
 

  THE NEUROCOGNITIVE MODEL 

10 AND 4 YEARS ON 

 





 

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 
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THERE IS THE RECOLLECTION 
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IN BRIEF  

• When Awake: Enhanced Exterio and Interioception 

• When Asleep: Enhanced Exterio and Interioception 

The consequences:  
 

Sleep is difficult to initiate and maintain; 
 

Sleep is perceived as shallow,  

as “in between state”, or as not sleep 

• Following Sleep: Enhanced Episodic Memory  



 
THE SPECIFICS OF THE MODEL 
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BASED ON THE BEHAVIOR MODEL 

AN EXTENSION OF  

THE  

BEHAVIORAL MODEL  

AN EXTENSION OF  

THE  

PHYSIOLOGIC PERSPECTIVE  
SANS ASSUMPTIONS  

NEUROBIOLOGIC 

CONCOMITANT  

OF 

WORRY  







THE NEUROCOGNITIVE MODEL OF INSOMNIA 

BASED ON THE BEHAVIORAL MODEL   



THE NEUROCOGNITIVE MODEL OF INSOMNIA 
EXTENSION OF BEHAVIORAL MODEL 



THE NEUROCOGNITIVE MODEL OF INSOMNIA 

EXTENSION OF PHYSIOLOGIC MODEL – SANS ASSUMPTIONS  

ARRAYED IN 3 DOMAINS 

NOT NECESSARY  

TO ASSUME THAT  

AROUSAL IS AROUSAL  

CONDITIONED VS. ELICTED  



THE NEUROCOGNITIVE MODEL OF INSOMNIA 

EXTENSION OF PHYSIOLOGIC MODEL – SANS ASSUMPTIONS  

NOT NECESSARY TO ASSUME THAT  

AROUSAL AND SLEEP 

ARE MUTUALLY EXCLUSIVE  



THE NEUROCOGNITIVE MODEL OF INSOMNIA 

STARTLE & ORIENT  

IDENTIFY &  RESPOND  

REMEMBER  



 

HOW MIGHT ONE ASSESS THE MODEL ? 

 

 



 

SLEEP RELATED COGNITIVE AROUSAL COULD BE MEASURED BY  

MEMORY & PERCEPTION TASKS 

 

SLEEP RELATED CORTICAL AROUSAL COULD BE MEASURED BY  

QEEG 

ERPs 

FUNCTIONAL IMAGING 



MEMORY & PERCEPTION TASKS 



SLEEP ONSET 

- 1   - 2   - 3  - 5   1   2   3   4   5  

LOBSTER, CITY, STAR  … 



AWAKEN SBJ 
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LONG TERM MEMORY FOR WORD STIMULI 
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WHY DIDN’T THE DATA LOOK LIKE THIS ? 

ISSUES 
WILL THE EXPLICIT VS IMPLICIT MEMORY BE RELEVANT ? 

 



QEEG  

HIGH FREQUENCY EEG 



BETA (β) EEG   

 
 

STAGE 1 SLEEP 

 STAGE  2 SLEEP 

STAGES 3 & 4 

(SWS) 

AWAKE - ALPHA 

AWAKE - ALERT 



STANDARD PSG TRACING (NORMAL GAINS & FILTERS) 



NORMAL TRACE (0.3 - 20 Hz)  

STAGE 1 AT 5 μv / mm 

 γ TRACE (35 - 45 Hz)  

STAGE 1 AT 0.001 μv / mm 

VOLTAGE = 1.3 μv  

PSG TRACING (2ND CHANNEL WITH γ GAINS & FILTERS) 



NORMAL TRACE (0.3-20 Hz)  

STAGE 1 AT 5 μv / mm 

 γ TRACE (35-45 Hz)  

STAGE 1 AT 0.001 μv / mm 

VOLTAGE = 1.3 μv  

PSG TRACING (2ND CHANNEL WITH γ GAINS, FILTERS & TIME BASE) 



“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   



Unpublished Data – Nofzinger - UPITT 
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Perlis et al., 2001. J. Sleep Research,10:93-104 
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IS INCREASED BETA/GAMMA RELATED TO  

THE SUBJECTIVE EXPERIENCE OF SLEEP ? 



