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Disclaimer and Disclosure 
 

ÅClinical Neuropsychologist  
ÅInterested in Cognitive  Psychophysiology 
ÅMH clinical research and hypothesis testing  of 

interventions for symptom reduction 
ÅEmotional self-regulation and cognitive appraisal 

ÅNot expert in cardiology, autonomics, or pain 
ÅSlides are original or freely available from internet with 

acknowledgment  
ÅPlanned for 45-50 minutes and questions 
ÅNo conflicts of interest, affiliations, or product 

endorsements 



 
Overview 

 
1. Autonomic Self-Regulation (ASR) 

a. Heart rate variability (HRV) 
b. HRV Biofeedback (HRVB) 

i.  Coherence 
ii. Mindfulness 
 

2. Pain and Centrally Sensitized Chronic Pain 
a. Stress and Chronic Pain as Stressor  

 
3. Model of ASR and Centrally Sensitized Pain 

 
4. Research on ASR and Centrally Sensitized Chronic Pain 
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Å Interbeat Interval ς ΨibiΩ 
Å instantaneous heart rate (HR) 
Å R-R or N-N  

250-350 msec 

//upload.wikimedia.org/wikipedia/commons/9/9e/SinusRhythmLabels.svg
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.9 sec 1.0 sec 1.1 sec 1.0 sec .9 sec 1.0 sec 



HRV is an indicator of autonomic function.  Variability is equal to 

variance, which is maximized when beat-to-beat intervals increase 

and decrease in a smooth rhythm, one that approximates a sine 

wave.  A smooth sinusoidal rhythm of ibiôs is characteristic of a 

healthy heart under resting conditions; the amount of variability is 

directly related to respiration rate, and many inter-individual factors 

such as age, gender, height, and fitness level 
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R-R Tachogram 

RR = ibi = msec/beat  BPM 

1333 45 

1200 50 

1091 55 

1000 60 

857 70 

833 72 

800 75 

750 80 

667 90 

600 100 

500 120 

RR = interbeat interval (msec) 

Å ibi (msec) * BPM = 60,000 
Å ibi (msec) = 60,000/BPM 
Å BPM = 60,000/ibi (msec) 



30 BrPM (0.5 Hz) , HRV(avg) =   2
  

7.5 BrPM (0.125 Hz), HRV(avg) = 11 
 

5.5 BrPM (0.092 Hz), HRV(avg) = 34
  

 

Coherence of Cardiac Rhythm  
coherence.com  (Richard Brown, MD and Stephen Elliot, Ph.D.) 

The difference 
between the highest 
and lowest BPM is 
shown along the 
center; averaging 
across consecutive 
maxima yields  
HRV(avg), one of the 
many measures of HRV.  10 



Attaining Coherence: 
Resonance Frequency Breathing (RFB) 
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Å HRV is related to respiratory cycle 
Å At ~ 6 breaths/minute  
Å HRV and respiratory cycle synchronize  
Å HRV is maximized 
Å Resonant Frequency Breathing 

Å Ψ/ƻƘŜǊŜƴŎŜΩ 
Note: 6 breaths/min=10 seconds per breath=0.1 Hz) 
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72 BPM, Max-Min 20 
1 cycle/10 sec, 12 beats/cycle 

6 cycles (1 minute ) 

Transformation of a 
time series to a 
frequency spectrum is 
done with the Fourier 
transform.  A frequency 
spectrum is analyzed in 
ǘŜǊƳǎ ƻŦ ΨǇƻǿŜǊΩ ƻǊ ŀǊŜŀ 
under the curve across a 
range of frequencies.  
Power is directly related 
to variance of the 
untransformed time 
series. 



The heart rhythm pattern shown in the top graph is characterized by its erratic, 
irregular pattern (Non-coherence), and associated with  negative emotions such as 
anger or frustration. The bottom graph shows a regular heart rhythm pattern 
(Coherence), observed when an individual is breathing properly and experiencing 
sustained, modulated positive emotions such as compassion or gratitude. 

