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The parasympathetic nervous system regulates
“vegetative” body functions—things you do at night or
behind closed doors.

It was long thought that the sympathetic nervous system
1s an “emergency system” and 1s mactive during day to
day life. Actually, this system 1s always active and
participates in many automatic reactions that occur
continually. such as tightening of blood vessels in the
muscles when you stand up, keeping your glucose level
within bounds if you skip a meal. and sweating when
you are exposed to a warm environment.




Dysautnomias
in ME/CFS

i R ., ... THE

i CHRONIC FATIGUE
SYNDROME CURE

CHRONIC
FATIGUE

RAELAN AGLE

FIND I N Grecoverv anpay

e : ADDroach to e OF CHRONIC FA"
g and Chroric Faiue FREEDOM

M EDICAL MARIJUA

FOR CHRONIC

Z

Escaping
I CBD -

e

ZENITUDE
SELF-HILP

A Doctor's Struggle with
Chronic Fatigue Syndrome

L™ e - F
il ‘
ired 1o bead a life with purpos
e Ll'l'u.lnl. Drgan : : ed 1o bead a life with purpose
Y R

Dlsorder FMS And o 4 FA B I GL
Stress 34,
A Guide That T ou About How 48 & | I |l‘|l:|ll
To Deal with s Body Pains i SYN ) R FS Causes, Symploms & Dla,g,msls )

edical & Alternative CFS Therapies.

One Scientst’s Intrepid - T A Trgdtme;gt itroduction to Mutritional Therapy
J iide for Carers

ing with Cheenic Farigue

Syndrome
to mtDNA

'tms

B Truth about Human Re % = 2nd Edition

Chronie Fatigue Synd arren Tattersall and Helene Malmsio
ronic Fatigue Syndn

\ ) §
= wi
ERICA F. VERRILLO

SHELLY RAYNER - B. Day

Hypometabolism Due to Mitochondrial
Dysfunction is Key to ME/CFS




Predisposing Factors

G \ Symptomatic
Shared pathways in ME / CFS and MS sknilaritics
Triggers
s  Acute or chronic infections Lot vl Central
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Pain*: Headaches Marked weight gain/loss Vertigo, palpitations ~Th17 + ‘l’TreQ
Sleep dysfunction*® Reduced stress tolerance Irritable bowel syndrome INKCA
Depression/anxiety Bladder dysfunction

Myalgic encephalomyelitis/chronic fatigue
syndrome and encephalomyelitis disseminata/
multiple sclerosis show remarkable levels of

similarity in phenomenology and neuroimmune

*ME/CF5 diagnostic symptom criteria
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How Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS) Progresses: The Natural History of ME/CFS

Luis Nacul*2, Shennae O'Boyle'”, Luigi Palla®*, Flavio E. Nacul®, Kathleen Mudie®,

Caroline C. Kingdon®, O Jacqueline M. CIiff®, @ Taane G. Clark®, Hazel M. Dockrell® and 8 Eliana M. Lacerda*®



Symtoms & Signs of Dysauton

e inability to stand, sit up, or maintain an upright pos
intolerance)

e dizziness or light headedness, fainting or near faint

e headache (a sense of intracranial pressure)

e weakness, exercise intolerance

e palpitations, with or without cardiac arrhythmias

e shortness of breath, respiratory irregularities, air hu

e chest discomfort or pain, including costochondritis

e abdominal pain, nausea, irritable bowel syndrome (

e impaired bladder control, urinary frequency

e abnormal temperature regulation, flushing, sweatin

e visual disturbances, including blurred vision

e cognitive impairment

e difficulty swallowing (dysphagia)

e visible and internal tremors

e sexual dysfunction




Sympathetic Noradre
System Failure

Pallor
Tendency to high
blood pressure

Orthostatic
intolerance &
hypotension

Fatigue Sweating
Heat intolerance & Trembling
hypotension Bristling hair

Exercise intolerance

Symtoms & Signs



Parasympatheti
System Failure

Increased salivation
Tendency to slow

Clg;);:i“p‘::;:n pulse rate or heart
Dry eyes block

Nausea & vomiting
Increased stomach
acid secretion
Fatigue and exercise
intolerance

