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Abstract
This article deals with the respiratory management of acute spinal cord injury patients discussing the mechanics 

of respiration, assessment and management strategies, respiratory care in the acute stage, invasive mechanical 
ventilation and weaning including survival following spinal cord injury. 

The importance of the care in supine position, physiological instability of the injured cord effect of hypoxia and 
hypovolaemia is also discussed.

A review of relevant literature has been done to try and answer whether early mobilization following acute spinal 
cord injury is better than active physiological conservative care including slow weaning, reflecting the ethos of treatment 
for these problems at Oswestry.
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Introduction
Spinal injuries without neurological damage have little effects on 

respiratory function unless associated with injury to the chest wall. 
Early verticalisation/mobilisation of these patients are safe and likely to 
improve vital capacity.

Spinal injury with cord damage (SCI) has a profound effect on the 
mechanics of respiration and on respiratory function particularly in 
cervical cord injuries. Early mobilisation of patients with high thoracic 
and cervical cord injuries especially during the stage of spinal shock 
is likely to cause further reduction in vital capacity added morbidity 
[1,2]. Respiratory complications are the leading cause of morbidity and 
death after SCI [3-5]. The degree of respiratory dysfunction depends 
on pre-existing pulmonary status, the level of SCI, and any associated 
chest wall or lung injuries as well as on the quality of the management 
of the physiologically impaired respiratory functions. The more rostral 
and complete the damage to the spinal cord, the greater the likelihood 
of major respiratory impairment. The impact of spinal shock on 
respiratory function following acute spinal cord injury can be severe 
necessitating a transient need for an artificial airway and mechanical 
ventilatory assistance. As spinal shock resolves the flaccid paralysis of 
the chest wall muscles is replaced by spasticity. The chest wall becomes 
rigid with loss of compliance, while the abdomen is hypercompliant, 
both contributing to the reduction in tidal volume in the sitting posture 
resulting in an improvement in respiratory function particularly during 
inspiration [6]. Additionally, pulmonary function may be impaired in 
SCI due to the loss of ventilatory muscle function from denervation, 
concomitant lung injuries such as pneumothorax; haemothorax; or 
pulmonary contusion and decreased central ventilatory drive that is 
associated with head injury or the effects of alcohol and drugs.

Around 40% of spinal cord injuries occur in the cervical spine, 
a trend that is steadily increasing, with respiratory causes being 
responsible for death in over 20% of individuals [7]. Loss of lung 
volumes and relative hypoxemia contribute to global hypoxaemia, 
exacerbating cord ischaemia in the acute period [7-11]. Respiratory 
compromise results in the loss of muscle strength generation capacity 
and reduced lung volumes and in particular vital capacity, of up to 70% 
ineffective cough and secretion clearance abilities [7-11]; reductions in 
both lung and chest wall compliance and an additional oxygen cost of 
breathing due to changes in respiratory mechanics, with obstructive 
sleep apnoea evident in over 50% of acute tetraplegics [12]. 

While some countries have specialist spinal Centres to manage 
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such catastrophic trauma with a demonstrable improvement in health 
outcomes attributed to their contribution [13], many individuals are 
initially admitted to local hospitals where healthcare professionals 
are less likely to fully appreciate the significant and continued 
vulnerabilities of such individuals. This article is aimed at providing 
a basic understanding of the causes and identification of the main 
principles of the respiratory management strategies required to 
maintain pulmonary health for cervical SCI patients during the initial 
and early post trauma phase.

Respiratory Mechanics
Individuals with spinal cord injury exhibit reduced lung volumes 

and flow rates as a result of respiratory muscle weakness. These features 
have been investigated in relation to the combined effects of injury level 
and posture. Supine values of forced vital capacity and forced expiratory 
volume in 1s (FEV 1) were repeatedly and consistently shown to be 
larger in recumbence compared with the seated posture [14-17].

Early mobilisation of patients with spinal neural tissue injury is 
associated with a reduction of vital capacity and a potential drop of 
oxygen saturation and/or postural hypotension. Individually or in 
combination these may further impair cord functions. The tetraplegic 
and high paraplegic patient’s ability to cough is markedly impaired. It is 
more difficult to get rid of bronchial secretions with assisted coughing 
against gravity than when patients are in recumbence.