Non-coherent heart rhythm, negative emotion 

Coherent heart rhythm, positive emotion 
    

Low HRV 
 
 
 
 
 
 
 
 
High HRV 
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HRV Biofeedback 





HRV-B participant and coach 



HRV-B coaching essential elements 
ÅPaced breathing at resonant frequency. 
   
ÅMindfulness or imagery focused on breathing and the 

heart.  Focused attention on air entering and exiting the 
chest and passing thorough the heart 
 
ÅPositive emotional state (PES).  Occupy the mind during the 

HRVB session with thoughts of compassion, gratitude, 
apreciation, etc.  

 
 
 
 

Ψ/hI9w9b/9Ω 



aƛƴŘŦǳƭƴŜǎǎ ŦƻǊ tŀƛƴΥ ōƻƻƪǎΣ ŎŘΩǎΣ 
online courses, ŎŜǳΩǎ 



Mindfulness Defined 
άaƻƳŜƴǘ-to-moment non-ƧǳŘƎƳŜƴǘŀƭ ŀǿŀǊŜƴŜǎǎέ 

 
Mindfulness in Practice   

ÅBody Scanning 
Å Lying on back 
Å Quiet 
Å Focus attention on organs 

ÅMindfulness (meditation) 
ÅSecular 

ÅYoga postures 
 

Effects of Mindfulness 
Å Improves quality of life 
Å No evidence that Mindfulness prevents or cures disease 
Å Not recommended to lower blood pressure 



Journal of the 
American 
Medical 
Association, 
314(13), 
1327-1329 
(October 6, 
2015) 



PES 
Compassion, gratitude, etc 

HRV 

RFB 

Mindfulness 

HRV 
COHERENCE 





Pain and Centrally  Sensitized Chronic Pain 



Not all pain is the same: The pathophysiology of 
painful diseases 

Postoperative 

pain 

Mechanical 

low-back pain 

Sickle cell 

crisis 

Arthritis 

Peripheral 

neuropathy 

Postherpetic 

neuralgia  

Neuropathic  

low-back pain 

CRPS 
Diabetic 

neuropathy 

Sports/exercise 

injuries 

Central post- 

stroke pain 

Trigeminal 

neuralgia 

Rollin Gallagher, MD, MPH 
dhss.delaware.gov/dsamh/files/2007gallagherii.pps 

Nociceptive pain 

Caused by activity in neural 

pathways in response to 

potentially tissue-damaging 

stimuli 

Neuropathic pain 

Initiated or caused by a  

 primary lesion or dysfunction  

in the nervous system 

Mixed 



Understanding Pain and Pain Amplification.  Robert Benett, MD. 
http://www.myalgia.com/Pain_amplification/Overview.htm 

C Fiber 

Nociceptive Pain 

http://www.myalgia.com/Pain_amplification/Overview.htm


C Fiber 

Nociceptive Pain 



C Fiber 

Nociceptive Pain 



C Fiber 

Descending Modulation of Pain 
Influences from brainstem nuclei and forebrain on spinal transmission of 
incoming peripheral pain signals :  
Åperiaqueductal gray in upper brain stem 
Åserotonergic from nucleus raphe magnus 
Åadrenergic from locus coeruleus 
Ådopaminergic from ventral tegmental area and hypothalamus  

Nociceptive Pain 



A.  Antidepressants (e.g. amitriptyline, duloxetine) reduce pain by 
increasing descending pain inhibition from catecholamines 
 

A. 

C Fiber 

Nociceptive Pain 



 
 
B.  Anti-epileptics (e.g. gabapentin, pregabalin) reduce pain by 
limiting release of glutamate from afferent peripheral C fiber 

C Fiber 

B. 

Nociceptive Pain 



 
 
 

C.  Opioids (e.g. morphine) block pain by activating opioid 
receptors and inhibiting substance P 
 

C Fiber 

C. 

Nociceptive Pain 



Pro-inflammatory 
cytokines 
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