Urinary retention
Slow gastrointestinal
transit

Symtoms & Signs



Clinical Autonomic Research
https://doi.org/10.1007/510286-019-00615-x
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ANS assessment

EFFECTORS

Heavily Meuratransmitter
myelinated at effector is
’ axon ~ norepinephrine

SELF-REPORTS

VALIDATED
COMPASS-31)

Autonomic dysfunction in myalgic encephalomyelitis and chronic
fatigue syndrome: comparing self-report and objective measures

Jane Kemp' - Madison Sunnquist'® - Leonard A. Jason' - Julia L. Newton?
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ANS assessment
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The Task Force® CARDIO" software delivers synchronized patient
signals:

(2) Finger blood pressure: CNAP® waveform, SYS, DIA, MAP, Pulserate, Inter-Beat-Interval
(available for post processing)

- v Upper arm NBP: 5Y5, DIA, MAP
v Advanced hemodynamics (CNAP® HD): SV, SI, CO, Cl, SVR, SVRI

v 12-channel wireless ECG



ANS assessment
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Heart Rate

100.0 bpm

Blood Pressure

Mean Arterial Blood Pressure
80.0 mmHg
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ANS assessment

Heart Rate

blood pressure 132/89 -.cweecon-.
blood pressure 108/65

Sustained handgrip test/
cold pressor test Me: nlirterial Blood|Pressure
The sustained handgrip test pro- gl v -SSP RN (BT el
vides valuable evidence for the ]
function of the efferent sympathe- Strdke Volume
tic system: sustained muscle con- 50.0 ml
traction causes a rise in blood Y e W S i
pressure and heart rate. Cardlia¢ Output
The normal response is a rise 3.0 Vm Ly,
of diastolic blood pressure >16 1 i Kz
mmHg, whereas a response of

<10 mmHg is considered abnor- TﬂcﬁfIEEE:?;al Hesismce Ha nd grip Strength and fatiga bility:
e IR i = correlation with clinical parameters

the sustained handgrip-test can

ot Geematertest and diagnostic suitability in ME/CFS

Bianka Jikel', Claudia Kedor', Patricia Grabowski'?, Kirsten Wittke', Silvia Thiel', Nadja Scherbakov™**,
Wolfram Doehner®**, Carmen Scheibenbogen'® and Helma Freitag’



Valsalva, Active Standing, Tilt-table testing
HRV, BPV and CBF Vagal | HHE
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Valsalva, Active Standing, Tilt-table testing

HRV, BPV and CBF

e ANS dysfunction presenting as increased
sympathetic hyperactivity may contribute
to fatigue severity in individuals with
ME/CFS

e The differences in HR parameters identified
by the meta-analysis indicate that ME/CFS
patients have altered autonomic cardiac
regulation when compared to healthy
controls

e Objectively measured abnormalities of
blood pressure variability in CFS and that
these abnormalities have the potential to
be a bedside diagnostic tool

e Cerebral blood flow in ME/CFS patients
remains abnormal 5min post-tilt test

e Post cerebral blood flow abnormalities are
most severe in more severely diseased
ME/CFS patients.

Randomized Trial

|_|E Cerebral Blood Flow and Heart Rate Variability
in Chronic Fatigue Syndrome: A Randomized
Cross-Over Study

Anneleen Malfliet, PT, MSc"2'2, Roselien Pas, PT, MSc'?, Raf Brouns, MD, PhD*3,
n, MD®, Samar M. Hatem, MD, PhD?7%, Mira Meeus, PT, PhD"10.11,
ins, PT, PhD'3, Robbert-Jan van Hooff, MD, PhD** and Jo Nijs, PT, PhD"?

