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Rehabilitation of spinal cord injured patients on long term ventilation 
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Recent advances in roadside management and resuscitation techniques have 
resulted in an increased survival rate of people with high cervical cord injury. A 
few become partially or permanently ventilator dependent. Not only are these 
people dependent on assisted ventilation, but their speech is also compromised, 
along with loss of voluntary control and many other bodily functions, as they are 
tetraplegic. 

By using recent technological advancements, such as portable ventilators, 
phrenic nerve stimulation, environmental controls and specialised wheelchairs it 
has been possible to manage such patients at home. Furthermore, patients on 
ventilators are unable to have verbal communication. There is therefore a need 
for them to develop either augmentative communication or the use of alternative 
communication aids. Recent published reports indicate the factors other than the 
clinical state that may prevent such patients from taking advantage of modern 
advances; the main issues appear to be cost factors, community care provision 
and ethical considerations. 
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Introduction 

The early mortality due to respiratory insuf
ficiency of patients with cervical spinal cord 
injury has been reported to be 4.7 to 
40% .1-4 Recent advances in emergency and 
acute management has resulted in the sur
vival of increasing numbers of patients with 
high cervical cord injury. They may have 
paralysis of their main inspiratory and all of 
their expiratory muscles, and require as
sisted ventilation. Most of those on a venti
lator later breathe spontaneously, even al
though respiratory function remains im
paired and the vital capacity is 60% of 
normal. 5,6 There are a small number of 
patients, who remain ventilator dependent 
either totally or incompletely. 7 Experience 
has shown that an early transfer to an 
appropriate spinal unit of patients who 
remain dependent on a ventilator8 will lead 
to the successful return of the patients to the 
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community. Even if the spinal unit is not 
fully equipped and staffed to deal with such 
patients, contact should be made as it will 
help with planning the needs of the patients. 
This paper, based on an experience of 8 
patients who required long term assisted 
ventilation suggests a realistic approach to 
rehabilitation, 

Patients and results 

All but one patient were discharged home 
and some of the clinical information is 
summarised in Table 1. 

Discussion 

The availability of advanced technology, 
good care programmes and dedication of 
the family has enabled the majority of 
ventilation dependent patients to return to 
an environment of their own choosing. 
Survival of such patients raises many issues 
- medical, physical, social, psychological, 
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Table I 

No. Sex Age at Neurological Diaphram Follow up Outcome 
injury level pacing 

1 M 46 yrs C3 25 years Hospital in patient 
2 F 59 yrs C2 Died on initial admission 
3 F 2 yrs C2 24 months Moved from area 
4 M 22 yrs C3 Not suitable 24 months Died at home 
5 M 8 yrs C3 Yes 36 months Died at home 
6 F 4 yrs C2/3 Not suitable 48 months At home 
7 M 32 yrs C4 Not suitable 36 months At home not on ventilator 
8 M 41 yrs C3/4 Not suitable 24 months At home 

and ethical - which require careful con
sideration. A patient with a high cervical 
spinal injury not only requires management 
of the bony injury and its consequences but 
may also require assisted ventilation. Most 
of the patients can be weaned off the 
respirator. A successful weaning pro
gramme requires increasing time off the 
ventilator and a progressive muscle streng
thening programme. 9 Success of weaning 
depends upon physiological stability and 
psychological readinesslO and the tech
niques of weaning should be tailored to the 
individual patient. 8 Use of rocking beds and 
pneumobelts has proved to be of value in 
the process of weaning; 11,12 we have no 
experience of these techniques. Even al
though the efforts are energy consuming 
and stressful to the patient, every effort 
should be made to wean the patient off the 
ventilator. It is felt that if weaning cannot be 
achieved, short periods off the ventilator 
should be attempted for safety and psycho
logical reasons. 1 

If patients cannot be weaned off the 
respirator, careful consideration should be 
given for diaphragm pacing. Lesions above 
C3 normally leave the anterior horn cells to 
the phrenic nerves viable and therefore 
these nerves have the potential to be stimu
lated electrically. The technique of dia
phragm pacing by stimulating the intact 
phrenic nerve has permitted some ventilator 
dependent patients to become free of the 
respirator. 1 ,15 It has been suggested that 
phrenic nerve conduction studies in the 
early days following injury may give a false 
negative response to stimulation, and that 
consideration for surgical implants should 

be delayed for 6-12 months post injury. 15 

Furthermore, not all patients are suitable. 
Only one out of 5 patients was suitable for 
diaphragm pacing. 

The ability to communicate in a meaning
ful context is an integral part of human 
relationships. Communication enables the 
individual to share experiences, define 
needs, and express wishes and emotions. A 
ventilator dependent patient is either intub
ated or has a tracheostomy and is deprived 
of the ability to communicate verbally. They 
are usually on cervical traction, have re
stricted neck movements and are virtually 
'locked in'. As oral communication is not 
possible at this stage, alternative systems 
need to be developed as early as possible to 
enable the patients to make others aware of 
their physical and emotional needs. Initially 
eye movement or blinking may be used to 
indicate yes or no. When head and neck 
movements are permissible, some form of 
low technique scanning systems can be 
established. Communication is by selecting 
alphabets, items or words from a board by 
using a head or mouth pointer. Such an 
approach will allow patients to communi
cate even though they are not able to initiate 
conversation. As the clinical condition sta
bilises, techniques to develop oral commu
nication should be explored. By deflating 
the cuff and increasing the tidal volume, the 
patient can learn to speak without inspira
tion. The patient also needs to learn to 
swallow saliva to avoid aspiration. In the 
presence of a cuffed tracheostomy, provi
sion of a speaking tube will permit oral 
communication. If the patient can be free of 
the ventilator for a period of time, a 
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fenestrated tracheostomy tube which per
mits speech can be used.16 To discuss 
alternative or augmentative speech in detail 
is beyond the scope of this paper. Early 
discussion with a speech and language 
therapist will help to develop some form of 
communication. Independence of communi
cation cannot be overstressed as it is the 
only way by which the ventilator dependent 
spinal cord injured person can interact, 
define needs and exercise autonomy. 

