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SLEEP

u The complex neurobiology of the behavioral 
features of sleep has been explored for more 
then 40 years at

- molecular, 
- cellular, and 
- systemic levels. 

u Sleep Medicine is a “new discipline”
u Sleep diseases are “new diseases”
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SLEEP

u Although numerous studies provided 
substantial insight into physiology and 
pathology of sleep, 
many unanswered questions remain 
about this behavioral state that consumes 
approximately 
one third of our lives.
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Fig. 9-17, p. 287

Presenter
Presentation Notes
Figure 9.17: Hours of sleep per day for various animal species. Generally, predators and others that are safe when they sleep tend to sleep a great deal; animals in danger of being attacked while they sleep spend less time asleep.
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Fig. 9-18, p. 289

Presenter
Presentation Notes
Figure 9.18: Time spent by people of different ages in waking, REM sleep, and NREM sleep. REM sleep occupies about 8 hours a day in newborns but less than 2 hours in most adults. The sleep of infants is not quite like that of adults, however, and the criteria for identifying REM sleep are not the same. (Source: From “Ontogenetic development of human sleep-dream cycle,” by H. P. Roffwarg, J. N. Muzio, and W. C. Dement, Science, 152, 1966, 604–609. Copyright 1966 AAAS. Reprinted by permission.)
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The role of Endogenous pacemakers & 
Exogenous Zeitgebers

u The main pacemaker for endogenous (internal) rhythms is the 
suprachiasmatic nucleus (SCN). This is a small group of cells 
located in the area of the brain called the hypothalamus. Its 
called the SCN because it lies just above the optic chiasm, 
therefore it can receive information directly from the eye and the 
rhythm can be rest by the amount of light entering the eye. 



Rhythms of Waking and Sleep

u Experiments designed to determine the length 
of the circadian rhythm place subjects in 
environments with no cues to time of day. 
 

u Human circadian clock generates a rhythm 
slightly longer than 24 hours when it has no 
external cue to set it.



u Human studies:
u 24.5-25 hours rhythms
u "free run"



u Most people can adjust to 23- or 25- hour 
day  but not to a 22- or 28- hour day. 

u Bright light late in the day can lengthen the 
circadian rhythm.

Rhythms of Waking and Sleep



u Mechanisms of the circadian rhythms include 
the following:
u The Suprachiasmatic nucleus.
u Genes that produce certain proteins.
u Melatonin levels.

Rhythms of Waking and Sleep



u The suprachiasmatic nucleus (SCN) in the 
brain is a part of the hypothalamus and the 
main control center of the circadian rhythms 
of sleep and temperature.

Damage to the SCN results in less consistent body 
rhythms that are no longer synchronized to 
environmental patterns of light and dark.

Rhythms of Waking and Sleep



u In mammals, destroying the SCN will not 
destroy the wake-sleep transition, but 
will disrupt the normal ~24-hour rhythm



Fig. 9-4, p. 269

Presenter
Presentation Notes
Figure 9.4: The suprachiasmatic nucleus (SCN) of rats and humans. The SCN is located at the base of the brain, just above the optic chiasm, which has torn off in these coronal sections through the plane of the anterior hypothalamus. Each rat was injected with radioactive 2-deoxyglucose, which is absorbed by the most active neurons. A high level of absorption of this chemical produces a dark appearance on the slide. Note that the level of activity in SCN neurons is much higher in section (a), in which the rat was injected during the day, than it is in section (b), in which the rat received the injection at night. (c) A sagittal section through a human brain showing the location of the SCN and the pineal gland. (Source: (a) and (b) W. J. Schwartz & Gainer, 1977)



u Two types of genes are responsible for 
generating the circadian rhythm.

1. Period - produce proteins called Per.
2. Timeless - produce proteins called Tim.

u Per and Tim proteins increase the activity of 
certain kinds of neurons in the SCN that 
regulate sleep and waking.

u Mutations in the Per gene result in odd 
circadian rhythms.

Rhythms of Waking and Sleep



Fig. 9-5, p. 270

Presenter
Presentation Notes
Figure 9.5: Feedback between proteins and genes to control sleepiness. In fruit flies (Drosophila), the Tim and Per proteins accumulate during the day. When they reach a high level, they induce sleepiness and shut off the genes that produce them. When their levels decline sufficiently, wakefulness returns and so does the gene activity. A pulse of light during the night breaks down the Tim protein, thus increasing wakefulness and resetting the circadian rhythm.



u The SCN regulates waking and sleeping 
by controlling activity levels in other 
areas of the brain.

u The SCN regulates the pineal gland, an 
endocrine gland located posterior to the 
thalamus.

u The pineal gland secretes melatonin, a 
hormone that increases sleepiness.