Complete injuries above the mid thoracic region will result in 
loss of the major respiratory muscle groups for both inspiration and 
expiration and thus an inability to either fully aerate the lungs or to 
clear pulmonary secretions, resulting in major vulnerabilities toward 
pulmonary collapse and infection. Intercostal and abdominal muscle 
paralysis result in paradoxical chest wall motion i.e., the thorax is 
pulled in while the hyper compliant abdomen moves out; and loss of 
diaphragmatic excursion through the zone of apposition [18]. The 
upright sitting posture results in lower lung volumes than supine 
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diaphragm, though the clinical implications of this have not yet been 
fully explored [27]). Where diaphragm function is uncertain, more 
detailed assessment in the form of fluoroscopic screening [28], M mode 
ultrasound [29] and surface EMG are all useful assessment tools.

Aspiration poses a significant risk in the tetraplegic patient. 
Kirshblum et al., [30] studied 187 acute SCIs. Forty two patients had 
signs of aspiration with video fluoroscopic confirmation in 31 of 
these. Kirshblum’s independent predictors of dysphagia by VFSS were 
tracheostomy tube at the time of admission, recent cervical spine surgery 
particularly with an anterior approach, and age. Clinically, aspiration 
often goes unnoticed but may present as repeated respiratory infections 
or repeated/persistent lobar collapses. Assessment of swallowing with 
speech and language therapist input is vital, as salivary and/or food 
aspiration can have a major detrimental impact upon respiratory health 
and complicate the ongoing management. Medications should be 
reviewed due to the effects of some, on muscle fibres e.g. corticosteroids 
and lipid lowering agents. The profound psychological impact of 
denying oral intake in the medium and/or longer term, in a high SCI 
individual should not be overlooked.

Respiratory Care in the Acute Stage 
An Oswestry experience of respiratory management in self-

ventilating tetraplegia patients.

The Midland Centre for Spinal Injuries is one of twelve tertiary 
specialised spinal injury Centres within the United Kingdom. This 
44 bedded centre is dedicated to the specialist care for patients with 
spinal injury and provides holistic acute management, comprehensive 
rehabilitation and lifelong care for those living with spinal cord 
injuries. The Centre caters to a wide geographic area including the West 
Midlands, north and mid-Wales and the south of the North West region 
(Cheshire) – a population of the order of approximately 10 million 
people. Approximately 120 ‘new’ SCI patients are admitted each year.

As a preventative measure, the Centre has an intensive management 
programme of respiratory care. This includes three hourly high 
side turns on a mechanical bed with turning system or manual side 
turns; regular deep breathing exercises; use of incentive spirometry to 
optimise lung capacity, assisted coughing for secretion clearance; use 
of non-invasive biphasic positive airway pressure (BIPAP) as a routine 
prophylactic treatment for improving lung capacity and preventing 
atelectasis rather than as a mechanism for assisted ventilation. A Cough 
Assist machine is also used in selected patients. In later stages inspiratory 
training is used with the Train Air, which is a computer programme 
linked to an inspiratory mouthpiece. High tetraplegic patients use 
this as part of their gymnasium routine like a paraplegic would use 
the weights machines. The biggest result is increased voice projection. 
Close monitoring of respiratory function is also carried out relying on 
respiratory rate, pulse oximetry, regular use of micro spirometer to 
record vital capacity, monitoring peak flow where relevant and arterial 
blood gas analysis. Care is also taken to ensure adequate hydration and 
all oxygen delivered is humidified.

Almost all patients with a SCI are offered an active physiological 
conservative management for their spinal cord injury with a period of 
recumbence for about 6 weeks.

A previous internal audit in 2007 had looked into the respiratory 
complications in tetraplegic patients before and after transfer between 
2003 and 2004 to this Centre. This had showed that such preventative 
measures were successful but identified certain areas to improve.

The re-audit was a retrospective study looking into the respiratory 

lying since the diaphragm loses its ability to generate the same force of 
contraction [14-19].

