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Was ist Herzirequenzvariabilitat?
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Physiologie der HFV



The
nervous

systems
(Wikipedia)

Key: Central Nervous System (CNS)

= Structure : :
® = Function Brain ar_1d spinal cord
m Integrative and control centers
Peripheral Nervous System (PNS)
Cranial nerves and spinal nerves
m Communication lines between the CNS
and the rest of the body
Sensory (afferent) division Motor (efferent) division
m Somatic and visceral sensory nerve fibers m Motor nerve fibers
Conducts impulses from receptors Conducts impulses from the CNS
to the CNS to effectors (muscles and glands)
Sympathetic division Autonomic nervous Somatic nervous
= Mobilizes body systems during system (ANS) system
activity (“fight or tlight”) m Visceral motor (involuntary) ®m Somatic motor (voluntary)
Conducts impulses from the Conducts impulses from the
CNS to cardiac muscles, CNS to skeletal muscles

Parasympathetic division smooth muscles, and glands

m Conserves energy

m Promotes "housekeeping”
functions during rest


http://en.wikipedia.org/wiki/Nervous_system

Fun facts

« Evolution:; a function
of first “brains” (500
Mio. years ago) was to
control heartbeat

« Heart 1s about the size
of a clenched fist

« 4 000/hour,
100,000/day,
>72,000,000,000
llfetlme

Lifetime Heartbeats and Animal Size

Weight

y [ Pig

Heart Rate Longevity | Product ’Lifetime Heartbeats
Creature (grams) (/minute) | (years) J’Oalu'kons)
Human 90000 | 60 70 4200 ( 221 )
Cat 2000 150 15 250 Y18
Small dog | 2000 100 10 1000 | 0.53
Medium dog | 5000 90 15 1350 | 071
Large dogs | 8000 75 17 1275 0.67
Hamster | 60 450 I3 1350 J).'u\
Chicken | 1500 | 275 15 4125 ( 2.17)
Monkey | 5000 190 15 2850 h‘s(
Horse 1200000 |44 40 1760 | 0.93
Cow 1800000 | 65 22 1430 075
150000 |70 25 1750 | 0.92
| Rabbit 1000 205 9 1845 097
elephant 5000000 30 70 2100 1.1 i~
giraffe 900000 | 65 20 1300 | 0.68 @ [ |
large whale | 120000000 | 20 80 1600 | 0.84 3



http://kottke.org/13/02/does-every-species-get-a-billion-heartbeats-per-lifetime
http://kottke.org/13/02/does-every-species-get-a-billion-heartbeats-per-lifetime
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Das Herz als elektrische Pumpe

Pacing
& Conductive
® Noncondustive
@ Contractile

WWW.RNCEUS.COM @ 1999



Wigger's diagram

Pressure (mmHg)

Volume (mL)

120
100
80
60
40+
20

0_

130

w
o

(8]
o

: o
& X
<% 4%
N o
8) @ @
O o N O
» O NN F %
) X 8) § 2 >
S & & S & &
@ < @ Q e

Aortic valve | | ; : : |
opens | | ! : ! |

— ! Aortic valve |

1 closes I
I | 1 |
[} | 1 |
Mitral valve , Mitral valve ! :
closes | opens ! ! :

o " a |c

_ , :

1

— N
f
~

{:'\ Aortic pressure

Atrial pressure
Ventricular pressure

_/ Ventricular volume

~—— Electrocardiogram

Systole

(Source: Wikipedia/Wikimedia)

Diastole

Systole

Phonocardiogram


http://en.wikipedia.org/wiki/Wiggers_diagram

Heart physiology

e Unidirectional blood flow:
right — left
atrium — ventricle

 Pacemakers:
« Sino-atrial (SA) node (60-90
bpm)
 Atrial-ventricular (AV) node

(gateway, pauses signal,
40-60 bpm)

« Bundle of His and Purkinje
(25-45 bpm)




Autonomic nervous system (ANS)

Sympathetic Parasympathetic

Canstricts

|||||||
pupil N1 Y iy, Tear production,

Inkibits

cccccccccccccc Vo gy sympathetic nervous
o () system (SNS)
+

CCCCCCCCCC
hhhhhhh

timulatas
swaal production

. parasympathetic nervous
A7) system (PSNS)

— HRV = fluctuations in
ANS inputs

(Source: merckmanuals.com)



Physiology of HRV

dual innervation of the heart by the ANS:

increase in sympathetic
activity (slow, seconds,
nor/epinephrine)

— HR increase (shorter IBIS)

increase in parasympathetic
activity (primarily vagal,
fast, ms, acetylcholine)

— HR decrease (longer IBIS)



Physiology of HRV - remarks

« At rest, HR is balanced by both sympathetic (SNS) and
parasympathetic nervous system (PSNS)

 Intrinsic HR is higher than HR_Rest — Heart is under
tonic inhibitory control by PSNS (vagus)

« SNS influences are slow — high-frequency HRV (above
0.15 Hz) represents PSNS influences



Physiology of HRV - intluences

1) reflex-related changes in

blood pressure, oxygen,
carbon dioxide levels
detected by baroreceptors
and chemoreceptors, resp.

