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Objectives

 To introduce anatomy and physiology of autonomic
nervous system

 What do we know about autonomic dysfunctions in
Paralympics athletes? Are the autonomic
dysfunctions the same for Paralympic athletes with
Spinal Cord Injury, Polio, or Multiple Sclerosis?

 To outline major known autonomic dysfunctions:

o cardiovascular dysfunctions
scontrol of sweating and temperature
*bladder/bowel dysfunctions

 To discuss issues related to autonomic dysreflexia
and boosting.

 What Is the future?



Autonomic nervous system 101.

O 1. Autonomic nervous system iIs ...

A. ... part of the vertebrate nervous system that
regulates involuntary actions

B. ... also known as vegetative

C. I have no clue what you are talking abou

D. A+B
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Introduction

Since 1980 we stopped using medical classification for Paralympic games and
implemented Functional classification.

In order to appreciate the impact of autonomic nervous system on Paralympic
athletes we have to appreciate medical conditions of these athletes.

The knowledge of the medical conditions could give us insight to some specifics of
the autonomic deficits in some of these conditions. Autonomic dysfunction in some
medical conditions are studied in more details than in others.

— Spinal cord injury
— Spina bifida

— Multiple sclerosis
— Cerebral palsy

— Friedreich’s ataxia
— Polio

— and others



Cardiovascular control in
Paralympic athletes with SCI



Cervical SCI:

Autonomic control: Loss of supraspinal control

of the spinal sympathetic neurons controlling
heart and blood vessels below the level of injury;
the parasympathetic (vagal) control of the heart
is intact.

Possible cardiovascular outcomes that could affect
athletic performance:

¢ Low arterial blood pressure,

¢ Orthostatic hypotension

* Frequent episodes of autonomic dysreflexia

¢ Impaired blood redistribution

e | ow strake voliime. heart rate and cardiac

High-thoracic SCI (Injuries between T1-T5):
Autonomic control: Loss of supraspinal control
to the spinal sympathetic neurons controlling
splanchnic and lower-body vasculature.
Depending on the level of injury supraspinal
control of the spinal sympathetic neurons
controlling heart will be partially or fully intact;
parasympathetic (vagal) control of the heart is
intact.

Mid-thoracic and lower SCI:

Autonomic control: Loss of supraspinal control to

only portion of the spinal sympathetic neurons

controlling blood vessels below the level of injury;

however, the heart has intact sympathetic (T1-T5)

and parasympathetic (vagal) control.

Possible cardiovascular outcomes that could affect

athletic performance:

* Resting blood pressure could be within normal
range

* Episodes of autonomic dysreflexia are less
common or absent

¢ Heart and blood pressure responses to exercise
are typically intact
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MAP (mm Hy)

Responses in blood pressure to excesses
(Control non SCI, and individuals with Paraplegia and Tetraplegia)
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Autonomic Function and Exercise
Performance in Elite Athletes with Cervical
Spinal Cord Injury

CHRISTOPHER R. WEST!, LEE M. ROMER?, and ANDREI KRASSIOUKOV !4

i sitv of British Columbia, Vancouver, CANADA: Centre
widge, UNITED KINGDOM: * Division of Physical
iversity of British Columbia, CANADA,; and *G. F. Strong Rehab

e 7 Paralympic Wheelchair Rugby
athletes

e Autonomic battery: SSRs, Orthostatic
challenge test

e Performance assessment: HR peak, 4
min push, VO2 peak

* The degree of preserved SSRs
(autonomic spinal integrity) but not
motor function established by
International Wheelchair Rugby
Federation classification correlated
with HR peak, 4min push distance,
and VO2 peak.
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Responses to orthostatic challenge test (sit up test) in SCI Paralympic athletes
(London 2012, Paralympic Games n=57).
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Sweating and Thermoregulation in
Paralympic athletes with SCI



Sweating: blessing or curse?




J. Physiol. (1958) 142, 406—419

THERMOREGULATION IN SPINAL MAN

By L. GUTTMANN, J. SILVER a~xp C. H. WYNDHAM

From the National Spinal Injuries Centre, Stoke Mandemlle, Aylesbury,
Bucks, and the Applied Physiology Laboratory, Transvaal and
Orange Free State Chamber of Mines, Johannesburg

(Received 3 March 1958)

* Individual with a complete lesion at T4 during early
stages of thermoregulatory sweat test.