Journal of Psychosomatic Research
Volume 93, February 2017, Pages 6-13

UL il
Translational Medici

https://doi.org/10.1186/512967-019-02184-2

Heart rate variability biofeedback therapy and
graded exercise training in management of
chronic fatigue syndrome: An exploratory pilot Gl
study Reduced heart rate variability predicts =
fatigue severity in individuals with chronic
fatigue syndrome/myalgic encephalomyelitis

s . Lt s .y, 3 4 F s 4 5
Rosa Maria Escorihuela’™, Liuis Capdevila?, Juan Ramos Castro®, Maria Cleofé Zaragoza®, Sara Maurel®,
- = o . e
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Clinical Neurophysiology Practice
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Research paper

Cerebral blood flow remains reduced after tilt testing in myalgic
encephalomyelitis/chronic fatigue syndrome patients

C. (Linda) M.C. van Campen **, Peter C. Rowe ", Frans C. Visser*

Medicine

| OPEN
Evidence of altered cardiac autonomic regulation
in myalgic encephalomyelitis/chronic fatigue
syndrome
A systematic review and meta-analysis

QJM

Impaired blood pressure variability in chronic fatigue
syndrome—a potential biomarker

ISystematic Review and Meta-Analysis

). FRITH"?, P. ZALEWSKI?, ]. ]. KLAWE?, |. PAIRMAN'*, A. BITNER?, M. TAFIL-KLAWE* and
). L. NEWTON'"2
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e There are different interrelation between hormones

of the HPA axis, the SAM system, and the thyroid
system in CFS patients and healthy controls, and an
association between hormone control
characteristics and important clinical variables in
the CFS group.

The CFS group was in a state of dysautonomia due
to autonomic overstimulation, with an elevated
baseline heart rate. The CFS group was considered
to be in a state of impaired autonomic homeostasis,
with an increased likelihood that overstimulation
would induce a pathological vagal reflex and the
Reilly phenomenon would develop.

Combination of whole body cryotherapy with static
stretching exercises reduces fatigue and improves
functioning of the autonomic nervous system in CFS
patients.

The effects of warm water immersion on blood
pressure, heart rate and heart rate variability
in people with chronic fatigue syndrome

"JOURNAL«CHILD T
PSYCHOLOGY 1 PSYCHIATRY B pasc

Journal of Child Psychology and Psychiatry **:* (2017), pp **-** doi:10.1111/jepp.12711

Stress vulnerability in adolescents with chronic
fatigue syndrome: experimental study investigating
heart rate variability and skin conductance responses

Katharine A. Rimes, Kate Lievesley, and Trudie Chalder

Autonomic Nervous System Regulation Effects of
Epipharyngeal Abrasive Therapy for Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome
Associated With Chronic Epipharyngitis

Kujawski et al_
Journal of Translational Medicine  (2022) 20:273 JDurnaI of

hittps://doi.org/10.1186/512967-022-03460-1 Tra I"IS' ationa | M Ed icine

RESEARCH Open Access

Combination of whole body cryotherapy
with static stretching exercises reduces fatigue
and improves functioning of the autonomic
nervous system in Chronic Fatigue Syndrome

Stawomir Kujawski' ®, Joanna Stomko', Beata R. God lewska?, Agnieszka Cud noch—Jedrzejewska{
Modra Murovska®, Julia L. Newton®, tukasz Sokolowski' and Pawet Zalewski'

Ito Hirobumi ’



Sympathetic innervation and HRV

Liver volume is lower and associates with resting
and dynamic blood pressure variability in chronic
fatigue syndrome

Pawel Zalewski, Andreas Finkelmeyer, James Frith, Laura Maclachlan,
Andrew Blamire & Julia L. Newton

Table 1. Relationship between liver volume corrected for body surface area and symptom burden,
hemodynamic measures and vascular volume.

r P r 95% Cl
Symptoms FIS 007 07 00 -02;04
Compass 31 Total =007 06 000 -=0.3;02
Hemodynamiics DBF 018 0.2 0.03 -0.1;04
HR 005 07 0003 -=0.2;03
MEBP 018 019 0.03 =0.1;04
SBP 0.2 013 0.04 =0.1:04
Diastolic blood pressure variability HFnu 009 05 0008 -=0.2;03
LF/HF 008 055 0007 =0.3;02
LFnu =036 0.008* 0.13 =0.6; =0.1
5 010 05 0009 -0.2;04
Systolic blood pressure (SBP) varability  HFnu 013 035 0.02 =0.1;04
LF/HF =018 019 0.03 -0.4; 0.1
LFnu (.4 00032 0.2 =0.6; =0.1
5D 005 07 0003 -0.2;03
Impedance measures Accelermation cardiac index =033 0M* on =0.6; —-0.1
Cardiac Index ={.2 0.15 0.04 =0.5; 0.1
Stroke Index -2 013 0.04 =05 ;0.1
Total peripheral resistance index 0.3 0.018* 010 0.1;05
Thoracic fluid content -0.36 0.008" 0.13 =06 ; =0.1
Baroreflex sensitivity =03 0.03* 0084 =05;-001
Return to baseline SBP 0.4 0.005* 014 0.1 ;06
KR15 035 00* 012 0.1 ;06
Red cell volume 0.3 0.05*% 0.07 0.003 ;05