Mobility and assuming the upright posi
tion is the single most important factor in 
reducing respiratory complications. 10 Estab
lishment of early mobility, when permitted 
by the stability of the bony injury, will 
enable the patient to establish contact with 
the environment in and outside the intensive 
care unit and decrease physical and environ
mental isolation. Patients 1 and 3 had 
extreme difficulty in moving away from the 
intensive care unit. The wheelchair prescrip
tion requires careful consideration, not only 
concerning mobility - indoor and out door -
but also regarding ventilator and other 
equipment. The ability to control a wheel
chair enables the patient to control other 
devices. Specific areas which need to be 
taken into account are adaptations for venti
lator, wheelchair controls, posture and stab
ility of the patient and systems to control the 
environment. Early introduction of equip
ment gives a psychological boost to the 
patient.13 Patient 1 was introduced to the 
spinal unit about 8 months after injury and 
had great difficulty in accepting the type of 
equipment which was suggested. Even if the 
specialised unit is unable to accept an acute 
ventilator dependent patient, early involve
ment in a spinal unit will allow for better 
total management and the planning of a 
reasonable and cost effective package of 
care.13 This is borne out by our own 
experience. It is, therefore, suggested that 
early contact with a spinal unit should be 
established even if the unit is not in position 
to admit the patient in the acute stage. 
Careful consideration and discussions about 
discharge plannning need to begin as soon 
as possible and must include the patient, 
relatives and statutory bodies. The areas of 
concern that require address are: supply, 
funding and maintenance of equipment; 
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care required and its provision; housing 
requirements; vocational, educational and 
leisure needs; and continued support and 
follow up. As the patient is mobilised, his or 
her carers need to learn the techniques of 
transfer and skills for providing care, pre
venting complications of spinal cord dam
age. Caring for a person with a severe 
disability imposes considerable stress on the 
family. The patient and the family should be 
made aware of this at an early stage, 
including implications for the future.17 In
formation about the disability should be 
given in such a manner that it does not 
destroy hope. 18 Continued dependence on a 
ventilator may preclude the family from 
providing care as they may be afraid to take 
the patient home. There may be a denial 
process which prevents the family facing up 
to implications for the future. The family 
should be involved at all stages of manage
ment and planning for the future. When the 
family members are available, capable and 
willing to provide care, the cost is obviously 
going to be lower in economic terms but it 
may be high in emotional and psychological 
terms. With suitable support, a ventilator 
dependent spinal cord injured patient can be 
discharged home. 8,19 Patient 6 is being cared 
for by employed and trained staff at a 
considerable cost to the authorities and the 
family is coping with the situation much 
better than that of patient 8 whose wife 
eventually left him. He is dependent on his 
brother and appears to be well settled in the 
community. The father of patient 5 gave up 
work to provide care. 

It appears that there are a group of 
patients who develop respiratory insuffi
ciency some years after high cervical in
jury.20 We have had 3 such patients, one of 
whom died during sleep. It appears that 
patients who are obese, have upper airway 
obstruction and/or have chronic pulmonary 
obstructive disease are prone to develop 
respiratory failure. Such patients are dif
ficult to arouse and may complain of head
aches. 

Other symtoms which may be present are: 
restless sleep; morning confusion; daytime 
sleepiness; weak cough; difficulty in speak
ing continuously; and apparent mental dul
ling. These symptoms are considered to be 
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due to nocturnal hypoxia and raised pe02 
because of the decrease in rate and volume 
of respiration during sleep. Overnight ox
imetry, measurement of awake and resting 
arterial blood gases and vital capacity in the 
sitting and lying supine position will help 
identify patients who are suffering from 
sleep apnoea. As the vital capacity is lower 
lying supine than it is sitting, and the 
functional residual capacity is greater when 
lying on the side, the patient will benefit by 
sleeping propped up and/or side lying.21,22 
Overnight ventilation can reverse the blood 
gases resulting in the resolution of symp
toms. One of our surviving patients requires 
overnight ventilation. It is suggested that 
non ventilator dependent high cervical 
spinal cord injured patients should have 
their vital capacity and forced expiratory 
volume assessed on a regular basis. Reduc
tion in the forced expiratory volume may 
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indicate development of obstructive lung 
disease in these patients who already have 
restricted pulmonary function. 

Ventilator dependent spinal cord injured 
patients present complicated medical, social 
and ethical problems. The ethical issues are 
considerable and are concerned with resour
ces and autonomy.23,24 The cost of equip
ping and maintaining ventilator patients are 
considerable and many such patients may 
come from health authorities other than the 
one supporting the intensive care and spinal 
unit. 
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