Rhythms of Waking and Sleep



u Melatonin secretion usually begins 2 to 
3 hours before bedtime.

u Melatonin resets the biological clock.
u Melatonin taken in the afternoon can 

phase-advance the internal clock and 
can be used as a sleep aid.

Rhythms of Waking and Sleep



u Jet lag refers to the disruption of the circadian 
rhythms due to crossing time zones. 
 

u Characterized by sleepiness during the day, 
sleeplessness at night, and impaired 
concentration.

u Traveling west “phase-delays” our circadian 
rhythms.

u Traveling east “phase-advances” our circadian 
rhythms.

Rhythms of Waking and Sleep



Jet Lag….The Facts.
Jet Lag does not 

occur form North-
South and vice 

versa!!Jet Lag only occurs 
when flying from 
East-West or from 

West to East.
in other words when 

we change time 
zones.

Example
You fly from Split, 

Croatia to New York, 
USA. You leave at 11 am 

and arrive at 5 pm. In
Croatian time actually it is 

11 pm. In NY...by 8 pm 
US Eastern time you’ll be 
tired as it is 2 am to you 

normally! 



Fig. 9-6, p. 272

Presenter
Presentation Notes
Figure 9.6: Jet lag. Eastern time is later than western time. People who travel six time zones east fall asleep on the plane and then must awaken when it is morning at their destination but still night back home.



Disorders of “timing” of biological
clock

- Advanced and Delayed Sleep Phase Syndrome 
(ASPS and DSPS)
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Origin of sleep
u Identifying a “sleep substance”
u It is likely that many factors contribute to 

the homeostatic regulation of sleep 
u Posterior hypothalamic lesions produced 

prolonged sleeplike state 
u Lesions of the preoptic area in anterior 

hypothalamus markedly suppressed sleep 
u This implies that the sleep center may be 

located in the hypothalamus.
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Origin of sleep

u GABA from the ventrolateral preoptic area 
(VLPO) of the hypothalamus may inhibit 
histaminergic activation of the thalamus and 
cerebral cortex by TMN. 

u Such a mechanism would allow complex 
thalamocortical interactions that may result in 
NREM sleep. 
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Neural control of sleep?

University of Split, School of Medicine;    Department of Neuroscience
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University of Split, School of Medicine; Department of Neuroscience
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Sleep stages
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Church sleep
Car driving sleep

“Boring lecture sleep”
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Slow wave 
sleep
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REM sleep
•REM; Rapid Eye Movements,
•High frequency brain activity,
•Atonia of the muscles
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Related to:
•Internal medicine (cardiology, 
endocrinology, etc.)
•Pulmology
•ENT surgery
•Neurology
•Psychiatry
•Pediatrics, etc.

SLEEP DISORDERS
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Sleep disorders are
Risk factor for:

-cardiovascular diseases, 
-depression, 
-injuries at work, 
-learning and memory impearement
-difficulties in growth and development 
-other
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Sleep medicine knowledge test
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Conclusions

• Poor knowledge in Sleep medicine

• Positive attitude towards Sleep Medicine

• A need for better education in Sleep medicine in 
regular curriculas and extracurricular activities
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How to move foreward?

Wake up!
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Wake up!

Dalmatian speciality: FJAKA (SIESTA)

State of stupor with a potentiated desire for 
NOTHING!

How to move foreward?
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What to do?

Upside down!
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Croatian Sleep Research Society 
(CSRS)

Also member of the Croatian Medical 
Association

Memberships mainly from two major cities Zagreb and Split

Sleep Laboratory in Zagreb has longer tradition 
(Director: Prim. Danilo Hodoba, MD, PhD, Past-president of the 
CSRS)

Sleep Laboratory in Split started in 2002
(Director: Prof. Zoran Dogas, MD, PhD, President of the CSRS)
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The 
sleep lab 
in Split, 
Croatia
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Some labor was provided by ourselves...
(Speeks about fundings and enthusiasm)
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IMPROVING EDUCATION

u Basic Neuroscience course (2nd year)
u More teaching hours of sleep medicine

u Postgraduate level
u Elective course in Split 
u Elective course in Zagreb
u MSc and PhD theses
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IMPROVING EDUCATION

u Courses for GPs

u Public coverage (media, etc.)

u Info materials for patients (brochures, etc.)