2) Mechanical changes in
respiration: IBI shortened
during inspiration and
prolonged during expiration
— respiratory sinus
arrhythmia (RSA)

3) Tonic and reflexive changes
in CNS activity (mainly
brainstem but also cortex)

e e v — e W S W " — —— — — —




Heart & Brain: Neurovisceral integration

Claude Bernard (1867): mutual

action and reaction between ((;ggfg;a;iéé;ﬂ_i::\__ _ CO]
brain and heart O s 74

Thayer & Lane (2000, 2009):
inhibition is critical to etffective
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— cortical activity tonically SR CIE
inhibits brainstem
(SNS)

cardioacceleratory circuits

Park et al.,, 2012



http://www.psych.nyu.edu/vanbavel/lab/documents/Park.etal.2012.Emotion.pdf

Heart & Brain: Cortical cardioregulation

MPFC/ACC (& AMY) connected to (task-related) HRV

- Meta-analysis w/ 5 fMRT (n=61) and 3 PET (n=133)
studies (Thayer et al., 2012)

Heart-rate variability (HRV) meta-analysis: Overview
A Sagittal Coronal

R

L

vMPEFC subregions
rMPFC

PEACC
sgACC

/ Amygdala

. Consistent across types
I Emotion > Cognitive/Motor

I Cognitive/Motor > Emotion

Putamen
L amygdala



http://wagerlab.colorado.edu/files/papers/thayer.meta.analysis.heart.rate.variability.pfc.nbr.12.pdf

Heart-brain interactions (Garfinkel et al., 2014)
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012313/

Heart-brain interactions (Garfinkel et al., 2014)

C Emotional Intensity Paradigm
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How intense
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4012313/

Heart & Brain: Cortical cardioregulation 2

Chang et al., 2013: Resting-state fMRI and (resting) HRV

heart rate [bpm]
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746190/

Heart & Brain: Cortical cardioregulation 2

Chang et al., 2013: Resting-state fMRI and (resting) HRV

connectivity
dACC

amygdala

activation

LF-HRV HF-HRV



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3746190/
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Auswertung der HFV



Die Herzirequenz & ihre Variabilitat (HFV)

- Herzfrequenz (HF) oder “heart rate” (HR): Anzahl der
Herzschldage pro Minute (bpm) — vgl. Puls

- Ruhe-Herzfrequenz: Person ruhend und wach (60-80
bpm)

« HF-Variabilitat (HFV): Variationen in den “beat-to-beat”
oder “interbeat” Intervallen (IBI, auch: RR oder NN)



Wie wird HF(V) gemessen?

 Kontinuierliche Messung der IBIs (HF) Giiber einen
gewissen Zeltraum

« Normale Atmung
- Sampling rate: min. 100, eher 250-500 Hz (Task Force)




Ecological heart rate recordings

Konvalinka et al. (2011) Synchronized arousal between performers and
related spectators in a fire-walking ritual. PNAS.
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http://www.pnas.org/content/108/20/8514.abstract

Measures of HR/V- time-domain

NN/RR/IB intervals; time domain = best for long-term (24h) recordings

Mean NN, mean HR, difference between shortest and

Derived RR intervals longeSt NN
RR, RR RR RR RR _ .
L e e I « Sqrt(var) = SD of NN intervals (SDNN) — estimate of overall
HRV
A / A A / 7 - Sgrt of mean squared difference of successive NN
n‘lllfj T ’“-y/ T ’ju/ : intervals (RMSSD) — short-term components of HRV
RR interval tachogram « Number (NN50) and propor’[ion (pNNSO) of pairS of
1 RR, oR AR adjacent NN intervals with diff > 50ms
RR 3 RR, 5
[ { RMSSD, (p)NN50 = PSNS-mediated HRV
1 2 3 4 5

NB: total variance of HRV increases with recording length



Measures of HR/V- time-domain

Discrete event series (DES)

Derived RR intervals
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tachogram
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Number of normal