INCREASED BETA EEG IS ASSOCIATED  

WITH SLEEP STATE MISPERCEPTION 

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



INCREASED BETA EEG IS ASSOCIATED  

WITH POORER SUBJECTIVE SLEEP QUALITY 



ERPs 



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, i.e., 

enhanced information processing during the initiation of sleep is a 

contributing factor for insomnia. (Chien-Ming Yang, 2007).  

 



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).  

 



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) 



FUNCTIONAL IMAGING  



FUNCTIONAL IMAGING OF SLEEP IN INSOMNIA 

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 



WHAT DID THE SPECT ASSESSMENTS  

SHOW ?  

THE ROCHESTER STUDY  



FIGURE 1

Regional Cerebral Blood Flow During NREM Sleep in PPI and Good Sleepers

(Mean pefusion index with standard error bars)
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THE SPECT DATA  

Smith, Perlis, et al., 2002 American Journal of Psychiatry  



SPECT PRE-POST CBT- I 

Smith, Perlis, et al., 2005 Sleep Medicine  



THE SPECT DILEMMA  
 

HOW CAN CNS HYPERAROUSAL BE rCBF-CHARACTERIZED AS  

A HYPOMETABOLIC STATE ?! 

WHAT THE 

HECK ?  



ASK ME ABOUT THIS DURING THE QnA –  

BUT IT’S NOT AS MESSED UP AS WE THOUGHT  



WHAT DID THE PET ASSESSMENT  

SHOW ? 

THE PITTSBURGH STUDY  
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AROUSAL SYSTEMS IN INSOMNIA SUBJECTS 

THAT  DEACTIVATE LESS FROM WAKING TO 

SLEEP 

ARAS 

Thalamus 

Mesial 

temporal 

cortex 

Hypothalamus 

Cingulate Insular 

cortex 



DOES IT MAKE SENSE THAT THESE  

PARTICULAR AREAS ARE “HOTTER” ?  

ARAS Activates and deactivates the cerebral 

cortex and is involved in maintaining 

alertness 

Hypothalamus Regulates sleep and wakefulness, exerts 

control over the occurrence of 

consolidated sleep and wakefulness, and 

may have a role in sleep homeostasis.  

Mesial Temporal  

Cortex 
Plays a role in memory formation and 

novelty detection (damage results in 

anterograde amnesia)  

Cingulate 
 

Plays an excitatory role in emotions and in 

motivated behavior. 

 

 

 

 

 Insular cortex 
 

Plays a role in the perception of disgust  

and pain.  

Thalamus Regulates sensory processing and the 

activation and deactivation of the cortex.  



THE ISSUE OF FAILURE TO INHIBIT WAKEFULNESS  



COMPLIMENTS OF TOM ROTH  



SUMMARY   





Patients with Chronic Insomnia exhibit  

• increased cortical arousal as measured in terms of Beta  

  and Gamma EEG 

• an attenuation of the normal mesograde amnesia of sleep.  

• increased cortical arousal as measured in terms of  

  glucose utilization (PET) 

• an association between cortical arousal (Beta & Gamma  

  EEG) and 1) subjective sleep quality and 2) magnitude of  

  sleep state misperception.  

• an enhancement in attention and a reduction in the inhibitory 

  process at sleep onset (ERPs).  



WHAT IS THE CLINICAL RELEVANCE OF ALL 

THIS ?  

SRT 

ISR 

BZs / BZRAs 

NEUROFEEDBACK ? 

DA ANTAG. ? 

GABA AGON. ? 

5HT2A ANTAG. ? 

SRT 

ISR ? 

BZs / BZRAs 

SRT 

BZs 

ACH ANTAG. 

NMDA ANTAG 



 
  WHAT IS THE NAME OF THIS PAINTING ? 

WHY IS IT RELEVANT ? 

 



BREAK 

 

  



Michael Perlis PhD 

Director, Upenn Behavioral Sleep Medicine Program  

mperlis@upenn.edu 
 