Thus while somewhat counterintuitive to the respiratory clinician, 
the supine position should be adopted in times of respiratory 
compromise and throughout the process of weaning from mechanical 
ventilation in complete cord lesions. The use of abdominal binders 
applied over the lower ribs and abdomen, is common practise in the 
specialist Centres for use in the upright position [20], improving the 
VC by as much as 0.32 litres [21]. This application may in borderline 
cases, offset the need for respiratory support.

Assessment and Management Strategies
The clinical assessment of pulmonary function in acute spinal cord 

injury begins with a careful history regarding respiratory symptoms and 
a review of underlying cardiopulmonary co-morbidity such as chronic 
obstructive pulmonary disease or heart failure. Evaluation also includes 
respiratory rate, chest wall expansion, abdominal wall movement, and 
force of cough, chest, limbs and other associated injuries according 
to a detailed secondary survey. Arterial blood gas analysis and pulse 
oximetry are especially useful because the bedside diagnosis of carbon 
dioxide (CO2) retention or hypoxia may be difficult.

Atelectasis and pneumonia pose significant morbidity and are 
reported in 40-70% of cases. Respiratory assessment should be vigilant, 
simple and repeated frequently at the bedside to warn of impending or 
frank respiratory failure. Aggressive respiratory management has been 
advocated for the prevention and treatment of pulmonary complications 
and has been associated with improved outcomes [3,22,23].

As a minimum, the Vital Capacity (VC), Respiratory Rate (RR) 
and oxygen saturation (SaO2) should all be monitored regularly, and 
their trends considered, preferably with arterial blood gases (ABG’s) 
performed at frequent intervals during the first few weeks post injury. 
The initial reduction of VC in the acute phase will increase steadily 
within the first five weeks post injury [8]. While a reduction in VC 
to 10 ml/kg body weight is accepted, further reductions due to loss of 
compliance or increased resistance (e.g. atelectasis and/or infection), 
will cause rapid deterioration while a peak cough flow rate (which 
reduces with lower VCs) of at least 1601/s is essential to shear mucus 
along the airway walls, for airway clearance [24]. The provision of 
assisted cough to increase the mucus clearance ability [25], either 
manually or mechanically is vital in reducing the risk of pulmonary 
complications and subsequent respiratory failure.

A VC < 700 ccs may be inadequate to sustain spontaneous 
breathing and is a major indicator to provide ventilatory support. 
Prompt support with Non Invasive Ventilation (NIV) may enable the 
avoidance of invasive tracheal intubation in acute SCI [26]. However, 
halo fixation may pose particular difficulties with mask fitting for NIV 
therapy while other risks associated with NIV in a non-specialised 
spinal Centre include the ASCI patient being susceptible to profound 
and rapid desaturation, silent fall into respiratory failure, paralytic ileus, 
and risk of air swallowing with an increased risk of acute vomiting and 
aspiration. The loss of arm and hand function must not be forgotten 
when selecting the NIV interface. 

Neurological deficits may be asymmetrical so the all-important 
diaphragm should be considered as two separate halves. Paralysis of 
a single hemi-diaphragm in a complete cervical spine injury, which 
may go unnoticed by the untrained eye, may require longer term or at 
least part-time respiratory support, since all intercostal and abdominal 
muscle activity will be lost. (There has been identified more recently a 
crossed phrenic nerve pathway thought able to support the contralateral 
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complications amongst all acute tetraplegic patients admitted over three 
year period between 2007 and 2009. Patient and injury demographics, 
respiratory complications (i.e., pneumonic consolidation, collapse or 
atelectasis, pulmonary embolism, effusion) before and after admission 
to the Centre, method of management of the spinal column injury, the 
respiratory management and changes in vital capacity were reviewed. 105 
patients with a tetraplegia Frankel Grade A to D was included. 73 were 
males and 32 were females. The mean age was 51 years (at the previous 
audit this was 44 years) with 31% over 65 years of age (Table 1).

Mean delay in transfer from the referring hospitals to the Centre 
was 24 days (although almost 25% were admitted within one week of 
injury and approximately 48% within two weeks). 28% (29/105) had 
a respiratory complication prior to transfer to the Centre, majority 
of which was pneumonia /consolidation (90%). 48% of those with a 
respiratory complication (14/29) had required a period of invasive 
ventilation prior to transfer.

