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Definition of unconscious patients

ÂVegetative State or Minimally Conscious State

Avoiding bed rest symptoms

ÂWays to mobilize patients

Study on Erigo use in DOC

Related therapies and outlook

Agenda
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Disorders of Consciousness

Laureys, Scientific American, 2007
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How to avoid Bed Rest Syndrome?

Gerstenbrand (1967)

Bed Rest Syndrome
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Muscle waisting during bed rest

Quadriceps femoris 
cross sectional area

During 8 weeks bed rest

With (RVE)
/without exercise

Mulder et al 2006
Eur. J Appl Physiol
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ÂImprove ventilation 

ÂPrevent contractures (spastic drop foot) 

ÂPrevent decubital ulcers

ÂRecondition to human posture

ÂVestibular input  and other sensory input from proprioceptors cause increased level of arousal 

ÂImproved cooperation in therapy

ÂImprovement of motor and cognitive functions

Why is it important to verticalize the patients?
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Major problem ðorthostatic dysfunction

Very often during early mobilization patients with persistent vegetative state or minimally 

conscious state display orthostatic dysfunction.

Reasons:

- venous pooling in the legs due to missing venous blood flow  (no muscle pump)

- missing sympathetic response 
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45 -year old man two months after a motorcycle accident resulting 

in a severe traumatic brain injury (CRS -R 14/23)
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Tetraplegia

52 years old patient after road traffic 

accident 5 months before.

Fractures C 6/7 and T 1-3.

Incomplete Tetraparesis sub C7

Complete sub T4
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Prospective, Randomized Cross-over Study
Âone therapy each on tilt table and on Erigo 

Patients 

ÂICU or early rehabilitation 

ÂEtiology: 3 pts TBI, 6 pts non-traumatic

ÂMCS or PVS according to CRS-R

Âless than 30 min mobilized out of bed 

Â5 m, 4 f,  51°20 years

Hypothesis: less interuptions of verticalization on Erigo than on tilt table?

Primary variable:

Âstop due to syncope or presyncope 

Sekundary  variables:

ÂMuscle tone (MAS)

ÂAlertness (Coma Recovery Scale-Revised)
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Method

D
if
f 
d

a
y
s
 w

it
h

in
 o

n
e

 w
e

e
k



Seite 12

Method ðsequentiel testing
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p < 0.05

Significantly less interruptions of verticalization on the Erigo 

Luther et al. Clinical Rehabilitation 2008
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Example of a patient

Tilt Table

60
70
80
90

100

110
120
130
140
150

0 é 1
9 0 1 . . . 5 . . . .

1
0 . . . .

1
5 . . . .

2
0 . . .

2
4

0° 30° 50° 10° 50° 70° 0°

Bett Therapie

R
R

  
[m

m
H

g
] 

/ 
H

F
 [

b
p
m

]

syst. RR

diast. RR

HF

Stop after 6 min at 70° 

- Heart Rate (HF) increased 30 bpm 

- increased sweating

Erigo

0

20

40

60

80

100

120

140

160

0 é 5 0 . . . . 5 . . . .
1

0 . . . .
1

5 . . . .
2

0 . . .
2

4

0° 30° 50° 70° 0°

Bett Therapie
R

R
 [
m

m
H

g
] 
/ 
H

F
 [
b

p
m

]

syst. RR

diast. RR

HF

33 y patient with hypoxic encephalopathy, minimally responsive, 3 months after lesion

TiltBed Bed Tilt



Seite 15

Reasons for interrupting tilt

Therapy Reasons for stop Patients 

Tilt Table Drop in blood pressure 5

Intensive sweating 4

Tachypnoe 1

Tachycardy 1

Erigo Tachypnoe 1

Tachycardy 1

1 or more reasons for stopping verticalization 
per pat.
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Muscle Tone after Verticalization in the Erigo
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ErigoTilt Table

RCT Results Arousal

Coma Recovery 
Scale - Revised
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Conclusion     (I)

On a tilt table with integrated stepping mechanism 

patients experience significantly less 

(pre)syncopes

It is a safe opportunity, to mobilize patients in VS 

or MCS early during rehabilitation
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Further Issues

What do we know about the physiological effects?

Is it possible to improve the effects?

Does this treatment alter the long-term outcome?
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Improvement of ventilation

Chang, et al. APMR 2004

Standing with the 
assistance of a tilt table 
improves minute ventilation 
in chronic critically ill 
patients

Adult patients ventilated for 
more than 5 days (6-37), tilted 
for 5 minutes
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Cardiac output=stroke volume x heart rate

- stroke volume=IVCmax- IVCmin

Measurement of cardiac output



Passive Leg Cycling alters 

Cardiac Output      Stroke volume    Heart Rate

Seite 22

Muraki, Eur J Appl Physiol (2000) 81: 271±274

5 Able Bodied Ss
6 Paraplegics
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FES Stimulator

Output-Card

Data access

Change of conditions: 

a) resting

b) Isometric FES of hamstring,

quadriceps and gastro

c) passive stepping

d) FES&passive stepping
(Dynamic FES)

Combination with functional eletrical stimulation (FES)
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Results : Measure of blood flow (cardiac output)

Cardiac output (CO)=stroke volume x heart rate stroke volume=IVCmax- IVCmin

Young healthy controls!

Thrasher, Popovic
Toronto
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Thrasher: FES plus stepping prevents syncopes (2005)

6 of 16 subjects experienced
syncope or presyncopal symptoms

Tilt only Static FES       FES with stepping



Erigo+FES in patients

Experiences in SCI, Hemiplegia and TBI patients
ÂPositive reports:

ÅEasy to use

Å Visible muscle activation

ÅReduction of muscle tone in the upper extremity

Å Increased sensory input? 

ÂCritical  issues:

Å complicated use when a lot of hairs (shaving?)

Å PAIN  (unless SCI)

ÁĄ communication helps

Seite 26
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Does regular verticalization improve rate of recovery?

2 RCTs are recruiting

AWACON (ETH Zürich)

Neurology Hospital Bad Aibling
n=34
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Conclusion (II)

A tilt table with an integrated stepping mechanism

is a valuable tool for rehabilitation of severely

injured patients .

Verticalization of patients with orthostatic

problems improves ventilation , reduces muscle

waisting and probably improves cooperation in 

therapy .

Future trials will have to show whether

rehabilitation can be faster or more effective .

Integration into a framework with FES might add to

more efficiency .
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