University of Split, School of Medicine; Department of Neuroscience

Public awareness
Sleep Disordered Breathing – Sleep Apnea 

Link with Traffic Accidents (sleepiness behind the wheel)



University of Split, School of Medicine; Department of Neuroscience

1. Medicina spavanja
Poremećaji disanja tijekom spavanja – Sleep Apnea 

Link with Traffic Accidents (sleepiness behind wheel)

EU PARLIAMENT



University of Split, School of Medicine; Department of Neuroscience

• In March 2014, the third edition of the International 
Classification of Sleep Disorders (ICSD-3) was 
published by the American Academy of Sleep 
Medicine, replacing the previous edition.  

 
• The ICSD-3 includes six main clinical divisions: 

1 Insomnia
2 Sleep-related breathing disorders
3 Central disorders of hypersomnolence
4 Circadian rhythm sleep–wake disorders
5 Parasomnia
6 Sleep-related movement disorders  
Plus “Other sleep disorders”

Sleep Medicine



University of Split, School of Medicine; Department of Neuroscience

Sleep Medicine in Europe
Great diversity among countries in:

• Development
• Status of sleep experts
• Education/Training
• Practice standards
• Reimbursement of Dg and Th 

procedures



University of Split, School of Medicine; Department of Neuroscience

Sleep Medicine in Europe

Great need for standardization of:

• Status of sleep experts
• Education/Training
• Standard operational procedures 

(SOPs)
• Reimbursement of Dg and Th 

procedures



University of Split, School of Medicine; Department of Neuroscience

Sleep Medicine in Europe

What has been done so far?



University of Split, School of Medicine; Department of Neuroscience

Journal of Sleep Research, 2006



University of Split, School of Medicine; Department of Neuroscience

Journal of Sleep Research, 2009



Journal of Sleep Research, 2012

University of Split, School of Medicine; Department of Neuroscience



Journal of Sleep Research, 2013

University of Split, School of Medicine; Department of Neuroscience



University of Split, School of Medicine; Department of Neuroscience

The SMC proposes to base a sleep medicine fellowship on a comprehensive and clearly 
defined educational program. To this goal, a catalogue of knowledge and skills (CK&S) for the 
education and training of professionals in sleep medicine is being elaborated. The preliminary 
draft of the CK&S comprises 8 comprehensive chapters with a total of more than 400 learning 

outcomes: 
A. Physiological basis of sleep
B. Assessment of sleep disorders and diagnostic procedures
C. Insomnia
D. Sleep-related breathing disorders
E. Hypersomnias of central origin
F. Circadian rhythm sleep disorders
G. Parasomnias
H. Sleep-related movement disorders
I. Miscellaneous sleep-related conditions and disorders
J. Societal, economical, organisational and research in Sleep Medicine

The CK&S is based on the ECTS credit point system. Credits for theoretical education and 
practical training are included. The target groups are: physicians, professionals with a master 
degree (e.g. psychologist), technologists and nurses. The aim of the SMC is to submit the 
finalized document to the ESRS board by March 31, 2011. 

Catalogue of Knowledge and Skills – 10 Sections



University of Split, School of Medicine; Department of Neuroscience
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Polysomnography

•Diagnostic method 

•In a specialized sleep laboratory

•Useful in many clinical 
applications 
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Polysomnography
u EOG - Electrooculogram
u EEG - Electroencephalogram
u EMG - Electromyogram
u EKG - Electrocardiogram
u Sound from trachea (microphone)
u Air flow through the mouth and nose
u Respiratory efforts of thoracic and 

abdominal muscles
u Pulse oxymetry
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LOC

ROC

Left and Right Electrooculogram

Eye Blinks

Electrooculography picks up the inherent 
voltage of the eye.   During eyes-open 

wakefulness, sharp deflections in the EOG 
tracing may indicate the presence of eye blinks.

Presenter
Presentation Notes
Notes:____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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LOC

ROC

Left and Right Electrooculogram

During drowsiness and stage one sleep, the 
eyes begin to slowly roll (SEM’s).   Brain 
wave activity (theta) starts to enter into the 
EOG tracing as an artifact.

Presenter
Presentation Notes
Notes:____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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LOC

ROC

Left and Right Electrooculogram

During REM sleep, the eyes move rapidly 
under closed eyelids while dreaming.  This 
produces rapid conjugate eye movements 
which appear as out-of-phase EOG channel 
deflections. 
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C3

O1

Electroencephalography in the 
Overnight Sleep Study

G1 G2

Paper or computer screen

A2

Differential Amplifier

C3-A2

O1-A2G1 G2
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Low EMG during wakefulness and NREM sleep

ROC

Mental/Submental EMG

Total duration of yawn causing increased EMG                             

Submental EMG records muscle 
Tone.  This is a mandatory 

recording parameter
for staging sleep (REM vs. NREM).

