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Infections and encephalitides

• 1780-82 and in 1830-33 in Paris after influenza
• 1890-91 in Italy “La Nonna” – onset often around 9 (“nona”) 

days after infection
• Von Economy’s disease 
• Encephalitis lethargica
• After the 1918 H1N1 epidemics



Medical thinking: dualism - monism
• Western philosophy
– Descartes mind/ body dualism
– Cartesian dualism

• Eastern philosophy
– Substance dualism à a metaphysical line between consciousness and matter, 

where matter includes both body and mind
• Monism
– Benedict de Spinoza
– Mind is in the brain

• Allan Hobson (Harvard) & Karl Friston (London) à Mind is electric
• Bayesian networks - Markov blanket  
– Parsimonian laws – Ockham’s razor
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Immunologcal resistance⬊
Inflammations⬈
Tirdeness, fatigue
Sleep disturbances, POTS, PANS…

Sympathetic tonus ⬈
Excessive sympathicotonia

Parasympathetic tonus ⬊

Stressi, ”too much training”

Anticholinerigc medications
Bentzodiazepines
Disease, poor sleep

Autonomic homeostasis
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Resistance⬈
Inflammation⬊
Restorative sleep
- Better brain energetics
- Getting rid of waste product in the brain

Parasympathetic tone⬈
Porges ”double vagal system”
Vagus stimulation, nutrition

Proper use of time, relaxation, regular bed 
times, sufficient and good sleep, balance of 
exercise and rest, coping with (negative) 
stress

Sympathetic tone⬊
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Connections between CNS and gut 
role of the enterovisceral system

• Role of the vagal (parasympathetic) nervous system
– Vagus nerve

• Enteric nervous system ßà brain: two-way connections
• Intestinal immune system
• Intestinal mucosa
• Gut microbiota
àImplications also to nutrition, microbiota

àUse of antibiotics in PANS: benefits but also possible good or bad effects on 
gut microbiota à to be studied



Brain functions. Role of sleep

• Astrocyte-Neuron Lactate Shuttle by Magistretti and Pellerini
– During slow-wave sleep à production of lactate in the astrocytes
– Stimulants may ameliorate brain energetics

• Washing machine of the brain = glymphatic flow (Maiken
Nedergaard)
– During slow-wave sleep à elimination of harmofule metabolites that have 

accumulated in the brain
• Questions & hypotheses: 
– Problems in the brain energetics à fatigue and neuropsych symptoms
– Problems in the glymphatic flow à fatigue and neuropsych symptoms



Burdakov et al. 2005

N.B. increase of glucose inhibits orexin à lower vigilance
Notions on NUTRITION. Low glycemic index, probiotics, sour foods 
…



Na+ ⬈à orexin⬈à vigilance/ wake⬈& BP ⬈

Na+ ⬊à orexin ⬊à vigilance/ wake ⬊ & BP ⬊, pulse ⬈
à symptoms of POTS and PANS get worse

N.B. Importance 
of proper salt 
and water 
balance



Functional disorder
Currently
• Not a good term as it is often misunderstood by both patients and 

professionals
• It may not be considered as an illness/ disease 

àPatients cannot have all social benefits that they should have
• Functional disorder = dysfunction of biological organs (brain, gut, bladder 

pain regulation etc) = “not functioning properly” 
ICD-11
• à diagnostic codes for PANDAS (PANS) but there is controversy 
– For example in Denmark (and e.g. in Finland) some physicians recommend to use 

the diagnostic code 06C20 for all functional disorders including PANS, POTS, 
ME/CFS, fibromyalgia, irritable bowel syndrome, tension headache etc…



Fink P, Schroder A. One single diagnosis, 
bodily distress disorder, succeeded to 
capture 10 diagnostic categories of 
functional somatic syndromes and 
somatoform disorders. J Psychosom Res. 
2010;68(5):415-26. 

Comment: This code should not to be used for PANS or ME/CFS !



Functional disorder

• Also understood as a Medically Unexplained Symptom (MUS), 
somatoform disorders – dissociative disorders – conversion

• A much better alternative modern definition with analogies 
to computers is:
– Structural disorder = Main board, hardware problem
– Psychiatric disorder = Problem of CPU (Central Processing Unit)
– Functional disorder = Software problem
• Dysfunction of a computer may be caused a computer virus or other “attack”

Ref also to Philip Fischer, Mayo Clinic



As part of the pathophysiology: Dysfunction of 
thalamo-cortico-limbic connections

• James-Lange theoryà no proper connection between 
thalamus and cortex à no cortical (conscious) inhibition of 
the limbic system à hypersensibility of peripheral stimuli à
worsening of symptoms

• Canon-Beard theoryà no proper feedback connections 
between periphery and cortex à no cortical (conscious) 
inhibition of the limbic system à hypersensibility of 
peripheral stimuli à worsening of symptoms



PANDAS (PANS) = 8E4A.0 in ICD-11



POTS in ICD-11



Annual incidence of POTS

72 cases of POTS diagnosed in 2002-2012
Incidence of POTS = 4.21/100 000  aged 11-15 years/ year
Skufca et al. 2017



Year of diagnosis
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Watari et al. Ann Clin Transl Neurol 2018