Plasma Volume 03 0.04% 0.08 001;:05
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Figure 3. Liver volume corrected for body surface area is signifiantly reduced in CF5 (N=44) com-
pared to controls (N= 10) matched group wise for age, sex and activity.

Cardiac sympathetic innervation associates
with autonomic dysfunction in chronic fatigue
syndrome - a pilot study

George Petrides, Pawel Zalewski, David McCulloch, Laura Maclachlan,
Andreas Finkelmeyer, Tim Hodgson, Andrew Blamire & Julia L. Newton

CFS subjects demonstrate disturbed myocardial adrenergic
and adrenergic innervation defects.



POTENTIAL PHENOTYPES
of ME/CFS

Extended B cell phenﬂtyi:ue in patients with myalgic

A!‘E Eurr?nt CF‘IFDI‘IIC fa‘flgue Syndrﬂme criteria encephalomyelitis/chronic fatigue syndrome: a cross-sectional
diagnosing different disease phenotypes? : study

Laura Maclachlan'®, Stuart Watson™, Peter G»zlllaghltﬂ.-r"‘1 Andreas Finl-me:ln‘lua-}-ua-rz1 Leonard F. Mensah, A. Bansal, 5. Berkovitz, A. Sharma, V. Reddy, M. ]. Leandro, G. Cambridge 24

A. Jason®, Madison Sunnquist®, Julia L. Newton™** . : . .

Clinical Heterogeneity in ME/CFS. A Way to Understand Deep ﬁhr“"ty?_it':'g/c’lf my_al?ii. . _
Long-COVID19 Fatigue encephalomyelitis/chronic fatigue syndrome in

Japanese population

Ifiigo Murga™, Larraitz AranburuZ, Pascual A. Gargiulo®, ‘ Juan Carlos Gomez Esteban™* and Toshimeori Kitami ™, Sanae Fukuda, Tamotsu Kato, Kouzi Yamaguti, Yasuhito Makatomi, Emi Yamano, Yosky

. L Kataoka, Kei Mizuno, Yuuri Tsuboi, Yasushi Kogo, Harukazu Suzuki, Masayoshi ltoh, Masaki Suimye
8 Jose-Vicente Lafuente™" = y

Chronic fatigue syndrome (CFS/ME) sympton - Phenotypic characteristics of péripheral

based phenotypes and 1-year treatment immune cells of Mvalgic encephalomvelitis/ Association of T and NK Cell Phenotype With the Diagnosis
outcomes in two clinical cohorts of adult | u yalgl P yelitl of Myalgic Encephalomyelitis/Chronic Fatigue Syndrome

patients in the UK and The Netherlands chronic fatigue synd rome via transmission (ME/CFS).
Simen M. Collin* 9 =, Jon Heron *, Stephanie Nikolaus ¥, Hans Knoop ¥, Esther Crawley * electron mlcroscopy: A p||ot Study Rivas L, Palencia T, Fernandez 62@, Garcia M’

Fereshteh Jahanbani'**, Rajan D. Maynard'*, Justin Cyril Sing2,

Shaghayegh Jahanbani®, John J. Perrino?, Damek V. Spacek®, Ronald W. Davis®, Michael
P. Snyder'*
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Article

Autonomic Phenotypes in Chronic Fatigue Syndrome
(CFS) Are Associated with Illness Severity:
A Cluster Analysis