 Dotted line illustrates border of analgesia and
uninterrupted line that of anaesthesia.

» Sweating is confined to the face, neck, upper limbs,
and upper chest, and there was complete anhidrosis
below that level in the first stages of the test.

* In later stages, sweating gradually extended to T10.

A starch iodine test results in purple to black discoloration
which delineates the affected area of excessive sweating.



Aural Temperature {*C)

Price et al Med Sci Sport Exerc 2003.
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Aural temperature in athletes with tetraplegia (TP) high and low paraplegia (HP;
LP) at rest, during exercise, and recovery in warm conditions.

Pronounced increased in auricular temperature was observed for TP athletes,
who demonstrated a much greater imbalance in temperature regulation.

Increasing the exercise or environmental strain may result in the
thermoregulatory responses of athletes with SCI being compromised.



Circulatory dysfunctions in other conditions

Spinal Bifida: High arterial wall shear stress and endothelial
dysfunction were reported in SB compared with SCI that could
predispose these individuals to cardiovascular disease. Boot et all.
Spinal Cord. 2003

Polio: Orthostatic instability, due to peripheral nervous system
deterioration and muscle atrophy is documented. Borg et al. Acta
Neurol Scand. 1988.

MS: Orthostatic hypotension and Postural orthostatic tachycardia
syndrome (POTS) reported among individuals with MS. Adamec et
al. J Neurol Sci. 2013

Cerebral palsy:

— HR variability demonstrates that individuals with cerebral
palsy present cardiovascular changes consistent with
disturbed sympathovagal balance. Ferreira et al. J Oral Pathol Med. 2011

— The decrease of heart rate variability in children with cerebral

palsy is related to the motor impairment level. zamunér et al. Res
Dev Disabil. 2011



http://www.ncbi.nlm.nih.gov/pubmed/12669089
http://www.ncbi.nlm.nih.gov/pubmed/23127354
http://www.ncbi.nlm.nih.gov/pubmed/21323740
http://www.ncbi.nlm.nih.gov/pubmed/20956067
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Other Conditions and Temperature dysfunctions:

MS: heat sensitivity and central regulation of body
temperature are among major issue for individuals
WIith MS. Davis et a 3 Appl Physiol (1985). 2010

Polio: known temperature dysfunctions (low

amplitude of SSRs were reported) emad et al iran Red
Crescent Med J. 2011

Spina Bifida: skin temperature and peripheral
circulation could be compromised depending on
the severity of neurological deficits.


http://www.ncbi.nlm.nih.gov/pubmed/20671034
http://www.ncbi.nlm.nih.gov/pubmed/22737423
http://www.ncbi.nlm.nih.gov/pubmed/22737423

Review

Autonomic dysreflexia Life-threatening outcomes associated with
and autonomic dysreflexia: A clinical review
B oostin g Darryl Wan?, Andrei V. Krassioukov*:2
& 005 ey Gnt iy Al conen BEAABIOS ST 'Department of Medicine, Intemational Collaboration on Repair Discoveries (ICORD), University of British
it 13t com/s2 Columbia, Vancouver, BC, Canada, *Vancouver Coastal Health, Vancouver, BC, Canada

Context: Autonomic dysreflexia (AD) is a life-threatening complication of chronic traumatic spinal cord injury

(e  Mean BP during life-threatening

Case Report

Cerebral hemorrhage due to autonomic dysreflexia in a spinal cord injury
patient

M Vallés', J Be

!Spinal Cord In

e Boosting deemed illegal by IPC due to possible 41,
harmful effects for health of athletes'
(www.paralympic.org)

ning
3

Testing for boosting at the Paralympic games:

4 | policies, results and future directions.
/L 4 Blauwet et all Br J Sports Med .2013.

» a systolic blood pressure of 2180 mmHg was
considered a positive test.

* the average systolic and diastolic blood pressures
were 135 mm Hg (range 98-178) detected

* no positive test for boosting were detected


http://www.paralympic.org/

What I1s next?
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Evaluation of individuals with SCI 2008
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Should we do autonomic assessments
In Paralympians?

What autonomic test to select In the
" future?

el el el =

%Should we develop and implement for
: athletes passport with autonomic
= parameters?
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