POTS = Postural Orthostatic Tachycardia Syndrome

• Risk factors
– Caucasian
– Prepuberty - puberty
– Joint hypermobility
• Over 40 % of subjects with joint hypermobility have POTS (Eccles et al. 2015)

– High achievers

• Triggers
– Infection, vaccination, traumatic event



Clinical picture

• Variable symptoms
– Symptoms related to dysautonomia
• Dizziness, pains, palpitations, orthostatic intolerance, headache, wet and cold 

hands etc
• Gastrointestinal symptoms

– Motor symptoms and functional ”fits”
• Subjective symptoms, observed disorders and findings of 

neurological examination do not always fit
• Co-existence of different disorders is common



Diagnosing POTS in clinical practice
• Clinical history

– Childhood, allergies, infections, vaccinations, symptoms indicating possible MCAD
• Clinical examination

– Neurological status, mental status, Beighton, skin (Darier, dermographia,…)
• TILT test, Standing

– Duration of test should be long enough: > 5  to 20 min (30 min)
• Tests of the ANS functioning including beat the beat EKG and BP, HRV
• dU-Na
• S-ferritin levels
• Neuronal antibodies, TPO, GPCR antibodies
• Lumbar puncture
• Brain imaging (MRI, PET)
• MCAD ? à S-tryptase, dU-Mhistamine, PGD2, FPD2U, 8674 B –KIT816



POTS in a patient with PANS: decrease of parasympathetic 
tone with ± changes in sympathetic tone 



Afrin et al. 2015

Mast cell activation





Orjatsalo, Alakuijala & Partinen, JCSM 2018



Hypermobility Spectrum Disorders in ICD-11



Beighton-scale
Right Left

Small fingers >90° 0 / 1 0 / 1

Thumb 0 / 1 0 / 1

Elbow; hyperextension > 180° (>10°) 0 / 1 0 / 1

Knee; hyperextension >180° (>10°) 0 / 1 0 / 1

Hands ground 1

Points 0-9; hypermobility cut-points:
≥ 6 in prepuberty
≥ 5 in puberty to 50 y
≥ 4 in people > 50 y

Malfait et al. 2017



Malfait et al. 2017



BJPsych Open 2017 

- No statistically significant differences



In children 17.1 % have Beighton≥6

Moore et al. 2018



N= 77 Jazz dancers

https://doi.org/10.1371/journal.pone.0212188 February 22, 2019





Eccles et al. 2015



HSD No HSD

PANS, other 
neuropsychiatric disorders

OI / POTS No OI / no POTS

Genetics
- HSD; HLA-, other

Triggers

Treatment according to etiology and 
symptoms and degree/ type of OI and of 
the concomitant psychiatric symptoms 
and other diseases, such as MCAD
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Evolution of PANS / POTS
• Genetic susceptibility (HLA, microbiome, autopathia, HSD/ EDS) 
• early environment (infections, development of microbiome)  & low sense 

of coherence à
• immunological trigger (infection, any trauma) & affected BBB à

dysfunction of glial cells à
• brain energetics (mitochondria, pyruvate cycle, ANLS) affected + 

inflammation à glymphatic flow affected
• neuronal dysfunction & dysautonomia à symptoms of PANS & POTS à
• resting, horizontal position, lying, lack of exercise à deconditioning, 

sodium-balance affected, worsening of salt balance à worsening of 
symptoms… & worsening of muscle energetics & worsening of 
dysautonomia

• pains, neurological symptoms…



Conclusions and Questions
• PANS, POTS and joint hypermobility link with each other
• Symptoms are variable. The most disabling symptoms differ between patients
• Autoimmune-mediated
• Genetic susceptibility probably exists
• POTS may be mainly a problem of parasympathetic (vagal) tone? – cf. Porges
• About origins of POTS/ dysautonomia/ PANS

– Risk factors of POTS and PANS: Caucasian, high achiever (sympathicotonia), joint hypermobility
– Genetic susceptibility + a traumatic event disturbing ANS control 

• Trauma may be: microbial attack, other immunological attack, physical trauma, mental 
trauma

• A function may be disturbed without any structural (anatomical) damage
– Compare to a software problem in a computer



A lot needs to be done/ studied

– Autonomic tone and autonomic Abs in PANS vs controls
– Genetic studies
– Experimental studies – animal models
– Autoantibodies 

• Finding the epitopes à immunoadsorption ?
– RCTs on treatment / rehabilitation

• Antibiotics, anti-inflammatory medications, immunomodulatory therapies
• Increase of parasympathetic tone and/or decrease of sympathetic tone
• Different forms of CBT as part of treatment and rehabilitation  
• SSRI, SNRI - action also on synaptic rewiring

– Epidemiological studies
• Prevalence and incidence of PANS and POTS in populations

– < 10 yrs, 10 to 17 years, 18 to 39 years, 40 + years
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FinnGen – a study to examine sleep and health

10% of population
Current N = 200 000 (target = 500 000 000)

6M individuals

REGISTRY DATA:
(Autoimmune) encephalitis N=  281
Narcolepsy N = 1271
Hypersomnia N = 136
Fibromyalgia N = 29 620 
ME/ CFS N = 1 000 – 5 000 ?
POTS N = 72
PANS N = 50 – 200 ?   Comment: Final number of true 

diagnoses needs still to be 
verified
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