm
VOLTAGE = 1.3 pv



PSG TRACING (2N CHANNEL WITH y GAINS, FILTERS & TIME BASE)
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“10” STUDIES HAVE FOUND EVIDENCE OF CNS
AROUSAL IN INSOMNIA IN TERMS OF INCREASED

BETA EEG
Freedman et al., 1986 EEG & Clin Neurophy 63: 408-413
Merica & Gaillard, 1991 Physiol.Behav. 52: 99-204

Jacobs & Benson, 1993 Behavior Therapy 24: 159-174
La Marche & Oligivie, 1997 Sleep. 20: 724-733

Merica & Gaillard, 1998 Europ. J. of Neurosc. 10: 1826-1834
Nofzinger et al., 1999 Sleep. 22 supp 1. S99-S99

Perlis et al., 2001 Sleep, 24(1):110-117

Perlis et al., 2001 J. Sleep Research,10:93-104
Krystal et al., 2002 Sleep, 25(6): 630-640

Buysse et al., 2008 Sleep, 31 (12): 1673-1682
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CNS AROUSAL IN INSOMNIA IN TERMS OF BETA EEG
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Perlis et al., 2001. J. Sleep Research,10:93-104



CNS AROUSAL IN INSOMNIA IN TERMS OF BETA EEG
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CNS AROUSAL IN INSOMNIA IN TERMS OF BETA EEG
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CNS AROUSAL IN INSOMNIA IN TERMS OF BETA EEG
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CNS AROUSAL IN INSOMNIA IN TERMS OF BETA EEG
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THE RODENT MODEL
OF ACUTE INSOMNIA

Deir Flo et e
basic Description

STRESS-INDUCED INSOMNIA
Stress (limbic/cortical systems) Circadian
i Homeostatic

e 4

NE) » /L POex—REM
TMN (His) VLPOc —» nREM

Homeostatic (Adenosing, A1R)
Circadian

Wake €—— % Sleep

In stress-induced insomnia the sleep—wake switch is

forced into an unstable position, allowing the emergence of an
intermediate state in which both sleep and wake circuitries are
activated simultaneously,




IS INCREASED BETA/GAMMA RELATED TO
THE SUBJECTIVE EXPERIENCE OF SLEEP ?




INCREASED BETA EEG IS ASSOCIATED
WITH SLEEP STATE MISPERCEPTION

Beta/Gamma correlations with subjective-objective /
descrepancy measures

n=26
BETA-1% BETA-2% GAMMA%Y%

r=-0.46 ** r= - 0.46 ** r=-0.13
p =0.019 p = 0.019 p = 0.532

J

DDD
0

Perlis et al., 2001. Sleep,24(1):110-117



INCREASED BETA EEG IS ASSOCIATED
WITH POORER SUBJECTIVE SLEEP QUALITY

Relationship Between Sleep Quality
and Beta Power

—0.56 (P =0.035)

—0.55 (P =10.032)

£
«©
3
O
a
)
o
w
o
=
3]
2,
o
3
w
@
2
g
E
5]
Q

O 11 Normal Controls
B 12 Depressed Patients

-4.0 -3.5 -3.0 -25
Ln(Beta Power) During NREM Sleep

In both healthy and depressed subjects, beta power negatively correlated with subjective sleep quality.




Conditioned arousal

Somatic =

Y
Cortical
A

= Cognitive

HOW MIGHT ONE MEASURE
CORTICAL/COGNITIVE AROUSAL ??

ERPs
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Figure 1—Grand avera rent-related potentials (ERF) for the first 5 minufes of continuous stage 2 orded at Fz and Cz.

Patients with insomnia showed an enhancement in attention and a reduction
in the inhibitory process that normally facilitates sleep onset in the beginning
part of sleep. These results partially support the hyperarousal theory,
enhanced information processing during the initiation of sleep is a
contributing factor for insomnia. (Chien-Ming Yang, 2007).




INSOMNIA
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Figure 3—ERPs results for good sleepers and psy 1 1a sufferers duning sleep-onset recordings. Sood sleepers;
ophysiological insomnia sufferers; SO = sleep-onset recordings taking place on the fourth evening of PSG recordings. Between
cant differences are illustrated with the black circl

The sleep onset data confirm the hypothesis that patients with insomnia
“have difficulties inhibiting cortical arousal” as indicated by smaller N350
components. (Bastien et al. 2008).
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Event-Kelated Potentials During the Transition
to Sleep for Individuals With Slesp-Onset
Insomnia
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Participants with insomnia had smaller P2 amplitudes compared to GS at all
frontal and central sites recorded during the pre-sleep waking period of sleep
onset. The smaller P2 reflects a failure to inhibit or block out stimuli during
attempts to fall asleep in the poor sleeper group. This failure to inhibit stimuli
was specific to the standard, non-pertinent stimuli in the oddball task. These
results are consistent with neurocognitive and psychobiological perspectives
of insomnia... (Kertesz & Cote, 2011)



CONDITIONED AROUSAL

SOMATIC
CORTICAL /’
COGNITIVE

HOW MIGHT ONE MEASURE
CORTICAL/COGNITIVE AROUSAL ??

