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Kardiorespiratorische Polysomnographie

Biosignalanalysen basierend auf EKG, BD und Atmung
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Kardiorespiratorische Synchronisation 

vs.

Kardiorespiratorische Koordination 
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Synchrogramm                vs. Koordigramm



Synchronisation (Christiaan Huygens)

Pendeluhren am selben Balken (Fachwerkhaus)

... It is quite worth noting that when we suspended two clocks so constructed 

from two hooks imbedded in the same wooden beam, the motions of each 

pendulum in opposite swings were so much in agreement that they never 

receded the least bit from each other and the sound of each was always 

heard simultaneously. Further, if this agreement was disturbed by some 

interference, it reestablished itself in a short time. For a long time I was 

amazed at this unexpected result, but after a careful examination finally 

found that the cause of this is due to the motion of the beam, even though 

this is hardly perceptible.(Huygens, 1673)



Synchronization between ECG and respiration
Detection of R-waves and beginning of inspiration

Historie: Kardiorespiratorische Synchronisation
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Engel, P., Hildebrandt, G., Scholz H.-G. (1968). Die 
Messung der Phasenkoppelung zwischen Herzschlag 
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Koinzidenzmeßgerät, Pflügers Archiv 298: 258. 



IR plots Kenner et al. (1976) 

Historie: Kardiorespiratorische Koordination



Historie: Kardiorespiratorische Koordination

RI plots Galletly and Larsen 
(1997) 



Synchrogramm, Schäfer et al. Nature 1998

Calculation of phase for each 
heart beat during respiration.

Plotting synchronization 
diagrams. 



Kardiorespiratorische Synchronisation

 

NREM REM

Beat-to-beat

intervals

Respiration

Penzel T, Wessel N, et al., Cardiovascular and respiratory dynamics during normal 
and pathological sleep. Chaos 2007, 17: 015116. 
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Synchrogram, Schäfer Nature 1998

 Statistical phase synchronization analyses

 Difference in distributions

Kardiorespiratorische Synchronisation



Müller et al. Somnologie 2012

Kardiorespiratorische Synchronisation während einer Nacht



Limitationen des Synchrogramms

Calculation of phase for each 
heart beat during respiration.

Plotting synchronization 
diagrams. 

Definition of a phase! We lose the time dependence!

Coordigram



Limitationen des Synchrogramms



Riedl et al. 2014

Visualisierung: Kardiorespiratorische Koordination



Coordigram: A generalization of the RI plot



Beispiel: KRK und falsche KRS



Kardiorespiratorische Koordination stabil auch bei Störungen

Figure : Red - ectopic heart beat (left column) and central apnea (right
column); Blue - coordination before and after the disturbances



Kopplungsrichtung: Kardiorespiratorische Koordination

Herz 

Atmung

Atmung

 Herz



Kardiorespiratorische Koordination

• Nocturnal measurements of 27 males suffering from obstructive 
sleep apneas (in total 10814 obstructive apneas and hypopneas)

• The tests show a higher number of occurrences of detected CRC 
when compared to normal breaths:
(i) during AHE (p<10-51), and,
(ii) after AHE (p<10-15).



Koordination vs. Synchronisation

• rote Balken: Apnoen

• Synchrogramm, 
schwarze Balken: 
Phasensynchronisation

• Koordigramm, 
schwarze Balken: 
Koordination

Beispiel: KRK und KRS während Apnoen



Sympathetic activity during sleep apnoea

Somers et al.

NEJM 1993



Beispiel: d8 aus Riedl et al. 2014



Beispiel: d8 aus Riedl et al. 2014



Sympatho-respiratory Coupling (Dick et al. )

Prog Brain Res. 2014 ; 209: 191–205.

Prog Brain Res. 2014 ; 209: 191–205.



Koordination vs. RSA



Maik Riedl, Jan F. Krämer, Harald Krause,

Thomas Penzel, Niels Wessel

Salvador Dali Sleep 1937