Yawns, swallows, and tooth 
grinding may also increase 

muscle tone.

Presenter
Presentation Notes
Notes:____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Open mouth or Clenched Teeth

Differential Amplifier

G1 G2
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Relaxed Jaw

Differential Amplifier

G1 G2
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Electroencephalography (EEG)

Differential 
Amplifier

G1 G2
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Differential Amplifier
G1 G2

Combination of two 
dissimilar metals

Voltage changes are seen 
with exhalation and 
inhalation

Thermocouple
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Differential
Amplifier

Differential
Amplifier

Differential
Amplifier

Tracheal Sound

Piezo Respiratory Effort

Anterior Tibialis EMG
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Sleep stages
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Sleep History “BEARS”

u Bedtime 
u Excesive daytime sleepiness 
u Awakenings – during the night

early in the morning
u Regularity 

u Snoring
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Sleep Disordered Breathing - SDB
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Heterogeneity of SDB
u Obstructive

u apnea
u hypopnea
u UARS (Upper Airway Resistance Syndrome)

u Non-obstructive
u transitional apnea
u periodic breathing
u “ventilatory pump failure”
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Scoring Respiratory Events

u Obstructive apnea
u Central apnea
u Mixed apnea
u Hypopnea
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Common rules

u All respiratory events must last at least 
10 s

u Desaturation (SaO2) of at least 3% (or 
4%)

u EEG arousal (“microaweakening”) 
occurs with most respiratory events
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Obstructive apnea

u No airflow for >10 seconds
u Increased respiratory efforts.  Usually seen 

as a paradoxical.
u SaO2 desaturation ≤3% (or ≤4% )
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Blood oxygen levels reduce to  
> 3% of baseline value

Inhale

Exhale Airway obstructs
Airway opens

Paradoxing

Paradoxing Ends

ECG

Air   

flow

Thoracic
effort

Abdom.
effort

SaO2

Effort gradually increases

Obstructive Apnea: A complete blockage of the airway despite efforts to breath.  Note the effort 
gradually increasing ending in airway opening.
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Hypopnea

u Reduction in airflow of  50% of control 
values

u SaO2 desaturation >3%
u Usually with steady increase of respiratory 

efforts
u Arousal
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Hypopnea: Approximately 18 seconds. The airflow signal is reduced by approximately 
50% during this event.

Airflow reduction

SAO2 desaturation

> effort with paradox Paradox ends

Inhale

Exhale
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When hypopnea is scored as 
apnea?

u Hypopneas are scored as apneas when SaO2
desaturation of ≥10% of the control value is 
present

u When the airflow drops <20% of baseline
value

u When significant cardiac effect artifacts are 
seen during the event

u Same physiological consequences as apneas
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Mixed apnea

u A complete absence of nasal and oral 
airflow of >10 seconds

u A total absence of respiratory effort at the 
beginning of the event, followed by a 
gradual increase in effort which 
eventually breaks the apnea

u An oxygen desaturation of >3%
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EKG

Airflow

Thoracic effort

Abdominal effort

SaO2

Mixed apnea
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Central Apnea
u Absence of airflow at the nose and mouth 

for >10 seconds
u A complete absence of respiratory effort 

as measured by:
u Thoracic Expansion
u Abdominal Expansion
u Intercostal / Diaphragmatic EMG

u SaO2 drop of > 3%
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Central apnea: These are central apneas (2) with minimal oxygen desaturation.  Notice the low 
SAO2 at the beginning of this tracing.  This is associated with a previous apnea.  

Both of these events between 13-16 seconds in duration.

Airflow

Thor. 
Effort

Abd. 
Effort

SAO2

ECG
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Cheyene-Stokes Respiration

u A crescendo-decrescendo respiratory 
pattern

u Usually associated with CHF 
u Atrial Fibrillation may be present 
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Cheyne-Stokes breathing
90 seconds
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From our Laboratory. Numerous apneas followed by significant desaturations; Periodic 
breathing. Upper: Whole-night recordings; Lower: 10-minute recordings.
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From our Laboratory. Numerous apneas followed by significant desaturations; Periodic breathing. 
10-minute recordings
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From our Laboratory. Apneas followed by significant desaturations; Periodic breathing.
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OSA treatement 
u Obesity:

u Diet
u Changes in behavior 

u Posture therapy: 
u Uplifting the head and neck
u Alarm
u Tennis balls in a sleepwear

u Increasing the muscle tone: 
u Drugs
u Elektrical stimulation of m. genioglossus
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u Mechanical (air) device in upper airways:
Nasal CPAP, BiPAP, Auto CPAP
Oral devices

u Reconstruction of upper airways:
Soft tissue surgery
Bone surgery

u Bypass of upper airways:
Tracheostomy

OSA treatment
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Surgical treatment of OSA

u UPPP - Uvulo-Palato-Pharingo Plasty
u LAUP- Laser Assisted Uvulo Plasty
u CAUP - Coblation Assisted Uvulo Plasty
u Surgery of the tongue
u Tracheotomy
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CPAP therapy
Continuous Positive Airway Pressure



