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Learning Objectives

At the conclusion of this activity, the participant will
be able to:

A. Autonomic impairment in spinal cord injury
and multiple sclerosis

B. Cognitive impairments in spinal cord injury and
multiple sclerosis

C. Possible association between autonomic
Impairment and cognitive impairments spinal
cord injury and multiple sclerosis



Obtaining CME Credit

AIf you would like to receive CME credit
for this activity, please visit:

http://www.pesgce.com/PVAsummit201
1/

A This information can also be found in
the Summit 2011 Program on page 8.


http://www.pesgce.com/PVAsummit2011/
http://www.pesgce.com/PVAsummit2011/

Components of the

Autonomic Nervous System
& Cognition

1. Sympathetic component
2. Vagal component
3. Baroreceptor reflex
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Sympathetic Nervous System:

Animal data:

enhanced memory during activation of b-adrenergic
systems (Cabhill et al. 1998, 1994)

Clinical data:

significantly impaired verbal memory in elderly
(Solomon 1983) and cognitively impaired (Gliebus
2007) individuals prescribed beta-blockers.

Experimental evidence:

Impaired memory with beta-blocker compared to
placebo (Maheu, 2004; Cahill 1994).

Epinephrine improves memory (Cahill 2003).

Cahillet al. TrendsNeuroscil998. Maheu, et al.BehavNeurosci2004. CahillL& Alkire. NeurobiolLearnMem 2003. Cahillet al.
Nature 1994Gliebuset al. Am AlzheimersDisOther Demen2007.Solomon et al. Arch Gen Psychiatry 1983.



Cardiac-Vagal Tone:

Cross-sectional studies have consistently documented
Improved cognitive performance in individuals with higher
levels of vagal tone.

Infants (14-26 weeks of age) with higher heart rate
variability (HRV) displayed increased attentional
capacity compared to infants with low HRV

School age children (3"d-5" grade) with higher vagal
tone performed better on a sustained attention task

Adults (18-34 years) Higher resting HRV was
associlated with better executive function

Richards Child Development 198Bornstein & Suess Child Development 20005euss et al.,
Psychophysiology 1994Hansenet al., Arch Gen Psychiatry 1983.



Baroreceptor Function:

1. Restingbaroreceptor reflex sensitivity (BRS) Is
associated with improvements in cognitive task
performance.

2. Cognitive elaboration is associated with reliable
reductions in BRS.

3. The relationship between BRS and cognition may
be In part modulated by tonic BP: the relationship
between success ratio and BRS appears ttneerse

In relatively higher BPand positivein persons with
relatively lower BP

Yasumasuet al. Psychophysiology; 2006uscheket al. Biological Psychology; 200Bgel Pasoet al.
Psychophysiology; 2009.



Clinical signs and symptoms
of autonomic cardiovascular
Impairment:

Spinal Cord Injury
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Autonomic Cardiovascular
Dysfunction: Spinal Cord Injury

Although AIS level and completeness of
SCI may not relate to the degree of
autonomic impairment, we distinguish the
model of tetraplegia from paraplegia to

document the degree of autonomic
dysfunction.

Alexander et al., 2009; Claydon & Krassioukov et al., 2006;

Krassioukov 2007 & 20009.




Sympathetic Control:

Spinal Cord Injury

TETRAPLEGIA PARAPLEGIA
C1-C8 T1 & BELOW
Absolute low levels of Plasma catecholamine
plasma catecholamine concentrations vary by
concentrations:

level of lesion:
T1-T57 low NE

- - T6 & belowz high NE
Maximal exercise Variable SSR in hand
Absent or diminished arlable a

sympathetic skin responses ~ Diminished or absent SSR
(SSR): In the foot

Palmer
Plantar

Resting
Headup tilt

Claydon & Krassioukowd Neurotrauma2006;Schmid. Journal of Applied Physiology 1998:
Guttmann et al. Paraplegia 1960



“Sympathetic” Cardiac Control

Low Frequency of R-to-R Interval (msec?/Hz)

Several recent papers have made a
strong argument that the LF
component of heart rate variability
reflects baroreflex function and not
cardiac sympathetic activity.

Moak, et al. Heart Rhythm 2007; Moak, et al. Cleve Clin J Med 2009; Rahman, et al. Clin Auto Res. 2011



Vagal Withdrawal and HR Increase
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Vagal Cardiovascular Control:

Spinal Cord Injury
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Impact of Autonomic

Dysfunction on
Cardiovascular and Cerebral
Vascular Function

Spinal Cord Injury
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Cardiovascular Consequences of

Autonomic Dysfunction: Tetraplegia

Bradycardia-1  bpth
Diagnosis ?
Empirical evidence 15%

PerS|stent hypotension7 8 ( 8/ 8 AAZE]I EOEI T 3"
|l (C O EAT AT AO T Xoo i1 (C
Diagnosis 30%
Empirical evidence 70% o ) o
Orthostatic hypotension-! ! 3 AT A I . AAEEI E

Z3" 0 AT ATT OZBPX® 11 (C
Diagnosis 3%
Empirical evidence 21%

Autonomic dysreflexia-J Wwo FEI( C3" 0 AT ATIJIODBP X«
Diagnosis 10%
Empirical ewdenceu(rodynamlctestlng) 79%

Hypertension-3" 0 J XQi AT A1 O $" J i o 11
Diagnosis 29%
Empirical evidence 24% (systolic hypertension)



Cardiovascular Consequences of

Autonomic Dysfunction: Paraplegia

Elevated heart rate-J  bpin

Diagnosis ?

Empirical evidence 53%nore than 50% of the day above BPpm)
Persistent hypotension

Diagnosis 42%

Empirical evidence 21%
Orthostatic hypotension

Diagnosis 1%

Empirical evidence (HR21%)
Autonomic dysreflexia

Diagnosis 1%

Empirical evidenceufodynamictesting) 58%
Hypertension

Diagnosis 42%

Empirical evidence 43% (systolic hypertension)



Mean Arterial Pressure (MAP)

during Head-up Tilt (HUT)
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Systolic Blood Pressure within

5 minutes of HUT to 45°
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24-hour Systolic Blood Pressure
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* Females with tetraplegia
@ Males with tetraplegia