RR intervals

Geometrical and nonlinear measures

- Geometrical measures: on
NN interval histogram - HRV
triangular index and
triangular interpolation of
NN interval histogram —
recordings of at least 20 min
(preferably 24h)

- Nonlinear measures: e.g,,
Poincaré plots and approx.
entropy (ApEn) — difficult to
interpret (physiologically)




Fourier Transform: time » {requency

Source: Wikipedia/Wikimedia (also cf. youtube)


https://www.youtube.com/watch?v=zKKGA30bHG0

RR (s)

Fourier Transform: time » {requency
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Power spectral (density; PSD) analysis of heart rate fluctuations
(Akselrod, 1981)



Measures of HR/V- frequency-domain

power in frequency bands (FFT or AR):

« Very low Frq (VLF): 0-0.04 Hz (NB: not for
short-term recordings of 5 min or less)

« Low Frq (LF): 0.04-0.15 Hz (-3-9 times /
minute) — PSNS + SNS

 High Frg (HF): 0.15-0.4 Hz (9-24 times /
minute) — PSNS (vagal)

« LF/HF ratio (careful!)

— absolute values (ms?) or normalized
units (n.u.) - Normalization emphasizes
balancing of SNS and PSNS (but always
also report absolute values)

0.01 f

PSD (s®/Hz)

0

0.005 |

%/\/\m/mm

0 0.1 0.2 0.3
Frequency (Hz)

0.4

0.5



Physiological evidence

 Total autonomic blockade nearly eliminates all HRV

« HF-HRV modulated by PSNS antagonists or vagotomy
(abolished) and electrical vagal stimulation (increased)

« LF-HRV reduced with either SNS or PSNS antagonists

— NB: HF-HRV (PSNS) more clearly understood
physiologically; central and peripheral contributions



Psychophysiology, 34 (1997), 623—648. Cambridge University Press. Printed in the USA.
Copyright © iety hophysi ical Research

1997 Society for Psychophysiological

COMMITTEE REPORT ‘
Articles Heart rate variability: Origins, methods,
Heart Rate Variability Circulation. and interpretive caveats

This Article

Standards of Measurement, Physioclogical Interpretation, and Clinical Use

Task Force of the European Society of Cardiology the North American Society of Pa«

Correspondence to Marek Malik,l PhD? MD, (_:hairman. Writingl Commlittee of .the E:glr:; g:l‘:« e GARY G. BERNTSON.* J. THOMAS BIGGER, JR.® DWAIN L. ECKBERG, PAUL GROSSMAN?
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5chool, Cranmer Terrace, London SW17 ORE, UK. . PPT Slides of Al Figures J. PHILIP SAUL,' PETER H. STONEJ AND MAURITS W. VAN DER MOLEN*

« HFV ist nicht gleich HFV (Vielzahl an MaBen)

« HFV verschiedener Messdauer nicht direkt vergleichbar
 Liegend versus stehend

« Verlassliche R-Zacken Detektion bendtigt (z.B., Kubios)

- Extrasystolen und andere Arrythmien, fehlende Daten und
Rauschen beeinflussen HFV-MaRe — Interpolation und

Korrektur (Kubios)



http://kubios.uef.fi/
http://circ.ahajournals.org/content/93/5/1043.long
http://circ.ahajournals.org/content/93/5/1043.long
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Psychologie der HFV



Trait HFV (in Ruhe) » hoher = besser

HFV als individuelles MaB physischer und psychischer
Gesundheit — Messung: 5 Minuten in Ruhe

« HFV verringert bei kardiologischen aber auch nicht-
kardiologischen Patienten, z.B. mit Guillain-Barré Syndrom
(Flachenecker et al., 1997)

« HF-HFV pradiziert Uberleben nach Herzinfarkt (e.g., Kleiger et
al. 1987)

« Niedrige HFV als Risikofaktor fur Herz-Kreislauf-
Erkrankungen (32-45% erh6ht nach Meta-Analyse von
Hillebrand et al., 2013) und generelle Mortalitat (z.B. Liao et
al., 2002)



HEFV und Schlagantall

- EKG-Anderungen nach Schlaganfall
- Akut (Dimant & Grob, 1977; Orlandi et al., 2000)

» HFV-Anderungen nach Schlaganfall
« Nach 4-12 Wochen (Lakusiv et al., 2003)

« Nach 6 Monaten (besonders bei Insel-Lasionen; Korpelainen
et al., 1999)

« Unklar nach 9 Monaten (McLaren et al., 2005, aber Kouakam
et al,, 2000)

— Veranderungen in HFV nach Schlaganfall
— Aber: Wenige Studien + versch. MaRe und Messdauern



