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

ÅA. Autonomic impairment in spinal cord injury 
and multiple sclerosis

ÅB. Cognitive impairments in spinal cord injury and 
multiple sclerosis

ÅC. Possible association between autonomic 
impairment and cognitive impairments spinal 
cord injury and multiple sclerosis



ÅIf you would like to receive CME credit 

for this activity, please visit:

http://www.pesgce.com/PVAsummit201

1/

ÅThis information can also be found in 

the Summit 2011 Program on page 8.

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


1. Sympathetic component
2. Vagal component
3. Baroreceptor reflex



ÅAnimal data: 

ǐenhanced memory during activation of ɓ-adrenergic 
systems (Cahill et al. 1998, 1994)

ÅClinical data: 

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

ÅExperimental evidence: 

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

ǐEpinephrine improves memory (Cahill 2003).

Cahillet al. Trends Neurosci1998.  Maheu, et al. BehavNeurosci2004.  CahillL& Alkire. NeurobiolLearn Mem2003.  Cahillet al. 
Nature 1994. Gliebuset al.  Am J AlzheimersDisOther Demen2007. Solomonet al. Arch Gen Psychiatry 1983.



ÁCross-sectional studies have consistently documented 

improved cognitive performance in individuals with higher 

levels of vagal tone.

ÁInfants (14-26 weeks of age) with higher heart rate 

variability (HRV) displayed increased attentional

capacity compared to infants with low HRV

ÁSchool age children (3rd-5th grade) with higher vagal 

tone performed better on a sustained attention task

ÁAdults (18-34 years) Higher resting HRV was 

associated with better executive function

Richards, Child Development 1987. Bornstein & Suess, Child Development 2000.  Seuss, et al., 
Psychophysiology 1994.  Hansen et al., Arch Gen Psychiatry 1983.  



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 to be inverse
in relatively higher BP and positive in persons with 
relatively lower BP.

Yasumasuet al. Psychophysiology; 2006; Duscheket al. Biological Psychology; 2009; Del Paso et al. 
Psychophysiology; 2009.



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 & 2009.



TETRAPLEGIA
C1-C8

Á Absolute low levels of 
plasma catecholamine 
concentrations: 
ÁResting

ÁHead-up tilt

ÁMaximal exercise
Á Absent or diminished 

sympathetic skin responses 
(SSR):
ÁPalmer

ÁPlantar

PARAPLEGIA
T1 & BELOW 

Á Plasma catecholamine 
concentrations vary by 
level of lesion:
ÁT1-T5 ɀlow NE

ÁT6 & below ɀhigh NE

Á Variable SSR in hand
Á Diminished or absent SSR 

in the foot 

Claydon & Krassioukov J Neurotrauma2006; Schmid. Journal of Applied Physiology 1998; 
Guttmann et al. Paraplegia 1960 
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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
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Heart Rate (bpm) Vagal Activity (HFln)

Wecht et al. Clinical Auto Res. 2009



Spinal Cord Injury



Á Bradycardia-Ї ΫΦ bpm

ÁDiagnosis ?
ÁEmpirical evidence 15%

Á Persistent hypotension 7Ȣ(Ȣ/Ȣ ÄÅÆÉÎÉÔÉÏÎ 3"0 ÍÁÌÅÓ Ї ΧΧΦ 
ÍÍ(Ç Ǫ ÆÅÍÁÌÅÓ Ї ΧΦΦ ÍÍ(Ç
ÁDiagnosis 30%
ÁEmpirical evidence 70%

Á Orthostatic hypotension -!!3 ÁÎÄ !!. ÄÅÆÉÎÉÔÉÏÎ  Ј ΨΦ ÍÍ(Ç 
Ź3"0 ÁÎÄȾÏÒ Ј ΧΦ ÍÍ(Ç ŹDBP 
ÁDiagnosis 3%
ÁEmpirical evidence 21%

Á Autonomic dysreflexia -Ј ΨΦ ÍÍ(Ç ŷÉÎ 3"0 ÁÎÄȾÏÒ Ј ΧΦ ÍÍ(Ç ŷin DBP 

ÁDiagnosis 10%
ÁEmpirical evidence (urodynamictesting) 79%

Á Hypertension -3"0 Ј ΧΩί ÁÎÄȾÏÒ $"0 Ј ίΦ ÍÍ(Ç
ÁDiagnosis 29%
ÁEmpirical evidence 24% (systolic hypertension)



Á Elevated heart rate -Ј ίΦ bpm
ÁDiagnosis ?

ÁEmpirical evidence 53% (more than 50% of the day above 90 bpm)
Á Persistent hypotension 
ÁDiagnosis 42%
ÁEmpirical evidence 21%

Á Orthostatic hypotension
ÁDiagnosis 1%
ÁEmpirical evidence (HP-21%)

Á Autonomic dysreflexia
ÁDiagnosis 1%
ÁEmpirical evidence (urodynamictesting) 58% 

Á Hypertension
ÁDiagnosis 42%
ÁEmpirical evidence 43% (systolic hypertension)



p<0.01

Orthostatic hypotension?



50% of the subjects 

with tetraplegia had a 

SBP at or BELOW

85 mmHg





*  Females with tetraplegia
Males with tetraplegia
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