All patients had undergone the same preventative management 
programme of respiratory care. Of the 20 patients who did develop a 
respiratory complication after transfer to the Centre, eleven had already 
had respiratory complication prior to their transfer. Only 9 out of 105 
patients had a ‘new’ respiratory problem (5 infections, 4 of whom 
required antibiotic therapy; whilst pulmonary embolus, postoperative 
period of ventilation following a gastro-intestinal surgery, pulmonary 
effusion and a pneumothorax accounted for the remaining cases). 
This study had shown that respiratory complications are potentially 
preventable in self-ventilating tetraplegic patients with a comprehensive 
management programme.

Invasive Mechanical Ventilation, Weaning and Life 
Expectency

The likelihood of tracheostomy requirement for ventilation post-
surgical fixation [31] is increasingly common outside the specialist 
Centres. When diaphragm function is lost, invasive mechanical 
ventilatory support is essential, though recovery has been seen to occur 
as late as 24 months post injury [32]. Regardless of the timing, the 
method of ventilation for SCI patients requires larger tidal volumes [33] 
(at least 10-15 mls/kg), to ensure effective aeration of the lung bases 
and avoidance of atelectasis and infection. This is well tolerated by SCI 
patients, with no known evidence to demonstrate pulmonary damage 
in the absence of acute lung injury. The effect of large volume ventilation 
is that of respiratory alkalosis, with no long term detrimental effect 
from this [34]. Electrolyte monitoring in the acute stabilisation phase 
is required. 

The discontinuation of mechanical ventilatory support is likely to 
take some weeks to achieve. Consistent factors underpinning successful 
weaning after spinal cord damage have been attributed to accurate 
neurological assessment; prevention of pulmonary atelectasis by regular 
and frequent respiratory physiotherapy; ventilator free breathing (VFB) 
graduated according to VC; rest periods with controlled ventilation; cuff 
deflation allowing translaryngeal air flow, and regular tracheostomy 
tube changes [35]. It may be useful to highlight the significant incidence 
of sleep apnoea (both central and obstructive in nature) in tetraplegia 

immediately post injury [36,37] which increases over time [38], as this 
is likely to complicate the respiratory picture and even delay weaning 
if unrecognised.

Watt et al. compared the long-term survival of 262 patients who 
were having mechanical ventilation on discharge from a single Spinal 
Injury Centre with the cohort who had been weaned from mechanical 
ventilatory support prior to discharge, and examined the causes of death 
and contributory factors. Mean survival was better amongst weaned 
compared to ventilated patients [39]. The survival from initial ventilation 
was poor for the older age group, and for the middle age group who 
remained on ventilation. Patients with any comorbidity had substantially 
poorer survival. Groups defined by the AIS scale did not differ strongly, 
and survival did not differ significantly by neurological level. Pre-existing 
comorbidities increased the mortality rate by 3.3 [40].

Conclusions
In summary acute SCI may be one of the most devastating acute 

conditions with respiratory dysfunction providing a major cause of 
mortality and morbidity; the level and completeness of injury being 
major determinants of the extent of respiratory dysfunction. Other 
concomitant injuries and co-morbidities not incorporated here will 
have further detrimental impacts. Spinal cord injuries are often 
admitted to a local hospital or trauma centre, so early referral and 
consultation to a specialist centre when available, where improved 
health outcomes are achieved, is of paramount importance. Good 
respiratory health is more likely by ensuring full aeration of the 
lungs, with proactive chest clearance regimens and monitoring in the 
acute stage (though vulnerabilities are lifelong). This will also reduce 
the likelihood of secondary hypoxic cord damage. The minimum 
basic strategies with complete lesions should include the adoption 
of large volume ventilation while ventilator-dependant; the supine 
lying position for maximal spontaneous tidal volume exchange and 
throughout the weaning process; the monitoring of the vital capacity 
and use of an abdominal binder when upright. Advice, guidance and 
support from the local tertiary spinal centre should be sought as soon 
as cord damage is suspected/realised, to ensure the best management 
strategies are utilised from the outset for all systems and aspects of care.
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