Joanna Stomko *, Fernando Estévez-Lopez 207, Stawomir Kujawski 1",

Monika Zawadka-Kunikowska !, Malgorzata Tafil-Klawe °, Jacek J. Klawe !, Karl J. Morten *,
Justyna Szrajda !, Modra Murovska >, Julia L. Newton ® and Pawel Zalewski ! on behalf of the
European Network on ME/CFS (EUROMENE)

In this study we set out to define It was hypothesized that fatigue
the characteristics of autonomic severity was different in relation to
subgroups of patients with Chronic autonomic function in patients with

Fatigue Syndrome (CFS). CFS.




assessments measurements

[] Fatigue B Autonomic function
Subjective Objective

Factor Cronbach’s « Scales/Measurements [2] Autonomic function B iy
Fatioue 0.86 Chalder Fatigue Scale, mental domain (CFQ), Fatigue
S ' Severity Scale and Fatigue Impact Scale Sympathetic with

dysautonomia
(n=35)

Chalder Fatigue Scale—physical domain (CFQ),
Epworth Sleepiness Scale (ESS), Orthostatic Grading |

Parasympathetic

Subjective autonomic function 0.73 Scale (OGS, total score), orthostatic intolerance (n=21)
(COMPASS), secretomotor (COMPASS), gastrointestinal | =
(COMPASS) and pupilomotor (COMPASS) Syn;s:;l;etic |
Obiective autonomic function 0.68 LFnu-RRI, LFnu-dBP and LFnu-sBP (all, Task Force " =
) ' Monitor—TFM, CNS Systems, Gratz, Austria) Balanced |

(n=41)
Aortic pulse wave velocity (PWVaortic), augmentation

ey o nEl fTEy gy

Arterial stiffness 0.76 index (Aixaortic) and central blood pressure (SBPaortic); Sl Sl il Tl
(all, Arteriograph, TensioMed Budapest, Hungary) gy BN RS g e e &5 LW

Z-score

ticipants

131 participants: Chalder Fatigue Scale, sympathetic symptoms with
29 excluded (did not meet the Fatigue Impact Scale, subjective autonomic dysautonomia (34%),
Fukuda criteria,n =9, had an Fatigue Severity Scale, dysfunction, sympathetic alone (5%),
underlying psychiatric illness, n Epworth Sleepiness Scales, objective autonomic parasympathetic (21%)

13, had another diagnosis or self-reported Composite dysfunction, sympathovagal balance (40%)
fatigue was not the primary Autonomic Symptom Scale; arterial stiffness

complain, n = 7). Task Force Monitor (CNS

Of the total group with CFS (n = Systems)

102), 64.7% were female, mean Arteriograph (TensioMed Kft.)

age was 38.1£8.0 years and years

since first episode of fatigue 4.5

+ 4.1 years.




Differences in factors between subgroups, n = 102.

Factors #

Post-hoc Differences Testing F (3, 98) p
. Parasympathetic, Sympathetic with

Hatigue dysautonomia > Balanced, Sympathetic 5257 <0.001

Subjective autonomic function Sympathetic with dysgutonomw g Ealanced, 6.40 0.001
Parasympathetic, Sympathetic

Objective autonomic function Sympathetic with dysautonomia, Syx?npathetm 33.57 <0.001
> Balanced > Parasympathetic

Arteriography Sympathetic > Parasympathetic > Sympathetic 30.63 <0.001

with dysautonomia, Balanced

* Post-hoc differences were tested by Student-Newman-Keuls.

‘D The sympathetic with dysautonomia subtype was distinguished by more frequent postexertional malaise than
other subtypes, more severe disease expressed by high value of fatigue scales, most frequently reported greater

subjective autonomic symptoms with sympathetic over-modulation and the lowest quality of life;

Patients characterized by the parasympathetic profile were at higher risk of fatigue;

‘D Patients in the sympathetic subtype were the oldest, at lower risk of fatigue, reported the least subjective
A

autonomic symptoms with sympathetic over-modulation and had the highest value of arterial stiffness;

‘D Patients in the balance subtype were the youngest, at lower risk of fatigue, in sympathovagal balance, had the
b

highest quality of life and had the lowest value of arterial stiffness.
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