FUNCTIONAL IMAGING




FUNCTIONAL IMAGING OF SLEEP IN INSOMNIA

Cerebral Metabolic Rate

S ACOOeTEC AW 2

2 SPECT STUDIES BY THE ROCHESTER GROUP
INSOMNIA VS GOOD SLEEPERS
PRE-POST TX IN PATENTS WITH INSOMNIA

1 PET STUDY BY THE PITTSBURGH GROUP
INSOMNIA VS GOOD SLEEPERS




THE ROCHESTER STUDY
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FIGURE 1

Regional Cerebral Blood Flow During NREM Sleep in PPl and Good Sleepers
(Mean pefusion index with standard error bars)
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Smith, Perlis, et al., 2002 American Journal of Psychiatry



SPECT PRE-POST CBT- |

Letter to the Editor / Sleep Medicine 6 (2005) 93-94
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comparing subjects with primary insomnia to controls
. Insomnia Pre CBT-I (n=4) COMPEEE SUDICHS Witk Pallaty Ao Remes

) +=P<.05, pairedsamples t-test (one-tailed)
[[] mnsomnia Post CBT-I (n=4) comparing pre-post changes in subjects with insomnia

Note: Good sleeper data 1s from Smith et al (2002b). Neuroimaging of NREM sleep in primary
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25(3),325-335

Fig. 1. rCBF during NREM sleep before and alter cognitive behavior therapy for insomnia compared to matched good sleeper controls.

Smith, Perlis, et al., 2005 Sleep Medicine




THE SPECT DILEMMA

HOW CAN CNS HYPERAROUSAL BE rCBF-CHARACTERIZED AS
A HYPOMETABOLIC STATE ?!

‘_




ASK ME ABOUT THIS DURING THE QnA —
BUT IT’S NOT AS MESSED UP AS WE THOUGHT



THE PITTSBURGH STUDY

WHAT DID THE PET ASSESSMENT
SHOW ?



HYPERMETABOLISM IN INSOMNIA PATIENTS

—&— Normal Controls (n = 17)
—O— Insomnia (n = 6)

INSOMNIA Ss

Whole brain metabolism

CONTROL Ss

State: F=31.5, p<0.001
Group: F=6.79, p=0.017
State by Group Interaction: F=0.77, p=0.39

Original Slide Provided By Eric Nofzinger — University of Pittsburgh



AROUSAL SYSTEMS IN INSOMNIA SUBJECTS
THAT DEACTIVATE LESS FROM WAKING TO
SLEEP

ARAS . Hypothalamus

\WIESEY
temporal
cortex

Insular
cortex

Cingulate




DOES IT MAKE SENSE THAT THESE
PARTICULAR AREAS ARE “HOTTER” ?

» Activates and deactivates the cerebral
cortex and is involved in maintaining

alertness

ARAS

Hypothalamus mep Regulates sleep and wakefulness, exerts
control over the occurrence of

consolidated sleep and wakefulness, and
may have arole in sleep homeostasis.

Thalamus » Regulates sensory processing and the
activation and deactivation of the cortex.

Mesial TempPOral memm——p pjays a role in memory formation and
Cortex novelty detection (damage results in
anterograde amnesia)

Cingulate » Plays an excitatory role in emotions and in
motivated behavior.

Insular Cortex === pjays arole in the perception of disgust
and pain.




THE ISSUE OF FAILURE TO INHIBIT WAKEFULNESS

RAPD PUBLICATION

Reduced Brain GABA in Primary Insomnia: Preliminary Data from 4T Proton
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Decreased Brain GABA in Primary
Insomnia vs. Controls

r==072 p=00024

r==0.71, p=0.0043

GABA | Crealing ratio

* |naomnia " Contral

Figure 3—GABA / Creatine ratios in Primary Insomnia and nor- : ¥ u r y
. AR i)
mal sleeping controls

Figure 4—GABA vs, WASO scatterplods i Primary Insomnia on
Sleep Screen (A) and Inpatient (B) PSGs
WASD = wake time after sleep onsel

Winkelman et al., Sleep. 2008




SUMMARY




WHAT WE KNOW SO FAR



Patients with Chronic Insomnia exhibit

« an attenuation of the normal mesograde amnesia of sleep.

e Increased cortical arousal as measured in terms of Beta
and Gamma EEG

« an association between cortical arousal (Beta & Gamma
EEG) and 1) subjective sleep quality and 2) magnitude of
sleep state misperception.

* increased cortical arousal as measured in terms of
glucose utilization (PET)

e an enhancement in attention and a reduction in the inhibitory
process at sleep onset (ERPSs).



WHAT IS THE CLINICAL RELEVANCE OF ALL

SRT
ISR
BZs /| BZRAs
NEUROFEEDBACK ?
DA ANTAG. ?

THIS ?

Predisposing factors
Biopsychosocial factors

Y

Precipitating event
Acute biopsychosocial stress

!

Perpetuating factors
Increased time in bed
Staying awake in bed

Neurocognitive factors

Conditioned arousal Cognitive alterations

Somatic = Sen so%ocessmg :

[ Cgflical > Intormwocessing and

short-tern®memory formation

» Cognitive Long-t%emory formation

Y

Insomnia
= Can'tfall asleep |=
» Wake up frequently |«

Perceived wakefulness vs PSG sleep -

Sleep state misperception
Overestimation of wakefulness |-
Underestimation of sleep

SRT
ISR ?
BZs /| BZRAs

SRT

BZs
ACH ANTAG.
NMDA ANTAG



WHAT IS THE NAME OF THIS PAINTING ?
WHY IS IT RELEVANT ?
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