Device CPAP- Continous Positive Airways 
Pressure

To prevent upper airways closure

GOLD STANDARD in the treatment of OSA

Colin Sullivan, Lancet, 1981.



Pomagalo CPAP- Continous Positive Airways Pressure

Primjena kontinuiranog pozitivnog tlaka u dišnim 
putovima u svrhu sprječavanja kolapsa gornjeg dišnog 
puta

ZLATNI STANDARD u liječenju OSA

Colin Sullivan, Lancet, 1981.

Split, Tjedan mozga 2015.
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With Colin 
Sullivan in 
Barcelona, 

2015
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Goal:

u To find a balanced approach between 
surgical and conservative therapy

OSA treatment
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CPAP therapy
Continuous Positive Airway Pressure

• CPAP Th is presently covered 
in Croatia by the National 
Health Insurance 
Department!?

• As well as PSG 



OSA and Transcranial Magnetic
Stimulation TMS/MRI studies

University of Split, School of Medicine;    Department of Neuroscience



University of Split, School of Medicine;    Department of Neuroscience

Performing individual MRI 
of the head

TMS mapping in our Laboratory, 
Department of Neuroscience, 

School of Medicine, Split



Cortical excitability of primary motor cortices in OSAS patients

- The aim is to test excitability of corticospinal vs. corticobulbar projections 

Transcranial magnetic stimulation (TMS) will be used to perform mapping of primary 
motor cortices for hand muscle and laryngeal muscle representation

CS= central sulcus

University of Split, School of Medicine;    Department of Neuroscience



Mapping of primary motor cortices for hand muscle

Magnetic stimulation of primary motor cortex for hand muscle 

(abductor pollicis brevis, APB) and recording motor evoked 

potentials (MEPs) from APB  muscle.

Different neurophysiologic measures will be taken (e.g. 

Cortical silent period)

University of Split, School of Medicine;    Department of Neuroscience



Mapping of primary motor cortices for laryngeal muscle

Magnetic stimulation of primary motor cortex for laryngeal

muscle (cricothyroid) and recording motor evoked potentials 

(MEPs) from cricothyroid muscle.

University of Split, School of Medicine;    Department of Neuroscience



University of Split, School of Medicine;   Department of Neuroscience

A novel approach for monitoring writing interferences during navigated transcranial magnetic stimulation mappings of writing
related cortical areas.
Rogić Vidaković M, Gabelica D, Vujović I, Šoda J, Batarelo N, Džimbeg A, Zmajević Schönwald M, Rotim K, Đogaš Z.
J Neurosci Methods. 2015;255:139-150. doi: 10.1016/j.jneumeth.2015.08.003. 
Excitability of contralateral and ipsilateral projections of corticobulbar pathways recorded as corticobulbar motor evoked potentials 
of the cricothyroid muscles.
Rogić Vidaković M, Schönwald MZ, Rotim K, Jurić T, Vulević Z, Tafra R, Banožić A, Hamata Ž, Đogaš Z.
Clin Neurophysiol. 2015;126(8):1570-7. doi: 10.1016/j.clinph.2014.11.001. 
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Conclusion

u Do not forget OSA in the treatment of your 
patients

u Ask them about their sleep
u Ask about Excesive Daytime Somnolence
u “Stanford study” showed that 50% of patients 

have complaints about sleep, and only 2% of 
patients have those complaints registered by 
their Family Doctors



Special news
Croatian Somnological Society – Society for Sleep Medicine 

of the Croatian Medical Association

 

 

 
The necktie originates from cravat worn by 17th-century Croat soldiers

Not so obvious link to Sleep Medicine
(neck size in OSA patients?, pathophysiology of OSA, etc.)

University of Split, School of Medicine; Department of Neuroscience



University of Split, School of Medicine; Department of Neuroscience

The take home message:

“God put me on Earth to accomplish certain number of things.

Right now, I am so far behind I think I will never die.”

On the lab door of one of my colleagues



University of Split, School of Medicine;    Department of Neuroscience
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http://www.bsb.mefst.hr/index.html


Split, February 3, 2012
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