HFV und Psychopathologie

Verringerte HFV bet:
- Depression (Meta-Analyse: Kemp et al., 2010)

- Angststorungen
- Sozialphobie (z.B. Gaebler et al., 2013)
- PTBS (z.B. Wahbeh & Oken, 2013)
— Meta-Analyse (Chalmers et al., 2014)

— NB: Medikationseinfluss (Kemp et al., 2010)



HFV als unabhangige Variable

HFV als Messparameter in Versuchsaufbauten

— Flexibilitat im Verhalten und Aufmerksamkeit/Beschdftigung
mit der Umgebung (Thayer & Lane 2000, 2009; Porges, 2001, 2003)

- Emotionsverarbeitung: Emotionserleben und
Emotionsregulation

« Soziale Kognition und Aufmerksamkeit
- Stress



individuals with higher HF-HRYV at rest...

..perform better on a test of social cognition and
emotion recognition (Quintana et al. 2012)
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http://dx.doi.org/10.1016/j.ijpsycho.2012.08.012

Prosocial behavior and HRV

Barraza et al., 2015

« 100 s video of father with a 2yo son Vagal Control (HF-HRV)
who’s dying of brain cancer e

- Donors (red) vs non-donors (black) .80 \

 subjectively: more distress and o
concern in donors than non-
donors

 Logistic regression: HF-HRV
predictive of donor status Saseline  Nammtive

- MNResp
==YResp

HF-HRV (log transformed)
(=g
o
'1?‘


http://www.sciencedirect.com/science/article/pii/S0301051115000186

HRYV and attention

 individuals with higher HF-HRV at rest inhibit unnecessary

processing of affective information more efficiently (Park et al.
2012).

« However, on-task HRV inversely related to
attentional functioning (Duschek et al., 2009)

Total number of stimuli Percentage of mistakes Attentional capacity
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On-task RSA On-task RSA On-task RSA

Fig. 2. Scatter plots for the relationships between on-task RSA and the indices of the Test d2.


http://dx.doi.org/10.1037/a0028528

HRYV and acute stress

Wells et al., 2012
« 42 musiclans
« Performance anxiety

 Single 30-min session
of HRV biofeedback and
slow breathing
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More chronic stress ~ lower HRV

 Greater perceived emotional stress during past week -
lower HRV (HF) at rest (Dishman et al., 2000; n = 92)

« Greater work stress - lower HRV (HF) at rest (Chandola et
al., 2008: n =10,308)

 Greater work stress - lower HRV (HF) during 24-h on a
work day (Clays et al., 2010; n = 653)




« -200 younger (20-35

yo) and older (60-75 yo)

healthy adults
« 15-min resting-state
« ECG + PPG (+ BP + MRD
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PWV = predictor of
incident hypertension
(Najjar et a., 2008) and
cardiovascular
mortality (Blacher et al,,
1999)



Eigene Erhebungen & Auswertungen
LIFE

Leipziger Forschungszentrum far
Zivilisationserkrankungen (LIFE)

N =-1,500

Trierer Inventar zur Erfassung von chronischem Stress
(TICS; Schulz & Schlotz, 1999)

10-s 12-Kanal-Ruhe-EKG (“ultrashort”)
(+ MRT: T1 und resting-state fMRI)

Lead 2 RMS5D: 25746
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Eigene Erhebungen & Auswertungen

“The physiology and experience of chronic stress in post-
meno-pausal women and men in the same age-group”

e N =30
. Altere Frauen § Manner (60-70 Jahre)

« 7 Tage Dauer-EKG und stundliche Abfragen (Stress im
Alltag)




Eigene Erhebungen & Auswertungen

“Neural Consequences of Stress” (NECOS)
« -60 gesunde junge Manner
« Trier Social Stress Test (TSST; Kirschbaum et al., 1993)

nnnnnnnn




Zusammeniassung

Physiologie: HFV als MaR parasympathischer
Kardioregulation — Herz-Hirn-Interaktion
(Hirnstamm und GroBhirn)

Auswertung: Vergleichbarkeiten der MaRe
Lo | (Zeit/Frequenz) und Messdauern

Psychologie: “Trait” und “State” MafR
« KOrperliche und geistige Gesundheit

« Aufmerksamkeit, soziale und Emotionsverarbeitung
— Stress
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How to augment your HRV?

Drugs (beta-adrenergic
blockade, antiarrhythmic)

 Biofeedback and meditation
« Psychotherapy

- Vagus nerve stimulation

- Physical exercise

— clinical intervention studies
are missing!
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